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The present book is targeted at microbiologists and those in charge of micro-
biological quality primarily working in pharmaceutical companies of every size 
and specialty. The functions held by the readers are microbiology laboratory 
heads, QA/QC departments, outsourcing departments, regulatory depart-
ments, CEOs of small to midsize companies, and health authorities.

The aim of the book is to deliver very special knowledge for microbiological 
control and its strategy for non‐sterile products in a comprehensive way with 
practical examples. The focus of pharmaceutical microbiology is often on ster-
ile products and aseptic processing. But especially in non‐sterile manufactur-
ing, microbiological issues are often present but neglected. Furthermore, many 
more companies are producing non‐sterile than sterile products, and these 
companies often outsource their microbiological testing to third parties. Thus, 
they do not have the microbiological expertise in‐house and therefore have 
difficulties interpreting the results they receive from the third party.

Whereas often neglected and considered less critical than for sterile pharma-
ceuticals, microbial contamination in products not required to be sterile may 
also cause a health hazard for the patient or may degrade the product thus 
impacting its therapeutic activity. Even if these products are not required to be 
free of microorganisms, only a low bioburden is generally accepted and no 
objectionable microorganisms should be present. In drug products not 
required to be sterile, regulators therefore expect cGMPs controlling microbial 
contamination to be followed and implemented.

This book provides the reader a thorough and modern approach to control-
ling and monitoring microbial contamination during the manufacturing of 
non‐sterile pharmaceuticals. It covers state‐of‐the‐art microbiology quality 
control (QC) tests as well as risk mitigation strategies so that readers can 
implement these methodologies in their own facility or laboratory to meet 
microbiology cGMPs. The latest developments in technology for microbiologi-
cal testing are also discussed.

The chapter authors, who are international leaders in the topics they have 
written about, share their long experience in practicing microbiological QA/
QC in different types of pharmaceutical companies or by health authorities.

Preface
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 The Book Is Outlined as Follows

Chapter 1 summarizes the different strategies, outlined in detail in the rest of 
the book, to control and monitor microbiological contamination during the 
manufacturing of non‐sterile pharmaceuticals. The focus is on the six main 
factors facility, procedures, product ingredients, utilities, equipment, and for-
mulation, which have an influence on the quality of the final drug product.

Chapter 2 presents the central importance of different approaches to micro-
bial risk assessment and mitigation in non‐sterile drug product manufacturing. 
Risk assessment should take place during product development as well as rou-
tine manufacturing, QC, and product release. Involving microbiological exper-
tise at an early stage of development can help to provide a robust process to 
control microbiological contaminations. Furthermore, production processes 
that are already running can be optimized or critical control points can be 
elaborated with risk‐based assessment tools. Different risk assessment tools 
such as impact matrix, failure mode and effects analysis (FMEA), and hazard 
analysis and critical control points (HACCP) are described, thereby consider-
ing the hierarchical risk of ingredients, dosage forms, and processing steps as 
well as the products’ attributes. Finally, the potential of new emerging manu-
facturing technologies in terms of their microbial risks are addressed.

Chapter 3 introduces one of the most important aspects of receiving robust 
and reproducible results with microbiological product testing – the qualifica-
tion of microbiological laboratory personnel and equipment. Since most test-
ing is not yet automated, variability between analysts may affect the outcome 
of the test result. The chapter describes different approaches to laboratory 
personnel qualification and re‐qualification. While for equipment, a classifica-
tion of the equipment is needed to address its qualification. Descriptive practi-
cal examples are given that show the importance of correct and maintained 
qualification of laboratory personnel as well as equipment or methods.

Chapter 4 dives into the world of culture media that are the most relevant to 
any growth‐based microbiological method. Therefore, the quality of these 
media is most important. In recent years more and more companies outsource 
the preparation of the growth media. In this chapter, challenges such as the 
development of a culture media, the quality of the raw materials, and the 
manufacturing process are described. There is a special focus on the QC and 
release of the manufactured or purchased culture media. Finally, several exam-
ples of issues and troubleshooting are given.

Chapter 5 outlines the microbiological test methods used to test non‐sterile 
dosage forms, drug substances, and excipients. It provides the reader with a 
detailed understanding of procedures including practical tips as well as the 
rationale for setting acceptance criteria, internal out of expectation (OOE) lev-
els, and testing frequencies. One of the most important aspects of testing is the 
verification of the suitability of the method used, which is addressed in detail. 
The whole chapter is supported with practical examples.
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Chapter  6 addresses the microbiological testing of primary packaging. 
Primary packaging is in direct contact with the drug product or API. Therefore, 
its microbial status must be controlled or monitored. However, there are no 
regulations for microbial requirements in regard to primary packaging for 
non‐sterile products, which must be developed internally by each company. 
This chapter gives guidance on the acceptance criteria and testing frequencies 
that may be used depending on the type of primary packaging. Furthermore, 
guidance to the testing of primary packaging material including the verifica-
tion of suitability of the test method applied and handling of out of specifica-
tion (OOS) and OOE results is provided with practical examples.

Chapter 7 looks at all different types of utilities and discusses how they are 
designed, qualified, and controlled. Instructions are given when utilities need 
to be upgraded, reconstructed, or renovated. Utilities such as compressed air, 
gas, water systems, clean steam, and cleanrooms are reviewed in terms of their 
performance from the microbiological contamination perspective. Aspects of 
regulatory requirements, monitoring, sampling, instruments, and methods 
used for sampling and testing are highlighted. Finally, cleaning of equipment, 
sanitization, and cleaning validation are also described.

Chapter 8 describes microbiological environmental monitoring in non‐ster-
ile manufacturing, which is executed to verify that the environment remains 
under acceptable microbiological control. Compared to sterile manufacturing, 
no clear regulatory requirements exist for monitoring levels and sampling fre-
quency, thus user examples are given including the definition of sampling 
points. Different methods used for testing are presented with different 
approaches for proving their validation or suitability such as recovery rates, 
incubation conditions, culture media, or sample hold time. Furthermore, strat-
egies for initial validation as well as revalidation for cleanrooms are elaborated 
and a clear strategy for deviations is described with some practical examples of 
an investigation.

Chapter 9 reviews microbiological identification systems used in the GMP 
environment and discusses their advantages and disadvantages depending on 
their usage. Precise identification of microorganisms has also gained high rel-
evance for non‐sterile product testing. Since non‐sterile products must be 
shown to be free of objectionable microorganisms, the identification of each 
isolate down to the correct species level is needed. Finally, some examples of 
isolate identification and their challenges are provided.

Chapter  10 defines microbiological monitoring levels based on historical 
data and how to trend microbiological data. In general, microbiological counts 
are not regularly distributed which means that statistical methods assuming a 
regular distribution of data cannot be used to determine microbiological 
acceptance levels based on historical data. Alternative statistical methods 
using other distribution models should be used and are described in this chap-
ter. In addition, microbiological data should be reviewed routinely and trended 
to assess the capability of the measures to control contamination and verify 
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that no adverse trend is occurring. An adverse trend can be defined as repeat-
ing, higher‐than‐usual counts, or an increasing number of microorganisms or 
contamination occurrences over a certain time period. Different methods to 
trend microbiological data using either statistical or graphical approaches are 
described.

Chapter 11 gives guidance on the handling of objectionable microorganisms. 
In non‐sterile manufacturing, low microbial counts are tolerated, and the final 
product does not necessarily need to be devoid of microorganisms. Nonetheless, 
some microorganisms are considered objectionable in the sense that they can 
adversely affect the appearance, physicochemical attributes, or therapeutic 
effects of a non‐sterile product, or, due to their numbers and/or pathogenicity, 
may cause infection, allergic response, or toxemia in patients receiving the 
product. Findings with objectionable microorganisms represent the majority 
of microbiologically related FDA recalls of non‐sterile products. This chapter 
focuses on microbiological risk assessments that evaluate whether a recovered 
microorganism is objectionable. Different strategies are given where the objec-
tionability of the isolate found is regarded in relation to the criticality of the 
product (low‐risk to high‐risk products) and its patient population. Different 
sources of objectionable microorganisms are described. Finally, the chapter 
contains working examples of real cases with which readers would also be 
confronted.

Chapter 12 summarizes the complexity of the investigations of microbiologi-
cal OOS cases or deviations that require high expertise. First, data integrity in 
microbiological laboratories is addressed including the implementation of the 
ALCOA+ principle for the laboratory. Second, definitions for OOS, OOE, out 
of trend (OOT), and exceedance of action or alert level are given. The two‐level 
approach (investigation in the lab and investigation of product quality) is 
described with practical examples. For all general microbiological tests (envi-
ronmental monitoring, water testing, growth promotion test, and product 
testing), a detailed procedure for handling deviations is given.

Chapter 13 provides a current overview of rapid microbiological methods 
(RMMs) that can be used in non‐sterile product manufacturing. RMMs may 
significantly reduce the time‐to‐result of microbiological tests and therefore 
have the potential to shorten throughput time for drug product release. Other 
potential benefits of RMMs are, for instance, a reduction in inventory costs, 
faster stop or go decisions during manufacturing, decreased risk of stock‐outs 
and supply bottlenecks, improved data integrity, automation, and introduction 
of a paperless laboratory. The chapter gives guidance on the validation 
approaches for RMMs with a focus on the three relevant guiding documents, 
USP chapter <1223>, Ph. Eur. chapter  5.1.6, and PDA TR No. 33. Finally, it 
shows how a business case for RMMs can be developed if you want to imple-
ment such a method in your facility.

Chapter 14 is the validation protocol of an RMM that was established for the 
microbiological examination of non‐sterile and nonfilterable drug products, 
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excipients, and APIs. The Celsis Advance system using ATP bioluminescence 
was used to do this and a thorough validation protocol covering robustness, 
ruggedness, repeatability, specificity, limit of detection, accuracy, and preci-
sion was developed. There was a special focus on the correct and sophisticated 
statistical evaluation approach for the validation data, which can be used as an 
example for the reader’s own validation studies. Finally, equivalence in routine 
operation of the RMM with the compendial method is demonstrated as well as 
the suitability for product‐specific testing.

Chapter 15 is an ex‐regulator’s view of the microbiological QA/QC func-
tions in the pharmaceutical industry. The author starts with the beginning of 
pharmaceuticals in the fifteenth century and shows where and when the first 
legally authorized standards were published all the way up to modern GMP 
regulations. Microbes have the possibility to grow and survive in places that 
are often unique to a specific material or environment and therefore need 
special attention. Our testing of the product or environment should be seen 
as a snapshot of the contamination present and only continuous quality 
activities can give a reasonable control of microbiological product quality. 
Product quality is the responsibility of quality management made up of qual-
ity assurance (QA) and QC.

Chapter 16 provides an overview of the most important regulatory chapters 
and guidelines for non‐sterile product manufacturing and testing in the EU. 
The author gives a general overview of audit assessment tools for a microbio-
logical laboratory. Several drop‐down lists for each subject (personnel, docu-
mentation, culture media, trends, methods, facility, equipment, and reference 
cultures) help the reader to prepare adequately for the next audit or inspection. 
The chapter closes with typical issues detected during the evaluation of micro-
biological laboratories.

Chapter  17 describes outsourcing strategies to contract laboratories. 
Outsourcing may result in other issues that could impact resources. The chap-
ter provides some guidance on the most relevant points to verify if microbio-
logical testing has been outsourced to a contractor. For example, which 
microbiological tests can better be performed in‐house and what can be easily 
outsourced? It addresses the advantages and disadvantages of outsourcing and 
the business case for outsourcing. Most important of all, when outsourcing a 
process, is the quality agreement to ensure that both parties are talking about 
the same thing.

David Roesti
Novartis Pharma Stein AG, Switzerland

Marcel Goverde
MGP Consulting GmbH, Switzerland
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“Another new textbook on Pharmaceutical Microbiology,” you, dear reader, may 
think. “There are already so many textbooks on pharmaceutical, microbiologi-
cal laboratories on the market – why do I need THIS textbook?” could come to 
your mind in this context.

What makes this book so special that it is worth a second look? In my opin-
ion, this book closes a gap that has existed until now: while there are some very 
good textbooks available for sterile products and their (aseptic) production, 
the focus of this textbook is on non-sterile products and their production.

As the expert reader knows, the microbiological laboratory is one of the 
 pillars of quality control in the pharmaceutical industry, alongside to the ana-
lyticalchemical laboratory. In contrast to the analytical-chemical laboratory, 
the microbiological laboratory and the microbiological control concept for the 
production of non-sterile products may not have received the attention that 
would have been required in recent years. An indicator that supports this 
assumption is the increasing number of “major” and “critical” observations and 
“warning letters” issued by Health Authorities in recent years concerning 
microbiological control concepts and the pharmaceutical microbiological lab-
oratory. This is certainly also due to the fact that the microbiological control 
concept and the microbiological laboratory are increasingly becoming the 
focus of Health Authority inspections.

The pharmaceutical microbiological laboratory is involved in all phases of 
the product life cycle: from research and development to the manufacture 
of clinical trial batches as well as batches for the commercial market. All steps 
of the manufacturing process are controlled by microbiological analyses. This 
includes the evaluation of the microbial quality of raw or primary packaging 
material, the detection of microbial contamination during the manufacturing 
process, the control of the production environment (“Environmental 
Monitoring”), and last, but not least, assessment of the final product to release 
the produced batch. In addition, microbiological testing is also required for 
equipment qualification, process validation, and cleaning validation.

Foreword
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For all these parameters and activities, limits or, if applicable, specifications 
must be defined. These limits or specifications may be based on historical data 
using adequate statistical tools. If these limits are exceeded or even if the speci-
fication is failed, a deviation management must be defined.

In my opinion, the textbook comes at the right time. Pharmaceutical micro-
biology is currently in a transition phase: some growth-based methods that 
have been used for several decades (but which still have their right to exist, are 
used in daily routine and are described in detail in this textbook) are currently 
being replaced by modern, automated methods that can generate the analytical 
result faster: the so-called alternative or rapid microbiological methods. With 
the help of these alternative microbiological methods not only analytical lead 
time for batch release can be significantly shortened (up to now the classical, 
growth-based microbiological tests were the time-limiting analyses of the 
release process) but also the manufacturing processes can be controlled more 
tightly. In the best case the analysis results are available in real time. This allows 
an immediate reaction if deviations occur during the manufacturing process.

In summary, this textbook, written by leading authors familiar with practice 
in GMP-processes, covers all of the above aspects of a modern microbiological 
control system for the manufacture of non-sterile products. All measures 
required to establish and assess the microbiological control concept, and which 
should be reflected in a modern microbiological quality control laboratory for 
the manufacture of non-sterile products, are described in detail in this text-
book. Practical examples from “QC/QA everyday life” in large multinational 
pharmaceutical companies are included in this textbook. It is not only for read-
ers with a microbiological background but also for “non-microbiologists,” i.e. 
colleagues in other quality control units, the quality assurance departments, 
the regulatory departments, and other colleagues interested in the topic.

I wish you a few entertaining hours reading this comprehensive and informative 
textbook!

August 2019 Dr. Sven Deutschmann
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Messieurs, c’est les microbes qui auront le dernier mot.

(Gentlemen, it is the microbes who will have the last word.) 

– Louis Pasteur



Pharmaceutical Microbiological Quality Assurance and Control: Practical Guide for Non-Sterile 
Manufacturing, First Edition. Edited by David Roesti and Marcel Goverde. 
© 2020 John Wiley & Sons, Inc. Published 2020 by John Wiley & Sons, Inc.

1

1

1.1  Introduction

Microbiological controls in non‐sterile pharmaceutical drug product manu-
facturing consist of preventing microorganisms from contaminating the final 
product and keeping their numbers low during the manufacturing process. By 
controlling the overall bioburden level, the probability of product contamina-
tion with an objectionable microorganism is also reduced. The effectiveness on 
the controls can be continuously evaluated with sound microbiological moni-
toring and trending of results.

Microbial controls can be defined with the support of risk management tools 
helping to find the right balance between excessive controls and contamination 
risk (Figure 1.1).
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The United States Pharmacopeia (USP) chapter <1115> provides the most 
recent and comprehensive guidance on factors affecting microbial controls 
and suggests a risk management approach to establish these controls. USP 
<1115> writes that microbiological risk should be assessed on a case‐by‐case 
basis during the development of a new product and should be evaluated during 
the validation of the manufacturing process.

The present chapter will likewise present high‐level multiple microbial controls 
that can be introduced during production of non‐sterile drug products. Details of 
the controls are further addressed in the corresponding chapters of this book. 

1.2  Overview of a Microbial Control 
Strategy Program

A comprehensive microbial control program should allow to identify the risk 
of contamination to the product as well as the different mitigation steps to 
control this risk. It should also be based on the latest regulatory guidelines as 
well as industry best practices or current scientific knowledge and would 
inspire the design of facilities, equipment selection, choice of raw materials, 
cleaning and manufacturing procedures, etc. (Figure 1.2).

A search of the FDA database for recalls (Enforcement Reports) for the category 
“drug products” using the keywords “microbiology,” “microbiological,” and 
“ microbial” found 14 recalls for non‐sterile drug products (since the 1st of  January 
2014). Of these recalls, 10 were due to out‐of‐specification (OOS) results for micro-
biological specifications or aerobic microbiological count, two were due to product 
released to market prior to microbiological testing, and two omitted testing for a 
specified microorganism (source FDA website, last visited on 14 December 2018). 
Further details on product recalls for non‐sterile products between the years 1998 
and 2006 Jimenez (2007), and 2004 and 2011 Sutton and Jimenez (2012).

Excessive microbial controls

Complexifies manfacturing process
Waste of financial/personnel resources

Noncompetitive production costs
Increase in nonrelevant deviations 

Slows up product development/release

Unsufficient microbial controls

Patient safety risk
Product contamination risk
Product batch discarded

Retaliation action from regulators
Loss of reputation/market

Figure 1.1 Balance between excessive and insufficient microbial controls.
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A formalized risk assessment should initially define the contamination risks 
and control points. A risk‐based approach is described in Chapter  2. The 
resulting control points and monitoring strategy serve then as basis for the 
initial microbial control program. The program covers the facility or product’s 
life cycle and may be adapted following trend results and changes made in, for 
example, the facility design or process. It is recommended that on a regular 
basis (e.g. every two to three years or after relevant changes), the microbial 
control program is evaluated and if deemed necessary adapted. Trending of 
monitoring data strongly supports such evaluation (refer to Chapter 10 for a 
detailed review on trending of microbiological data). The following sections 
summarize the different controls to be included in a comprehensive microbial 
control program for non‐sterile products.

1.3  Main Factors to Be Controlled

1.3.1 Controlled Facilities

Current good manufacturing practices require that facilities manufacturing 
medicinal products for human use should be effectively designed:

 ● to run operations in a controlled environment
 ● to prevent product cross‐contamination  
 ● to prevent microbiological contamination
 ● to provide sufficient space allowing operations running as intended
 ● to facilitate product, personnel, and material flow
 ● to permit effective cleaning and disinfection.

Facility design is part of all regulatory guidelines on current Good 
Manufacturing Practice (cGMP). For instance, the EU EudraLex volume 4 
chapter 5 states that for medicinal products manufacturing areas the technical 
measures may include:

i) Dedicated manufacturing facility (premises and equipment);
ii) Self‐contained production areas having separate processing equipment 

and separate heating, ventilation and air‐conditioning (HVAC) systems. 
It may also be desirable to isolate certain utilities from those used in 
other areas;

iii) Design of manufacturing process, premises and equipment to minimize 
opportunities for cross‐contamination during processing, maintenance 
and cleaning;

iv) Use of “closed systems” for processing and material/product transfer 
between equipment;

v) Use of physical barrier systems, including isolators, as containment 
measures;
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vi) Controlled removal of dust close to source of the contaminant, e.g. 
through localized extraction;

vii) Appropriate use of air‐locks and pressure cascade to confine potential air.
borne contaminant within a specified area;

viii) Minimizing the risk of contamination caused by recirculation or re‐entry 
of untreated or insufficiently treated air;

ix) Use of automatic clean in place systems of validated effectiveness;
x) For common general wash areas, separation of equipment washing, drying 

and storage areas.

For the United States, the guidelines on facilities can be found in the U.S. 
Code of Federal Regulations such as 211.42 Design and construction and 
211.46 Ventilation, air filtration, air heating, and cooling. Other guidance on 
facility design can be found in PIC/S, WHO (e.g. WHO 2011) or engineering 
technical documents such as, for instance, the ISPE Baseline guideline on solid 
oral dosage forms (ISPE 2016).

For production areas of non‐sterile products most regulatory guidelines do 
not enforce that the air cleanliness is classified in terms of particle concentra-
tion (e.g. as per ISO 14644‐1). Also, the cleanroom classification of the 
EudraLex Annex 1 does not apply. However, there are a number of country‐
specific guiding documents that provide some requirements for microbiologi-
cal air quality in non‐sterile manufacturing facilities:

 ● The Chinese FDA GMP guideline (CFDA 2010) requires that The exposed 
processing areas for oral liquid and solid preparations, drugs applied through 
tract (including recta), epidermal products, and other non‐sterile products, as 
well as the exposed processing areas for handling immediate packaging mate-
rials should be designed as Grade D according to requirements in Annex 1 of 
Good Manufacturing Practice (GMP) for sterile products. This would imply 
that the cleanrooms have to be classified with grade D maximum permitted 
number of particles equal to or greater than 0.5 μm of 3,520,000.

 ○ A similar requirement is given in the Mexicana NOM‐059‐SSA1‐2013, 
where an ISO Class 8 is required for preparation and primary  packaging 
of non‐sterile pharmaceutical formulations.

 ○ Annex 10 of the EudraLex also requires at least a Grade D environment 
for the manufacture of pressurized metered‐dose aerosol preparations 
for inhalation.

 ○ In the introduction of the Brazilian Quality Guide (ANVISA 2013), it is 
stated that this guideline also applies to the manufacture of non‐sterile 
medications, however, The majority of production areas of non‐sterile 
medications do not require this kind of classification, but they should 
always be designed and maintained as “controlled areas”. Thus, it will be 
the responsibility of the manufacturer to define the environmental 
requirements for such “controlled areas”.
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 ○ The German Aide Mémoire (ZLG 2010) provides a table with require-
ments for the microbiological air quality for non‐sterile manufacturing 
facilities.

 ○ Furthermore, some guidance for microbiological environmental moni-
toring is given by different authors as in the ECA guideline (Goverde 
and Roesti 2018), Goverde (2018), Rieth (2017), Rieth and Krämer 
(2016), or Seyfarth (2002).

Nonetheless, in general, controlled not classified (CNC) areas are considered 
acceptable for areas in which non‐sterile products are manufactured.

The  tightness of controls would depend on the criticality of the product 
(e.g. route of administration and growth‐promotion properties). Based on the 
tighter gowning procedures, cleaning steps, personnel and material flows, etc., 
it is expected that environmental bioburden is lower in more critical product 
manufacturing areas (e.g. products for inhalation) as compared to less critical 
ones (e.g. solid oral dosage forms).

In order to control the temperature, relative humidity, air pressure, and air 
particle level, HVAC systems are incorporated and incoming air is filtered with 
high efficiency particulate air (HEPA) filters. For non‐sterile manufacturing 
areas, HEPA filters of H13 and H14 classes with a retention of less than 99.95% 
and less than 99.995%, respectively, of 0.3 μm airborne particles are used.

Rooms dedicated for the manufacturing of non‐sterile products should be 
segregated from other operating areas and may only be entered via separate air 
locks for personnel and materials. Differential air pressure exists between clean-
room and unclassified areas. In the authors’ experience both pathways (person-
nel as well as materials) represent a certain risk for the contamination of the 
cleanrooms. For personnel, hand washing and disinfection as well as the gown-
ing procedure are in general well established, however, QA oversight activities 
can lead to improvements in both procedures – at the very least for individual 
staff members. Most people need assistance or retraining in both procedures 
since, for example, the correct hand disinfection may be neglected or the gown-
ing procedure not correctly executed  (e.g. overall touches the floor and hair net 
is placed as last piece of protective gowning). Contamination may also be 
brought in clean/ controlled areas with the lock‐in of materials. Here, typical 
contamination problems are absence of  disinfection of the trolley used to carry 
materials or contamination originating from the material itself (e.g. introduc-
tion of cardboard boxes or wooden pallets). Thus, establishing a regular QA 

Controlled not classified (CNC) areas where HVAC systems are specifically 
designed to reduce airborne contaminants below the level of ambient 
environment and both temperatures and room humidity are controlled more 
tightly than the ambient environment (Goldschmidt and Farquharson (2017).
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oversight program with a microbiological specialist can help to reduce contami-
nation along these transfer areas.

The systems used to control the environment of the facility are qualified 
prior to running operations and are part of the facilities’ life cycle. As per EU 
GMP Annex 15, Qualification activities should consider all stages from initial 
development of the user requirements specification through to the end of use of 
the equipment, facility, utility or system.

Modern  nonporous construction materials (e.g. epoxide floor/wall surface) 
with smooth surfaces easy to clean should mitigate the buildup of microorgan-
isms on walls, ceiling, and floors. The surfaces should be also resistant to the 
cleaning or disinfection solutions. Older buildings with decaying wall or floor 
surfaces are typically a source of environmental contamination.

Only trained personnel should enter the cleanroom areas where products are 
manufactured. They wear dedicated gowning which provides a physical barrier 
from the body to the working environment. Gowning consists of overalls (e.g. 
made of Tyvek or cotton material), shoe covers or dedicated shoes, hair/beard 
covers, and face masks in the most critical areas (in near vicinity to product 
exposed to the environment). Gloves regularly disinfected with 70% ethanol/
isopropanol should also be worn in the most critical areas or at least close to 
the product (<2 m). Operators should be trained with focus on general hygiene 
practices and awareness. Some companies involve the quality assurance 
department to oversee operations in order to verify that good hygiene prac-
tices are followed (QA oversight).

In aseptic manufacturing, regular inspection by the quality assurance depart-
ment (often also called QA oversight) is required by various regulations (e.g. FDA 
2004; EudraLex 2017) and is established in many companies. There is no such 
requirement for non‐sterile manufacturing, but the implementation of QA over-
sight can be a great advantage. Various concepts can be considered:

1) After deviations in environmental monitoring, oversight is carried out to find 
the root cause of the deviation or as CAPA to check if the root cause has been 
eliminated. This is then usually announced and planned.

2) Random oversight: At regular intervals the QA officer verifies the behavior, 
maintenance of hygiene rules, data integrity, etc.

3) Random monitoring: If the sampling for the environmental monitoring is 
carried out by production (delegated monitoring), monitoring by the QC 
without any warning at regular intervals (e.g. monthly or quarterly) is rec-
ommended in order to verify the plausibility of the environmental results 
when monitoring is delegated.

If this kind of concept is implemented, then it is recommended that the same 
persons carry out the oversight to maintain continuity and facilitate continuous 
improvement.
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A cleanroom cleaning program should be in place to ensure that chemicals 
and microorganisms are removed from surfaces not only of operational but 
also of surrounding areas (e.g. transfer and storage areas). Such a program can 
be set up in the following way (see also Sandle 2012):

a) Definition of cleaning and disinfection agents (as well as the equipment 
such as vacuum cleaner, brushes, wipes, mops, bucket system, etc.) to be 
used. In case spore forming bacteria are in excessive numbers, use of spori-
cidal agents should be considered on a frequency basis.

b) Definition of agents’ concentration as well as contact time.
c) Antimicrobial efficacy of disinfectants may be evaluated by executing disin-

fectant efficacy tests as per USP chapter <1072> or ISO norms.
d) Defined cleaning and disinfection procedure for each room or equipment 

(e.g. starting from the clean to the dirty side; starting from the top to the 
bottom; correct wetting of surface; contact time; protection of equipment 
or raw materials present in the room; handling of cleaning equipment 
before and after usage; disassembling of equipment).

e) Well‐trained personnel, defined responsibilities.
f ) Visual inspection after cleaning and disinfection.
g) Frequency of cleaning and disinfection (e.g. daily for critical area, weekly 

for surrounding areas, and after usage of equipment). The frequency should 
be established taking a risk‐based approach and might be challenged by the 
results of the routine environmental microbiological monitoring (for fur-
ther details see Chapter 8).

h) Inspection of equipment for cleanliness before use. Defined procedure for 
waste handling.

i) Definition of a cleanroom idle time after cleaning and disinfection based on 
a rationale and confirmed with experimental data. In case the idle time is 
exceeded, the cleanroom is cleaned/disinfected prior to restart of 
operations.

j) Agents used should regularly be checked for microbial contamination.
k) Definition of storage conditions and expiry dates of stored as well as opened 

agent containers.
l) Technical agreement with the supplier of the cleaning and disinfection 

agent.
m) Defined procedure after special activities (e.g. maintenance and after 

reconstruction).
n) GMP‐compliant documentation.

Good housekeeping is important to avoid contamination sources. For 
instance, all materials from natural origin (e.g. wooden pallets and cardboard 
boxes) should be prohibited in cleanrooms since they can harbor a large num-
ber of microorganisms and cannot be sanitized properly. In addition, water is a 
hotspot of microbial contamination and special attention should be made that 
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surfaces dry up completely after cleaning and that no stagnant water is present 
especially in washing rooms. Procedures for handling waste, contaminated 
water, or gowns as well as pest control procedures should also be in place. Use 
of disposable materials/utensils would also limit contamination risks.

In order to evaluate the effectiveness of the different controls in the facility, 
its environment is microbiologically monitored. Performing air and surface 
environmental monitoring ensures that the overall microbial counts remain 
under a state of control and that hygienic and cleaning practices are respected. 
An excessive count or adverse trend observed in the routine environmental 
monitoring program might indicate a potential problem (e.g. HVAC system 
not functioning properly and cleaning procedure not followed) and would 
require immediate attention. Chapter 8 details an environmental monitoring 
program for non‐sterile products.

Pest control is a clear requirement of the regulations, e.g. the EU GMP guideline 
states in its chapter 3, § 3.4 Premises should be designed and equipped so as to 
afford maximum protection against the entry of insects or other animals (EudraLex 
2014a). The corresponding article for the US is 21 CFR 211.56. Any pest can affect 
raw materials, drug products, health, and hygiene. This can lead to economic 
damage, loss of image, and loss of trust for the company. Therefore, a pest man-
agement plan with its control is compulsory.

As precautionary measures, joints must be insect‐proof, fly screens must be 
installed, and the HVAC must also have insect‐proof front screens. Locks should 
be mutually lockable. Water drains must be closed or protected as inlet points. 
Poorly fitting joints or lamp sockets, etc., should be replaced. A regular optical 
control of protective measures as well as control of incoming materials is inevi-
table and in order to have an overview, bait traps must be set up and checked 
regularly. An expert should be consulted (e.g. a state‐approved company). In the 
event of infestation, appropriate measures must be taken. Infested materials 
must be removed and cleaning is required as a minimum action.

Chemical, physical, and biological measures are available to combat the infes-
tation (Rieth and Krämer 2016; Rieth 2017).

 ● Chemical methods: Use of biocides such as pyrethroids against insects or 
general biozides such as organophosphates or carbamates.

 ● Physical methods: UV lamps or bait traps with adhesive traps or electrical 
insect destruction, ultrasound.

 ● Biological methods: Use of natural enemies, insect viruses, or biological tox-
ins (e.g. Bti toxin from the bacterium Bacillus thuringiensis).

Some further guidance on pest control can be found, for example, in the 
Japan Affiliate: Pest Control Manual of the ISPE (2018).
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1.3.2 Controlled Procedures

Whereas low‐level ingress of microorganisms generally does not represent a 
major safety concern during the manufacturing process, their ability to multi-
ply if the conditions are adequate represents a serious risk to the product. The 
main factors which favor microbial growth during a production process are 
ambient temperature, water availability or moisture level, nutrient traces, and 
time for proliferation. On the contrary, microbial‐reducing steps (e.g. heating 
>60 °C or drying) diminish the risks. A structured microbial risk assessment of 
the product manufacturing process including the primary packaging is the best 
approach to evaluate the microbial growth promoting or reducing steps and to 
define critical control points (refer to Chapter 2).

The resulting critical control points obtained from the risk assessment can 
then be part of the process validation. The process validation should demon-
strate that the process is under control. As stated in the EU Annex 15, It is a 
GMP requirement that manufacturers control the critical aspects of their par-
ticular operations through qualification and validation over the life cycle of the 
product and process. It is a good practice to include microbiological data dur-
ing process validation runs not only testing the final product but also by testing 
product intermediates. For instance, maximum aqueous intermediate hold 
times may be defined and during process validation these are tested for micro-
biological purity as supportive evidence.

Aqueous intermediates (e.g. coating solutions for film‐coated tablets) have 
the greatest potential risk of microbial growth and the time during which they 
are left to stand or processed before a microbial‐reducing step should be 
defined and validated. Further guidance on how to define and validate micro-
bial hold times can be found in Chapter 2.

The US CFR 211.110 text on sampling and testing of in‐process materials 
and drug products actually includes bioburden determination as in‐process 
controls. Whereas for powder‐based intermediates with low water activity, 
in‐process bioburden testing may not be necessary, it could be applied for the 
most growth‐promoting solutions (e.g. aqueous granulation or coating solu-
tion). For unpreserved nasal spray solutions, testing of bioburden in‐process 
controls before and after microbial reduction or sterilization steps is essential.

1.3.3 Controlled Product Ingredients

Product ingredients (drug substances, excipients, and primary packaging) may 
be a significant source of microbial contamination risk especially if they are of 
natural origin. Common excipients of natural origin that often contain a cer-
tain bioburden amount are calcium salts, starches, gelatin, acacia, guar gum, 
dyestuffs, lactose, magnesium stearate, and celluloses. Even if the water activity 
remains low, bacterial or fungal spores may be found in high numbers in these 
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excipients. The manufacturing processes of the ingredients also impact the 
resulting bioburden. For instance, synthetically manufactured drug substances 
are less prone to contamination since manufacturing conditions may be 
extreme in terms of pH and temperature and antimicrobial inorganic solvents 
may be used to synthesize/purify the molecule. Nonetheless, as USP <1115> 
mentions water used in the downstream processes and cleaning may be the 
most relevant source of contamination. The most critical ingredients in terms 
of microbiological risk are those that are unprocessed, of natural origin, and 
with a high water activity.

USP <1115> states that the ingredients are safe and do not pose a risk of 
infection or toxin if the microbial levels remain in the ranges of those recom-
mended in USP <1111>. In addition, many excipients of natural origin do have 
microbiological specifications in their respective monograph.

Microbiological acceptance criteria may also be adjusted based on

 ● the growth‐promoting nature of the ingredient
 ● the quantity of ingredient used in the product
 ● the risk of proliferation in the manufacturing process
 ● the microbial‐reducing steps in the process

The quality of ingredients may vary from one supplier to another and often 
pharmaceutical grade quality may be difficult to find on a particular market. It 
is the manufacturer’s responsibility to find and evaluate the most appropriate 
quality for its use as well as vendors capable of delivering the right quality con-
sistently. This would include initially sending out a quality questionnaire fol-
lowed by auditing of the vendor.

Actually, the US CFR 211.82 requires that upon receipt and before acceptance, 
each container or grouping of containers of components, drug product containers, 
and closures shall be examined visually for appropriate labeling as to contents, 
container damage or broken seals, and contamination. In addition, US 21 CFR 
211.84(d)(6) requires that Each lot of a component, drug product container, or 
closure with potential for microbiological contamination that is objectionable in 
view of its intended use shall be subjected to microbiological tests before use. The 
release for use may be supported with results obtained by internal QC testing or 
if the supplier is qualified, on the supplier’s certificate of analysis. Further details 
on the qualification of a supplier or third party can be found in Chapter 17.

The storage of the ingredients prior to utilization should be done in tempera-
ture‐ and humidity‐controlled warehouses. The shelf life for each ingredient 
should be defined and based on experimental data. Materials may be delivered 
and stored in cotton or paper bags that are permeable to humidity which could 
lead to microbial proliferation in case they are spoiled with water. Conversely, 
condensation of water in tight permeable containers that contain hydrated 
chemicals may occur enabling localized colonization by microorganisms, 
especially molds. Shipping, transport conditions, and handling should also be 
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evaluated and measures introduced to mitigate risk. A special focus of atten-
tion should be given to pallets. Often, wooden ones are used which have a high 
risk of mold contamination. As soon as they get wet, mold can appear and 
proliferate. With this, very high level of spores will be produced which can 
contaminate the material packaging and with the concurrent lock‐in into the 
clean room, a risk of contamination is present.

Non‐sterile drug products are protected from moisture or light by their pri-
mary packaging (e.g. bottle/cap or blister/foil combination). Verification that 
the primary packaging combination remains tight throughout the product’s 
shelf life is carried out with stability studies performed under various condi-
tions. Container integrity may be tested directly with physical container  closure 
integrity tests (e.g. dye intrusion test for blister/foil combinations) or indirectly 
with the products’ physical–chemical properties (e.g. water content, impuri-
ties, and assay) and bioburden. Also, for non‐sterile products with a  preservative 
system, the primary packaging should be evaluated if leachables from the pack-
aging could potentially affect the preservative efficacy.

Further guidance on the risk categorization of pharmaceutical ingredients as 
well as their testing is described in Chapters 2, 5, and 6.

1.3.4 Controlled Utilities

The utility that represents the most risk to microbial contamination is the pro-
cess water used as solvent in the non‐sterile product formulations or for clean-
ing of equipment product contacting surfaces. Purified water may contain a 
high number of Gram‐negative bacteria which may be resistant to preserva-
tives in semisolid or liquid formulations. In addition, microbial biofilms may 
form in the water distribution system piping which could then detach and 
contaminate the equipment, working surfaces, or the product. The level of 
microorganisms in water systems can be controlled with a good design of the 
water distribution system as well as employment of water treatments and 
monitoring. Water systems are qualified, monitored, and trended at a fre-
quency that is sufficient to ensure that the system is under control and contin-
ues to produce water of required quality.

A further utility that might need to be controlled is compressed air or gases 
used for cleaning/drying or in the manufacturing process itself. In general, 
compressed air or gases have a low microbial contamination risk. Compressed 
air, for example, is used to dry equipment after cleaning with water. In this case, 
after treatment with air, disinfection might follow that will reduce the possible 
presence of microorganisms on the equipment. However, attention should be 
drawn to the devices used (e.g. compressed air guns and tubes). If there is 
residual of water or humidity, microbiological proliferation may occur and 
thus high levels of microorganisms may be found in the equipment or liberated 
in the air of the room. Compressed air as well as gases might be used during the 
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manufacturing process, in this case the criticality is higher as contamination of 
the product is possible. Therefore, the gas or compressed air distribution sys-
tems should preferably be microbiologically controlled. In principle, com-
pressed air and gases should have at least the same or better microbiological 
quality than the ambient air at the point of use.

Furthermore, cleaning and disinfection agents need to be controlled on a 
regular basis. Although disinfectants are generally considered as microbiologi-
cally uncritical, non‐sporicidal disinfectant solutions may be contaminated 
with bacterial spores (e.g. ethanol baths for small equipment parts).

A detailed guidance on utilities can be found in Chapter 7.

1.3.5 Controlled Equipment

Equipment used in the manufacture of non‐sterile products may represent a 
potential source of contamination and they should be designed to ease clean-
ing, removal of product residuals, and water drainage. As EU EudraLex vol 4 
chapter 3 states Manufacturing equipment should be designed so that it can be 
easily and thoroughly cleaned. It should be cleaned according to detailed and 
written procedures and stored only in a clean and dry condition. Badly designed 
equipment may result in formation of biofilms in difficult to clean or in areas 
where water can stagnate. As written in USP chapter <1115>, the preferred 
material for equipment that is in contact with product is austenitic stainless 
steel with a roughness average of minimal 15–20 μm.

The equipment cleaning prevents product cross‐contamination for non‐
dedicated equipment and reduces the number of microorganisms to an accept-
able level. The cleaning of equipment may be performed automatically 
(clean‐in‐place, CIP) or manually by operators. The CIP would be the preferred 
option since it is a far more controlled process and can be optimized by modi-
fying parameters such as type or concentration of detergent, time of cleaning, 
water volume, flush rate, etc. However, some equipments are not optimally 
designed and may contain parts (e.g. dead legs) not accessible for the automatic 
cleaning. In this case the equipment parts that cannot be automatically cleaned 
may be demounted and cleaned separately manually in washing room sinks, in 
baths, or dish washers. This partial disassembly and cleaning of equipment is 
referred to as clean‐out‐of‐place (COP). In addition, some residuals might first 
need to be removed manually (scrubbing) before automatic cleaning is applied. 
In manual cleaning processes, clear written procedures, adequate training, 
disciplined personnel, and regular oversight are essential. Badly designed 
manual cleaning procedures may lead to substantial contamination of product 
contact equipment surfaces (examples of contaminated equipment by inade-
quate cleaning are described in Roesti (2012)).

Unlike for aseptic filling, sterilization of product contact equipment parts 
is  not required for non‐sterile products. Nonetheless, the number of 
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microorganisms should be kept to an acceptable level and no biofilm should be 
present. In order to reduce the number of microorganisms, a sanitization or 
disinfection step may be carried out and composed of:

 ● rinsing with process water heated at 80 °C.
 ● rinsing with disinfectants (e.g. ethanol/isopropanol). In this case limits must 

be established for the removal of disinfecting agents used.
 ● equipment dried in greater than 60 °C chambers to accelerate drying and to 

prevent growth of mesophilic microorganisms.

Once the cleaning has been performed, the equipment or equipment parts 
should be completely dried, stored in controlled areas, and be protected from 
recontamination (e.g. covered by foils). To control the level of microorganisms 
recontaminating the equipment after cleaning, hold times of cleaned and/or 
disinfected equipment must be defined and validated.

Certain equipment may not be used regularly or must be stored outside the 
cleanroom. In such cases a clear procedure must be defined and should be vali-
dated. The easiest way is to perform a GMP cleaning after storage as defined in 
the SOP and validated by the cleaning validation (see below). In such a case, 
any possible contamination during storage outside the cleanroom will be 
removed and no specific validation (except the cleaning validation itself ) is 
needed; however, there will be more work, since the equipment must be 
cleaned twice (once after usage and once after storage). An alternative is to 
have a validated procedure to store equipment in a warehouse. With the valida-
tion it must be shown that there is no contamination risk to the stored equip-
ment over a defined hold time. A popular method is to protect the equipment 
by wrapping it in plastic. Such type of storage must be validated. Thus, extra 
validation work may be needed in this case but no additional cleaning after 
storage would be required. Both procedures are possible and may, for instance, 
be eval uated by a business case to check which is the more efficient and less 
time consuming.

Once defined, the cleaning procedure has to be validated. The equipment 
cleaning validation is essentially carried out to confirm the effectiveness of 
cleaning procedures that remove residual drug substances thus avoiding cross‐
contamination of another product manufactured with the same equipment. As 
per EU EudraLex vol. 4, Annex 15, the risk presented by microbial contamina-
tion should be considered in the cleaning validation.

In order to consider a worst‐case condition, the cleaning validation should 
encompass:

 ● the maximum time between the completion of processing and equipment 
cleaning (dirty hold time).

 ● the maximum time between the completion of cleaning and start of process-
ing (clean hold time).
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Microbiological results of product‐contacting equipment surfaces sampled 
after the cleaning (carried out at the end of the dirty hold time) and after the 
clean hold time are used to validate the cleaning procedure.

1.3.6 Controlled Formulation

During product development, consideration should be given to the susceptibil-
ity of non‐sterile drug product formulations to microbial growth. Whereas 
formulations with a low water activity (no microbial growth at aw of <0.6) such 
as oral tablets are not at risk, others such as semisolid or liquid products may 
be susceptible to growth and may require including a preservative system.

Typical preservative systems are listed in Table 1.1 (extracted from Dao et al. 
(2018)).

The effectiveness of the preservative system is evaluated according to USP 
<51>, Ph. Eur. 5.1.3, and JP 19 or ISO 11930:2019 during the product’s develop-
ment phase. While the pharmacopoeial chapters are intended primarily for 
pharmaceutical preparations, the ISO norm written for cosmetics is more 
detailed.

With new equipment or new cleanrooms and a validated cleaning procedure, 
microbiological excursion on the surfaces should be controlled. Nonetheless, 
the older the equipment, the more often excursions might occur. There may be 
several reasons for this. Examples are:

 ● Abrasion of equipment surfaces: After several years of usage, scratches, fis-
sures, or holes will appear on the surface (even on stainless steel) that can 
harbor microorganisms and allow them the possibility to survive and prolifer-
ate. Polishing or grinding can help to reduce the contamination risk. But after 
a certain amount of usage, even this will not be enough and the equipment 
needs to be replaced.

 ● Cracked seals: Something that happens on a regular basis are cracked seals 
(e.g. silicone sealing used at joints). Here, the best preventive action is to 
check and change them on a regular basis to avoid recurring microbiological 
contamination.

 ● Cracks in walls and floors: Especially in older buildings, holes in the floor, 
cracks in walls or ceilings, or broken silicone joints (around drains, windows, 
floors, etc.) will develop and must be fixed. QA oversight can be a good pre-
ventive tool, where the person in charge checks the facility on a regular basis. 
An often‐encountered issue are holes in the floor. These can easily be fixed 
using epoxy resins or repair materials. However, in some cases the entire floor 
needs to be replaced.



Table 1.1 Examples of preservatives used in non‐sterile drug product formulations.

Route of 
administration Preservative

Oral Sodium benzoate, benzoic acid, sodium and potassium, sorbic acid, 
calcium lactate, paraben (methyl‐, ethyl‐, propyl‐)

Topical Cetrimide, benzoic acid, thimerosal, imidurea, phenyl salicylate, 
chlorhexidine, benzalkonium chloride, EDTA, chlorocresol

Nasal Chlorobutanol, EDTA, benzalkonium chloride, potassium sorbate, 
chlorocresol, phenylcarbinol

Preservatives are not considered to be a medicinally active component of phar-
maceutical formulations, but as excipients. However, an intrinsic effect cannot 
be excluded, e.g. triggering of allergies or skin irritations in the patient. Therefore, 
there is an obligation to declare them and whenever possible no preservatives 
should be used or at least as few as possible.

The pharmacopoeial chapters are explicit in pointing out that the addition of 
preservatives must not serve as a substitute for production according to good 
GMP practice. Furthermore, the effectiveness of preservation must be proven 
over the shelf life.

Thus, with product development the preservative system should be evalu-
ated, for example, on at least three independent batches. The batches selected 
should be at the lower range of the preservative system concentration so that 
worst‐case preservative concentrations are tested for effectiveness. Additionally, 
the antimicrobial efficacy test is performed during the shelf life of the product. 
Here, it is recommended that the test is performed at least at the beginning of 
the shelf life and at the end. Intermediate time points can be considered but in 
the authors’ opinion are not needed. The company should retest or monitor the 
preservative system on batches put on shelf life studies (e.g. one batch a year is 
tested at the beginning and then at the end of its shelf life). The test is, however, 
not intended as a release test for batch release.

The test as such is well described in the Pharmacopoeia but unfortunately the 
acceptance criteria among the various Pharmacopoeia are different and there-
fore a preservative system might comply with the requirements for the United 
States but not for the EU. Furthermore, especially the interpretation of the 
results according to the Ph. Eur. can be tricky since two acceptance criteria (A 
and B) are described, figures for the log reduction are missing and there is no 
clear definition when growth is present.

Although some test organisms are defined in the pharmacopoeial chapters, 
further strains might be used depending on the product application or patient 
group (see e.g. Orth 2007).

Further information on preservation and its efficacy can be found in Orth 
(2007), Denyer (2007), van Doorne (2007), and Kramer and Assadian (2008).
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There are several factors affecting microbial survival and proliferation in a 
product, these include:

 ● water activity (relative availability of water in a product for microbial growth)
 ● pH
 ● availability of nutrients
 ● amount of oxygen for aerobic bacteria
 ● antimicrobial activity of active ingredient or excipient
 ● inclusion of preservative components

When optimizing formulations, manufacturers can combine different fac-
tors to induce a synergistic antimicrobial effect.

The hurdle technology concept may be applied to optimize formulations and 
to fulfill the increasing consumer demand for preservative‐free products. As 
described in PDA technical report No. 67, microorganisms present in a non‐
sterile product may be impeded by one or more hurdles (e.g. low pH and low 
water activity). Adjusting the number of hurdles and overall levels of the hur-
dles can enhance their effect.

For instance, as per the example in Figure 1.3, increasing the pH from neutral 
to basic range and lowering the product’s water activity would further reduce 
the risk of microbial proliferation and could possibly reduce the amount or 
potency of preservatives needed.

Further guidance may be found in Chapter 2.

Water activity

0.8

0.95

pH

10

7.5

Redox
potential

–30 mV

–30 mV

Preservative concentration

0.08%w/v

0.01% w/v

Microorganism passes the hurdle (=grows)

Hurdle impedes microbial growth

Figure 1.3 Fictive example of hurdle technology applied to a semisolid product. High 
hurdles reduce the level of microbial contamination thereby increasing drug product safety 
and quality.
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1.4  Conclusion

This chapter gives an overview of the microbiological control strategy for the 
manufacture of non‐sterile drug products or raw materials. The strategy can 
include the following factors:

 ● The facility with its cleanrooms and adjacent rooms used for production, 
personnel, materials used, cleaning and disinfection, pest control, and QA 
oversight. Design, training implementation, and control of these factors will 
influence the microbiological control of the whole manufacturing process.

 ● The procedures can be addressed by a risk assessment to evaluate and then 
control the contamination risk. In focus here are validation activities, in‐pro-
cess controls, hold time studies, and growth‐promoting conditions.

 ● The product ingredients such as water, excipients, and drug substances 
need to be controlled to assure an impeccable final drug product. Along with 
this, the storage of materials (raw materials as well as equipment) should also 
be addressed.

 ● The utilities – mainly water but also compressed air or gases – used for the 
manufacturing should be microbiologically evaluated. Also, cleaning and 
disinfection agents can be a source of contamination.

 ● The equipment will introduce contaminations if not appropriately 
cleaned, dried, and stored; therefore, special attention should be given by 
validation approaches or monitoring control. Design and cleaning auto-
mation can substantially improve microbiological contamination risk 
from the equipment.

 ● The formulation of the drug product will have an influence on its quality. 
Using the hurdle principle as well as preservative factors – already during the 
development of the product – will facilitate the manufacture of a product 
with a low microbial contamination risk.

Not all controls described in this chapter need to be strictly applied for each 
and every type of non‐sterile drug product. It is for the reader of this book to 
define their optimal microbial control strategy and it would depend on the 
outcome of the comprehensive risk assessment. Nonetheless, if adequate con-
trol procedures and monitoring programs are in place, this would provide 
assurance that the product is safe from a microbiological point of view.
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2.1  Introduction

As stated in U.S. Pharmacopoeia (USP) General Informational Chapter 
<1115> Bioburden Control in Non‐sterile Drug Substances and Drug Products, 
in terms of microbial contamination risk control, there are two broad cate
gories of drug products: (i) sterile products, in which the bioburden is elimi
nated using validated sterilization and aseptic processes, and (ii) non‐sterile 
products for which the final product bioburden is controlled to appropriate 
levels, as governed by the dosage form, based on product attributes, route of 
administration, and target patient population. Also, this distinction is found in 
the U.S. Federal Good Manufacturing Practices (GMPs) Regulations 21 CFR 
211.113 Control of Microbiological Contamination (a) and (b). This book chap
ter will discuss different approaches to microbial risk assessment and mitiga
tion in non‐sterile product formulation, manufacturing process development, 
and routine manufacture, testing, and release. Sterile products are largely 
out‐of‐scope in this chapter and will only be discussed for comparative 
purposes.

2.2  Regulatory, Compendia, and Industry Guidance

What regulatory guidance is available to help non‐sterile drug manufactur
ers control microbial risk? Key guidance documents available include the 
USP40/NF35 <1115> Bioburden Control in Non‐sterile Drug Substances 
and Drug Products, International Conference on Harmonization (ICH) Q8 
Pharmaceutical Development, ICH Q9 Quality Risk Management: Annex 
1  –  Methods and Tools, ICH Q10 Pharmaceutical Quality Management, 
and PDA Technical Report No. 54‐5 Quality Risk Management for the 
Design, Qualification and Operation of Manufacturing Systems. Note: 
Another pertinent document is the industry practice PDA Technical Report 
No. 67 Exclusion of Objectionable Microorganisms from Non‐sterile 
Pharmaceutical and OTC Drug Products, Medical Devices and Cosmetics 
that is discussed in Chapter 11. This chapter will examine these four guid
ance documents.

USP <1115> Bioburden Control of Non‐Sterile Drug Substances and 
Products became official in the Second Supplement to USP37/NF32 on 1 
December 2014. This informational chapter was written because the USP 
Microbiology Expert Committee saw a pressing need for the chapter, as 
no well‐defined regulatory standards or guidance existed for the microbio
logical/bioburden control of non‐sterile pharmaceutical manufacturing 
environments.
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2.3  Putting into Perspective the Microbiological 
Risk Associated with Non‐sterile Products

The Dictionary of Contemporary English defines risk as the possibility that 
something bad, unpleasant, or dangerous may happen. Other more technical 
definitions are Risk = Frequency (event/time) × Severity or Magnitude (conse
quences/event) (Sandle 2013) or risk is the combination of the probability of 
occurrence of harm and the severity of the harm (ICH Q9 2005).

In terms of microbiology, it may be viewed that non‐sterile products to some 
degree were the stepchildren of our industry. A review of industry practices 
showed that environmental control and monitoring of non‐sterile manufactur
ing ranges from non‐existent to programs parallel to those used in aseptic 
processing. Often, data generated from these latter programs are excessive for 
the control of the microbiological quality of non‐sterile environments in which 
these products are manufactured, create unnecessary compliance barriers, 
delaying product release and increase costs.

So, how can we effectively apply the appropriate level of microbial risk control 
in the manufacture of non‐sterile products? To paraphrase the USP chapter, 
microbial contamination in non‐sterile products should be controlled to a level 
consistent with patient safety, but excessive controls that would add complexity 
and cost, without a commensurate safety benefit, are not helpful to either the end 
user of the non‐sterile products or the pharmaceutical manufacturer. Therefore, a 
scientifically pragmatic approach to management of the microbial bioburden in 
non‐sterile products requires consideration of patient risk and the contamina
tion‐control objectives required to achieve a practical level of risk management.

While there are many factors that can result in the introduction of microor
ganisms in non‐sterile products, recent data on product failures and recalls 
indicate that the five factors are the most likely to result in product recalls due 
to higher than acceptable levels of microbiological content or the presence of 
objectionable microorganisms. In the opinion of the author, these manufactur
ing risk factors, in descending order of importance, are: (i) ingredient water; 
(ii) pharmaceutical ingredients; (iii) process equipment and associated utili
ties; (iv) manufacturing personnel; and (v) the manufacturing environment.

What Is Risk?

In general, people do not understand risk and take an emotional‐driven 
approach to risk. For example, commercial airline passengers may fear a highly 
improbable plane crash, discounting the much greater danger of a fatal 
accident while driving to the airport.
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How can we mitigate these risk factors? In terms of mitigation, control is 
always superior to product testing. The author strongly believes that biobur
den control in non‐sterile drug products is achievable by implementing the 
following controls:

 ● Procuring pharmaceutical ingredients of high microbiological quality.
 ● Formulating robust non‐sterile products with the lowest possible water 

activities and effective antimicrobial preservative systems that resist micro
bial contamination.

 ● Good bioburden control through sanitary equipment design; sound equip
ment cleaning; effective cleaning and disinfectant programs; utility manage
ment, especially water systems; and personnel hygiene.

 ● Emphasis on current Good Manufacturing Practices (cGMPs) compliance.
 ● Risk‐based microbial specifications and testing programs.

Chapter 1 elaborates on these different controls.
As way as an example, what life‐threatening risks are patients exposed to and 

how does this compare to the risk of microbial contamination of pharmaceuti
cal drug products?

According to a 2014 U.S. National Vital Statistics Report, the top causes of 
death annually in the United States are as shown in Figure 2.1.

2.3.1 75 000 Deaths Annually Caused by Infectious Diseases!

As the topic of the chapter concerns the microbial risk associated with non‐
sterile drug products, we will look more closely at the area of infectious dis
eases. Estimated causes in descending order of the source of the infectious 
disease are as follows:

 ● Community‐based infection (50 000 plus deaths)
 ● Hospital‐acquired infection (20 000 plus deaths)
 ● Food‐borne infection (3000 plus deaths)
 ● Sterile compounding derived infection (10 plus deaths)
 ● Pharmaceutical drug product derived infection (1 plus deaths)

Although the pharmaceutical industry should not be complacent about 
microbial contamination and the safety and efficacy of our products, it is nota
ble that contaminated pharmaceuticals do not make a significant contribution 
to the frequency of infectious disease.

Nonetheless, although pharmaceuticals are generally manufactured as 
 suitable for all patient populations, some patient populations have higher risks 
than the general populations (see Table 2.1) and this should be considered in 
any risk assessment.
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Figure 2.1 2014 U.S. National Vital Statistics Report, the top causes of death annually.
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2.3.2 Susceptibility of Different Patient Populations

Patient population may be classified as healthy, moderately impaired, and 
immunocompromised. The medical status of the recipients will influence the 
risks of infection. The number of immunocompromised patients receiving 
drug products is largely unknown. A recent letter to the Journal of the American 
Medical Association (JAMA) editors suggested that 4% of US adults self‐
reported that they have been told at one time by a health professional that they 
are immune‐suppressed. Of these adults surveyed, 2.8% reported current 
immunosuppression (Harpaz et al. 2016).

To this microbiologist, the numbers were revealing and must be considered 
during risk assessments because microbial specifications do not make any dis
tinction as to medical status for the recipient of a drug product. The default 
microbiological requirements in USP <1111> have stricter microbial enumera
tion requirements for more invasive drug products and the absence of specified 
microorganism requirements are broken down by dosage form. Pharmaceutical 
product specifically directed toward higher risk patient population may have 
stricter objectionable microorganism exclusion requirements.

Table 2.1 Patient populations with higher risk of microbial infection.

Patient populations Medical conditions Microbiological risks

Chronic medical 
conditions

Diabetes, cystic fibrosis, 
alcoholic liver disease, etc.

High microbial counts; 
objectionable organisms 
for the dosage form and/
or medical condition

Medications, e.g. 
Proton pump inhibitors 
(PPI)

Inhibition of gastric acid 
secretion by PPI

High microbial counts; 
vegetative bacteria survive 
the passage through the 
stomach

Chronic infectious 
diseases

AIDS and hepatitis High microbial counts; 
objectionable organisms 
for the dosage form and/
or medical condition

Substance abuse Injectable drugs and excessive 
alcohol consumption

High microbial counts; 
objectionable organisms 
for the dosage form

Receiving 
immunosuppressive 
treatments

Chemotherapy for cancer, 
immunosuppression associated 
with organ transplantation, and 
corticosteroid use

High microbial counts; 
objectionable organisms 
for the dosage form

Special populations New born, elderly, and pregnant High microbial counts; 
objectionable organisms 
for the dosage form
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The following may cause immunosuppression, a weakening of the immune 
system (Lederberg et al. 1992):

 ● Inherited or acquired diseases
 ● Aging
 ● Prematurity (neonates)
 ● HIV infection
 ● Radiation treatment
 ● Immunosuppressive mediations for transplantation, chemotherapy, or treat

ment of autoimmune disease
 ● Malnutrition
 ● Pregnancy
 ● Severe trauma and burns
 ● Other concurrent infections

2.3.3 Frequency of Drug Product Recall

Recall histories are a useful source of microbial contamination of non‐sterile 
drug products. Based on a survey of US product recalls of non‐sterile products 
published by Sutton and Jimenez (2012), there are around 15–20 recalls annually. 
Perhaps surprisingly, the major reason for the recalls is the presence of objec
tionable microorganisms in these products (72%), not exceeding the microbial 
limit. During a 7‐year period from 2004 to 2011, 141 non‐sterile drug products 
were subject to voluntary recall. The recalls by product types were over‐the‐
counter (OTC) drug products (42%), cosmetics and soaps (31%), medical devices 
(14%), dietary supplements and probiotics (8%), and pharmaceuticals (5%). 
Because of the strict adherence to cGMPs, it may not be unexpected that phar
maceuticals have the least number of recalls among these product types.

Analysis of the probable cause of the microbial contamination of the non‐
sterile products by the author suggest that they are in descending order: 
(i) microbial contamination of water for pharmaceutical purposes; (ii) micro
bial contamination during the manufacturing process; (iii) failures of pre
servative systems to protect multiple‐use liquid products; (iv) the use of 
pharmaceutical ingredients with high microbial counts; and (v) improper stor
age of the products during their shelf life.

The objectionable microorganisms most commonly cited in product recalls 
are the members of the Burkholderia cepacia complex. This topic will be dis
cussed in Chapter 11.

2.4  Risk Assessment Tools

Common risk assessment tools that can be applied in the pharmaceutical 
industry include Failure Mode and Effects Analysis (FMEA), Failure Mode, 
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Effects, and Criticality Analysis (FMECA), Fault Tree Analysis (FTA), Hazard 
Analysis and Critical Control Points (HACCP), Hazard Operability Analysis 
(HAZOP), and Preliminary Hazard Analysis (PHA).

A key document used by the pharmaceutical industry is ICH Q9: Phar
maceutical Quality Risk Management (QRM) Benefits and Challenges. QRM 
can provide a framework for the microbial contamination risk assessment rec
ommending tools like FMEA, FTA, HACCP, cause and effect diagrams, and 
other statistical tools.

2.4.1 Impact Matrix

A possible approach summarized in Table 2.2 recommended by the author for 
pharmaceutical manufacturing risk analysis is as follows:

1) Establish three levels of impact (high, medium, and low)
2) Describe the consequences in terms of drug product quality:

 ● High – Protracted investigations, chronic product loss, rework, infection 
outbreaks, product recall, and/or regulatory notification

 ● Medium – Investigations, additional testing, and delay to product release
 ● Low – Investigations based on available data with minimal delay in prod

uct release
3) Describe the consequences in terms of production scheduling, manufactur

ing, and product release:
 ● High – Product deletion to up to three months production delay
 ● Medium – Up to one month production delay
 ● Low – Up to one week production delay

4) Estimate the frequency of occurrence of product failure:
 ● High – Annually to 1 every 10 campaigns
 ● Medium – Between 1 and 5 years or between 10 and 50 campaigns
 ● Low – 1 event every 5 years or every 51 campaigns

5) Establish the probability to detect product failure:
 ● High  –  If failure occurs it would not be detected until after product 

release or an intermediate is further processed

Table 2.2 A simple impact matrix for consequences and likelihood of risk.

Risk assessment Likelihood

Consequences 1 2 3
3 Medium Medium High
2 Low Medium Medium
1 Very low Low Medium
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 ● Medium – If failure occurs it may be detected by secondary monitoring 
prior to lot release

 ● Low – If failure occurs it is readily detected by routine primary monitor
ing and corrected

2.4.2 Failure Mode and Effects Analysis (FMEA)

FMEA is a risk assessment tool frequently applied in the pharmaceutical indus
try. The simplest approach is to score (from 1 to 3) in each of the following 
categories:

 ● Severity (S)
 ● Frequency of occurrence (O)
 ● Ease of detection (D)

Using these criteria, a final FMEA score is the sum of: 

 Severity score Occurrence score Detection score  
or 
 RPN S O D 

where RPN is the risk priority number.
A good example of the application of this tool would be a simple risk 

assessment of pharmaceutical excipients in terms of their origin. This 
approach would score animal‐derived raw materials as having the highest 
risk level (18) in terms of both bacterial counts and pathogen presence 
while synthetic materials would have the lowest risk (2). See Table 2.3 for 
details.

2.4.3 Hazard Analysis and Critical Control Points (HACCP)

HACCP was first developed to prevent foodborne infection in astronauts by 
the U.S. National Aeronautics and Space Administration (NASA), the giant 

Table 2.3 Risk analysis for excipient based on manufacturing process.

Manufacturing process of excipient S O D S × O × D

Synthetic material 2 1 1 2
Semisynthetic material 2 1 2 4
Mineral‐derived material 2 2 2 8
Plant‐derived material 3 2 2 12
Animal‐derived material 3 3 2 18
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food company Pillsbury, and U.S. Army Natick Center. This program is now 
widely used in the food industry to mitigate risk and has applicability to the 
pharmaceutical industry. HACCP application in our industry is described in 
ICH Q8 (R2) Pharmaceutical Development.

The seven principles/steps used in HACCP analysis are:

1) Identifying hazards and assessing their severity.
2) Determining the Critical Control Points (CCPs).
3) Establishing control limits.
4) Establishing system to monitor and control CCPs.
5) Establishing corrective actions when a CPP is not under control.
6) Establishing procedures to verify the HACCP system is effectively 

working.
7) Establishing a documentation and reporting system.

2.4.3.1 Application of HACPP to Tablet Manufacturing
As solid oral dosage forms still comprise around 80% of the pharmaceutical 
drug products sold, this section will discuss the application of HACCP to tablet 
manufacturing. The processing steps for the manufacture of a representative 
film‐coated compressed tablet are:

 ● Procurement of pharmaceutical ingredients
 ● Warehousing pharmaceutical ingredients
 ● Batching of the pharmaceutical ingredients
 ● Blending
 ● Ingredient water production
 ● Wet granulation and milling
 ● Fluid bed drying
 ● Tablet compression
 ● Tablet coating
 ● Packaging
 ● Distribution

In general, the most critical processing steps in compressed tablet manufac
turing with respect to potential microbial contamination are the procurement 
of pharmaceutical ingredients, ingredient water production, wet granulation 
and milling, and tablet coating. For example, the holding time of aqueous film 
coating solutions may be a critical control point due to the ability of bacteria to 
grow in the solutions that may contain gelatin or other bacterial nutrients. In 
contrast, fluid bed drying and compression are potentially bioburden‐reduction 
steps due to physical and thermal stress on microorganisms. Refer to examples 
in Tables 2.4–2.6.
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Table 2.4 Procurement of pharmaceutical ingredients.

Manufacturing 
step

Contamination 
potential

Preventative 
measures/CCP Remarks

Procurement of 
pharmaceutical 
ingredients

Low to 
moderate

Supplier audits
Specifying 
compendial‐grade 
materials
Monitoring higher 
risk materials for 
microbial counts 
and absence of 
pathogens (CCP)

Implement quality 
agreements with suppliers. 
Risk analysis based on 
starting material, ingredient 
manufacturing process, 
contribution to the product, 
and testing histories

Table 2.5 Wet granulation and milling.

Manufacturing 
step

Contamination 
potential

Preventative  
measures/CCP Remarks

Wet granulation 
and milling

Moderate Equipment design
Cleaning validation
Monitoring purified 
water used in 
equipment cleaning 
and granulation 
solutions for microbial 
counts (CCP)
Granulation holding 
time (CCP)

Emphasis on water 
system and cleaning 
validation to prevent 
microbial contamination
Water activity 
measurement may be 
used to evaluate the 
ability of the granulation 
to support microbial 
growth

Table 2.6 Film coating.

Manufacturing 
step

Contamination 
potential

Preventative measures/
critical control points Remarks

Tablet coating Moderate to 
high

Equipment cleaning 
and coating solution 
holding time (CCP)
Incoming microbial 
testing of ingredients 
(CCP)
Monitor purified water 
used in coating 
solutions for microbial 
counts (CCP)

Water‐based coating 
solutions will support 
microbial growth. 
Holding times need to be 
justified.
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Fluid bed drying has lower risks than the traditional tray drying process 
because of the extended dry period with tray drying. The mechanism of 
bioburden reduction in a fluid‐bed drying process is: (i) thermal decay and 
(ii)  desiccation (dehydration). The resistance of microorganisms to these 
stresses are Gram‐positive bacteria > yeast and mold ≫ Gram‐negative bacteria 
(Fu and Chen 2006). The tablet compression process, due to the localized tem
perature and pressure generated, significantly reduces the number of vegetative 
microorganisms within a blend (Chesworth et al. 1977; Blair et al. 1991).

How to Set and Justify Holding Times?

Holding time is the time during which a product bulk, intermediate, or ingredi-
ent solution can be left to stand without a microbiological risk in the manufac-
turing process. The microbiological holding times should be defined from the 
start of a process step where microbial proliferation would occur (e.g. mixing in 
an aqueous diluent) until the microbial reducing step (e.g. fluid bed drying).

A holding time is first defined with regards to the antimicrobial or growth 
promotion property of the solution either:

 ● By performing a microbiological challenge test consisting of inoculating 
samples of the product with test microorganisms, storing the inoculated 
samples in the laboratory under defined temperature conditions, and enu-
merating the microorganisms after a defined storage period. The growth of 
one or more test organisms within the testing period is defined as an increase 
of the microbial counts, which is higher than 0.5 log10 units as compared to 
the start of the experiment (time 0 = spike in product). For example, of an 
aqueous intermediate, if under standard storage conditions no increase in 
the microbial count has been observed until and including 12 hours test 
time, whereas after 24 hours the microbial count is higher than the initial 
count (growth promotion effect with an increase of the microbial count 
>0.5 log10 unit), then the maximum holding time at room temperature for 
the intermediate  product is 12 hours.

 ● Based on a scientific rationale or based on operational requirements without 
performing a microbiological challenge test.

Once a holding time is set either experimentally or based on a rationale, some 
companies choose to validate their holding times by manufacturing a minimum 
one batch and either:

 ● Testing the solution or product at the end of the holding time, which must 
comply with defined microbiological requirements.

 ● Testing the solution or product at the beginning and end of the holding time 
and confirming that there is no microbial growth. For instance, the number of 
microorganisms at the end of the holding time should not be more than 
0.5 log10 microorganisms from the start of the holding time.
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2.5  Organizational Risk Management Maturity

It is often informative to assess the maturity of your organization in terms of risk 
management (Table  2.7). Unfortunately, many pharmaceutical companies are 
only at the awareness stage of the matrix with employees often being rewarded 
for their role of fire fighters instead of being true champions of risk management. 
Obviously this must change, if we want to control risk in the pharmaceutical 
industry. Although hiring managers and individual contributors with experience 
in risk management is useful, more important is a cultural change throughout 
the organization and at every level in the organization. Based on the author’s 
experience in both operations and product development, for risk mitigation 
emphasis should be placed on formulation and manufacturing process develop
ment to ensure the most robust drug products come to the market.

2.6  Hierarchy of Risks

2.6.1 Hierarchy of Risk by Pharmaceutical Ingredient

As described in Cundell (2005), the microbiological quality of the pharmaceu
tical excipients used to manufacture pharmaceutical and OTC drug products 
may significantly affect the outcome of individual processing steps and the 

Table 2.7 Organizational risk management maturity level.

Risk maturity 
level Risk processes Attitude Behavior

Skill and 
knowledge

Skepticism No formal 
processes

“Accidents 
will happen”

“Fear of blame” 
culture

Unconscious 
incompetence

Awareness Isolated use of 
stand‐alone 
processes

Suspended 
belief

Reactive, 
“firefighting”

Conscious 
incompetence

Understanding 
and application

Extended use 
of combined 
processes

Passive 
acceptance

Compliance 
thinking

Conscious 
competence

Embedding 
and integration

Risk 
management 
embedded in 
the business

Active 
engagement

Risk‐based 
decision making

Built‐in or 
internalized 
competence

Robust risk 
management

Frequent risk 
review and 
improvement

Champion Innovative and 
appropriate risk 
management

Expert

Source: Adapted from Long (2013).
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microbiological attributes of the final drug products. Unlike active pharmaceu
tical ingredients (drug substances) that are manufactured in compliance to 
GMPs, excipients are purchased from multiple suppliers and in many cases are 
produced for the food, cosmetics, consumer products, photographic, and paint 
industries and not specifically for the pharmaceutical industry, so the manage
ment of their microbiological quality is less straightforward.

Pharmaceutical ingredients (excipients), especially those of plant and animal 
origin, and a lesser degree mineral origin, used in product formulation can be 
a significant source of microbial contaminants and, in the opinion of the author, 
are the second leading cause of product recalls for microbial contamination 
after ingredient water. Vendor audits, specifications, testing, package selection, 
shipping, storage conditions, and expiry dates are all critical in the microbial 
risk reduction. When manufacturers cannot conduct extensive vendor audits, 
they should select vendors who have submitted a Drug Master File (DMF) to a 
competent regulatory authority, implement cGMPs, and comply with USP/NF 
monographs. Materials that have low water activity, possess high or low pH, 
are not of natural origin, are inherently antimicrobial, or contain an antimicro
bial preservative have a low risk for microbial colonization or proliferation.

To complicate it further, a pharmaceutical ingredient or excipients may be 
used in a range of pharmaceutical dosage forms, both sterile or non‐sterile, or 
limited to a single dosage form. The material may have a plant, animal, or min
eral origin or be chemically synthesized. The starting material may be mini
mally to extensively processed or chemically modified from a plant, animal, or 
mineral starting material or produced solely by chemical synthesis. These dif
ferences result in different levels of microbial contamination risk.

The origin of the starting material and the manufacturing process will signifi
cantly influence the microbiological quality of the excipients. In general, the clas
sification of excipients is by their function in the drug product formulation.

 ● Binders
 ● Disintegrants
 ● Fillers (diluents)
 ● Lubricants
 ● Glidants (flow enhancers)
 ● Compression aids
 ● Colors
 ● Sweeteners
 ● Caking agents
 ● Buffers
 ● Preservatives
 ● Suspending/dispersing agents
 ● Film formers/coatings
 ● Flavors
 ● Printing inks
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The different roles of an excipient in a non‐sterile product are illustrated in 
Table 2.8.

What is the relative risk associated with different starting materials and 
excipients manufacturing processes? As stated earlier, pharmaceutical ingredi
ents may be classified as synthetic, semisynthetic, and derived from plant, 
animal, or mineral materials.

For excipients, the hierarchy of risk is illustrated in Figure 2.2.
Within this classification, the material may be from slightly to highly pro

cessed, with the latter significantly mitigating the risk of microbial contamina
tion (Table 2.9). Details of the starting materials and manufacturing processes 
of individual excipients may be conveniently obtained from the Handbook of 
Pharmaceutical Excipients.

Risk assessments can be conducted to determine the potential impact of 
excipients and measures taken to significantly reduce or even eliminate that risk. 

Table 2.8 Common excipients used in compressed tablets.

Excipient 
classification Common excipients

Diluent or filler Lactose, Sucrose, Kaolin, Dibasic calcium phosphate, Calcium 
sulfate, and Calcium carbonate

Binders Water, Alcohol, Starch paste, Gelatin solutions, Tragacanth, Sodium 
alginate, Carboxymethyl cellulose, Polyethylene glycol, and Povidone

Lubricants Magnesium stearate, Calcium stearate, Talc, Stearic acid, Starch, 
Mineral oil, Sodium chloride, Sodium benzoate, and Carbowax 4000 
or 6000

Disintegrating 
agents

Corn starch, Methylcellulose, Sodium carboxymethyl cellulose, 
Alginic acid, Microcrystalline cellulose, and Gums

Sweeting agents Mannitol, Lactose, Sorbitol, Fructose, Saccharine, and Aspartame
Film coatings Gelatin and colorants

Synthetic excipients

Semisynthetic excipients

Mineral-derived excipients

Plant-derived excipients

Animal-derived excipients

–

R
i
s
k

+

Figure 2.2 Hierarchy of risk by excipients.
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The impact of a single excipient on the microbial content of a drug product will 
depend on the size of the contribution that the excipient makes to the product 
formulation, the manufacturing processes, the ability of the product to support 
microbial growth, and the invasiveness of the route of administration of the drug 
product.

Clearly, injectable products because of their invasiveness must be sterile 
while tablets and capsules, in the absence of food‐borne pathogens, may con
tain a moderate bioburden without impacting the recipient of the drug prod
uct. Concomitantly, pharmaceutical ingredients contaminated with high 
numbers of microorganisms or low levels of objectionable microorganisms will 
impact nasal sprays, vaginal products, topical products, and oral liquids more 
than tablets and capsules.

A plant, animal, or mineral origin may result in higher microbial counts and 
the presence of potential pathogens in excipients. Plant and animal materials 
may be contaminated with fecal matter during cultivation, harvesting, and/or 
processing. However, animal‐derived materials that are subject to significant 
processing like gelatin may not constitute a microbial risk. This is also true for 
plant‐derived cellulose and cellulose derivatives.

What cGMP regulations apply to the manufacturers of pharmaceutical 
excipients? Perhaps surprisingly, regulatory agencies are not directly involved 
in the inspection of excipients manufacturers. Although the cGMP regulations 
contained in 21 CFR Parts 210 and 211 apply only to finished drug products, 
Section 501(a) (2)(B) of the U.S. Federal FD&C Act requires that all drug prod
ucts be manufactured, processed, packaged, and held according to cGMPs 
with no distinction made between pharmaceutical ingredients and finished 
products. Excipient manufacturers may file DMF with the U.S. Food and Drug 
Administration and comply with USP/NF excipient monographs.

Table 2.9 Classification of excipients by starting material and manufacturing process.

Standing material and 
manufacturing process Excipient examples

Synthetic Povidone (polyvinyl pyrrolidone); Crospovidone (a 
homopolymer of cross‐linked N‐vinyl‐2 pyrrolidone)

Semisynthetic Captisol (chemically modified cylodextrin); Hydroxypropyl 
methylcellulose (chemically modified cellulose)

Mineral‐derived Talc (extractive); Dibasic calcium phosphate (processed 
chemically from a mineral calcium carbonate and 
phosphoric acid)

Plant‐derived Corn starch; Microcrystalline cellulose; Sucrose
Animal‐derived Lactose (extractive); Magnesium stearate (processed 

chemically from tallow); Gelatin (purified from bone 
and hide)
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Based on the initiative of the Institute of Quality Assurance (IQA), Pharm
aceutical Quality Group, and the International Pharmaceutical Excipients 
Council (IPEC), International Standards for Excipients were published as ISO 
9001:2000 Good Manufacturing Practices Guide for Bulk Pharmaceutical 
Ingredients. The standard emphasizes documentation, batch traceability, change 
control and customer notification, and chemical contamination control. This 
was subsequently published as the USP general informational chapter <1078> 
Good Manufacturing Practices for Bulk Excipients – General Guidance.

Excipient suppliers should be selected based on their reputation for 
 manufacturing and supplying high‐quality pharmaceutical excipients that 
meet all industry standards. The suppliers should be qualified by audit against 
a recognized standard such as the 2001 IPEC Good Manufacturing Practices 
Guide for Bulk Pharmaceutical Excipients. Pharmaceutical companies should 
avoid purchasing excipients from distributors, when the actual excipient 
manufacturer is unknown, as market forces will determine the quality of the 
excipients. In general, low prices are reflected by poor quality. In addition to a 
business contract detailing material grade, price, and delivery schedules, a 
Quality Agreement should be signed by the excipient supplier and the pharma
ceutical company that would emphasis notification of manufacturing changes.

Whenever available, purchase USP‐grade excipients. The microbial testing 
methods for pharmaceutical ingredients are defined in USP Chapter <61> 
Microbiological Examination of Non‐sterile Products: Microbial Enumeration 
Tests and <62> Microbiological Examination of Non‐sterile Products: Tests for 
Specified Microorganisms. The microbial enumeration tests are the Total 
Aerobic Microbial Count (TAMC) and the Total Combined Yeast and Mold 
Count (TCYMC).

Some USP/NF excipient monographs only list a TAMC requirement. Whereas 
non‐sterile pharmaceutical products are screened using the USP Test for the 
Absence of Specified Microorganisms appropriate for the dosage form, excipients are 
typically screened only for the absence of Escherichia coli, and less frequently for 
Salmonella spp. if they are unprocessed and have an animal, plant, or mineral origin. 
USP Chapter <1111> and Ph. Eur. 5.1.4 both named Microbiological Quality of 
Non‐sterile Pharmaceutical Products contains the acceptance criteria for the 
microbial quality of non‐sterile dosage forms and pharmaceutical ingredients.

In addition, it is a cGMP requirement to exclude objectionable microorgan
isms from non‐sterile pharmaceutical products. The pertinent sections are 21 
CFR 211.113 Control of microbiological contamination (a) Appropriate written 
procedures designed to prevent objectionable microorganisms in drug products 
not required to be sterile shall be established and followed. Furthermore, 21 
CFR 211.165 Testing and release for distribution (b) There shall be appropriate 
laboratory testing, as necessary, of each batch of drug product required to be free 
of objectionable microorganisms that may cause infection when given by the 
route of administration of the drug product and/or cause physicochemical dete
rioration to the product.
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These regulations emphasize drug products and not excipients. Pharma
ceutical manufacturers will experience push back if they attempt to return an 
excipient because it contains an objectionable microorganism not referenced in 
a USP/NF monograph.

The question may be asked whether the microbial requirements in USP/
NF excipient monographs are technically sound and are risk‐based specifi
cations? Sadly they are not. The microbial requirements were never system
atically developed, reflect what specifications were included in regulatory 
submissions, in many cases do not reflect the recommendations in USP 
<1111>, and are often locked in place by the compendial harmonization 
process. To illustrate this point, Table  2.10 contains the microbiological 
requirements for 17 common excipients used in the manufacturing of com
pressed tablets.

Table 2.10 USP/NF microbial limit requirements of commonly used excipients.

Excipient Classification Current compendial testing requirement

Acacia, NF Processed 
plant material

Absence of Salmonella species

Alginic Acid, NF Highly purified 
plant material

TAMC NMT 200 CFU/g; absence of Salmonella 
spp. and Escherichia coli

Dibasic calcium 
phosphate, USP

Processed 
mineral

None

Croscarmellose 
sodium, NF

Highly 
processed plant 
material

TAMC NMT 1000 CFU/g, TYMC NMT 
100 CFU/g; absence of E. coli

Crospovidone, NF Synthetic None
Gelatin, NF Processed 

animal material
TAMC NMT 1000 CFU/g; absence of 
Salmonella spp. and E. coli

Lactose 
monohydrate, NF

Processed 
animal material

TAMC NMT 100 CFU/g; TYMC NMT 
50 CFU/g; absence of E. coli

Magnesium 
stearate, NF

Highly 
processed 
animal material

TAMC NMT 1000 CFU/g; TYMC NMT 
500 CFU/g; absence of E. coli and 
Salmonella spp.

Microcrystalline 
cellulose, NF

Processed 
plant material

TAMC NMT 1000 CFU/g; TYMC NMT 
100 CFU/g; absence of Staphylococcus aureus, 
Pseudomonas aeruginosa, Salmonella spp. and 
E. coli

Povidone, USP Synthetic None
Sodium starch 
glycolate, NF

Processed 
plant material

Absence of E. coli and Salmonella spp.
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Excipient Classification Current compendial testing requirement

Corn starch, NF Processed 
plant material

TAMC NMT 1000 CFU/g, TYMC NMT 
100 CFU/g; absence of S. aureus and 
P. aeruginosa (only when used as an absorbent 
dusting powder), E. coli and Salmonella spp.

Starch pre‐
gelatinized, NF

Processed 
plant material

TAMC NMT 1000 CFU/g, TYMC NMT 
1000 CFU/g; absence of Salmonella spp. and E. coli

Sucrose, NF Processed 
plant material

None

Talc, USP Extractive TAMC NMT 100 CFU/g; TYMC NMT 
50 CFU/g (intended use for topical 
administration); TAMC NMT 1000 CFU/g and 
TYMC NMT 100 CFU/g (intended use for oral 
administration)

Xanthan, NF Fermentation Absence of Salmonella spp. and E. coli

NMT, not more than, and absence of specified microorganisms in 1 g or ml; TAMC, Total 
Aerobic Microbial Count; TYMC, Total Combined Yeast and Mold Count.

Table 2.1 (Continued)

Some Thoughts on Magnesium Stearate, NF Compendial Microbiological 
Acceptance Criteria

According to the Handbook of Pharmaceutical Excipients, magnesium stearate, 
NF is prepared either by the interaction of aqueous solutions of magnesium 
chloride with sodium stearate or by the interaction of magnesium oxide, 
hydroxide, or carbonate with stearic acid at elevated temperatures. The starting 
material stearic acid may be derived from animal fat or cottonseed oil. In the 
former, stearic acid is manufactured by hydrolysis of fat, which is the continuous 
exposure to a countercurrent stream of high‐temperature water in a high‐ 
pressure chamber. The resultant mixture is purified by vacuum steam distilla-
tion and the distillates are then separated using selective solvents. Stearic acid 
may also be manufactured by the hydrogenation of cottonseed and other veg-
etable oils; by the hydrogenation and subsequent saponification of olein fol-
lowed by recrystallization from alcohol; and from edible fats and oils by boiling 
with sodium hydroxide, separating any glycerin, and decomposing the result-
ing soap with sulfuric or hydrochloric acid. The stearic acid is then subsequently 
separated from any oleic acid by cold expression.

Based on the review of the manufacturing processes for magnesium stearate, 
as described above, it is highly unlikely that this excipient will contain a biobur-
den apart from low levels of molds since magnesium stearate is hydrophobic and 
will not be susceptible to microbial growth in storage due to the low water 
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Finally, additional explanatory is provided for excipients testing and risk 
categorization in Chapter 5.

2.6.2 Hierarchy of Risk by Dosage Form and Processing Steps

A hierarchy of microbial infection risk can be established based solely on the 
invasiveness of the non‐sterile pharmaceutical dosage form. For an infection to 
occur, the drug product must overcome the natural barriers to microbial infec
tion such as the skin, stomach, and mucosal barriers. The increasing invasive
ness would range from solid oral dosage forms that are exposed to gastric and 
upper intestinal excretions, topical products applied to the skin, to inhalation 
products that are delivered into the lower respiratory tract. In addition, the 
drug product attributes that support microbial growth and the medical status 
of the recipients will influence the risks. Note: Sterile injectable products have 
the greatest risk of microbial infection due to their parenteral administration 
but they are outside the scope of this chapter.

The following list (Figure  2.3) provides a hierarchy of broad categories of 
non‐sterile pharmaceutical products with respect to potential risk of microbi
ological infection to the patient based on the invasiveness of the route of 
administration, from low to high (after USP <1115>).

2.6.2.1 Processing Steps
An individual processing step can potentially increase or decrease the biobur
den level of a non‐sterile drug product. The unit processing steps for different 
dosage forms in descending order of microbial contamination risk are described 
in Table 2.11.

activity (aw = 0.49). Generally, according to USP <1112>, no microbial growth will 
occur in pharmaceutical excipients at water activities lower than 0.75. Based on 
these properties and the manufacturing process described above, it is unlikely that 
magnesium stearate would be contaminated with a Salmonella species and/or E. 
coli.

What contribution does this excipient make to the formulation? The level of 
the lubricant magnesium stearate contained in compressed tablets ranges from 
0.5 to 2.5%, so it is a relatively minor constituent in a compressed tablet. Based 
on the manufacturing process, low water activity, testing history, and low con-
tribution to the dosage form, the author recommends that the microbial limit 
requirements for magnesium stearate and other pharmaceutical excipients be 
subject to review and, as justified, as in the case of magnesium stearate, NF, 
eliminated or modified.
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2.6.2.2 Risk Associated with Different Processing Steps
It is useful to review the microbial risk associated with different manufacturing 
processes (Table 2.12). Processes associated with sterile product manufactur
ing are included in the table for comparative purposes only.

Liquid-filled capsules, compressed tablets, and powder-filled capsules

Oral liquids (aqueous)

Rectal suppositories

Topical lotion, sprays, ointments, and creams

Vaginal suppositories

Otics

Nasal sprays

Metered-dose and dry powder inhalants

–

R
i
s
k

+

Figure 2.3 Hierarchy of risk by dosage form.

Table 2.11 Summary of unit processing steps in descending order of risk for different 
dosage forms.

Dosage forms Unit processing steps in descending order of risk

Compressed tablets Film coating, wet granulation, tray drying, milling, blending, 
batching, fluid bed drying, dry granulation, packaging, and 
compression

Oral liquids Bulk storage, ingredient water production, mixing, batching, 
and filling

Lotions, ointments, 
and creams

Bulk storage, ingredient water production, mixing, batching, 
and filling

Vaginal and rectal 
suppositories

Bulk storage, ingredient water production, mixing, batching, 
and hot filling

Nasal sprays Bulk storage, ingredient water production, mixing, batching, 
and filling

Powder dose 
inhalers

Filling, bulk storage, aerosol storage, mixing, and batching
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Table 2.12 Microbial contamination risk based on dosage form and unit manufacturing 
operation.

Dosage form Unit manufacturing operation
Risk 
rating

Overall 
risk rating

Biological injectables Bioreactor – sterilization, inoculum 
production, and biofermentation
Recovery and downstream purification
Cell bank maintenance and viral 
clearance
Sterile filtration, aseptic filling, 
lyophilization, and stoppering and 
capping

5
 
3
5
4

4–5

Pharmaceutical 
injectables

Aseptic filling: traditional cleanrooms
Aseptic filling: form‐fill‐seal or isolator 
system
Terminal sterilization

5
3
1

4

Sterile inhalation 
solutions

Aseptic filling: traditional cleanrooms
Aseptic filling: form‐fill‐seal or isolator 
system
Terminal sterilization

5
3
1

4

Metered dose 
Inhalants

Micronization
Blending
Filling/Assembling

3
2
1

3

Topical liquids, 
lotions, or creams

Mixing and blending
Bulk storage
Filling

2
2
2

2

Topical gels or 
ointments

Emulsification, blending, heating, 
and Cooling
Dispensing

2
1

2

Oral liquids or 
suspensions

Mixing and blending
Filling

2
1

2

Transdermal patches Dispensing and coating
Extrusion
Coating and drying
Packaging

3
2
1
1

2

Liquid‐ or powder‐
filled capsules

Granulation: wet and dry, milling 
and blending
Drying, encapsulation, and  
packaging

2
1

1



2.6 Hierarchy of Risks 45

2.6.3 Hierarchy of Risk by Utility System

The contribution of utility system to microbial contamination is depicted in 
Figure 2.4.

Table 2.12 (Continued)

Dosage form Unit manufacturing operation
Risk 
rating

Overall 
risk rating

Compressed tablets Granulation: wet and dry, milling and 
blending
Drying, compression, and packaging
Film coating

2
1
2

1

Key: 1, little or no risk; 2, little to moderate risk; 3, moderate risk; 4, moderate to high risk; 5, high 
risk of microbial contamination.

Clean steam

HVAC systems, vacuum

Compressed air

Purified water system

–
R
i 
s
k

+

Figure 2.4 Hierarchy of risk by utilities.

Special Considerations on the Dosage Regime

Usually not considered in microbial risk assessments are the quantity of the dos-
age form and the duration of the therapy. It is frequently not understood by 
chemists, pharmacists, and even quality control personnel that microbial test-
ing is based on drug product weight or volume and not potency. For example, 
the TAMC is measured in colony‐forming units per g or ml of the drug product. 
The weight or volume range of a non‐sterile oral dosage may span one to two 
magnitudes so that the microbial specifications may not directly reflect the 
microbial challenge to the patient.

Furthermore, the dosage regime may be a short course of treatment such as 
a five‐day antibiotic treatment for an upper respiratory infection versus  
long‐term patient treatment for a chronic illness such as elevated blood pres-
sure or diabetes.
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2.7  Effect of Product Attributes

2.7.1 What Are the Critical Quality Attributes 
for a Pharmaceutical Drug?

It is by definition a quality attribute that must be controlled within predefined 
limits to ensure that the drug product meets its intended safety, efficacy, stabil
ity, and performance. The Critical Quality Microbiological Attributes for a 
non‐sterile drug product includes the following:

 ● Microbial Count, i.e. TAMC and TCYMC (USP <61> and <62>)
 ● Absence of Specified Microorganisms as mandated by the dosage form as 

found in USP <1111>
 ● Absence of Objectionable Microorganisms (21 CFR 211.113)
 ● Antimicrobial Effectiveness as found in USP <51> (product development 

only)
 ● Water activity (product development only)
 ● Container‐closure integrity (product development only)

2.7.2 Role of Formulation in Bioburden Control

The formulation of a non‐sterile pharmaceutical drug product will have a pro
found effect on the ability of microorganisms to survival or growth in a product. 
The important parameters for bioburden control are pH, osmolality, water activity, 
redox potential, salinity, alcohol content, and antimicrobial preservative systems.

The reader is referred to a recent review article on the microbial stability of 
pharmaceuticals and cosmetics for the discussion of preservative systems (Doa 
et al. 2018).

2.7.3 Hurdle Technology Concept

A concept that is useful in the pharmaceutical industry is the hurdle technol
ogy promoted by the food microbiologist Leistner (1994) that deliberately 
combines preservation techniques to establish a series of preservation factors 
(hurdles) that a microorganism contaminating a product cannot overcome 
(jump over). These hurdles may include:

 ● Antimicrobial preservatives
 ● Extremes of pH
 ● Water activity
 ● Redox potential
 ● Osmolality
 ● Hot fill
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 ● Delivery system
 ● Storage temperature

Hurdle technology has been successfully applied to product formulation in 
the cosmetic industry and is playing a greater role in microbial risk assessment 
in the consumer health and pharmaceutical industry.

Two Less Well‐Known Product Attributes

Water Activity (aw)
Perhaps the most critical quality attribute is water activity (Cundell and Fontana 
2009; Hussong 2009). In general, drug products with water activities less than 
0.75 do not support the growth of microorganisms likely to be found in drug 
products and may be self‐preserving. Furthermore, microorganisms cannot 
develop resistance to low water activities. Generalizations that can be made 
about water activity include:

 ● At high aw, i.e. greater than 0.95, bacteria out compete fungi
 ● Gram‐negative bacteria require higher aw than Gram‐positive bacteria
 ● Below 0.85 most bacteria will not grow
 ● Below 0.75 most yeast and mold do not grow
 ● Between 0.75 and 0.60 only highly specialized microorganisms, not usually 

found in drug products, will grow
 ● Below 0.6 no microorganism will grow

Redox Potential
A reduced redox potential is widely used in food packaging employing vacuum 
packaging; antioxidants or nitrogen blankets to prevent microbial spoilage but 
is not widely used in pharmaceuticals. The oxidation–reduction or redox poten-
tial is defined in terms of the ratio of the total oxidizing (electron accepting) 
power to the total reducing (electron donating) power. In effect, redox potential 
is a measurement of the ease by which a substance gains or loses electrons. The 
redox potential (Eh) is measured in terms of millivolts. A fully oxidized standard 
oxygen electrode will have an Eh of +810 mV at pH 7.0, 30 °C, and under the 
same conditions, a completely reduced standard hydrogen electrode will have 
an Eh of −420 mV.

The major groups of microorganisms based on their relationship to Eh for 
growth are aerobes, anaerobes, facultative aerobes, and microaerophiles. 
Generally, the ranges at which different microorganisms can grow are as follows: 
aerobes +500 to +300 mV; facultative anaerobes +300 to −100 mV; and anaer-
obes +100 to less than −250 mV. For example, Clostridium botulinum is a strict 
anaerobe that requires an Eh of less than +60 mV for growth; however, slower 
growth can occur at higher Eh values (Jay 1996).
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2.7.4 Concept of Hostility Level

This concept developed by the author collaborating with microbiologist Neil 
Lewis from Procter and Gamble is similar to the hurdle technology but adds a 
risk assessment element. Physical, chemical, and microbiological product 
attributes may influence the survival and/or proliferation of microorganisms 
within a drug product. As stated earlier, they include water activity, pH, anti
microbial effectiveness, alcohol level, osmolality, redox potential, salinity, and 
storage temperature. To make a hostility level assessment, a range from level 
1 to 5 is established with 1 being the least hostile and 5 the most hostile to the 
survival of microorganisms. Then a numerical value from 1 to 50 is assigned to 
each hostility level. The overall hostility level of the formulation will be the sum 
of the applicable product attribute hostility levels (Table 2.13).

For example, drug product formulated as a compressed tablet as well as 
syrup to improve dosage of infant and aged populations could be evaluated for 
its hostility level. The following analysis would be applied to the syrup – with 
product attributes:

 ● water activity of 0.85–0.90 (hostility level 20)
 ● pH 4.5–5.0 (hostility level 20)
 ● an antimicrobial effectiveness log reduction of greater than 4 logs in 48 hours 

(hostility level 20)
 ● sugar concentration greater than 65% (hostility level 50)

This syrup with total hostility level of 110 would have a lower risk of micro
bial contamination than a formulation with a lower total hostility level.

In general, products with higher hostility levels would have looser bioburden 
controls while those with lower hostility levels would have tighter bioburden 
controls such as pharmaceutical ingredients, environmental controls, and 
reduced microbial testing. Typical physiological requirements of some bacte
rial pathogen are listed in Table 2.14.

2.8  Emerging Manufacturing Technologies

New manufacturing technologies are being introduced by our industry. 
Pharmaceutical microbiologist may be unaware of these new technologies and 
their microbial risk contamination impact. They include jet milling, hot melt 
extrusion (HME), and continuous manufacturing.

2.8.1 Jet Milling Micronization

The two major types of mills for particle size reduction to 5 μm or less in dry 
conditions are air‐jet fluid energy mills and ball mills. Micronization of drug 





2 Microbial Contamination Risk Assessment50

substances is important in increasing dissolution rates of solid oral dosage 
forms and inhalation products. Although jet milling exposes the drug sub
stance being micronized to large volumes of high‐pressure compressed gas, the 
use of medical‐grade compressed nitrogen and sterile filtration of the jet of 
nitrogen will mitigate any risk of microbial contamination.

2.8.2 Hot Melt Extrusion

As described in a recent review article by Patil et al. (2016), HME is a continu
ous pharmaceutical process that involves pumping polymeric materials with a 
rotating screw at temperatures above their glass transition temperature (Tg) 
and sometimes above the melting temperature (Tm) to achieve molecular level 
mixing of the active compounds and thermoplastic binders, and/or polymers. 
This molecular mixing converts the components into an amorphous product 
with a uniform shape and density, thereby increasing the dissolution profile of 
the poorly water‐soluble drug. Although the dwell time in the extruder‐granu
lator is short, i.e. less than 10 minutes and operating temperature, i.e. 50–160 °C 
and elevated pressure will eliminate all microorganisms except perhaps the 
most heat‐resistant bacterial spores.

Table 2.14 Examples of physiological requirements of some common bacterial pathogens.

Organism
Minimum 
aw

Temperature 
range (°C)

Maximum 
salt (%) pH range Oxygen level

Bacillus cereus 0.92 4–55 18 4.3–9.3 Strict aerobe
Campylobacter 
jejuni

0.987 30–45 1.5 4.9–9.5 Microaerophilic

Clostridium 
botulinum

0.935 10–48 10 4.6–9.0 Strict anaerobe

Clostridium 
perfringens

0.97 12–50 8 5.5–9.0 Strict anaerobe

Escherichia coli 0.95 7–49 6.5 4.0–9.0 Facultative 
anaerobe

Listeria 
monocytogenes

0.92 −0.4–45 10 4.4–9.4 Facultative 
anaerobe

Salmonella spp. 0.94 5.2–46.2 8 3.7–9.5 Facultative 
anaerobe

Staphylococcus 
aureus

0.83 7–50 25 4.0–10.0 Facultative 
anaerobe

Source: Adapted from Holt et al. (1994).
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2.8.3 Continuous Tablet Manufacturing

Continuous tablet manufacturing combines the same unit processing steps as 
batch manufacturing but with a continuous pharmaceutical ingredient feed 
input and tablet output controlled by real‐time in‐process analysis and product 
characterization technologies. Currently the technology is not available for 
in‐process bioburden monitoring of a granulation. Advantages include the 
ability to move from R&D, to development, scale‐up, validation and manufac
turing batch size on the same equipment, better process control, less powder 
segregation, improved flexibility of manufacturing output, and a smaller man
ufacturing footprint. This approach differs to campaigning of the more familiar 
batch processes.

The processing steps are drug substance micronization, continuous excipient, 
drug substance and lubricant feed, blending, granulation, compression or 
encapsulation, and coating. Equipment should be designed to minimize dead 
spots where products may build‐up. Once the continuous process is success
fully started up, it can be continued with adjustments for hours, days, or conceiv
ably weeks to meet drug product sales demand. Little or nothing is known about 
the microbiological attributes of the tablets or capsule produced by continuous 
manufacturing. Presumably the passage of dry material through the processing 
equipment will be to some extent self‐cleaning and the more expedition manu
facturing would discourage microbial growth. The absence of intermediate 
holding times between unit processing steps should improve microbiological 
quality. For example, wet granulations with a water activity level supporting fun
gal growth would not be held for a sufficient time and storage condition to 
encourage fungal growth. Furthermore, aqueous ingredients such as granula
tion and film coating solutions would need specified hold times to limit potent 
microbial growth. A conservative hold time would be a single manufacturing 
shift. Alternatively, real‐time bioburden monitoring using LASER‐induced fluo
rescence particle monitoring could be applied to mitigate risk of microbial con
tamination. Antimicrobial preservatives could be added to these processing 
ingredients but it is unlikely that regulatory agencies would look unfavorably on 
this option, as they would view it as inconsistent with GMPs.

At the influential Arden House Conference on Continuous Manufacturing, 
held 16–18 March 2015 in Baltimore, MD, multiple speakers highlighted that 
process equipment cleaning was a bottleneck in the technology. Running the 
system empty, in what is called a dry rinse to drive product from the equip
ment, would be a first step followed by the removal of product contact compo
nent parts for out‐of‐place cleaning. Component cleaning and setup for the 
next drug product may take two to three days and over a calendar year repre
sent a considerable downtime. The future application of clean‐in‐place tech
nologies may be possible.
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2.9  A Case History

A discussion of this case history highlights many potential risks associated 
with microbial contamination of non‐sterile drug products. In March 2009, the 
Hong Kong Board of Health reported that four batches of Allopurinol tablets 
manufactured by a local pharmaceutical company were found to be grossly 
contaminated with the fungus Rhizopus microsporus (>103 CFU/g). At least 
five patients at Queen Mary’s Hospital receiving aggressive cancer therapy and 
treated with anti‐gout drug Allopurinol for the common side effect hyper
uricemia contracted intestinal mucomycosis and died (Cheng et al. 2009). How 
could compressed tablets, that are considered having a low risk for microbial 
contamination, be the cause of this fungal outbreak and patient deaths?

The tablets were manufactured at the local facility using a wet granulation 
that was dried in a tray dryer oven at 50 °C for 4 hours to a water content of 3%. 
The granulation was then held at 20 °C for up to 14 days prior to tablet com
pression. A typical formulation is Allopurinol, 100 or 300 mg, corn starch, 
FD&C Yellow No. 6 Lake (yellow tablets only), lactose, magnesium stearate, 
and povidone.

A probable source of the mold R. microsporus was the corn starch used in the 
tablet manufacture as it was found to contain 2 CFU of Rhizopus/g. Although 
the ascospores of R. microsporus are thermotolerant and would survive 4 hours 
at 50 °C during tray drying, it appears less likely that a granulation dried to 3% 
water content and stored at 20 °C for 5–14 days prior to tablet compression 
would become highly contaminated with R. microsporus.

According to the Handbook of Pharmaceutical Excipients, corn starch, NF 
has a water content of 11–14% (water activity 0.6–0.9), which is a water activity 
range that would support fungal growth. However, corn starch in a granulation 
dried to 3% has an estimated water activity of 0.1–0.2 and should not support 
the growth of R. microsporus, even if stored at 20 °C for up to 14 days. For the 
fungus to grow in the tablets, they must have been exposed to an elevated 
temperature and humidity.

The most clinically important Zygomycetes are in the Order Mucorales 
(Alvarez et al. 2009). Of 190 US clinical isolates tested, the frequency of species 
were Rhizopus oryae (45%), R. microsporus (22%), Mucor corymbifer (5%), 
Rhizomucor pusillua (4%), Cunninghamella bertolletiae (3%), Mucor indicus 
(3%), and Cunninghamella echinulata (1%).

The most common site of infection was the sinuses (26%), lungs (27%), and 
various cutaneous locations (28%).

Rhizopus microsporus is a ubiquitous fungus with the ability to grow at ele
vated temperatures up to 42 °C and they are often the first fungal invaders of 
solid substrates. It forms bundles of rosette‐forming sporangiophores bearing 
sporangia and individual ascospores. Perhaps importantly, R. microsporus 
is used in the Asian fermented food tempe which is derived from soya beans. 
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The optimum conditions for radial growth and biomass dry weight on defined 
media were temperature 40 °C, water activity 0.995, and ambient air. At 
aw < 0.96 virtually no growth occurred suggesting fungal growth will not occur 
in the compressed tablet but could in the wet granulation. Earlier work by 
Hocking and Miscamble (1995) reported that the minimum aw for growth of 
R. microsporus on solid media was 0.90.

A review of the evidence by the author of this book chapter is inconclusive as 
to where R. microsporus growth in the Allopurinol compressed tablets 
occurred. Was it during the storage of the excipient starch, during tablet manu
facturing, or due to improper storage of the tablets? The use of a tray dryer is a 
dated technology that has been largely replaced by fluid bed dryers. The expo
sure of the wet granulation in the tray dryer or extended storage prior to com
pression may have encouraged fungal growth. Although solid oral dosage 
forms, as they are the least invasive non‐sterile products, are considered to 
have the lowest risk of patient infection, cancer patients especially those that 
are immunologically suppressed due to radiation treatment and/or chemo
therapy may be highly susceptible to fungal infection, even from oral adminis
tration, and as the result of fungal infection have high mortality rates. This case 
history justified the lower TCYMC in USP <1111> Microbiological Quality of 
Non‐sterile Pharmaceutical Products.

As the strain matching was not used to conclusively confirm the infection 
was derived from the tablets, it is possible that other environmental factors, 
e.g. unauthorized food or hospital facility contamination were the source of the 
infections.

2.10  Conclusions

Microbial contamination risk management tools can be systematically applied 
to formulation and manufacturing process development, drug manufacturing, 
and microbial testing and will undoubtedly mitigate risk. The challenge is to 
ensure an experienced pharmaceutical microbiologist has a place at the table, 
as microbial contamination risk mitigation is rarely an objective during prod
uct development.
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 3.1  Introduction

In any microbiological laboratory not only the equipment needs to be qualified 
but also the analysts. Since most of the testing is generally not automated, vari-
ability between analysts may affect the outcome of the test result. Both equip-
ment and analyst qualification should be addressed:
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 ● Qualification of laboratory personnel in a microbiological QC environment is 
crucial linked to the two core topics of GMP: documentation and training.

 ● Qualification of laboratory equipment in a microbiological QC environment 
should be based on its impact on the assessment of product quality: direct 
impact, indirect impact, or no impact.

3.2  Reasons, Requirements, and Strategies 
for Qualification

3.2.1 Qualification and Re‐Qualification of Laboratory Personnel

The QC microbiology lab is part of every pharmaceutical company’s manufac-
turing authorization. Therefore, depending on the market, the corresponding 
authorization is needed. For example, in the United States or EU the following 
regulatory requirements are applicable:

 ● 21 CFR 211.25: Training in cGMP shall be given on a continuing basis with 
sufficient frequency to assure that employees remain familiar with cGMP 
requirements applicable to them.

 ● EU GMP Guideline, chapter 2 “Personnel,” section 2.11 “Training”: Continuing 
training should be given, and its practical effectiveness should be periodically 
assessed.

The major point regarding education at a university level is that 
“Pharmaceutical Microbiology” does not exist in any academic syllabus. This 
concludes that either the practical aspects of it are trained on‐the‐job or the 
theoretical aspects can be trained in‐house or outhouse.

But, regardless of how intense the training in this topic remains and must be 
considered when qualifying analysts for performing validated analytic meth-
ods, the following problems remain:

 ● Analyst‐induced variability has a major impact on accuracy.
 ● Analyst‐induced bias is a major issue in some types of assay.
 ● We have developed microbiology acceptance criteria or specifications that 

ignore the inherent variability of biological systems.

Those points should be addressed in the analyst qualification procedure as 
well as in the risk assessment for analytical method validation and sufficiently 
defended to an extent that all measurements were taken to minimize the 
impact on product quality.

Figure  3.1 shows a general stepwise analyst training concept which also 
applies to laboratory personnel in a microbiological QC environment.

Each new personnel from analyst to laboratory supervisor must be trained 
with the appropriate documents defined in the local training program in order to 
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accomplish his task. A full understanding of the actual health authority guide-
lines is required for laboratory supervisors; but for analysts, a basic understand-
ing of these documents is sufficient. All personnel in the microbiology department 
should however be trained and understand the SOPs concerning good manufac-
turing practices and health and safety environment requirements in the microbi-
ology department as well as the specific SOPs required to undertake their tasks. 
As the United State Pharmacopeia (USP) <1117> suggests, following a theoreti-
cal training, periodic testing would provide evidence of practical competency of 
the analyst with regards to general aseptic technique, documentation, house-
keeping, or specific test method. For instance, to qualify an analyst for microbial 
enumeration of Petri plates, following a theoretical training, different agar plates 
may be prepared with multiple colonies of different types of microorganisms 
(e.g. bacteria and molds) and the counts of the prepared plates of the analyst to 
be qualified are compared with those of experienced laboratory personnel.

A periodic vision check, especially for analysts reading test results such as, 
for instance, enumeration of colonies on agar plates, would also be advisable. 
This procedure and part of the risk assessments strategy could be comparable 
to operators performing visual inspection of the final product manually.

The following describes an example of an analyst qualification on a specific 
test method – the microbiological examination of non‐sterile products:

 ● A representative sample of the different products tested in the laboratory 
should be considered for the qualification (e.g. hard gelatine capsules, 
creams, nasal sprays).

 ● The initial qualification consists of executing under supervision at least one 
method suitability test run and at least one release test

 – per type of methods used (e.g. pour plate, membrane filtration)

Personnel’s qualification profile

Training plan/training matrix

Training topics, affected personnel
(groups/categories)

Suitable trainers

Concept for documentation and
effectiveness check

Figure 3.1 Steps of a successful analyst qualification.
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 – with the tests for TAMC/TYMC as well as specified microorganisms
 – with the respective negative controls

 ● Acceptance criteria:
 – The microorganism recovery rate of the method suitability test should 

comply with the pharmacopoeia requirements.
 – No contamination of the negative controls.
 – The supervisor must consider the working technique and GMP behavior 

as adequate.
 ● The periodic (e.g. annual) requalification consists of performing at least one 

release and method suitability test run under supervision.

Requalification intervals should be defined in an SOP. Additionally, if a con-
trol chart shows a trend or a deviation is based on an analyst failure, additional 
training and requalification may be necessary. For validated test methods it can 
be advisable to implement a system for analyst requalification based on spe-
cific scenarios. If an analyst has not been performing a test for a long time, he 
or she must undergo a requalification procedure before analyzing routine sam-
ples again. This could be solved with the same time period for every test 
(e.g. six months) or depending on the test. When this is performed differently 
for every test, the time period should be based on the complexity of the test 
and the dependency of it from the analyst. This may cause additional variation 
which will be reflected in the test’s control chart but could prevent those vari-
ations effectively in advance.

3.2.2 Equipment Qualification: Which Equipment Needs 
to Be Qualified in a Microbiological Laboratory?

Equipment qualification including the equipment and devices in a microbio-
logical QC laboratory is a pre‐requisite for subsequent validation activities 
including analytic method validation.

Figure 3.2 shows the dependency of subsequent following validation activities 
like analytical method validation from laboratory equipment qualification. 
Today there are equipment used to perform analytic tests independent from 
analysts. For instance, for bacterial identification tests several steps like incuba-
tion, plate reading, and the identification itself are fully automated. Identification 
itself is based on a comparison of metabolic activity of the isolate and is com-
pared with a database. Therefore, the part of computerized system validation 
(CSV) in combination with equipment qualification is a major part of the vali-
dation activities in a microbiological QC lab and a crucial base for subsequent 
validations like analytic method validation. The reliability of the analytic method 
validation is strongly linked to a proper equipment qualification and CSV. 
Analytic method validation itself is the base for cleaning validation, sterilization 
validation, and product process validation since the results of analytical tests 
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influence the outcome of these validation activities and furthermore influence 
during routine production of the ongoing‐process verification (OPV). In all 
validation activities mentioned above samples are taken and analyzed. During 
OPV, the validated state of the processes is periodically checked. Part of this 
OPV is also taking samples. Depending on the process, its risk analysis, and the 
results of the testing during the validation, the number of samples can be 
reduced compared to initial validation. This shows clearly that qualification and 
validation activities in a microbiological QC lab would impact the monitoring 
of the manufacturing process as well as the pharmaceutical product’s quality 
attribute and in the end the patient’s safety if, for instance, release decisions are 
based on incorrect data. Therefore, it is important to perform qualification of 
equipment on a risk‐based approach to identify the impact and furthermore the 
criticality of the equipment used for analytical testing.

3.2.2.1 Equipment Classification According to ISPE
To identify the components that need to be qualified and to determine the 
extent of the qualification activities a categorization of all the equipment and 
devices should be performed in a qualification master plan. The evaluation 
can, for example, be performed according the “Impact Assessment” of interna-
tional society for pharmaceutical engineering (ISPE) Baseline Vol. 5.

Based on the identification where the specific equipment is categorized, the 
extent of the workload is defined. Starting at “No Impact” systems do underlie the 
requirement of “Good Engineering Practice” (GEP) which relies on a proper ven-
dor selection. This is usually in a GMP‐driven environment linked to the supplier 
qualification program. Therefore, a qualified supplier for the microbiological 
quality control laboratory will follow the requirements of GEP (see also Figure 3.3).

Process

Cleaning

Sterilization

Analytical method

Computerized systems

Equipment

Figure 3.2 Validation cascade.
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This categorization should be performed in a proper way including the 
required framework based on and written assessment in the validation master 
plan (VMP). For every single object the documented justification is usually 
part of an implementation risk assessment (Figure 3.4).

Yes

Identify systems

Develop system
boundaries

“No impact”
system

“Indirect impact”
system

“Direct impact”
system

Develop supporting
rationale

Does the
system have a 

direct impact on the 
assessment/verification of 

product quality?

Is the system
linked to a 

“Direct Impact” 
system?

Yes

No

No

Figure 3.3 Impact assessment according to ISPE Baseline Vol. 5, decision tree.

Qualification

Directimpact

Indirectimpact

No
impact

Commissioning

GEP

Figure 3.4 Categorization 
defines “working packages.”
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3.2.2.1.1 Qualification If a qualification is needed it must be performed to 
fulfill all requirements of the guidelines referred in Section  3.2.3. The most 
import topics there are the traceability from user requirements and proving the 
suitability for the intended use.

3.2.2.1.2 Commissioning Commissioning is a systematic approach to the 
start‐up and turnover of facilities, systems, and equipment to end users and 
ensuring that user requirements and design specifications (DS) are met 
(according to ISPE Baseline Vol. 5). Activities within this phase may include 
design reviews, factory acceptance testing, installation verification, and 
functional testing. Summary reports are generated at the conclusion of 
commissioning activities and include an overview of the results and any 
deviations encountered during testing.

3.2.2.1.3 GEP (Based on ISPE “Good Practice Guide: Good Engineering Practice” 
2008) Good Engineering Practices (GEPs) consist of proven and accepted 
engineering methods, procedures, and practices that provide appropriate, 
cost‐effective, and well‐documented solutions to meet user requirements 
and compliance with applicable regulations. GEP underpins activities in the 
day‐to‐day operations and forward planning of a pharmaceutical business. 
The adoption of this methodology leads to a balance of expenditure and 
activity. In addition, GEP documentation can be leveraged to support 
verification work.

GEP activities include the following key concepts:

 ● Project engineering
 ● Common practices
 ● Operation and maintenance

The three concepts at the core of most GEP activities include:

 ● Risk management
 ● Cost management
 ● Organization and control

3.2.2.1.4 Critical Instruments According to  ISPE Baseline Guide, Vol. 5 Every 
equipment and all systems that measure or control critical parameters (process/
product related) have higher requirements regarding documented testing. 
This includes calibration and qualification.

Those processes to ensure critical parameters that are heavily depending 
on manual steps from analysts should be unambiguously described in writ-
ten protocols (SOPs) and training. Additionally, retraining must be performed 
regularly.
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3.2.2.2 Equipment Classification According to USP
Another possibility for classification of equipment criticality is mentioned in 
USP <1058> “Qualification of analytical instruments.” All equipment or instru-
ments are divided into three different categories; however, it should be noted 
that the same type of instrument can fit into one or more categories, depend-
ing on its intended use.

Group A includes the least complex, standard instruments that are used 
without measurement capability or user requirement for calibration, such as a 
magnetic stirrer or vortex mixer. Proper function is ensured by observation, 
and no further qualification activities are needed for this group.

Group B includes instruments that may provide a measurement or a quanti-
tative condition that can affect a measurement. Examples include a pH meter 
or an oven. Proper function of instruments in this group may require only 
some elements of qualification, such as routine calibration, maintenance, or 
performance checks. The level of qualification will also depend on the critical-
ity of the application. Generally, these instruments may have firmware but not 
software that is updated by the user.

Group C comprises the majority of analytical instruments and normally 
includes a significant degree of computerization and complexity, such as 

How to Identify Direct Impact Systems Generally (Modified from ISPE: 
Engineering Baseline Vol. 5)

1) Is this equipment used to demonstrate compliance with a submitted 
process?

2) Does the function of the system under routine conditions have direct impact 
on the product quality?

3) Does a malfunction or inaccuracy of the system have direct impact on the 
product quality or efficacy?

4) Is the (analytical) result or output from this equipment stored in the batch 
documentation or used for product release?

5) Does the equipment have product contact?
6) Does this equipment control other critical components without an inde-

pendent verification?
7) Is the component used to monitor a critical state of a system?

Question 5 would be applicable if samples are drawn and aliquoted directly 
side‐by‐side to the production process and parts of the samples are brought 
back into the product. This could be true at biotechnological processes 
when  using bioluminescence for determining the viability of the production 
organism.
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high‐pressure liquid chromatographs and mass spectrometers. All elements of 
qualification, including software validation, must be considered to ensure 
proper functioning of instruments in this group.

Depending on the category, a different level of qualification is needed, 
thus, in principle, it is the same approach as the one from the ISPE explained 
above.

3.2.3 Equipment Qualification: How to Qualify 
Laboratory Equipment

Requirement for equipment qualification is described in various guidelines 
such as, for instance:

 ● EU GMP Guideline Annex 11
 ● EU GMP Guideline Annex 15
 ● US 21 CFR Part 211
 ● US CFR Part 11
 ● USP<1058> Analytical Instrument Qualification
 ● ICH Q7

In a GMP context, the equipment qualification should demonstrate that the 
equipment is properly installed and is operating as expected in its specific 
environment. It includes documented evidence of testing the equipment 
against acceptance criteria during the different qualification phases. Calibration 
is part of the qualification procedure and demonstrates that the instruments 
produce results of defined standards or references within specific limits over 
an appropriate range of measurements. For equipment or instruments that 
contain a computerized system, a CSV must be included during the equipment 
qualification.

The qualification of laboratory equipment or instrument is typically per-
formed in four phases (based on Kavermann (2017); EudraLex Annex 15):

 ● Design qualification (DQ)
 – Documented evidence if the compliance of the design with GMP is 

demonstrated.
 – Contains the user requirement specifications (URS; document that speci-

fies what the user expects the equipment or instrument to be able to 
deliver).

 – Defined material/instrument/test specifications and capabilities.
 – Diagrams and supplier’s instructions (e.g. instrument and electrical).
 – Specific microbiology lab requirements (e.g. resistance to disinfection).
 – Supplier assessment and audit report (if applicable).
 – How and when to perform the maintenance of the system.
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 ● Installation qualification (IQ)
 – Documented evidence if the equipment/instrument is properly shipped 

and installed according to the DS and vendor instructions.
 – Check if all equipment and instrument parts received are correct and 

undamaged.
 – Verifying shipping and technical documents.
 – Verifies if the instrument is correctly installed and if the power or net-

work/data backup connections are working according to the requirements 
and assembled correctly.

 – Training by the vendor may be initiated.
 ● Operational qualification (OQ)

 – Documented evidence that the equipment/instrument operates accord-
ing to the defined specifications.

 – Equipment/instrument calibration is executed.
 – Functionalities of the equipment/instrument are verified (e.g. testing of 

sample, pumps, alarms, data management procedures, electronic records 
and signature functions, temperature mapping in incubators).

 – After a successful OQ, utilization and maintenance SOPs may be written.
 ● Performance qualification (PQ)

 – Documented evidence that the equipment or instrument performs as 
expected in the intended operating environment.

 – PQ testing is typically performed under realistic test conditions using sys-
tem suitability tests or standardization.

 – For microbiological lab equipment/instruments, PQ testing may be con-
sisting of, e.g., recovery of a selected test microorganisms in different 
sample matrices, incubator temperature mapping with min/max loads or 
stress tests, method validation for alternative microbiological methods 
demonstrating noninferiority to compendial methods.

It is a good practice that QA compliance approves each phase prior to 
starting the next one. After the PQ phase and review/approval of the quali-
fication reports, the instrument is successfully qualified and may be released 
for GMP testing. It is general practice that the IQ/OQ is performed by the 
vendor and then the laboratory should evaluate and countersign the 
documentation.

Once the system has been qualified, it may be re‐qualified periodically as 
defined in a maintenance plan or following a change/update that would impact 
the qualification status. Periodic intervals are defined based on manufacturer’s 
recommendations, performance experience, use frequency, and local legal 
requirements.

At first sight, considerations 1 and 8 could be contradictory but they will be 
combined in the process of grouping (bracketing) described in Annex 15 of 
EudraLex GMP Guideline where a qualification effort could be reduced to a 
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reasonable working package without any loss of quality regarding subsequent 
analytical method validation.

When focusing on this approach, the regulatory requirement and formal 
background for this type of qualification approach rely on the VMP that must 
describe how such grouping strategies could be performed.

WHO Technical Report No. 937, Annex 4

An alternative or supplementary approach is given by this WHO Guideline. It refers 
to the relation between process parameters and equipment parts as follows:

 ● For all installation components, subsystems or parameters, critical parameters, 
and noncritical parameters should be determined.

 ● If the component comes into direct contact with the product, or if the param-
eter affects the quality of the drug product. Then, it should be classified as a 
critical parameter.

 ● Critical parameters should be qualified.

At the latest during the first qualification – DQ – also timely coordinated with 
the “design freeze” the classification should be performed. This is crucial because 
a change in an equipment design may lead to a change in the criticality of a 
parameter even only if there is a mechanism in place to verify the parameter’s 
output. These tests would be performed during OQ in the function’s tests of 
alarm, failure, and status messages.

For those measuring devices also certain requirements in a GMP‐environment 
like a microbiological QC lab apply:

 ● Critical measuring devices in a system are identified with a proper risk assessment 
if not already defined in regulatory documents like a pharmacopoeial method.

 ● The accuracy of the measure circuit must be known to be considered in the 
error calculation and to determine the specific measuring range as well as the 
acceptable range for this specific parameter.

To calculate action limits, the potential measuring error must be subtracted 
for the upper limit or added to the lower limit from the acceptance limit. For 
example, temperature range of an incubator acceptance limit: 30–35 °C; 
accuracy of measuring circuit ±0.5 °C; action limits are 30.5 and 34.5 °C, 
respectively.

Even though there is – after performing a proper classification of the equip-
ment used in a microbiological QC lab – only a small number of different devices 
to be qualified, the need for a lean equipment qualification strategy rises 
throughout the pharmaceutical industry.



3 Qualification of Microbiological Laboratory Personnel and Equipment68

3.3  Critical Aspects of Microbiological Methods

Evolving from classical methods in a university or medical environment, a high 
number of microbiological test methods are crucially linked to the qualified 
analyst. Two topics are in focus of the microbiological methods and should be 
addressed right from the beginning:

 ● Manual preparation steps that may induce analyst’s variability in the final 
test result.

 ● Evaluation of test results that may induce analyst’s bias.

During implementation of analytical methods these points are evaluated in 
the necessary risk assessment for each microbiological method required at the 
latest for analytical method validation. Especially, in conjunction with method 
robustness those points must be addressed.

As an example, following test and possible solutions to avoid above‐men-
tioned situations are described.

Considerations for Lean Equipment Qualification (Based on Bieber 2018)

1) No schematic performing of equipment qualification, but risk‐based approach 
where the risk assessment’s scope and depth are adjusted to the equipment.

2) Qualification team (all functional roles must always be covered during the 
whole project):

 – Agree on and execute binding meetings with above functions
 – For qualification documents – no serial approvals, but parallel
 – Functional roles:

 ○ Engineering
 ○ Manufacturing
 ○ Quality assurance

3) Written user requirements based upon process knowledge at the early stage
4) Based on this: URS, critical parameters (incl. ranges and limits)
5) Strict separation between:

 – GMP/GEP
 – Qualification/Commissioning
 – Quality relevant/Technical important

6) Including the vendor (URS/Function specification (FS)/DS):
 – Collaboration/Agreement of URS/Function–design specification
 – Supplier audit
 – Use supplier documentation

7) Determine the required procedures during the qualification phases (qualifi-
cation matrix)

8) Standardization of tests (i.e. test sheets)
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3.3.1 Antibiotic Susceptibility Testing (AST)

For some biotechnological processes, antibiotics are used as part of the culture 
media. The production organism is genetically modified to be resistant against 
the used antibiotic, but this is also tested to have supportive data. Especially, in 
the case when the yield goes down or the concentration of the production 
organism is low or gets low, this test will be performed to exclude a loss of the 
production organism’s ability to withstand the antibiotic. The test is performed 
as quantitative bioassays for antibiotics (Figures 3.5 and 3.6).

A crucial aspect in that case could be that there is a prone to subconscious 
bias as analysts learn to measure the responses into compliance. To avoid this, 
different solutions may be applicable. Standard procedure would be perform-
ing this test with four‐eyes principle.

Depending on the pH value and the concentration of the microorganism 
population a specific diameter for each antibiotic is predefined in the analytic 
method development as a limit to distinguish if a microorganism is “sensitive” 
and “resistant” to this antibiotic. In the QC microbiological environment, it has 
to be taken into consideration that every measuring device, in this case a ruler, 
has to undergo a calibration program (Figure 3.7).

Compared to the right result, the left result may be hard to evaluate in a 
manual process (Figure 3.8). First, during analyst training possible sources of a 
result like in the left should be explained and discussed. Basic microbiological 
techniques like checking if growth on a plate is a pure culture are required as 
well as knowledge of the production organism in case of a biotechnological 
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Figure 3.5 Scheme of antibiotic susceptibility testing (AST) prior and after incubation.
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production plant. This includes in that specific case also knowledge about 
genetics, plasmids, and under which conditions a consistent microorganism 
population show variation.

Based on Figure 3.9 it may even be clearer that a subconscious bias may lead 
to different results which even differ in a way that one result is a pass (gray 
dotted circle) or a fail (black circle). In that case the pass says that the produc-
tion organism incorporated the plasmid that contains the region for develop-
ing the specific resistance against the antibiotic which is part of the culture 
media and should prevent growth of all other microorganisms.

Based on this example another alternative to implementing the four‐eyes 
principle could be to modify the test to perform it as an automated analytic 
method. This trend to step away from manual processes in the pharmaceu-
tical industry could be seen as “state‐of‐the‐art” to objectivize this and 
similar tests.

Picture description: “This 1972 image depicted a Mueller‐Hinton agar
culture plate that had been used in an antibiotic susceptibility test (AST).
Known as the Kirby–Bauer method, each of the small labeled discs, or
wafers, contained an antibiotic cocktail. The light halos surrounding each
disc, also known as ‘reaction zones’, represented regions in which the bacteria
on the agar’s surface did not thrive, due to their sensitivity to the antibiotic that had
been soaked into these respective discs. See PHIL 10787 and 10789 for enlargements
of regions of this photograph.” 
Source: http://www.publicdomainfiles.com/show_file. php?id=13531953614439, this work,
identified by www.PublicDomainFiles.com, is free of known copyright restrictions.

Figure 3.6 Agar plate with antibiotic disk after incubation and microbial growth.
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For this specific test two versions of automation are the most common ones:

 ● Liquid medium technique
 ● Automated reader technique

The first modification is based on an automated dilution of the microbial 
suspension and adding a liquid antibiotic. After the incubation time the growth 
is measured via turbidimetry.

The second modification is only a modification in the readout process but the 
preparation and incubation remain unchanged. This could be an advantage 

Figure 3.7 Example of evaluating the “reaction zone” (measuring the diameter manually) to 
identify a “resistant” or “sensitive” result of a specific microorganism against an antibiotic.

Figure 3.8 Enlargement of Figure 4.6. Comparison of different challengeable antibiotic (AB) 
disk readings.
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because the qualification for the reader and the revalidation effort for the 
method could be lower compared to the liquid medium technique. Additionally, 
the traceability of getting the results is higher because the pictures of the plates 
are stored in the reader and can be transferred and archived on a network server. 
This allows a re‐evaluation if limits are changing. The advantages and disadvan-
tages of an automated reading were also discussed by Le Page et al. (2016).

3.4  Practical Examples for Qualification 
of Laboratory Personnel

3.4.1 Titrations

One of the most often performed techniques in a microbiological QC lab is 
dilutions – so‐called titrations. In contrast to any chemical analysis based on 
the “nature” of the processes material, the variation when performing a titra-
tion is higher.

 ● An accurate titer for microorganisms as at chemical analysis is a fictional 
thing

 ● A standardized technique is a must

Pre‐requisites for an accurate titration are calibrated equipment – in this case 
pipettes. Then, a classical three‐step training plan is suitable for qualifying an 
analyst. Step one is the SOP training. The SOP should cover not only how to 
perform the method but additionally how to perform self‐checks for potential 
errors during the process that may influence the result. The second step would 

Figure 3.9 Different evaluations 
lead to results that may comply 
or may not comply.
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be to show the analyst to be trained on the method. The method is performed 
by an experienced and qualified analyst. The third step would be performing the 
method the first time by the analyst to be trained under supervision. Additionally, 
the result has to comply in a certain predefined range from the target value of 
the dilution step. The procedure of the third step could afterwards be imple-
mented as a requalification procedure. Then additionally to the range the fre-
quency should be argued in the risk analysis of the analytical method.

Especially, when it comes to requirements regarding biosafety levels in addi-
tion to the theoretical SOP‐training, the practical approach with training on 
the job is an important part of analyst qualification. When handling microor-
ganisms that are not categorized as biosafety level (BSL) 1 or 2, so‐called “dry 
runs” support the analysts under supervision to practice the proper techniques 
for the dilution steps without the hazardous material.

Depending on the number of tests and the criticality of the test that need low 
variation in dilution/titration that must be performed alternatively, an auto-
mated titration device (“titration robot”) could be taken into consideration.

3.4.2 Verification of Spore Count on Biological Indicators

This test is performed as an incoming goods test for biological indicators (BI) 
for sterilization validation purpose to verify the spore count compared to the 
certificate of the specific BI lot.

The specification according to USP <55> is that the spore count is not less than 
50% and not more than 300% of the label claim. This is often inside the analyst’s 
normal variation when performing dilutions. Therefore, this method can only be 
performed if the analyst is already qualified to perform titrations. Thus, com-
pared to Figure 3.1, there is additionally a dependency within an analyst’s quali-
fication program. Some methods require basic methods as a pre‐requisite to 
perform them properly. This must be addressed and included in the training 
program of every QC microbiology lab analyst. During the SOP training a short 
troubleshooting session is advisable. This includes at the latest during this quali-
fication phase basic microbiological knowledge about vegetative microorganism 
and spores and their importance in pharmaceutical production.

3.4.3 Recovery Rate of Microbiological Swab Sampling

Depending on a pharmaceutical company’s strategy, the sampling for envi-
ronmental monitoring (for further details on this topic see Chapter  8) is 
sometimes performed by QC staff. The argumentation for this procedure is 
to achieve less bias during sampling. The effectiveness check of a proper sur-
face cleaning in a pharmaceutical cleanroom is surface sampling with contact 
plates or swabs during environmental monitoring “at rest.” If a manufactur-
ing operator performs this sampling on those surfaces she or he cleaned, this 
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may look like if those persons are checking themselves. There may be a higher 
incident rate for testing into compliance, even if that occurs subconsciously. 
On the other hand, especially in high‐grade cleanrooms it is better to limit 
the number of personnel in the critical cleanroom areas to minimize the 
occurrence of a contamination. Following this argumentation, sampling dur-
ing routine manufacturing in aseptic production areas is favorably performed 
by manufacturing operators. To benefit from the advantages of both options, 
a procedure could be established that during validation or revalidation (e.g. 
aseptic process simulation) the QC personnel perform the environmental 
monitoring sampling and during routine manufacturing the operators per-
form the environmental monitoring. The results will be then compared to 
show their equivalence.

The recovery testing is performed on sample coupons of those materials that 
are sampled in monitoring, usually the recovery study consists of

 ● stainless steel
 ● glass
 ● different plastics (e.g. polytetrafluorethylene (PTFE), silicone, and polym-

ethylmethacrylate (PMMA))

In addition to the material, the surface treatment of the coupons should be 
representative for the surfaces in the production which are part of the moni-
toring program.

Spiking the surfaces with the microorganism is also crucial because it 
requires a proper dilution technique. Other challenges like choosing the type 
of microorganism or dry‐out effects that lower the concentration of the micro-
bial suspension are not part of analyst’s influence and therefore not focus of 
analyst’s qualification or training.

The test setup of a recovery study itself includes spreading the known con-
centration of the bacterial suspension on a test surface. This sample is called 
the spiking sample. It simulates the surface sampled during monitoring. In 
contrast to a routine sampling the concentration is known based on the proper 
dilution of the bacterial suspension, the surface area of the coupon, and the 
coupon’s pretreatment (sterilization). The sterilization guarantees that all 
found microorganisms are only from the spread bacterial suspension. The 
recovery rate is calculated.

During cleaning process development and validation, it is sometimes of 
interest to know the bioburden prior to cleaning to get knowledge also about 
the microbial cleaning performance of the process. It can be compared with 
swab sampling at environmental monitoring “in operation” (prior cleaning) 
and “at rest.” Usually during cleanroom cleaning this “process capability” is not 
in focus due to the manual cleaning process and that those surfaces are out of 
scope of cleaning validation according to Annex 15 of EudraLex GMP 
guideline.
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There are different solutions to address the individual and varying recovery 
rate for swab sampling between the analysts:

 ● The analyst‐specific recovery is part of the swab sampling documentation 
and the surface acceptance limit is adjusted by a correction factor.

 ● The analyst must achieve a minimum recovery (i.e. 50%) to be qualified for 
swab sampling and the surface acceptance limit is adjusted by a correction 
factor based on this minimum recovery.

 ● If the recovery of all analysts exceeds a second level (i.e. 80%), no adjustment 
factor is necessary.

When focusing on analyst qualification and taking into consideration this 
qualification as part of a pharmaceutical company’s validation program, it 
would be advisable to perform a risk assessment to justify which procedure is 
applicable. From the perspective of Annex 15, a “worst‐case” approach would 
be appropriate to use the first option even if an analyst’s recovery is signifi-
cantly above the minimum requirement to prevent single events that after a 
periodic data review seems to be “calculated into compliance.”

Figure  3.10 shows one possible swab sampling method. During method 
development different solutions could be compared and the sampling method 
with the best recovery of the specific surface material could be chosen. 
Nevertheless, it is not advisable to have different swab sampling techniques, i.e. 
swabbing patterns for different surface materials because this may lead to 
errors during sampling followed by invalid results or, in a “worst case” situa-
tion, that the swab sample will not be analyzed at all.

Figure 3.10 Example 
scheme of swab sampling.
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4.1  Introduction

The origin of culture media came from the concept defined by Louis Pasteur 
that an organism causing a disease can be grown outside its original environ
ment. In 1873, Edwin Klebs was the first bacteriologist to separate mixed 
microbial culture using the dilution method. Then, the botanist Oscar Brefeld 
worked on the methodology to obtain pure culture on solid media. In 1881, 
Robert Koch obtained isolated colonies of Bacillus anthracis inside gelatin 
tube and introduced a new culture method called “poured plate.” The end of 
the nineteenth century saw an explosion of the microbiological testing and the 
development of new culture technics that are still the basics of today’s micro
biology. All of them are founded on culture media.

A microbiological culture medium has the purpose to support the growth of 
different kinds of microorganisms, it might contain nutrients, growth factors, 
salts and minerals, sources of energy (like sugar), and other selective or pro
moting compounds according to the expected performance. Culture media are 
of fundamental importance for most pharmaceutical microbiological tests and 
were integrated early in varied Pharmacopoeias as the main technique to 
determine the microbial safety of the produced medicine.

The importance of ensuring the quality of drugs is an ancient concern; 
already in 1518, in England, the requirement of purity for a pharmaceutical 
compound was officially recognized. Then in 1561, came the title 
“Pharmacopoeia” (literally, “drug‐making”) applied for the first time to a book. 
The development of the practice of the medicine and the variety of drugs con
ducted to the creation of national Pharmacopoeias; each country compiled 
their own regulation texts regarding drug manufacturing.

With worldwide globalization came naturally the supranational and interna
tional harmonization of the regulatory texts that helped to harmonize the prac
tices in the different countries in the world. Currently, 49 active Pharmacopoeia 
commissions exist, for 36 Pharmacopoeias worldwide. The last impactful harmo
nization for non‐sterile drugs was implemented in 2009 with the move to harmo
nize pharmacopoeial microbiological methods for non‐sterile products  –  the 
main participants being the US Pharmacopoeia (USP), European Pharmacopoeia 
(Ph. Eur.), and the Japanese Pharmacopoeia (JP) as stated in Table 4.1.
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This harmonization became clearly an important need because of the fact 
that the initial tests described in the USP <61> Microbial Limit Tests before 
2009 were not designed to be all‐inclusive (detection of all potential patho
gens) and the demonstration of the absence of objectionable microorganisms 
was clearly not the intent of the chapter. This concern was stated by the USP 
microbiology expert committee at that time in a one‐page Stimuli to the 
Revision Process (USP 1982). Several outbreaks were reported in late 1960 
(Price 1984) associated to pathogen‐contaminated medications and in 1980, 
several papers described the capabilities of the Burkholderia cepacia to survive 
in disinfectants (Geftic et al. 1979). This situation was a real concern also for 
the FDA, that the current methods of USP <61> are not able to ensure that any 
objectionable microorganisms are present in products. Today in 2018, the B. 
cepacia contamination remains a concern (Marquez et al. 2017). Additional 
explanation is given in Chapter 11.

After the harmonization work, the USP chapter <61> Microbial Limit Tests 
were divided into two chapters: USP chapter <61> Microbial examination of 
non‐sterile products: Microbial enumeration tests, and USP chapter <62> 
Microbial examination of non‐sterile products: Tests for specified microor
ganisms. The harmonized USP versions are the mirror of the Ph. Eur. chapters 
2.6.12 and 2.6.13 and the JP chapter 4.05 as stated in Table 4.1.

These harmonized texts described the microbiological methodologies to 
attest the safety of the pharmaceutical products. The microbial enumeration 
test is a simple method to count the number of CFUs in a non‐sterile product 
or raw material. Concerning the growth media used for these methods, the 
harmonized chapter details two main aspects:

1) Growth promotion of the media (the ability of the media without product to 
support the growth of low numbers of typical test organisms).

2) Suitability of the enumeration method (the ability of the media to support 
the growth of low numbers of typical test organisms in the presence of the 
product).

Table 4.1 Harmonized microbial enumeration tests of non‐sterile products.

USP Ph. Eur. JP

Microbiological examination of non‐sterile 
products: microbial enumeration tests

<61> 2.6.12 4.05‐I

Microbiological examination of non‐sterile 
products: tests for specified microorganisms

<62> 2.6.13 4.05‐II

Microbiological quality of non‐sterile 
pharmaceutical products

<1111> 5.1.4 General 
Information G4
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The main components of the culture media are soybean‐casein digest (SCD) 
agar or broth, potato dextrose agar, and sabouraud dextrose agar or broth. 
Potential neutralizing agents (glycine, lecithin, polysorbate, thioglycollate, 
 thiosulfate, etc.) may also be added to the media composition.

The USP chapter <62> Tests for specified microorganisms specifically des
cribed the recommended solutions and culture media dedicated to micro
bial contamination testing, the ingredients needed for their preparation, 
and the procedure to verify their suitable properties. The range of  culture 
media proposed varies from liquid (usually named  broth) to solid (usually 
named agar). Thus, medium for the test of bile‐tolerant Gram‐negative bac
teria called Enterobacteria enrichment broth‐Mossel, the Violet red blue 
glucose agar as growth promoting and indicative of Escherichia coli and 
Pseudomonas aeruginosa. However, the most prominent change to USP 
chapter <62> was the enrichment scheme for Salmonella and E. coli. 
Formerly, these enteric contaminants were enriched in Lactose broth while 
the “topical” contaminants (Staphylococcus aureus and P. aeruginosa) were 
cultured in SCD broth. The new streamlined method prescribed having all 
of these “specified microorganisms” enriched in SCD, and the scheme 
changes significantly after enrichment.

Table  4.2 summarizes the approaches between the ancient and the recent 
harmonized enrichment approaches for the detection of E. coli and Salmonella 
strains.

SCD medium is a highly nutritious multipurpose medium which is used in 
the preparation of agar plates. Due to the inclusion of both tryptone and 
soy peptone in the theoretical formulation given as an example in the 

Table 4.2 Differences between old and harmonized enrichment approaches.

USP <62>/Ph. Eur. 2.6.13/JP 35.2
Harmonized USP <62>/Ph. Eur. 2.6.13/
JP 35.2

Escherichia 
coli

 ● Lactose
 ● Streak to MacConkey agar
 ● If growth with typical 

morphology, transfer to eosin 
methylene blue

SCD (Soybean‐casein digest broth)
MacConkey broth
Streak to MacConkey agar

Salmonella Lactose
Selenite cysteine and 
tetrathionate
Streak to brilliant green agar, 
xylose lysine deoxycholate agar, 
and bismuth sulfide agar
Stab streak triple sugar iron agar

SCD
Rappaport Vassiliadis Salmonella 
enrichment broth
Streak to xylose lysine deoxycholate 
agar

Identify presumptive colonies
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pharmacopoeial chapters, the medium will support the growth of many 
fastidious organisms without the addition of serum. In addition, this medium 
provides amino acids and long‐chain peptides as nutritive components for 
microorganisms, while sodium chloride maintains the osmotic balance.

4.2  Culture Media Challenges and Development

Culture media origins are closely related to clinical diagnostics and in order to 
meet pharmaceutical requirements, the challenge of culture media was to 
adapt them to these different expectations.

While culture media are now very well described in the regulations, their 
development and production have several specificities that could impact the 
non‐sterile product results.

In this chapter, we will review the main requirements and expectations for 
the development and the control of culture media in order to meet the best 
performances and guarantee patient safety.

4.3  Importance of Culture Media for Patient Safety

Safety is always taken for granted, but a lot goes into ensuring the safety of 
non‐sterile products. Reliable culture media in terms of production and devel
opment indirectly support product safety which helps to protect the patient. 
Consequently, expectations on culture media performances, robustness, and 
reliability must be excellent while guaranteeing the maximum convenience 
regarding the use and storage. Therefore, numerous parameters have to be 
examined and taken into account for the development of highly performing 
culture media, as shown in Figure 4.1.

4.4  Culture Media Are all Different

Culture media compositions dedicated to pharmaceutical controls are 
described in pharmacopoeial chapters. However, the performances of culture 
media from different manufacturers can be highly different as they depend on 
several parameters such as the raw materials used to make the products (ori
gin, purity, and variability), the manufacturing process (media temperature 
and cooling parameters), and the development.

Pharmacopoeias provide the minimum expectations to reach for the different 
parameters (performances, selectivity, and physical–chemical parameters); none
theless, culture media manufacturers can strengthen the expectations required.



4 Introduction to Culture Media in Pharmaceutical Microbiology for Non‐sterile Products84

The general notice chapter of the Pharmacopoeia mentions that it may be nec
essary to modulate the concentration of some ingredients to meet optimal perfor
mances. Thus, the whole development of culture media to meet performance and 
quality expectations is extremely important and results from a delicate balance 
between the raw material selection, formulation, and production parameters.

4.4.1 Importance of Raw Materials

4.4.1.1 Origins
Culture media contain all the elements that microorganisms need to grow effi
ciently. All culture media are made with the same basic compounds:

 ● A carbon source (commonly provided by sugars). Also named carbohydrates, 
these products are produced industrially from fruits or vegetables (e.g. 
maize, rice, and wheat) which are digested by enzymatic hydrolysis to create 
saccharides.

 ● A source of amino acids and nitrogen (provided by different kinds of pep
tones). Sourced from an animal or vegetal origin, peptones are the products 
of a chemical (acid) or enzymatic (e.g. pepsine and trypsine) hydrolysis of 

Stability studies for
shelf life validation

Ease of storage and
use

Growth promotion
performances

Compliance to
regulations

Quality

Selectivity

Sterility

Comparative importance level

Physical chemical
parameters

Robustness inter
and intra lot

Several batches
must be used for

stability

Comprehensive and
representative
strains tested

Thermal shock’s
resistance

Figure 4.1 Example of product requirements for a culture media and their comparative 
importance level (from 0 to 10).



4.4 Culture Media Are all Different 85

proteins. These proteins arise from muscles, organs, milk (casein), etc., for 
animals and from soya, maize, wheat, etc., for plants.

 ● Different salts and buffer (chemical products). Salts are important to provide 
the microorganisms essential elements for their growth. The main salt found 
in various formulations is NaCl, but others can be added to support the 
development of sensitive strains such as MgCl2, K2HPO4, or CaCl2. Buffers 
regulate the pH of the media and allow to maintain the optimal pH condition 
for microbial growth.

 ● Demineralized water.
 ● Other kinds of ingredients are also introduced in the formulations to give the 

media several properties. For solid media, the addition of a gelling molecule 
such as agar, for example, provides the properties required for Petri dish 
usage, and for selective media the supplementation of selective agent segre
gates resistant microorganisms that are enabled to grow.

4.4.1.2 Selection
The formulation of culture media is established after extensive work on the 
ingredient selection. Not all raw materials are suitable for all applications and 
even with the same origin, they can display a huge difference. As an example, 
casein is the main peptone used in culture media and depending on the origin 
of the milk and the different treatments it underwent, the growth quality can 
be dramatically different.

4.4.1.3 Variability and Controls
The majority of the compounds making culture media are from a biological 
origin (for example, algae for the agars or animal origins for the peptones) and 
are, by definition, subjected to natural variability. Environmental conditions 
impact directly the quality of the material. Drought, flooding, or natural cli
mate variability will lead to adaptation of the metabolisms of the organisms 
and will modify the final performance of the ingredients that are manufactured. 
The variability of these ingredients impacts directly the quality of the culture 
media and, to guarantee for each batch of culture media optimal performances, 
a modulation of their concentrations can be necessary.

The control of this variability is at the heart of the knowledge of culture media 
manufacturers. Each batch of raw material is evaluated and, according to its qual
ity, its concentration is adjusted to get the perfect level of performance. In addition, 
the interaction of the different components in the final formulation is performed. 
It may happen that some interactions between ingredients occur and prevent the 
usage of the product in a specific formulation but allows the usage in another. This 
is only noticed with mastering each ingredient that the reproducibility and robust
ness of the culture medium can be assured. For instance, Figure 4.2 shows adjust
ments of the peptone concentrations from different batches to reach the targeted 
performance defined for the culture medium lot release.
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4.4.2 Manufacturing Process

The industrial production of culture media requires a stable and validated pro
cess. The homogeneity of the production is one of the most important param
eters. Mixing, sterilizing, and pouring are important steps of the process that 
are validated to deliver the good quality media. The formulations are made 
with sensitive products that must be handled with care all along the produc
tion to avoid any degradation of their quality. Some products are thermosensi
tive and must be introduced in the medium after sterilization, others are light 
sensitive and must be protected from the light. Each medium has its own 
manufacturing challenges and then a dedicated and validated process (e.g. 
heating temperature, F0‐sterilization, and cooling conditions). However, they 
all follow the overall same core process as described in Figure 4.3.

4.4.3 Development of Culture Media

The product development process has a strong impact on the quality and per
formances of culture media.

The way culture media have been designed and validated, and how their per
formances have been challenged during the whole shelf life including critical 
parameters such as thermal shocks, growth promotion tests with wild strains 
in addition to the pharmacopoeial test organisms, etc., provide the level of reli
ability of the manufacturer and its products.

1 2 3 4

HEPA

Figure 4.3 Main manufacturing steps for a culture medium: Step 1: The raw materials are 
selected, tested, and released by the quality control (QC). Step 2: The ingredients are 
blended and homogenized together in a thin powder. Step 3: The powder is mixed with 
water and sterilized in a tank. Non‐thermosensitive liquid additives may be added with this 
step. Step 4: Pouring of the medium in its final container (it can be a Petri dish, a tube, or a 
flask). During this step, thermosensitive additives may be added in an aseptic environment 
(HEPA filter, ISO 5). Additional packaging steps follow the manufacturing of the medium 
and permit the protection and the shipment of the product to the final user.
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Culture media manufacturers should implement a defined process of product 
development under quality assurance to guarantee robustness of the media per
formances and processes with regular committee controls. Such design controls 
are notably described in ISO 9001 and ISO 13485 “Medical devices – Quality 
management systems” (§7.3 design and development) and 21CFR Part 820 
“Quality System Regulation” (subpart C §820.30 design control) (Figure 4.4).

Such processes strengthen the reliability of the culture media for the long 
term as the aim for end users is finally to validate the media once and for all and 
to avoid any possible switches to other suppliers or culture media references 
due to quality/performance issues.

4.4.4 Stability Studies

All prepared media should be labeled and used before the expiration date. The 
expiry date or shelf life of the culture medium should be validated under the 
routine production conditions which also include packaging, transportation, 
and storage. The performances of a culture medium must be guaranteed dur
ing its entire shelf life. Those performances should be defined on several 
parameters of key importance to ensure the right level of microbial detection 
in product control or environmental monitoring.

Therefore, during the development of a culture medium product, several 
important requirements must be assessed to meet the expected performances 
and robustness during the entire shelf life of the product. Here are some exam
ples of parameters (not exhaustive) that need to be evaluated at each time point 
to define the shelf life of a culture medium:

 ● Regular growth promotion of a wide panel of microorganisms described in 
the different Pharmacopoeias and also with house isolates representative of 
the pharmaceutical environments.
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 ● Regular neutralization properties of the culture medium to ensure either 
good neutralization of residual disinfectants on surfaces or preservatives in 
product formulations.

 ● Regular test and challenge of the inhibitory properties for selective media.
 ● Regular physical–chemical points of control, such as moisture/exudation, 

media shrinkage/cracks on the plates, pH, and agar strength.
 ● Inter batch robustness: several batches must be monitored for stability.
 ● Intra batch robustness to confirm homogeneity of performances within the 

batch (beginning, middle, and end of the batch).

Prior to initiating the stability studies, the validation batches should be 
split into two groups: one group undergoing a thermal shock treatment 
(see section 4.4.4.1) and the other group being stored at the final storage 
temperature. The thermal shock cycle should mimic the shipment condi
tions of culture media in different parts of the world, and should also be 
correlated to the final temperature storage conditions. Indeed, specific 
storage conditions such as flexible storage temperatures between 2 and 
25 °C imply a different thermal shock profile compared to culture medium 
traditionally stored at 2–8 °C. During the stability studies, as long as the 
culture medium meets the performance expectations at each time point, 
then the shelf life evaluation goes on, until two consecutive time points on 
the thermal shock‐treated batches with lower performances than the non
thermal shock‐treated batch are detected.

The end of the shelf life is defined when two successive data points do not 
meet the performance expectations on the different items that are fol
lowed during the whole shelf life. The objective is to prevent any false nega
tive results and avoid any consequences for product quality and patient 
safety. A schematic representation of the stability studies is represented in 
Figure 4.5.

4.4.4.1 Thermal Shocks
Culture media are submitted to potential temperature variations since their 
production release until their final use and must be robust enough to provide 
homogeneous performance results whatever the location of the final user is. 
The logistic channel is extremely important to control.

Considering this requirement, stability studies are performed by manufacturers 
to evaluate culture media performances until final delivery to pharmaceutical 
sites. These stability data must be gathered as part of the quality management 
and product development process to qualify the shelf life.

During the development, thermal stress should be applied to mimic chang
ing conditions that could occur from shipment, storage conditions, and chang
ing temperatures related to weather.
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Figure 4.5 Example of a stability study of different culture media batches including thermal shocks sequence.
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4.5  Innovation in Regard to Culture Media

The general notice chapter of the Pharmacopoeia mentions that it may be 
necessary to modulate the concentration of some ingredients to meet 
optimal performances. While still conforming to the culture medium‐
described  formula, it gives to culture media manufacturers a short win
dow for the improvement of culture media in order to offer the best 
performances and add innovation as the pharmaceutical environment is 
still evolving.

4.5.1 Objectionable Organisms Recall

Pharmaceutical environment keeps evolving and continuous culture medium 
innovation is important to strengthen the control of non‐sterile products.

For example, a recent summary of drug product recalls has revealed that 
more than 70% of the non‐sterile product recalls between 2004 and 2011 were 
for objectionable microorganisms and not exceeding microbial limits (Sutton 
and Jimenez 2012).

In terms of the microorganisms implicated, 54% were for B. cepacia, 15% for 
some Pseudomonas including P. aeruginosa, 21% for unspecified fungi, 11% for 
members of the family Enterobacteriaceae, and 9% for Bacillus cereus.

Burkholderia cepacia poses a special risk for manufacturers of health and 
personal care products. Actually, at the time of writing this chapter, the 
USP is drafting a chapter <60> Microbiological Examination of Nonsterile 
Products – Tests for Burkholderia cepacia Complex for a specified microor
ganism testing of B. cepacia complex (USP PF 2018). Some innovative 
media have been developed to target and detect B. cepacia complex. For 
example, a specific chromogenic culture media for the detection of B. cepa-
cia complex were developed as a general‐purpose medium used for total 
aerobic microbial counts (TAMC) with an additional chromogenic sub
strate that enables the specific detection of P. aeruginosa and Burkholderia 
species. The development of such media clearly strengthens the non‐sterile 
product controls and patient safety. It indeed brings additional peace of 
mind in knowing that the sample does not harbor high‐risk objectionable 
organisms like B. cepacia.

Manufacturers will now have the possibilities to follow recommenda
tions for the detection and to use specific media allowing the growth and 
easier detection of these species. Additional explanation is written in 
Chapter 11.

Culture media needs to be regularly improved and adapted to the evolution 
of the environment and patient healthcare in order to help non‐sterile manu
facturers to anticipate new needs.
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4.5.2 Increase Media Flexibility and Ease of Use

Culture media composition used to control the non‐sterile products are 
described in regulations in terms of theoretical formulation, production, and 
physical–chemical parameters which leaves little place for innovation to take 
place. Thus, manufacturers of culture media are cutting their developments to 
provide non‐sterile manufacturing sites more flexibility and ease of use for 
their controls such as higher shelf life to reduce quality control release tests or 
extended range of temperature storage.

4.6  Quality Controls

4.6.1 Quality Release Test Performed by the Culture Media 
Manufacturer (External Provider or In‐house Media Manufacturer)

Each batch of culture media produced must be controlled in order to detect 
any manufacturing issues that could have occurred such as raw material 
 variability, sterilization or autoclaving issue (see Section  4.7), or personnel 
error during the QC manipulation.

These batches should be submitted to a stringent quality control that must 
include physical–chemical parameters testing (pH and aspect of the media), 
growth promotion test with the pharmacopoeial strains, inhibitory properties 
for selective media, and absence of microbial contamination.

The growth promotion and selectivity tests reflect at least the requirements 
from the Pharmacopoeia in terms of quality‐controlled strains, inoculum size, 
incubation time, and temperature (Table 4.3).

For the nutritive media, the following acceptance criteria must be achieved 
according to the Pharmacopoeia (e.g. Ph. Eur. 2.6.12):

 ● Liquid media: Clearly visible growth, comparable to that previously obtained 
with a previously tested and approved batch of medium.

 ● Solid media: The growth obtained must not differ by a factor greater than 
two from the calculated value for a standardized inoculum. For a freshly pre
pared inoculum, the growth of the microorganisms is comparable to that 
previously obtained with a previously tested and approved batch of medium.

For the selective media, the following acceptance criteria must be achieved 
according to the Pharmacopoeia (e.g. Ph. Eur. 2.6.13, see Table 4.4):

 ● Test for growth‐promoting properties, liquid media: Inoculate a portion 
of the appropriate medium with a small number (not more than 100 CFU) of 
the appropriate microorganism. Incubate at the specified temperature for 
not more than the shortest period of time specified in the test. Clearly visible 
growth of the microorganism comparable to that previously obtained with a 
previously tested and approved batch of medium occurs.
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 ● Test for growth‐promoting properties, solid media: Perform the surface‐
spread method, inoculating each plate with a small number (not more than 
100 CFU) of the appropriate microorganism. Incubate at the specified tem
perature for not more than the shortest period of time specified in the test. 

Table 4.3 Requirements for the Growth Promotion Test according to Ph. Eur. chapter 2.6.12.

Microorganisms
Preparation of test 
strain

Growth promotion

Total aerobic microbial 
count

Total yeasts and 
mold count

Staphylococcus 
aureus such as:
ATCC 6538
NCIMB 9518
CIP 4.83
NBRC 13276

Casein soybean digest 
agar or casein soybean 
digest broth
30–35 °C
18–24 h

Casein soybean digest 
agar and casein 
soybean digest broth
≤100 CFU
30–35 °C
≤3 days

–

Pseudomonas 
aeruginosa such as:
ATCC 9027
NCIMB 8626
CIP 82.118
NBRC 13275

Casein soybean digest 
agar or casein soybean 
digest broth
30–35 °C
18–24 h

Casein soybean digest 
agar and casein 
soybean digest broth
≤100 CFU
30–35 °C
≤3 days

–

Bacillus subtilis 
such as:
ATCC 6633
NCIMB 8054
CIP 52.62
NBRC 3134

Casein soybean digest 
agar or casein soybean 
digest broth
30–35 °C
18–24 h

Casein soybean digest 
agar
≤100 CFU
30–35 °C
≤5 days

–

Candida albicans 
such as:
ATCC 10231
NCPF 3179
IP 48.72
NBRC 1594

Sabouraud dextrose 
agar or Sabouraud 
dextrose broth
20–25 °C
2–3 days

Casein soybean digest 
agar
≤100 CFU
30–35 °C
≤5 days

Sabouraud 
dextrose agar
<100 CFU
20–25 °C
<5 days

Aspergillus 
brasiliensis
such as:
ATCC 16404
IMI 149007
IP 1431.83
NBRC 9455

Sabouraud dextrose 
agar or potato dextrose 
agar
20–25 °C
5–7 days or until good 
sporulation is achieved

Casein soybean digest 
agar and casein 
soybean digest broth
≤100 CFU
30–35 °C
≤3 days

Sabouraud 
dextrose agar
<100 CFU
20–25 °C
<5 days
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Growth of the microorganism comparable to that previously obtained with a 
previously tested and approved batch of medium occurs.

 ● Test for inhibitory properties, liquid or solid media: Inoculate the appropri
ate medium with at least 100 CFU of the appropriate microorganism. 
Incubate at the specified temperature for not less than the longest period of 
time specified in the test. No growth of the test microorganism occurs.

 ● Test for indicative properties: Perform the surface‐spread method, 
inoculating each plate with a small number (not more than 100 CFU) of the 
appropriate microorganism. Incubate at the specified temperature for a 
period of time within the range specified in the test. Colonies are comparable 
in appearance and indication reactions to those previously obtained with a 
 previously tested and approved batch of medium.

Additional parameters can be tested such as specific strains included to the 
growth promotion test, aspect of media, weight, labeling, etc., to strengthen 
the release control of the batches.

Furthermore, to the pharmacopoeial strains, non‐sterile manufacturers 
might include in‐house and objectionable organisms during the growth pro
motion test once they have been selected to have a particular interest for the 
company (e.g. according to risk analysis, already found during environmental 
monitoring).

4.6.2 Quality Control Test Performed on Ready‐to‐Use Culture 
Media Purchased from External Manufacturers

As described previously, manufacturers of culture media are responsible to 
release conform culture media that are controlled according to at least phar
macopoeial specifications for each batch manufactured. Moreover, they also 
need to determine the resistance of the culture media during development by 
applying variations of thermal shocks in order to simulate the shipment.

However, despite all these controls and securities, non‐sterile manufacturers 
should control themselves the conformity of the culture media they receive 
from an external provider. This control should occur for each batch number 
and for each delivery in order to specifically address any potential issues that 
could have occurred during the specific shipment of those batches. The ther
mal shock sequences tested during the culture media development cannot be 
exactly the same as the ones submitted in reality and in some cases, some prod
ucts could be submitted to higher or lower temperatures than the ones tested.

As a consequence, batches of culture media must be controlled by the user 
according to the pharmacopoeial requirements before use in order to leverage 
this potential risk.

The controlled batch to release must be controlled according to a reference 
batch and the recovery rate must be between 50 and 200% for solid media.
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“Reference batch” could be interpreted in different ways and could impact 
the recovery rate finally obtained for the controlled batch to be released. The 
counts of this “reference batch” could mean:

 ● Counts obtained on a previous validated batch but not in parallel of the 
 controlled batch to release.

 ● Counts obtained on a previous validated batch and in parallel of the 
 controlled batch to release.

 ● Counts of the controlled batch from the certificate of analysis of the culture 
media supplier.

What is important to leverage during the growth promotion test for a new 
batch of media is the limitation of the discrepancies in test conditions. 
Generally, the best conditions are to compare batches (batch to release and 
reference batch) from the same media (same reference) and to respect the 
same incubation conditions and same inoculum. In most of cases, the con
trolled batch to release and the reference batch are from the same reference 
number and are tested in parallel with the same inoculum preparation and 
incubation conditions.

For example, the counts of a batch of selective agar can hardly be compared 
to the ones of a nutritive agar as the media compositions are totally different 
with different uses and objectives. Selective agar contains inhibitory agents 
that could slightly impact the growth of strains.

Moreover, two batches of the same media should be controlled according to 
the same conditions to avoid non conform recovery rate due to possible dis
crepancies concerning the incubation conditions and the inoculum concentra
tion. In the Pharmacopoeia, the only recommendation regarding inoculum is 
that it must be not more than 100 CFU for a nutritive as well as selective media 
so when the growth promotion test is not performed at the same time for the 
controlled batch to release and the reference batch, a batch can be rejected due 
to inoculum preparation discrepancies while the batch remains conform.

In some cases, it is not possible to test a batch to release with a previous vali
dated batch in parallel as the reference batch is expired. In this case, the value 
obtained previously on this reference batch can be used to calculate the recov
ery rate but users should respect as close as possible the conditions to be able 
to have reproducible and reliable results.

4.6.3 Importance of the Quality Control Strains

Pharmacopoeial strains are used to challenge the fertility properties of the cul
ture media. The recovery obtained is compared to previous validated batches 
and allows to release or reject the batch.

As a consequence, the strain calibration has an important impact on the cul
ture media batch release. If the strain inoculum is not well calibrated or if the 
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number of CFU aliquoted on culture media is lower than expected, it could 
lead to reject a conform batch (leading to all the investigation and recontrols 
necessary).

The possible reasons explaining a low recovery could be:

 ● Variability of the strain stability that is not adequately validated.
 ● Defect of homogeneity of the strain solution during preparation and inocu

lation (e.g. vortex failure and pipetting error from the operator or from a 
non‐calibrated pipette).

 ● Storage conditions not respected or thermal shocks that could lead to exces
sive stress of the microorganisms.

 ● For calibrated strains: when the inoculum is not precise and accurate enough.

It is then recommended to use calibrated, precise, and accurate inoculum with 
robustness and homogeneity to have trustful results and evaluate the risk to have 
discrepancy recovery rate due to the strain heterogeneity of their inoculum.

4.6.4 Outsourcing Strategy and How to Perform an Audit at 
a Growth Media Partner

Ready‐to‐use media has become more important than in‐house prepared 
media, especially explained by the high constraints that need to be respected 
during the development, selection of raw materials, and manufacturing param
eters to guarantee high and consistent performances. Developing and produc
ing culture media needs a specific expertise and regulatory authorities are used 
to question and challenge this approach in order to determine the correct 
management of the culture media performances that have a key impact on the 
pharmaceutical product to release.

Moreover, using ready‐to‐use culture media in many cases allows to save 
technician time and money. As a consequence, pharmaceutical strategy for 
culture media consists in mostly outsourcing this critical and specific approach. 
In this case, auditing growth media suppliers is necessary to strengthen the 
outsourcing strategy for culture media. Usually, the frequency of a routine 
audit is between two and three years. A paper audit can be initially proposed in 
order to provide all the important information (certification, accreditation, and 
quality management system) before going directly to the site.

Usually the audit can begin with a presentation of the company, the descrip
tion of the audit objectives and scope, followed by a visit of the manufacturing 
plant according to the normal flow of production: from the reception of raw 
materials until the preparation to the delivery in order to cover the whole flow of 
the culture media produced. The quality control laboratory can also be audited 
to control their procedures, methods of testing, and Good Laboratory Practices.

Audits can then be focused on the quality management, production, facilities 
and equipment, packaging and labeling, and laboratory and validation.
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Within the scope of the audit, the following elements can be considered in 
order to leverage the capability of the supplier to develop, produce, and ship 
the culture media under the coverage of a quality system management.

4.6.4.1 Quality System

 ● Change control: how the culture media manufacturer manages their changes
 ● Deviation and out of specification management
 ● Complaints follow‐up: trends and actions
 ● Investigations and CAPA: following complaints or deviations
 ● Training of the personnel
 ● Raw material reception and controls
 ● Shelf life validation: performances data all along the shelf life and stability 

studies
 ● Storage and transportation validation
 ● Batch manufacturing documentation
 ● Traceability of the product from the raw material reception to the produc

tion of the end finished product
 ● Qualification of suppliers

4.6.4.2 Facilities and Equipment

 ● Master Validation Plan
 ● Equipment qualification
 ● Equipment change control and revalidation
 ● Autoclave revalidation program
 ● Calibration
 ● Maintenance
 ● Environmental monitoring program: procedures, trends, and follow‐up

Regular routine audits allow to strengthen the management of culture media 
by the manufacturer in order to better understand their organization, proce
dures, and production, but also to leverage the production of culture media 
that is part of the pharmaceutical products release control. Pharmaceutical 
industries and culture media manufacturers should work closely in order to 
agree on the criticism the media could have for the pharmaceutical site, and to 
reinforce their controls to provide the more adapted culture media solution.

4.7  Culture Media Troubleshooting

Culture media are made from biological components and consequently are 
exposed to a natural variability. In addition, depending on all the different 
manufacturing parameters (e.g. filling and cooling temperature and autoclave), 
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transportation and storage conditions, and potential manipulation error, the 
media or the results obtained on the media may be questioned.

To leverage these elements, it is recommended to launch a robust validation 
or to use ready‐to‐use media for which manufacturers have already done all the 
evaluations and validations.

Hereafter, different examples of problems encountered with growth media 
are illustrated.

4.7.1 Temperature Storage Issues

Culture media are recommended by their manufacturers to be stored within a 
certain range of temperatures during its shelf life. Outside this tolerance, per
formances of the media may be affected.

4.7.1.1 Storage Conditions Below 2 °C
Generally, culture media are recommended to be stored at a temperature 
superior to 2 °C to avoid any performance drifts. Negative temperatures 
may freeze the media and have an impact on the agar network (see 
Figure  4.6) that can affect the performances (e.g. fertility and inhibitory 
properties).

Thus, media are not recommended to be stored below 2 °C, and a specific 
attention must be paid to the storage location as the temperature can decrease 
below 2 °C close to the fridge wall where the cooling unit is located. In this area, 
culture media may be subjected to negative temperatures.

The storage of the culture media in their original box can avoid being directly 
in contact with these negative temperatures.

4.7.1.2 Exceptional Excursions of Temperature During Shelf Life
If culture media are subjected to isolated excursions of temperature, their 
performances may be impacted. Thus, the impacted media are generally not 
used.

Figure 4.6 Example of a frozen agar.
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If users really insist in using the concerned media, a deviation must be 
opened and the manufacturer must be contacted to have their recommenda
tions on the media performance.

4.7.2 Water Condensation and Excessive Moisture

Water is an important part of the culture media composition and in some 
occasions, some water condensation could be observed on the lid or on the 
surface of the culture media.

This condensation is generally resulting from thermal shocks that could 
have occurred between the filling and the cooling of the media (humidity is 
 condensed on the lid, as shown in Figure  4.7) or shipment/storage of the 
media.

In little quantity, this condensation does not have any impact on performances 
or microbiological state of the media but could result in user discomfort (dif
ficulty to manipulate the plate or in some occasions, the water at the surface of 
the media could result in the swarming of some bacteria).

The difficulty results in the determination of which condensation level is 
acceptable for the pharmaceutical industries that use these media to release 
their products.

4.7.3 Fertility Issues

When a batch of media is rejected due to fertility failure, investigation must be 
initiated to understand the origin of the defect. Investigation could follow a 
5 M (Ishikawa, see Figure 4.8) methodology to determine the root cause and 
address the correct CAPA.

Preliminary verification can consist in confirming that the media was not 
expired at the time of the control and that it did not experience defects 
such  as dehydration that could have decreased the growth‐promoting 
properties.

Figure 4.7 Example of water condensation.
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Figure 4.8 Example of Ishikawa methodology for a growth promotion failure investigation.
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Specific attention must also be paid to the whole production process of the 
culture media as critical factors may impact directly the fertility of the media 
such as the raw material origins and variability, the sterilization of the media 
(temperature and time), and the autoclaving parameters.

Raw materials are from biological origins, and could be variable from one 
batch to another one. This variability could be minor without any impact on 
the performances, but in other cases, it could affect the growth properties of 
the media. In this case, robust developments of the media to determine the raw 
materials’ origin and their possible variability are really important to avoid 
missing any growth defect for some strains not detected only during quality 
control.

Sterilization and autoclaving steps could also have an impact on the media 
fertility properties. These parameters must be set accordingly and controlled if 
any fertility deviation is detected.

The methods used for the quality control must also be investigated to lever
age any potential false negative result due to manipulation error.

4.7.4 Crystals in Xylose Lysine Deoxycholate (XLD) 
Culture Medium

Crystals are known defects sometimes visible on XLD culture medium that 
could be mixed up with a contamination as shown in Figure 4.9. These crystals 
are the results of the crystallization of the salt raw materials and do not alter 
the performances of the culture media.

Figure 4.9 Crystal on XLD agar.
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4.8  Conclusion

Culture media play a key role in the quality control of the pharmaceutical 
industry and thereby in patient safety. Their importance is more and more 
highlighted, from their development (requirements and expectations, and 
selection of raw materials), production until their final control and use, they 
must provide reliable results, allowing non‐sterile manufacturers to be confi
dent in the microbiological quality of products released on the market.

Moreover, due to the continuous evolution of the patient environment and 
safety needs, culture media must be adapted and should continuously be innova
tive. As described in this chapter, the development and manufacture of culture 
media is a complex and sophisticated process that manufacturers of culture 
media must recognize for its user value. Manufacturers should work closely 
with non‐sterile manufacturers to respond to their needs to the benefit of the 
patient.

 Bibliography

Geftic, SG, Heymann, H, Adair, FW, 1979, ‘Fourteen‐year survival of 
Pseudomonas cepacia in a salt solution preserved with benzalkonium chloride’, 
Appl. Microbiol., vol. 37(3), pp. 505–510.

ISO 13485, 2016, ‘Medical Devices – Quality Management Systems’, International 
Standards Organization.

ISO 9001:2015, 2015, ‘Quality Management System’, International Standards 
Organization.

JP 17th Edition, Chapter <4.05>, 2017, ‘Microbial Limit Test’ Japanese 
Pharmacopoeia.

Marquez, L, Jones, KN, Whaley, EM, Koy, TH, Revell, PA, Taylor, RS, Bernhardt, 
MB, Wagner, JL, Dunn, JJ, LiPuma, JJ, Campbell, JR, 2017, ‘An outbreak of 
Burkholderia cepacia complex infections associated with contaminated liquid 
docusate’, Infect. Control Hosp. Epidemiol., vol. 38(5), pp. 567–573.

Ph. Eur. 9th Edition chapter 1, 2018, ‘General Notices’, European Pharmacopoeia.
Ph. Eur. 9th Edition chapter 2.6.12, 2018, ‘Microbiological Examination of 

Non‐sterile Products: Microbial Enumeration Tests’, European Pharmacopoeia.
Ph. Eur. 9th Edition chapter 2.6.13, 2018, ‘Microbiological Examination of 

Non‐sterile Products: Test for Specified Microorganisms’, European 
Pharmacopoeia.

Price, J, 1984, ‘Establishing microbiological specifications for pharmaceutical not 
required to be sterile’, Pharm. Manuf., pp. 26–29.

Sutton, S, Jimenez, L, 2012, ‘A review of reported recalls involving microbiological 
control 2004‐2011 with emphasis on FDA considerations of “objectionable 
organisms”’, Am. Pharm. Rev., vol. 15, pp. 42–57.



4 Introduction to Culture Media in Pharmaceutical Microbiology for Non‐sterile Products104

US 21 CFR 211.820, 2018, ‘Quality System Regulation’ subpart C §820.30 design 
control.

USP, 1982, ‘Microbial contamination of sterile and nonsterile articles, with special 
reference to Pseudomonas cepacia’, Pharmacopeial Forum, vol. 8(4), p. 2239.

USP 41‐NF 36 chapter <61>, 2018, ‘Microbiological Examination of Nonsterile 
Products: Microbial Enumeration Tests’, United States Pharmacopeia.

USP 41‐NF 36 chapter <62>, 2018, ‘Microbiological Examination of Nonsterile 
Products: Tests for Specified Microorganisms’, United States Pharmacopeia.

USP PF 29(5), n.d., In‐Process Revision: ‘<61> Microbial Examination of 
Nonsterile Products: Microbial Enumeration Tests’, Pharmacopeial Forum.

USP PF 29(5), n.d., In‐Process Revision: ‘<62> Microbial Examination of 
nonsterile products: Test for Specified Microorganisms’, Pharmacopeial Forum.

USP PF 44(5), 2018, In‐Process Revision: ‘<60> Microbiological Examination of 
Nonsterile Products – Tests for Burkholderia cepacia Complex’.



Pharmaceutical Microbiological Quality Assurance and Control: Practical Guide for Non-Sterile 
Manufacturing, First Edition. Edited by David Roesti and Marcel Goverde. 
© 2020 John Wiley & Sons, Inc. Published 2020 by John Wiley & Sons, Inc.

105

5

Microbiological Examination of Non‐sterile Final 
Dosage Forms and Raw Material Including 
Acceptance Criteria and Testing Frequency
David Roesti

Novartis Pharma Stein AG, Stein, Switzerland

CONTENTS

5.1 Microbiological Acceptance Criteria, 106
5.1.1 Final Dosage Forms, 106
5.1.2 Raw Materials, 110
5.1.3 Internal Out of Expectation (OOE) Limits, 111
5.2 Testing Frequency, 112
5.2.1 Final Dosage Forms, 112
5.2.1.1 Which Frequency to Set by Skip‐lot Testing?, 113
5.2.2 Drug Substances and Excipients, 116
5.3 Procedure if Microbial Growth Occurs in Routine Testing, 117
5.4 Sampling, 117
5.5 Nutrient Medium Controls, 120
5.5.1 pH Value, 121
5.5.2 Absence of Microbial Contamination, 121
5.5.3 Growth Promotion Tests, 121
5.6 Test Method Overview, 125
5.7 Verification of the Suitability of the Method, 127
5.7.1 Sample Preparation, 127
5.7.2 Method Suitability for Microbial Enumeration Tests, 129
5.7.2.1 Membrane Filtration, 129
5.7.2.2 Plate Count Methods, 131
5.7.2.2.1 Pour Plate, 131
5.7.2.2.2 Surface Spread Method, 132
5.7.2.3 Most Probable Number Method, 134
5.7.3 Suitability of the Test Method for Absence of Specified Microorganisms, 139
5.7.4 Examples of Procedures in Case the Method Suitability Fails, 140
5.8 Microbiological Examination of Non‐sterile Products, 142
5.8.1  Microbial Enumeration Tests: Membrane Filtration and Plate Count Methods, 142
5.8.1.1 Membrane Filtration, 142
5.8.1.2 Pour Plate Method, 142



5 Microbiological Examination of Non‐sterile Final Dosage Forms106

5.1  Microbiological Acceptance Criteria

5.1.1 Final Dosage Forms

The microbiological acceptance criteria of non‐sterile drug products are generally 
based on the tripartite harmonized informational chapters of the Ph. Eur./USP and 
JP and are composed of a quantitative total aerobic microbial count and total 
yeasts/molds count as well as the absence of specified microorganisms (see 
Table 5.1). Even if these chapters are in the informational section of the respective 
pharmacopoeia, these acceptance criteria are generally followed. In addition, the 
US 21CFR 211.165 requires that There shall be appropriate laboratory testing, as 
necessary, of each batch of drug product required to be free of objectionable micro-
organisms which leaves a wide area for interpretation and would increase the selec-
tion of specified microorganisms to be included in the microbiological examination 
of non‐sterile products. Actually, in a PDA 2013 survey (PDA 2013), more than 
85% of respondents from pharmaceutical, over‐the‐counter drug products, medi-
cal devices, and cosmetics answered that they were performing microbiological 
testing according to the harmonized pharmacopoeia chapters and 32% were 
screening for the absence of additional objectionable microorganisms.
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Specified or Objectionable Microorganisms?

The specified microorganisms are the ones that are listed in the respective 
Pharmacopoeia chapters. This is generally considered as a minimum expecta
tion to fulfill based on the route of administration. However, this list is not 
exhaustive and the product manufacturer has also to take into account other 
microorganisms that are potentially objectionable for their product. Actually, 
the pharmacopoeia writes that in addition to the microorganisms listed, the 
significance of other microorganisms should be evaluated. Pharmacopoeia also 
writes that where warranted, a risk‐based assessment of the relevant factors is 
conducted by personnel with specialized training in microbiology and in the 
interpretation of microbiological data. If the level or the type of the detected 
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Other country‐specific Pharmacopoeia have also similar acceptance criteria 
limits (e.g. British, Indian, or Korean Pharmacopoeia) as the harmonized chap-
ters even if some minor differences do arise (e.g. Chinese Pharmacopoeia) as 
indicated in Table 5.1.

According to Ph. Eur. 5.1.4, USP <1111>, and JP G.4, when an acceptance 
criterion for microbiological quality is prescribed, it is interpreted as 
follows:

contaminating microorganisms cannot exclude a hazard for the product or the 
recipient, the release of a drug product should be evaluated and justified very 
carefully even if the acceptance criteria are not exceeded.

The PDA TR‐67 writes that When a drug manufacturer that markets nonsterile 
pharmaceuticals is trying to comply with the FDA mandate delineated in 21 CFR 
211.84, CFR 211.113 and CFR 211.165, it must be clear that those products are “free 
of objectionable microorganisms.” PDA TR‐67 also recommends that product 
testing and decisions about which products will or will not be routinely tested 
should be based on risk and that in addition to drug manufacturers, excipient and 
API manufacturers need to ensure that their materials are free of objectionable 
microorganisms, particularly dosage forms whose pharmaceutical ingredients are 
included in the formulation. The risk is dependent on the nature of the product, 
manufacturing process, and route of administration. For instance, for solid oral 
dosage forms with a low water activity (<0.75) a special screening for objection
able microorganisms may not be necessary.

For products such as topicals, liquid oral solutions, inhalants, or nasal solu
tions where there may be a concern for microbiological contamination, isolates 
from the plate counts, as well as enrichment testing, should be identified and 
evaluated by a risk assessment.

Already some health authorities have indicated that only the absence of the 
pharmacopoeia‐listed specified microorganisms may not be sufficient in some 
dosage forms. For example, the Australian Therapeutic Goods Administration 
(TGA) consider that all Pseudomonad bacteria (and not just Pseudomonas aer-
uginosa) are objectionable organisms in a non‐sterile medicine that is intended 
for topical use. In addition, FDA have already expressed their concern with the 
presence of Burkholderia cepacia in non‐sterile, water‐based drug products and 
specifically for inhalation products, liquid oral solutions, as well as topicals 
(Torbeck et al. 2011; FDA 2017).

If a type of microorganism is considered objectionable for the product in 
question following a risk assessment and if during manufacturing the controls 
in place cannot guarantee its absence, the routine release testing would need to 
include this microorganism an additional absence of specified microorganism 
test. Risk assessment and definitions of objectionable microorganisms are fur
ther described in detail in Chapter 11.
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Table 5.1 Acceptance criteria of final dosage forms based on harmonized Ph. Eur. 5.1.4, 
USP<1111>, and JP G4 and additional criteria based on ChP 1107.

Route of administration TAMC TYMC Specified microorganism

Dry powders and 
capsules for inhalation

102 CFU/g 101 CFU/g Absence in 1 g:
Pseudomonas aeruginosa
Staphylococcus aureus
Bile‐tolerant Gram‐negative 
bacteria

Oromucosal, gingival 
applications

102 CFU/g 
or ml

101 CFU/g 
or ml

Absence in 1 g, or 1 ml
P. aeruginosa
S. aureus
ChP
In addition, absence of 
Escherichia coli in 1 g, 1 ml or 
10 cm2

Cutaneous application 102 CFU/g 
or ml

101 CFU/g 
or ml

Absence in 1 g, or 1 ml
P. aeruginosa
S. aureus

Nasal application 102 CFU/g 
or ml

101 CFU/g 
or ml

Absence in 1 g, or 1 ml
P. aeruginosa
S. aureus
ChP
In addition, absence of E. coli in 
1 g, 1 ml or 10 cm2

Auricular application 102 CFU/g 
or ml

101 CFU/g 
or ml

Absence in 1 g, or 1 ml
P. aeruginosa
S. aureus

Preparations for vaginal 
use

102 CFU/g 
or ml

101 CFU/g 
or ml

Absence in 1 g, or 1 ml
P. aeruginosa
S. aureus
Candida albicans

Transdermal patches/
Transdermal 
therapeutic systems

102 CFU/
system

101 CFU/
system

Absence in 1 system:
P. aeruginosa
S. aureus

Aqueous preparations 
for oral use

102 CFU/ml 101 CFU/ml Absence in 1 ml
E. coli
ChP
In addition, absence of Salmonella 
in 10 g or 10 ml for chemical and 
biological preparation containing 
mineral and raw materials of 
animal or vegetal origin
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101 CFU: maximum acceptable count = 20;
102 CFU: maximum acceptable count = 200;
103 CFU: maximum acceptable count = 2000, and so forth.

Mathematically this interpretation is not correct. Yet, the authors of the 
harmonized chapters wanted to include the variability of microbiological 

Route of administration TAMC TYMC Specified microorganism

Nonaqueous 
preparations for oral 
use

103 CFU/g 
or ml

102 CFU/g 
or ml

Absence in 1 g or ml:
E. coli
ChP
In addition, absence of 
Salmonella in 10 g or 10 ml for 
chemical and biological 
preparation containing mineral 
and raw materials of animal or 
vegetal origin

Rectal use 103 CFU/g 
or ml

102 CFU/g 
or ml

No additional requirements
ChP
Absence of S. aureus and 
P. aeruginosa in 1 g or 1 ml

Ph. Eur. Special 
provision for oral 
dosage forms 
containing raw 
materials of natural 
(animal, vegetal, or 
mineral) origin for 
which antimicrobial 
pretreatment is not 
feasible and for which 
the competent 
authority accepts 
TAMC of the raw 
material exceeding 
103 CFU/g or CFU/ml

104 CFU/g 
or ml

102 CFU/g 
or ml

Not more than 102 CFU of 
bile‐tolerant Gram‐negative 
bacteria in 1 g or 1 ml
Absence of Salmonella in 10 g or 
10 ml
Absence of E. coli in 1 g or 1 ml
Absence of S. aureus in 1 g or 
1 ml

Ph. Eur. Special 
provision for premixes 
for medicated feeding 
stuffs for veterinary use 
using excipients of 
plant origin for which 
antimicrobial treatment 
is not feasible.

105 CFU/g 
or ml

104 CFU/g 
or ml

Not more than 104 CFU of 
bile‐tolerant Gram‐negative 
bacteria in 1 g or 1 ml
Absence of E. coli in 1 g or 1 ml
Absence of Salmonella in 25 g or 
25 ml

Table 5.1 (Continued)
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testing within the limits. Indeed, it is considered that counts within a factor 2 range 
are within the typical variability of microbiological testing. Therefore, for a 
103 CFU acceptance criteria, a maximum acceptable count of 2 × 1000 = 2000 CFU 
is acceptable as long as no objectionable microorganisms are present (evalua-
tion via a risk assessment, see text above and Chapter 11). Some health authori-
ties may not accept this interpretation and require that the mathematical 
interpretation is strictly used (e.g. 103 CFU  =  1000 CFU). The manufacturer 
should then adapt the interpretation based on the local regulations in which the 
product is marketed.

5.1.2 Raw Materials

For raw materials such as drug substances and excipients, the harmonized 
informational chapters of the Pharmacopoeia (Ph. Eur. 5.1.4, USP <1111>, JP 
G.4) define general acceptance criteria for Microbiological Quality of 
Nonsterile Substances for Pharmaceutical Use with a total aerobic microbial 
count (TAMC) limit of 103 CFU/g or ml and TYMC of 102 CFU/g or ml.

Individual monographs may be more stringent or require the absence of 
additional specified microorganisms. For example, the USP monograph for 
lactose monohydrate requires a TAMC of not more than 1 × 102 CFU/g and 
TYMC of not more than 5 × 101 CFU/g and includes the absence of Escherichia 
coli in 1 g. There are nonetheless not many individual monographs which 
contain requirements for microbiological testing.

The ICH Q6A writes that for microbial limits of new drug substances that 
total count of aerobic microorganisms, the total count of yeasts and molds, and 

What to Do in Case a Product Is Marketed in Multiple Countries 
with Different Acceptance Criteria?

The manufacturing site may either:

 ● Test the final dosage form with microbiological limits based on the Pharma
copoeia with the most strictest acceptance criteria. This option is especially 
relevant for bulk testing of the final dosage form prior to packaging.

 ● Release the product based on the local specification of the manufacturing 
site and retest in the country in which the product is sold according to the 
local market legislation.

 ● Cross‐validate the different test methods to show equivalence and test only 
one method. This option is also relevant for bulk testing.

 ● Test each different packaged product as per the local registration of the coun
try in which the product is sold. This is the option requiring the most resources 
for the site.
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the absence of specific objectionable bacteria (e.g. Staphylococcus aureus, 
E. coli, Salmonella, P. aeruginosa) should be tested and determined using phar-
macopoeial procedures. The type of microbial test(s) and acceptance criteria 
should be based on the nature of the drug substance, method of manufacture, 
and the intended use of the drug product. Raw materials which are extracted or 
manufactured from material of natural origin may be highly contaminated 
with microorganisms. Examples of such raw materials are calcium salts, 
starches, gelatin, acacia gum, guar gum, dyestuffs, lactose, magnesium stea-
rate, and celluloses. Spore‐forming microorganisms generally predominate 
since the water activity of such excipients is very low and bacterial spores 
would better survive desiccation steps during the excipient’s production. Also 
molds may proliferate in hygroscopic excipients. Furthermore, if the storage 
conditions do not prevent humidity from penetrating the raw material bags, 
microorganisms could develop to a critical level.

Actually some companies have also the policy to define the acceptance 
criteria of the raw materials based on the product for which these materials 
will be used. For instance, if the excipient is intended for a product used as 
a cutaneous application, the excipient should also be free of S. aureus and 
P. aeruginosa.

If the same excipient is used for different product categories, the incoming 
(inbound) test would need to cover the acceptance criteria of the different 
products. For instance, if lactose is used in a powder for inhalation, this lactose 
would also be tested for the absence of P. aeruginosa, S. aureus, and Bile‐tolerant 
Gram‐negative bacteria. In addition, where deemed necessary and based on a 
risk assessment, additional objectionable microorganisms may also be screened 
in raw material testing since the specified microorganisms of the pharma-
copoeia may not include other potential objectionable microorganisms (e.g. B. 
cepacia).

Inbound testing of raw materials may not be required if the material is not 
specifically susceptible to a microbial contamination, storage conditions are 
under control, and purchased from a certified supplier.

5.1.3 Internal Out of Expectation (OOE) Limits

In addition to the quantitative specifications, internal out of expectation (OOE) 
limits may be defined. The OOE limit is served to flag unexpected high counts 
that may indicate a drift from controlled manufacturing conditions. If this limit 
is exceeded multiple times it may indicate an adverse trend and would require 
investigation to determine the impact on the product’s quality or patient safety 
as well as the root cause of contamination and corresponding actions. 
Exceeding the OOE limit would not necessarily lead to product rejection since 
the limit is below the specification but this decision is dependent on the inves-
tigation and the type of microorganisms identified in the product. If the 
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outcome of the OOE investigation is to release the excipient, API, or drug 
product, the investigation report should preferably be supplemented with a 
risk assessment.

If a sufficient amount of data is available, the OOE level could be defined 
based on historical results (refer to Chapter  10) and if not enough data are 
available (e.g. for products in development), the OOE level can be kept at a 
proportion of the specification level (e.g. 30 or 50%).

5.2  Testing Frequency

5.2.1 Final Dosage Forms

The testing frequency of non‐sterile products generally depends on the 
criticality of the route of administration, susceptibility of the product to 
enable microbial growth (e.g. water activity and preservatives), the composi-
tion (e.g. amount of excipients of natural origin), local regulatory require-
ments, the manufacturing process (e.g. amount of available water after 
granulation), the verification of the suitability of the test method, the ana-
lytical results from the “antimicrobial effectiveness test” as well as the his-
tory of the product (refer to Table 5.2 for examples).

The ICH Q6A advises that the drug product should be tested unless its 
components (e.g. raw materials incl. water) are tested before manufacture and 
the manufacturing process is well controlled via validation of decontamination 
processes which have been proven effective.

A simplified decision tree is available in the ICH Q6A (#8 Microbiological 
attributes of non‐sterile products) to justify the testing frequency. According 

Table 5.2 Examples of critical and noncritical factors for microbial contamination.

Critical Noncritical

Product containing raw materials from natural origin 
(animal, vegetal, and mineral), especially if 
unprocessed or weakly processed

Synthetic raw materials

Water activity >0.75 Water activity <0.6
Wet granulation and aqueous coating Dry granulation and tableting
pH value 6–8 pH value <3 or >10
Long holding times of unpreserved aqueous solutions 
at room temperature (e.g. >24 hours)

Short hold times (e.g. 
<8 hours)

Inhalation, nasal sprays Oral and rectal application
High water activity formulation without preservative Semi‐solid with experimentally 

proven preservative system



5.2 Testing Frequency 113

to the ICH Q6A, microbiological quality testing may be reduced based on a 
scientific justification taking into account the following factors:

 ● Microbiological quality of excipients and APIs
 ● Manufacturing process validation
 ● Intrinsic microbiological properties (ingredients, process, etc.)
 ● History of good microbiological quality

Table 5.3 provides examples of testing frequencies based on the criticality of 
the final dosage forms.

5.2.1.1 Which Frequency to Set by Skip‐lot Testing?
The testing frequency is typically based on the susceptibility of the product to 
become contaminated, the maximum tolerable interval for which no results 
are available and operative/financial reasons (even if this should not be opposed 
to quality!). For instance, a testing frequency of every tenth lot may be selected 
because in case of deviations, the number of lots between the last good result 
and the failed one is not too large and the lots in between may be retested 
during the deviation investigation. Obviously, testing every hundredth lot is 
not relevant considering the low probability of detecting contamination due to 
the low sample volume and reduced testing frequency. Some cases may justify 
a frequency based on a time period and not on amount of batches (e.g. monthly 
or quarterly testing); for instance, in cases where a very high number of lots or 
products are produced on the same manufacturing line.

In order to support the decision to reduce the testing frequency with data, it 
is recommended that the first lots are tested before switching to skip‐lot 
testing (e.g. first 10 or 20 lots).

Table 5.3 Suggested testing frequencies based on product route of administration.

Route of administration Testing frequency

Dry powders and capsules for inhalation Lotwise
Oromucosal, gingival applications Lotwise
Cutaneous application Lotwise or skip‐lot (if well preserved)
Nasal application Lotwise or skip‐lot (if well preserved)
Auricular application Lotwise or skip‐lot (if well preserved)
Preparations for vaginal use Lotwise or skip‐lot (if well preserved)
Transdermal patches/Transdermal 
therapeutic systems

Lotwise or skip‐lot (if well preserved)

Aqueous preparations for oral use Lotwise or skip‐lot (if well preserved)
Nonaqueous preparations for oral use Skip‐lot or no testing
Rectal use Skip‐lot or no testing
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FDA Exception to Skip Lot

Whereas the tripartite ICH Q6A guideline was also signed by the FDA, since end 
of 2013, some FDA assessors pointed out that skip‐lot testing does not comply 
with 21 CFR 211.165(a) and (b).

Sec. 211.165 Testing and release for distribution:

(a) For each batch of drug product, there shall be appropriate labora
tory determination of satisfactory conformance to final specifica
tions for the drug product, including the identity and strength of 
each active ingredient, prior to release. Where sterility and/or pyro
gen testing are conducted on specific batches of short‐lived radi
opharmaceuticals, such batches may be released prior to 
completion of sterility and/or pyrogen testing, provided such test
ing is completed as soon as possible.

(b) There shall be appropriate laboratory testing, as necessary, of each 
batch of drug product required to be free of objectionable 
microorganisms.

Indeed, according to the new interpretation of the FDA, if acceptance criteria 
for microbial enumeration tests including specified microorganisms are written 
in the company’s product release specification, they should be tested batch
wise. However, FDA are also of the opinion that, microbial limits testing may be 
omitted from the product release specification provided adequate upstream 
microbiological controls are established and documented.

FDA recommends omitting the microbial limits specification by addressing 
several points (Metcalfe 2013):

 ● Identification and justification of critical control points in the manufacturing 
process that could affect microbial load of the drug product.

 ● Describe microbiological monitoring and acceptance criteria for the critical 
control points that have been identified. Verifying the suitability of the testing 
methods for the drug product. Conformance to the acceptance criteria estab
lished for each critical control point should be documented in the batch 
record in accordance with 21 CFR 211.188.

 ● Activities taken when microbiological acceptance criteria are not met at con
trol points should be described.

 ● The results of microbial limits testing performed on exhibit or stability batches 
of the drug product should be provided.

 ● Microbial limits testing should be performed at least at the initial stability 
testing time point.

A fictive example of justification omitting microbial limits testing is provided 
below:
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Rationale for Omitting Microbial Limits Testing of Product 
A Film‐coated Tablet

Composition and Manufacturing Process of Product A Film‐coated Tablet
Product A film‐coated tablet (FCT) is composed of the drug substance XX, 
and the excipients XY, XZ, and YY. Every incoming batch of the excipients 
used in the manufacture of Product A FCT are analyzed for microbiological 
quality.

The experimentally determined water activity of Product A FCT is less than 0.6 
which would not enable microbial proliferation since according to USP <1112>, 
a water activity of more than 0.6 is necessary to enable microbial growth.

The manufacturing process of Product A FCT can be summarized as follows:
 ● add description of the manufacturing process

According to the manufacturing process described above, microbial reducing 
steps take place during process steps process step 1 and process step 2. Microbial 
enhancing steps are process step 3 and process step 4. For these two critical steps, 
a holding time for the granulation solution and the coating suspension is 
defined as maximum X hours based on an experimental study and has been 
validated in the manufacturing process.

Microbiological Control and Monitoring
The microbiological control program at facility X for the manufacturing Product 
A FCT is based on applicable health authority guidelines and cGMPs. The control 
and monitoring strategy is highlighted below and all procedures are defined in 
SOPs. If a result from the monitoring activities exceeds the defined levels, an 
investigation is performed including a product impact assessment if necessary. 
Therefore, the drug product cannot be released until any deviations of the 
monitoring activities are decided and closed.

Microbiological contamination is controlled based on the following procedure:
 ● List all microbial controls

Microbiological contamination control in the manufacturing environment for 
Product A FCT is monitored according to the following program:

 ● List the monitoring program

Historical Microbiological Testing of Product A FCT
 ● List the historical data (at least 20 results)

Conclusion
Based on the above rationale, we propose not to perform the release microbio
logical examination test for the final dosage form of Product A FCT and this test 
will be omitted from the specifications.
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5.2.2 Drug Substances and Excipients

If an excipient or a drug substance has microbiological requirements in their cor-
responding pharmacopoeia monographs, then they ought to be tested lotwise (or 
evaluated based on a certificate of analysis for a qualified supplier) as incoming 
control. For other drug substances and excipients, the ICH Q6A also provides 
guidance on selecting the testing frequency as described in decision tree #6: 
microbiological quality attributes of drug substance and excipients.

Another approach is to use a decision table to determine testing frequency of 
drug substances and excipients with different categories (see example Table 5.4) 
or risk assessment tools such as HACCP or FMEA (refer to Chapter 2).

Table 5.4 Example of raw material testing frequency decision table.

Name of 
drug 
substance/
excipient

Product 
route of 
administration

Natural 
origin?

Water 
activity

Growth‐
promoting or 
antimicrobial 
properties? Historical data

Testing 
frequency

Excipient 1 Inhalation No 0.5 None Always comply 
with the 
acceptance 
criteria

Lotwise 
since 
inhalation 
application

Excipient 2 Oral Yes 0.4 None Always comply 
with the 
acceptance 
criteria

Skip‐lot 
testing

Excipient 3 Oral Yes 0.4 None A few out of 
specification 
cases

Lotwise due 
to historical 
data

Excipient 4 Topical No 0.8 Growth 
promoting

Growth but 
comply with 
acceptance 
criteria

Lotwise 
due to 
growth‐
promoting 
properties

Drug 
substance 1

Topical No 0.2 Antimicrobial Always comply 
with the 
acceptance 
criteria

Skip‐lot

Drug 
substance 2

Oral No 0.2 Antimicrobial Always comply 
with the 
acceptance 
criteria

Skip‐lot or 
no testing

Drug 
substance 3

Inhalation No 0.4 Antimicrobial Always comply 
with the 
acceptance 
criteria

Skip‐lot 
testing
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Additional criteria to Table  5.4 may include, for instance, quantity of the 
material used in the manufacturing process, what is the final proportion in the 
final drug product, as well as growth‐promoting or microbial‐reducing steps 
during the manufacturing process in which the raw material is used.

The raw materials’ inbound testing frequency may be reduced to annually 
(as part of the supplier verification program) if the supplier is certified and 
delivers a certificate of analysis with the required microbiological testing. 
Supplier certification should encompass the following considerations with 
regards to microbial contamination (not exhaustive):

 ● Source of material and raw material manufacturing process
 ● Quality performance of the material over a determined trial period
 ● Result of audits performed by the purchasing company as well as results of 

health authority inspections

5.3  Procedure if Microbial Growth Occurs in Routine 
Testing

If the specification is exceeded or if an adverse trend is acknowledged, then 
the microorganisms have to be identified and a deviation investigation 
has  to be initiated. Deviation investigations are described in Chapter  12 
(Figure 5.1).

For the more critical non‐sterile drug products APIs or excipients (e.g. topi-
cals, inhalants or nasal solutions, growth promoting products), even if the 
counts remain within expectation or specification levels, it is a good practice to 
identify the recovered microorganisms and assess if they are objectionable or 
not. Criticality may, for instance, depend on microbiological controls and 
monitoring, antimicrobial or growth‐promoting steps during the manufactur-
ing process, the nature of the product, the final dosage form’s route of admin-
istration, and the historical results (refer to Table 5.2).

5.4  Sampling

The harmonized Pharmacopoeia chapters on microbiological examination 
of non‐sterile products require a standardized volume of sample (see 
Table 5.5).

For typical release testing, the sample size should cover also volume needed 
for additional specified microorganism tests and a remaining volume for 
retests in case of deviations. This means that for instance at least 30 g for a 
nonaqueous preparation for oral use.



Microbial growth occurs
during release testing

Identify microorganisms

Identify microorganisms
Objectionable

microorganism?

Genuine product contamination with confirmed OOS or amount and type
of microorganism is a risk for the patient or product’s integrity/shelf life

Sampling/lab error or product
contamination below OOS limits for which
there is no risk for the patient or product’s

integrity/shelf life

Reject product

Perform OOS/OOT
investigation

OOS or OOT? Yes

No

Yes

No

No

Yes

Release product

Is absence of objectionable
microorganisms required for drug

product, excipient, or API?

Figure 5.1 Example of procedure if microbial growth occurs. OOS, out of specification; OOT, out of trend; API, active pharmaceutical ingredient.
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Statistically, with a 10 g sample size the probability to detect a microbial 
contamination is very low. This is also due to the fact that microbiological con-
tamination in a product is generally not homogeneously distributed and 
aggregates of microorganisms might be located in individual spots. The JP G4 

Table 5.5 Standard sample volume for microbiological examination of non‐sterile products.

Type of product Sample size

Solid product/drug substance/excipient 10 g
Liquid product/drug substance/excipient 10 ml
Solids or liquids in aerosol form 10 Containers
Transdermal patches 10 Patches
Oromusosal films 10 units
Drug substance when amount per dosage 
unit ≤1 mg

Not less than the amount present in 10 
dosage units or 10 g or 10 ml of the product

Drug substance with limited sample 
quantity (<1000 ml or 1000 g)

1% of the batch

Products where the total number of 
entities in a batch is less than 200

2 units

Products where the total number of 
entities in a batch is less than 100

1 unit

Test Bulk or Packaged Final Dosage Form?

USP <610> supports testing of unpackaged drug products in case their design 
renders the sampling process difficult and prone to extraneous contamination 
risk. Typical products would be low‐content inhaled and nasal drug products. 
In these cases, testing may be performed on the bulk product, i.e. final dosage 
formed that is not finally packaged instead of the finally packaged final dosage 
form.

When a drug product is manufactured for many countries, it may be valuable 
to test the final formulated product at the bulk level prior to packaging instead 
of testing each packaged product. This option should be approved by the health 
authorities during registration filing as some local legislations might not accept 
testing on bulk level.

Nonetheless, if testing is carried out on the bulk product alone, the primary 
packaging should be tested for microbial purity and the filling and packaging 
should be carried out under a microbiologically controlled area with a validated 
process. Testing should be performed on the packaged product if this is not 
the case.
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actually recommends that in general, a mixture of samples must be randomly 
taken from at least different three portions of a same batch. Portions of the 
beginning, middle, and end of the batch campaign would be preferable to cover 
the length of the campaign.

Actually, for bulk drug product or for raw materials testing, the sampling 
should also cover different bags/containers. In this case, a typical rule is to 
apply the following formula: 

 n N 1 

This means if for excipient A you have received 22 separate bags from one 
batch, at least 6 bags need to be sampled. The test may be performed on a 
pooled sample containing an even amount of product/material from each 
container/bag.

Even if the products are considered non‐sterile, extraneous contamination 
should be prevented during sampling, i.e. with trained operators wearing 
special gowning (e.g. Tyvek suite), gloves (e.g. nitrile or latex) that have been 
disinfected (e.g. with ethanol 70%) using either sterile or disinfected utensils 
and in sample bags or bottles that are sterile. For products with the tightest 
microbiological acceptance criteria the use of an additional sampling cabinet 
would be recommended. Low‐level contaminations of non‐sterile products 
through bad aseptic praxis can lead to avoidable deviations caused by contami-
nation during sampling (Roesti 2012).

For most non‐sterile products, a sample hold time does not need to be 
defined since microbial proliferation is not expected due to the nature of these 
products (e.g. low water activity and preservatives). In some cases where 
microbial proliferation would occur (e.g. in aqueous intermediates), then a 
sample hold time (=time from which the sample is taken until time start of 
analysis) should be defined. Failure to follow such sample hold time would 
lead to a different number of microorganisms that would not represent the 
conditions at the time of sampling. Generally, for growth‐promoting solu-
tions, a sample hold time of maximum 2 hours at room temperature or 
24 hours at 2–8 °C is sufficient without additional validation.

5.5  Nutrient Medium Controls

Self‐prepared nutrient medium may be submitted to a test for pH value, 
absence of microbial contamination, and growth‐promoting properties before 
use. The pH value of ready prepared medium (= purchased medium) could 
also be based on the quality certificate of a certified supplier but as per USP 
<61>/Ph. Eur. 2.6.12, each batch must be also tested for growth‐promoting 
properties.
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If the growth medium control does not meet the requirements, the deviation 
procedure must be followed.

5.5.1 pH Value

The pH value should be checked after and the nutrient media must have cooled 
down to room temperature before measurement.

5.5.2 Absence of Microbial Contamination

The absence of microbial contamination is ensured on at least one container or 
filled agar plate of each batch. It is recommended that the incubation period at 
the respective medium‐specific conditions lasts the maximum time defined 
(e.g. at least five days for soybean–casein digest agar [SCDA] and seven days for 
sabouraud dextrose agar [SDA]).

5.5.3 Growth Promotion Tests

Growth promotion of nutrient media used in microbial enumeration tests is 
described in detail in the USP <61> and follows the following procedure (refer 
to Table 5.6):

 ● Spread/inoculate the test organisms separately, at a concentration of 
≤100 CFU, on/into the medium to be examined. The test strains must be 
obtained from an official culture collection (e.g. American Type Culture 
Collection [ATCC]). The microbial test inoculums may be either bought from 
a qualified supplier or prepared in‐house according to a standard procedure.

 ● Incubate at the defined temperature for not longer than the minimum incu-
bation time of the microbial enumeration tests.
After growth, the following acceptance criteria must be fulfilled:

 – Liquid media: Clearly visible growth, comparable to that previously 
obtained with a previously tested and approved batch of medium.

 – Solid media: The growth obtained must not differ by a factor greater than 2 
from the calculated value for a standardized inoculum. For a freshly pre-
pared inoculum, growth of the microorganisms is comparable to that previ-
ously obtained with a previously tested and approved batch of medium.

Soybean–Casein Digest Broth (SCDB)

Pancreatic of casein 17.0 g
Papaic digest of soybean 3.0 g
Sodium chloride 5.0 g
Dibasic hydrogen phosphate 2.5 g
Glucose monohydrate 2.5 g
Purified water 1000 ml
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Soybean–Casein Digest Agar (SCDA)

Pancreatic digest of casein 15.0 g
Papaic digest of soybean 5.0 g
Sodium chloride 5.0 g
Agar 15.0 g
Purified water 1000 ml

Sabouraud Dextrose Agar (SDA)

Dextrose 40.0 g
Mixture of peptic digest of animal tissue 
and pancreatic digest of casein (1 : 1)

10.0 g

Agar 15.0 g
Purified water 1000 ml

Table 5.6 Growth promotion test of agar and liquid media for TAMC and TYMC.

Growth promotion test

Microorganism TAMC TYMC

Staphylococcus aureus
(e.g. ATCC 6538)

SCDA or SCDB
≤100 CFU
30–35 °C
≤3 days

–

Pseudomonas aeruginosa
(e.g. ATCC 9027)

SCDA or SCDB
≤100 CFU
30–35 °C
≤3 days

–

Bacillus subtilis
(e.g. ATCC 6633)

SCDA or SCDB
≤100 CFU
30–35 °C
≤3 days

–

Candida albicans
(e.g. ATCC 10231)

SCDA or SCDB
≤100 CFU
30–35 °C
≤5 days

SDA
≤100 CFU
20–25 °C
≤5 days

Aspergillus brasiliensis
(e.g. ATCC 16404)

SCDA or SCDB
≤100 CFU
30–35 °C
≤5 days

SDA
≤100 CFU
20–25 °C
≤5 days
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Nonselective SCDA and SDA are used as growth media for the membrane 
filtration, pour plate, and surface spread method whereas nonselective SCDB 
is used for the Most‐Probable‐Number (MPN) method. PDA TR‐67 also 
suggests to use blood agar or litmus milk agar for the screening of objectionable 
microorganisms where appropriate.

Growth promotion of nutrient media used in the absence of specified micro-
organism tests is described in detail in the USP <62> and the procedure 
depends on the medium property to be evaluated (refer to Table 5.7):

 ● Growth‐promoting properties –  Inoculate the medium with not more than 
100 CFU. Incubate for not more than the shortest period of time specified in the 
test, i.e. if a period of 18–72 hours is specified, growth must occur within 18 hours.

 – Liquid media: Clearly visible growth (comparable to that of a previously 
tested and approved batch of medium).

 – Solid media: Growth of microorganisms (comparable to that of a previ-
ously tested and approved batch of medium).

 ● Indicative properties  –  Inoculate the solid medium with not more than 
100 CFU. After incubation for a period within the specified range of the test, 
the colonies must be comparable in appearance and indication reactions to 
those obtained with a previously tested and approved batch of medium.

 ● Inhibitory properties  –  Inoculate the solid/liquid medium with at least 
100 CFU. After incubating for not less than the longest period of time speci-
fied in the test, no growth of the test‐organisms should occur, i.e. if a period 
of 18–72 hours is specified in the test, no growth may occur after 72 hours.

I Have on My Plate Enumerated 102 CFU, Is This Critical in Comparison 
to the Requirement of ≤100 CFU?

For growth promotion tests some health authority inspectors or compliance offic
ers have a very strict interpretation of the ≤100 CFU requirement. They would 
expect that if the microbial counts exceed 100 CFU, that the test is considered inva
lid and that a deviation must be opened to investigate the exceeding number.

This is a far too strict interpretation of the USP’s requirement since it does not 
take into account the typical variability of microbiological testing. With a target 
inoculum of 80100 CFU it is probable that some counts may exceed 100 CFU.  To 
reduce the risk of exceeding 100 CFU some testing laboratories use target inocula 
of 3050 CFU. USP FAQ to the USP <61> chapter provides  additional explanation 
to the interpretation of the acceptance criteria: For example with an inoculum of 
100 CFU, acceptable counts are: 100/2 = 50 CFU to 100 × 2 = 200 CFU. The factor is 
introduced to take account of the variability of the method. Therefore, exceeding 
slightly the 100 CFU is microbiologically not relevant. 

Key in the growth promotion test is that the same inoculum culture and 
inoculum volume is used when comparing two different media lots. 
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Table 5.7 Growth promotion test of agar and liquid media for the detection of specified 
microorganisms.

Medium Properties Test strains

Test for bile‐tolerant Gram‐negative bacteria
Enterobacteria Enrichment 
Broth‐Mossel (EEB)

Growth‐promoting Escherichia coli (e.g. ATCC 8739)
Pseudomonas aeruginosa

Inhibitory Staphylococcus aureus
Violet Red Bile Glucose Agar 
(VRBGA)

Growth‐promoting 
and indicative

E. coli
P. aeruginosa

Test for E. Coli
MacConkey Broth (MCB) Growth‐promoting E. coli

Inhibitory S. aureus
MacConkey Agar (MCA) Growth‐promoting 

and indicative
E. coli

Test for Salmonella
Rappaport Vassiliadis 
Salmonella Enrichment Broth 
(RVSEB)

Growth‐promoting Salmonella enterica (e.g. 
ATCC 14028)

Inhibitory S. aureus
Xylose Lysine Deoxycholate 
Agar (XLDA)

Growth‐promoting 
and indicative

S. enterica

Test for P. aeruginosa
Cetrimide Agar (CA) Growth‐promoting P. aeruginosa

Inhibitory E. coli
Test for S. aureus
Mannitol Salt Agar (MSA) Growth‐promoting 

and indicative
S. aureus

Inhibitory E. coli
Test for Candida albicans
Sabouraud Dextrose Broth (SDB) Growth‐promoting C. albicans
Sabouraud Dextrose Agar (SDA) Growth‐promoting 

and indicative
C. albicans

Shelf Life Validation of Nutrient Medium

During shelf life, the growth medium must keep its growth‐promoting and 
physical–chemical properties. In order to validate a shelf life, the following 
approach may be followed:

At the beginning of the shelf life, test the pH of the medium and verify the 
growth promotion of a selection of microorganisms (e.g. compendial test strains 



5.6 Test Method Overview 125

5.6  Test Method Overview

Microbiological examination of non‐sterile dosage forms is generally executed 
according to the methods described in the harmonized chapters of the Ph. Eur. 
2.6.12/2.6.13, USP <61>, <62>, and JP 4.05 I/II.

The tests should be carried out aseptically under conditions designed to 
avoid accidental contamination of the product to be examined. To this end 
the tests are typically executed under a Unidirectional Air‐Flow cabinet. The 
cabinet’s testing environment should be tested periodically for air and sur-
faces using either settle plates or active air monitoring and contact plates to 
demonstrate that microbiological levels remain low (Figure 5.2).

Receipt of the samples and the test results (raw data), as well as their evalua-
tion and interpretation are to be documented according to cGMP rules.

For the quantitative microbial enumeration testing, the membrane‐filtration 
method, the plate‐count methods, or the MPN method can be employed. The 
test method to be applied depends on the physical/chemical (e.g. solubility 
and miscibility) and the antimicrobial properties of the product. If possible, the 
membrane filtration method is to be preferred to the plate‐count methods 
and the latter to the MPN method (Table 5.8).

and relevant in‐house isolates) as described above. Three replicates per micro
organisms at a minimum should be used. Store the media for a period of time 
determined as shelf life (e.g. six months) under the storage conditions that will 
be used. After storage, retest the pH and inoculate the medium using the same 
selection of microorganisms as for the beginning of shelf life. In parallel, inocu
late a freshly prepared medium with the same microbial inoculum used for the 
six months stored medium.

As acceptance criteria, the pH must be within the defined range (e.g. 7.0–7.4) 
and the microbial recovery on the stored medium of each test strain should not 
differ by a factor 2 of the recovery of the freshly prepared medium. In addition, 
when pooling the data, the overall microbial recovery should not be significantly 
different between stored and freshly prepared medium. For this evaluation use 
either a classical statistical hypothesis test (e.g. 2 sample t‐test if data are nor
mally distributed) or a non‐inferiority test.

The media should then not be used beyond the expiry date determined using 
the shelf life validation.

In order to comply with continuous process verification standards, it is also 
advisable to check the validity of the shelf life periodically (at least once per 
year) by carrying out growth promotion tests when a batch reaches the end of 
shelf life and compare the microbial recovery to a fresh medium batch.
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For the qualitative absence of specified microorganisms, the diluted or undi-
luted product to be examined is directly transferred into the enrichment media. 
After the specified incubation time, at a given temperature, subcultures are 
cultivated on selective agar plates or selective liquid medium.

Table 5.8 Overview of test methods based on the nature of the product.

Nature of product Method of choice

Aqueous, water‐soluble, 
and oily products

Membrane filtration
with subsequent incubation of the filters on appropriate, solid 
nutrient media
Whenever possible, use the membrane filtration method since 
it has a higher sensitivity.

Products insoluble in 
water and fatty products

Plate‐count procedures
Transfer of the suspended or emulsified materials into (pour‐plate) 
or onto nutrient media (surface‐spread) which contain agar
or
Enumeration using dilution series (MPN)
Transfer of the suspended or emulsified materials into series 
of tubes with liquid nutrient medium.
Whenever possible, use the pour‐plate method.

Figure 5.2 Example of laminar flow hoods within a microbiological laboratory. Source: 
Courtesy of BAV Institut GmbH Offenburg, Germany.
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5.7  Verification of the Suitability of the Method

If the pharmacopoeia compendial test method is used, it is not necessary to 
carry out an extensive analytical test method validation where many different 
validation criteria have to be fulfilled (e.g. limit of detection, accuracy, preci-
sion, etc.). Nonetheless, it should be verified that microorganisms present in a 
product can be recovered with the test method used and that the product does 
not inhibit microbial growth or affects the performance or reading of the 
method.

The method suitability is verified:

 ● With each new product or dosage form and/or its corresponding API or 
excipient.

 ● When there is a change in the test procedure.
 ● When there is a change in the product which could have an influence on the 

test result or microbial growth.

The suitability of the methods is checked with and without the presence of 
the product, preferably by three independent experiments. Some companies 
also check the suitability on three different batches to cover batch variation.

For very early phases of development, where not enough product is available 
for a suitability test, some companies use a standard test method (e.g. using 
several inactivators and dilutions) based on the product’s composition without 
having executed a suitability test.

A bracketing approach can be used when performing method suitability for 
a drug product with various dosage strengths when the highest and lowest 
dosage strengths differ only by their API content. Placebos should be tested 
separately.

To verify testing conditions, a negative control is performed using the 
chosen diluent in place of the test preparation. There must be no growth of 
microorganisms. A failed negative control would require an investigation.

5.7.1 Sample Preparation

The verification of the method enables to determine the suitable dilution 
factor and type of diluent used. Typical diluents are buffered sodium chlo-
ride–peptone solution pH 7.0, phosphate buffer solution pH 7.2, or SCDB. 
The sample preparation detailed below is based on USP <61> and the author’s 
experience:

 ● Aqueous or water‐soluble products
Dissolve or dilute 10 g or 10 ml of the product to be examined in the diluent 
to the appropriate dilution level (e.g. 1  : 10 with 10 ml or 10 g product in 
90 ml diluent). The characteristics of the product may necessitate the use of 
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larger volumes. If necessary, adjust the pH value to pH 6–8. If appropriate 
or needed, prepare further dilutions using the same diluents.

 ● Nonfatty products, insoluble in water
Suspend 10 g or 10 ml of the product to be examined in the diluent to the 
appropriate dilution level (e.g. 1 : 10). Help suspend e.g. by vigorously shaking 
in a suitable container which contains glass beads, or by constant stirring for 
not longer than 30 minutes. If necessary, homogenize the suspension 
mechanically by means of a mixer or other apparatus. The characteristics of 
the product may necessitate the use of larger volumes. A suitable surface‐
active agent such as polysorbate 80 may be added to assist the suspension of 
poorly wettable substances. If necessary, adjust the pH value to pH 6–8. 
Prepare further dilutions using the same diluent.

 ● Fatty and oily products
Homogenize 10 g or 10 ml of the product to be examined with the minimum 
required amount of sterile polysorbate 20 or polysorbate 80 or another non‐
inhibitory surface‐active agent. As an alternative, sterile‐filtered isopropyl 
myristate may be used for homogenization. Heat if necessary to not more 
than 40 °C, or in exceptional cases, to not more than 45 °C for a short period.

Mix carefully at this temperature (40 °C). Then, if necessary, add a diluent 
pre‐warmed to not more than 40 °C to make a 1 : 10 dilution. Maintain the 
temperature at 40 °C for the shortest period necessary for the formation of an 
emulsion and in no case for more than 30 minutes.

Note:
Only sterile‐filtered isopropyl myristate may be used since hydrolysis products 
with antimicrobial activity are formed on heating the substance.

 ● Liquids or solids in the form of aerosols
Disinfect the outside of 10 dosing units by wiping with a sterile paper cloth 
soaked in 70% isopropyl alcohol. Spray the entire contents via a sterile spraying 
head into a sterile glass bottle with glass beads. Shake the dosing units well prior 
to and during spraying. When no more aerosol is coming out, punch a hole in 
the side of the container using suitable tongs, in order to enable the aerosol to 
evaporate completely. Then, using flat tongs and applying gentle pressure, cut 
open the units in the upper quarter of the container height. Pipette 5 ml of dilu-
ent (e.g. buffered sodium chloride – peptone + 5% polysorbate 80), pre‐warmed 
to 40 °C, into each dosing container. While pipetting, rotate the container in 
order to thoroughly wet it inside. Then, transfer the whole volume of all 10 
dosing units to the bottle containing glass beads and shake well.

 ● Transdermal therapeutic systems (TTS)
Disinfect the outside of 10 patches with sterile paper cloths soaked in 70% 
isopropyl alcohol and remove the cover sheets using sterile forceps. Stick 
each patch onto sterile gauze and transfer to a sterile glass bottle with a 
magnetic bar. Then add e.g. 500 ml of diluent and stir on a magnetic stirrer 
for at least 30 minutes.
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5.7.2 Method Suitability for Microbial Enumeration Tests

The diluted product (starting with a 1 : 10 dilution) and the diluent chosen 
(as a positive control) are inoculated with the test microorganisms specified 
in Table 5.9, a level of not more than 100 CFU. Each test strain is examined 
separately. In some particular cases, it may be necessary to use additional test 
strains as those provided in the corresponding pharmacopoeia (e.g. B. cepa-
cia for inhalation products).

5.7.2.1 Membrane Filtration
Prior to use, sterilize the filtration units. The filters must have a diameter of 
approximately 50 mm and a nominal pore size of not more than 0.45 μm. It is 
not specifically required in the harmonized pharmacopoeia to carry out the 

Table 5.9 Test microorganisms and incubation conditions for determining the suitability 
of the microbial enumeration test based on USP<61>and Ph. Eur. 2.6.12.

Microorganism
Total aerobic microbial 
count

Total combined yeasts/
molds count

Staphylococcus aureus SCDA MPN SCDB
≤100 CFU
30–35 °C
≤3 days

 
 
–

Pseudomonas 
aeruginosa

SCDA MPN SCDB
≤100 CFU
30–35 °C
≤3 days

 
 
–

Bacillus subtilis SCDA MPN SCDB
≤100 CFU
30–35 °C
≤3 days

 
 
–

Candida albicans SCDA
≤100 CFU
30–35 °C
≤5 days
MPN not applicable

SDA
≤100 CFU
20–25 °C
≤5 days

Aspergillus brasiliensis SCDA
≤100 CFU
30–35 °C
≤5 days
MPN not applicable

SDA
≤100 CFU
20–25 °C
≤5 days
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test in duplicate. Some testing laboratories nevertheless duplicate the determi-
nation as part of the inoculum variability is then covered.

Typically dilute the product as indicated in sample preparation, add the 
appropriate microbial suspensions, and filter the equivalent of 1 g or 1 ml 
product containing the microbial suspension. The microbial suspension is 
added in the product dilution. The volume of the microbial suspension should 
not exceed 1% of the volume of diluted product. Filter immediately, and rinse 
the membrane filter with an appropriate volume of diluent. The volume of 
rinsing liquid can be adjusted and depends on the properties of the sample to 
be examined (e.g. antimicrobial activity) but should not exceed 5 × 100 ml. 
Excessive rinsing may result in microorganisms being rinsed through the filter. 
In the case of oily products, the rinsing liquid may contain a surface‐active 
agent such as polysorbate 20 or 80 at a concentration of not more than 5%.

After rinsing, take hold of the filters by the edge using sterile forceps and trans-
fer with the contaminated side facing upwards onto the appropriate agar medium. 
Incubate the plates upside down (with the lid facing downwards) and carry out 
the determination in duplicate. The incubation is not more than 3 days at 30–35 °C 
for bacteria and not more than 5 days at 20–25 °C for yeasts or molds.

Example of a procedure for a 1 : 10 dilution.

 ● Weigh in a sterile glass bottle 10 g or 10 ml of the filterable product (Figure 5.3).
 ● Add 90 ml of the suitable diluent (e.g. buffered sodium chloride–peptone 

solution). Mix and/or let dissolve the product.

Figure 5.3 Weighing of a cream in a sample container placed on a precision balance. 
Source: Courtesy of BAV Institut GmbH Offenburg, Germany.
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 ● In parallel, fill a control bottle with 100 ml diluent (e.g. buffered sodium chlo-
ride–peptone solution).

 ● Add in each of 5 containers (1 per test microorganism) 10 ml of the dissolved 
product.

 ● Spike each container with the diluted product and control bottle with 0.1 ml 
of a microbial inoculum that contains 3,000–10,000 CFU/ml test microor-
ganism (→microbial suspension volume = 1%).

 ● Filter 10 ml of the inoculated product diluent immediately (→1 g of product 
containing 30–100 CFU microorganisms are filtered).

 ● Rinse 1–3 times with 100 ml of buffered sodium chloride–peptone solution.
 ● Transfer the filter on the SCDA or SDA agar plate.
 ● Carry out the same procedure for the spiked control containing only diluent 

and test microorganisms and for the negative control containing only diluent.
 ● Incubate for bacteria not more than 3 days at 30–35 °C and for yeasts and 

molds not more than 5 days at 20–25 °C.

5.7.2.2 Plate Count Methods
The plate count methods are composed of the pour plate and the surface 
spread method whereas the pour‐plate method is generally preferred since the 
microorganisms are better distributed than the surface plate method and there 
is less mechanical/desiccation stress. Plate count methods are executed in 
duplicate plates per test condition.

5.7.2.2.1 Pour Plate Typically dilute the product as indicated in sample 
preparation, add the appropriate microbial suspensions. The volume of the 
microbial suspension should not exceed 1% of the volume of diluted product. 
Then, pipette 1 ml of the product dilution containing the microbial suspension 
into Petri dishes and add approximately 20 ml of liquefied agar at a temperature 
less than 45 °C. The incubation is not more than 3 days at 30–35 °C for bacteria 
and not more than 5 days at 20–25 °C for yeasts or molds.

Example of a procedure for a 1 : 10 dilution:

 ● Weigh in a sterile glass bottle 10 g or 10 ml of the filterable product.
 ● Add 90 ml of the suitable diluent (e.g. buffered sodium chloride–peptone 

solution). Mix and/or let dissolve the product. In parallel, fill a control bottle 
with 100 ml diluent (e.g. buffered sodium chloride–peptone solution).

 ● Transfer 10 ml of the product dilution in a suitable recipient (e.g. sterile beaker).
 ● Inoculate the 10 ml aliquot with not more than 100 μl of each microbial sus-

pension (concentrated at a level of 3,000–10,000 CFU/ml).
 ● Pipette 1 ml of the spiked product dilution into empty sterile Petri plates and 

add the appropriate volume (~20 ml for 9 mm Petri plates) of liquefied agar‐
based medium (at a temperature of not more than 45 °C). The final product 
concentration in the Petri plate is 0.1 g. Repeat this step to have duplicate 
results (Figures 5.4 and 5.5).
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 ● Allow the agar medium to solidify and incubate the plates upside down 
(with the lid facing downwards).

 ● Carry out the same procedure for the spiked control containing only diluent 
and microorganisms.

 ● Pipette 1 ml of the diluent containing no microorganisms and pour liquid 
agar for the negative control.

5.7.2.2.2 Surface Spread Method The test procedure is the same as for the 
pour plate apart that instead of pipetting the inoculated production dilution or 
diluent control in an empty Petri dish, 0.1 ml quantities of the dilutions are 
pipetted on the surface of an agar medium plate and then spread using a 
Drigalski spatula.

Figure 5.5 Solidified pour‐plated agar plates in the incubator. Source: Courtesy of BAV 
Institut GmbH Offenburg, Germany.

Figure 5.4 Pour plating medium into Petri dishes. Source: Courtesy of BAV Institut GmbH 
Offenburg, Germany.
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Incubate the plates upside down (with the lid facing downwards). Carry out 
the determination in duplicate. The incubation period is not more than 3 days 
at 30–35 °C for bacteria and not more than 5 days at 20–25 °C for yeasts or 
molds.

Enumeration and Requirements for the Membrane Filtration and Plate Count Methods
After incubation, the colonies on the duplicate plates of the product dilutions 
and controls are enumerated. The mean count of the product dilutions 
divided by the mean count of the controls should not differ by a factor greater 
than 2 (50–200%).

Examples:

Product A
By 1 : 10 dilution
Pour plate product #1 = 64 CFU
Pour plate product #2 = 48 CFU → mean 56 CFU
Pour plate control #1 = 79 CFU
Pour plate control #2 = 67 CFU → mean 73 CFU 

 

Mean product
Mean control

100
56

73
100 0 77 100 77

CFU

CFU
. %

 

Interpretation of result: For product A, a 1 : 10 product dilution is suitable.

Product B
By 1 : 10 dilution
Pour plate product #1 = 24 CFU
Pour plate product #2 = 15 CFU → mean 19.5 CFU → 20 CFU*

Pour plate control #1 = 50 CFU
Pour plate control #2 = 69 CFU → mean 59.5 CFU → 60 CFU* 

 

Mean product
Mean control

100
20

60
100 0 33 100 33

CFU

CFU
. %

 

Interpretation of result: For product B, a 1 : 10 dilution is not suitable and the 
method verification must be repeated either by increasing the product dilution 
or by adding neutralization agents as explained in Section 5.7.4.

In the quantitative tests TAMC and TYMC, the calculation of the product‐
specific detection limit is based on the lowest dilution which yielded a recovery 
rate of a factor 2 for a 1 g, 1 ml, or 1 system product basis. For example, if a 

* Mean is 19.5, respectively, 59.5 that may be rounded to the above decimal since in 
microbiology half colonies do not exist.
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recovery rate of at least 50% is obtained for a 1  : 10 product dilution in the 
TAMC pour‐plate suitability test, then the detection limit for the TAMC test 
is 10 CFU/g or ml.

For filtration, generally the equivalent of 1 g or ml or the product is filtered 
and the detection limit is then 1 CFU/g or ml.

If the recovery rate is too low in the 1 : 10 dilution, but sufficient in the 1 : 100 
dilution, the detection limit is 100 CFU/g or ml. If the recovery rate of micro-
organisms is not sufficient, additional dilutions can be tested (e.g. 1 : 20, 1 : 50, 
1 : 100, etc.) or more or larger plates can be used (e.g. 4 or 20 plates or 100 ml 
Petri dishes). If possible, the detection limit of the method should lie below the 
product specification by a factor of at least 10. The dilution level should not 
exceed the product specification level.

To demonstrate acceptable microbial recovery from the product, the lowest 
possible dilution factor of the prepared sample must be used for the test. Where 
this is not possible due to antimicrobial activity or poor solubility, further 
appropriate protocols must be developed. If inhibition of growth by the sample 
cannot otherwise be avoided, the aliquot of the microbial suspension may be 
added after neutralization, dilution, or filtration (see Section 5.7.4).

5.7.2.3 Most Probable Number Method
The MPN method is reserved for the determination of the TAMC in situations 
where the membrane filtration or plate‐count methods are inapplicable for 
chemical/physical reasons. The MPN method may also be used to enumerate 
swarming bacteria on agar media. The MPN method is generally not suitable 
for the determination of the total combined yeasts/molds count since unreliable 
results are obtained for the enumeration of molds. However, the author is of 
the opinion that using an appropriate protocol (for example, higher tube 
volume, longer incubation periods, other incubation temperatures), molds can 
be also enumerated.

The choice of the dilutions to be taken depends on the properties of the 
product to be examined (e.g. gelation ability and antimicrobial activity) and the 
given specifications.

 ● Prepare a series of at least three serial 10‐fold dilutions of the product. The 
first dilution (1 : 10) is 1 g or 1 ml of the product to be tested in 9 ml diluent 
(e.g. buffered sodium chloride–peptone). The 1 : 10 dilution is also spiked 
with the 100 μl of test microorganism. The microbial suspension concen-
tration is 300–1000 CFU/1 ml, thus the 1 : 10 dilution contains 30–100 CFU 
microorganisms. The second (1  : 100) is 1 ml of the first dilution in 9 ml 
diluent. The third is 1 ml of the second dilution in 9 ml diluent (Figure 5.6).

 ● Repeat the preparation but using 1 ml of diluent in the first dilution as 
control.
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1 g or ml
product

9 ml diluent
(e.g. BSCP)

1 : 10 product dilution
30–100 CFU

100 μl of 300–1000 CFU/ml
test microorganism

Transfer 1 ml

1 : 100 product dilution
3–10 CFU

Transfer 1 ml

1 : 1000 product dilution
≤ 1 CFU

9 ml
SCDB

1

9 ml
SCDB

2

9 ml
SCDB

3

9 ml
SCDB

4

9 ml
SCDB

5

9 ml
SCDB

6
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7
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SCDB

8
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SCDB

9

Product serial dilutions

10 ml diluent
(e.g. BSCP)

No product
30–100 CFU

100 μl of 300–1000 CFU/ml
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Transfer 1 ml

No product
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Transfer 1 ml

No product
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1
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4
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9 ml
SCDB
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8
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SCDB

9

Control serial dilutions

Negative control

No product
No microorganism

Figure 5.6 Schematic overview of the MPN serial dilutions.



5 Microbiological Examination of Non‐sterile Final Dosage Forms136

 ● Prepare 9 ml quantities of SCDB to a series of 19 test tubes. Arrange the 
tubes in 3 sets of 3 tubes +1 tube for the negative control.

 ● Into tubes 1–3, pipette 1 ml quantities of the 1 : 10 product. Into tubes 4–6, 
pipette 1 ml quantities of the 1  : 100 dilution; into tubes 7–9, pipette 1 ml 
quantities of the 1 : 1000 dilution.

 ● Repeat the same for the control without product.
 ● Add in a final tube 1 ml quantities of the diluent as a negative control.
 ● Incubate all the tubes at 30–35 °C for 3–5 days.

Depending on the properties of the product (antimicrobial effect), it is 
necessary to carry out the analysis in Erlenmeyer flasks and to increase the 
incubation volumes to e.g. 100 ml of SCDB (dilution effect).

If, due to the nature of the product, the results of the test are inconclusive or 
doubtful (turbidity due to the material), remove material from each of the test 
tubes after the incubation period and prepare subcultures on solid SCDA 
medium. Incubate the subcultures at 30–35 °C for 24–48 hours.

5.7.2.2.3 Enumeration and Requirements for MPN Method Determine the most 
probable number of microorganisms per g or ml of product according to 
Table 5.10. The calculated value from the product dilution must be within 95% 
confidence limits of the results obtained with the control.

Table 5.10 Most‐probable‐number values of microorganisms.

Three test tubes at each level of dilution

Most probable 
number per g 
or ml

95% 
confidence 
limits

Observed combinations of numbers of tubes showing 
growth in each set

0.1 g or ml per 
test tube (1 : 10)

0.01 g or ml per 
test tube (1 : 100)

0.001 g or ml per 
test tube (1 : 1000)

0 0 0 <3 0–9.4
0 0 1 3 0.1–9.5
0 1 0 3 0.1–10
0 1 1 6.1 1.2–17
0 2 0 6.2 1.2–17
0 3 0 9.4 3.5–3.5
1 0 0 3.6 0.2–17
1 0 1 7.2 1.2–17
1 0 2 11 4–35



Three test tubes at each level of dilution

Most probable 
number per g 
or ml

95% 
confidence 
limits

Observed combinations of numbers of tubes showing 
growth in each set

0.1 g or ml per 
test tube (1 : 10)

0.01 g or ml per 
test tube (1 : 100)

0.001 g or ml per 
test tube (1 : 1000)

1 1 0 7.4 1.3–20
1 1 1 11 4–35
1 2 0 11 4–35
1 2 1 15 5–38
1 3 0 16 5–38
2 0 0 9.2 1.5–35
2 0 1 14 4–35
2 0 2 20 5–38
2 1 0 15 4–38
2 1 1 20 5–38
2 1 2 27 9–94
2 2 0 21 5–40
2 2 1 28 9–94
2 2 2 35 9–94
2 3 0 29 9–94
2 3 1 36 9–94
3 0 0 23 5–9423
3 0 1 38 9–10 438
3 0 2 64 16–181
3 1 0 43 9–181
3 1 1 75 17–199
3 1 2 120 30–360
3 1 3 160 30–380
3 2 0 93 18–360
3 2 1 150 30–380
3 2 2 210 30–400
3 2 3 290 90–990
3 3 0 240 40–990
3 3 1 460 90–1980
3 3 2 1100 200–4000
3 3 3 >1100

Table 5.10 (Continued)
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For example:

Interpretation of result: For product A, the MPN value “93” is within the 95% 
confidence limits of the control (16–181). The method for product A is 
suitable (Table 5.11).

Interpretation of result: For product B, the MPN value “20” is within the 95% 
confidence limits of the control (17–199). The method for product B is 
suitable (Table 5.12).

Interpretation of result: For product B, the MPN value “20” is outside the 95% 
confidence limits of the control (30–380). The method for product C is not 
suitable (Table 5.13).

Table 5.11 Example of MPN calculation product A.

0.1 g per tube 
(1 : 10 dilution)

0.01 g per tube 
(1 : 100 dilution)

0.001 g per tube 
(1 : 1000 dilution) MPN

95% lower and upper 
confidence limits

Product dilution
3 2 0 93 18–360
Control
3 0 2 64 16–181

Table 5.12 Example of MPN calculation product B.

0.1 g per tube 
(1 : 10 dilution)

0.01 g per tube 
(1 : 100 dilution)

0.001 g per tube 
(1 : 1000 dilution) MPN

95% lower and upper 
confidence limits

Product dilution
2 0 2 20  5–38
Control
3 1 1 75 17–199

Table 5.13 Example of MPN calculation product C.

0.1 g per tube 
(1 : 10 dilution)

0.01 g per tube 
(1 : 100 dilution)

0.001 g per tube 
(1 : 1000 dilution) MPN

95% lower and upper 
confidence limits

Product dilution
2 0 2  20  5–38
Control
3 2 1 150 30–380
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5.7.3 Suitability of the Test Method for Absence of Specified 
Microorganisms

The suitability of the test method is verified according to the Pharmacopoeia 
chapters (e.g. USP <62>) and enables to determine the detailed test param-
eters (e.g. medium, dilutions, rinsing volumes, and exact incubation times) 
to ensure adequate recovery of specified microorganisms. The product is 
prepared as described in the testing of products for specified microorgan-
isms using the shortest incubation period possible (refer to Section 5.8.3). 
There are cases where applying strictly this rule would end up having ana-
lysts having to work in the middle of the night to evaluate growth. For 
instance, the suitability test of the absence of E. coli would require a first 
incubation of not more than 18 hours, a second of not more than 24 hours, 
and a third of not more than 18 hours (e.g. start incubation 4 p.m., end 
reading 4 a.m.).

This absurd timeline in terms of organization could be overcome either 
by incubating much less than the recommended hours (but with a risk of 
failing the suitability test due to lesser recovery of the test microorganism) 
or on the contrary extending the time of incubation at one of the enrich-
ment steps. For instance, for the absence of E. coli, the first incubation 
could last slightly less than 24 hours and the other incubation periods as 
recommended (e.g. start incubation 4 p.m., end reading 10 hours). However, 
in this case, it must be ensured that during routine product testing, the 
minimum incubation time of 24 hours for the first incubation is followed. 
The test strain is added at the time of mixing in the prescribed growth 
medium (e.g. SCDB) at a concentration of not more than 100 CFU. Each 
test strain is added individually. The control is composed of the diluent 
without product.

The test procedure is considered as valid if the specified microorgan-
isms are detected with the expected indicative reactions, as listed in 
Table 5.14.

Note: If other specified microorganisms are used, the enrichment or selec-
tive media may differ from the pharmacopoeia examples. For example, to test 
for the absence of B. cepacia, a pre‐enrichment in SCDB for 24–48 hours at 
30–35 °C followed by selection in a B. cepacia selective agar (e.g. Oxidation–
fermentation polymixin bacitracin lactose agar, B. cepacia selective agar, or 
Pseudomonas cepacia agar) for 18–72 hours at 30–35 °C may be applied. 
Actually, at the time of writing this chapter, the USP is drafting a chapter 〈60〉 
Microbiological Examination of Nonsterile Products – Tests for Burkholderia 
cepacia Complex for a specified microorganism testing of B. cepacia complex. 
This new USP chapter was available in the US PF 44 (5) for public commenting 
until the end of 2018.
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5.7.4 Examples of Procedures in Case the Method Suitability Fails

In cases where the microbial recovery is not sufficient to demonstrate that the 
method is suitable, modification of the test procedure may be carried out. 
These include:

 ● Increasing the product dilution. For instance, if microbial recovery by a 1 : 10 
dilution is too weak, then increasing the product dilution to 1 : 20, 1 : 50, or 
1  :  100 may reduce the antimicrobial activity. However, the dilution level 
should not be too excessive. It would not be acceptable to have dilutions 
higher than the acceptance criteria (e.g. 1 : 1000 dilution for an acceptance 
criterion of not more than 100 CFU/g).

 ● Increasing the rinsing volume for the membrane filtration method. 
Nonetheless, the rinsing should not be too excessive (e.g. not more than 
5 × 100 ml) to avoid that microorganisms are eventually rinsed through the 
membrane or a loss of filter retention capacity/integrity.

 ● Addition of neutralizing agents to the diluents or culture medium. In general, 
the diluents or nutrient media are supplemented with polysorbates (e.g. 
Tween 20 or Tween 80) as well as soybean lecithin. Other neutralizing agents 

Table 5.14 Indicative reactions of specified microorganisms in the method suitability test.

Medium Reactions Test strains

Test for bile‐tolerant, Gram‐negative bacteria
VRBGA Growth of colonies with reddish precipitate Escherichia coli, 

Pseudomonas aeruginosa

Test for E. coli
MCA Growth of red, generally non‐mucoid colonies 

sometimes surrounded by a reddish 
precipitation zone

E. coli

Test for Salmonella
XLDA Growth of red colonies, with or without black 

centers
Salmonella enterica

Test for P. aeruginosa
CA Growth of mostly greenish colonies P. aeruginosa

Test for Staphylococcus aureus
MSA Growth of yellow/white colonies surrounded by 

a yellow zone
S. aureus

Test for Candida albicans
SDA Growth of white, yeast‐like colonies C. albicans
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that may be used are described in Table 5.15 (list not exhaustive). If neutral-
izing agents are used, their absence of toxicity for microorganisms should be 
demonstrated (e.g. by carrying out a blank with neutralizer and without 
product).

For membrane filtration, if the antimicrobial activity cannot be eliminated 
after having modified the procedure as described above, the microbial suspen-
sion may be added in the rinsing liquid of the final rinsing step.

For the pour‐plate method, if the antimicrobial activity cannot be eliminated 
after having modified the procedure as described above, the microbial sus-
pension may be added directly in the Petri dish without contacting the product 
dilution before the agar‐based medium is poured.

Another possibility if the suitability cannot be shown is the use of an alterna-
tive method. Instead of the pour‐plate method, the membrane filtration or 
MPN method might give complying results. Other methods such as ATP 
Bioluminescence or SimPlate (etc.) would be an alternative, but would require 
validation prior to use.

Table 5.15 Common neutralizing agents and neutralizing method for interfering 
substances.

Interfering substance Potential neutralizing method

Alcohols Dilute
Aldehydes Dilute

Glycine
Thiosulphate

Bis‐biguanides Lecithin
EDTA Mg2+ or Ca2+ ions
Glutaraldehydes Sodium bisulphite
Halogens Thiosulphate
Iodine Polysorbate
Parabens Lecithin

Polysorbate
Phenols Dilute
Quaternary ammonium compounds Lecithin

Polysorbate
Mercurials Sodium bisulphite

Thioglycollate
Thiosulphate

Sorbates Dilute
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If the antimicrobial activity in relation to the microorganism tested cannot 
be neutralized in a given product, it can be assumed that the inhibited micro-
organism will not be present in the product. Nevertheless, routine testing of 
this product with the highest dilution and/or suitable inactivators compatible 
with microbial growth and the specific acceptance criterion should be performed 
in order to verify the antimicrobial activity as well as possibly to detect other 
test strains not included in the method suitability test.

5.8  Microbiological Examination of Non‐sterile 
Products

5.8.1 Microbial Enumeration Tests: Membrane Filtration and Plate 
Count Methods

The microbiological examination of non‐sterile products is executed accord-
ing to the method that was confirmed as suitable. A negative control may be 
performed during product testing to demonstrate the freedom of microbial 
contamination in the nutrient media and diluents and the efficiency of the 
aseptic measures and materials used in the test. The negative control should 
preferably cover all steps of the testing procedure. It should consist of prepar-
ing the dilution but replacing the diluent used (e.g. if 10 g of product is diluted 
in 90 ml diluent, the negative control consists of 100 ml diluent). A failed 
negative control must require an investigation.

5.8.1.1 Membrane Filtration
The filters are generally composed of mixed cellulose esters and have a diam-
eter of approximately 50 mm and a nominal pore size of not more than 0.45 μm. 
Usually 10 ml of the dilution representing 1 g or 1 ml of the product are filtered 
under a vacuum. After filtering, rinsing with the volume and type of rinsing 
liquid determined in the method suitability test is performed. After rinsing, 
take hold of the filters by the edge using sterile forceps and transfer with the 
contaminated side facing upwards onto the appropriate agar medium. Incubate 
the plates upside down (with the lid facing downwards).

5.8.1.2 Pour Plate Method
Test the sample based on the method confirmed in the method suitability test. 
Typically pipette 1 ml of the product dilution into Petri dishes (e.g. Ø 9 or 
14 cm) and add the appropriate volume of liquefied agar‐based medium 
(e.g. SCDA and SDA) at a temperature of not more than 45 °C. Allow the agar 
medium to solidify and incubate the plates upside down (with the lid facing 
downwards). Carry out the determination in duplicate.
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5.8.1.3 Surface Spread Method
Prepare the sample using the method that has been shown to be suitable. Use 
Petri dishes of normal size (9–10 cm Ø) with solid nutrient medium. Typically 
spread at least 0.1 ml quantities of the product dilution on the surface of the 
medium. Incubate the plates upside down (with the lid facing downwards). 
Carry out the determination in duplicate. Incubation times and the way to 
 calculate the results are the same as described for the pour‐plate method.

5.8.1.4 Incubation
TAMC: Incubate the agar‐based medium (e.g. SCDA) at 30–35 °C for 3–5 days.
TYMC: Incubate the agar‐based medium (e.g. SDA) at 20–25 °C for 5–7 days.

5.8.1.5 Counting
According to the harmonized pharmacopoeia chapters for TAMC all colony‐
forming units (CFUs) including yeasts and molds on SCDA must be enumer-
ated and for TYMC all CFUs on SDA including bacteria. If the growth of 
bacteria is expected in SDA and this might result in exceeding the total yeast 
and molds counts acceptance criteria, SDA may be also supplemented with 
antibiotic (e.g. chloramphenicol) to limit bacterial proliferation.

The Chinese Pharmacopoeia recommends daily reading of the plates. The 
author would not recommend daily reading since it is not necessary in most 
cases as microbial bioburden remains low in final formulated products and 
daily reading would cause momentary shifts in the incubation temperature, 
risk of cross contamination (especially if molds are growing), and unnecessary 
laboratory work.

The author would rather recommend for products with an expected high 
bioburden, where it might be difficult to count the colonies due to overlapping 
of the individual types of microorganisms, to count the cultures before the end 
of the defined incubation period at an appropriate interval.

After counting the colonies, the number of microorganisms per g or ml of 
product are calculated, assuming that for every visible colony there exists one 
CFU. Calculate the arithmetic mean of the colony counts from the duplicate 
plates of the given dilution. The colony counts are rounded up to the next 
whole number (worst case) before being multiplied by the dilution factor.

For membrane filtration if growth occurs on multiple dilutions, the dilutions 
that contain 25–200 bacterial and yeast colonies and/or 10–50 mold colonies 
per filter are preferably taken into account. If more than one dilution has 
growth within the optimal range, the worst‐case result should be reported. For 
the pour‐plate or surface spread method since the reading area is larger, the 
dilution where 25–250 bacterial and yeast colonies and 8–80 mold colonies 
per plate are preferably taken into account.
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Example 5.1 
Assuming that 20 and 12 colonies are counted on the filters from a 1 g product 
dilution: 

 
20 12

2
16 1 16CFU/g

 

Example 5.2 
Assuming that 12 and 13 colonies are counted on the plates from a 1  :  10 
product dilution (equivalent 0.1 g). In this case the colony counts are rounded 
to the highest number: 

 
12 13

2
13 10 130CFU/g

 

Example 5.3 
For a product with 2 dilution series, the following should occur. Assuming that 
35 and 26 colonies are counted on the plates from dilution 1 (1 : 10), and 2 and 
4 colonies on the plates from dilution 2 (1 : 100): 

 
35 26

2
31 10 310CFU/g

 

The 1 : 100 dilution is not taken into account since it is less precise.

If No Growth Occurs Do I Report 0 CFU?

No, since the final results depend on the detection limit and product dilution.
In the pour‐plate method a 1 : 10 dilution means that 0.1 g/ml of the product 

was pipetted in the empty Petri dish before medium was poured. This means 
that considering the acceptance criteria based on a 1 g basis, at least 10 micro
organisms would need to be present in the ml of the 1 : 10 dilution so that at 
least 1 colony is detected. Therefore, the detection limit is 10 CFU/g. If during 
routine testing no colonies are present on the nutrient media the final result is 
not 0 CFU/g but less than 10 CFU/g to take into account this limit of detection.

In the membrane filtration method if 1 g of the product is filtered, the result 
with no growth is less than 1 CFU/g.
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Example 5.4 
Assuming that no colonies are counted on the plates, the count per g or ml of 
sample is not 0 but has to take into account the detection level based on the 
lowest tested dilution. In case of a 1 : 10 dilution with no growth, the result 
would then be: 

 10CFU/g 

5.8.2 Microbial Enumeration Tests: MPN Method

5.8.2.1 Enumeration by Means of Serial Dilutions (MPN Method)
Prepare a series of 10 tubes containing 9 ml of SCDB or the medium deter-
mined in the method suitability test. Arrange the tubes in 3 sets of 3 tubes +1 
tube for the negative control. Into tubes 1–3, pipette 1 ml quantities of the 
product dilution, dissolved or homogenized in the ratio 1 : 10. Into tubes 4–6, 
pipette 1 ml quantities of the 1 : 100 product dilution; into tubes 7–9, pipette 
1 ml quantities of the 1 : 1000 product dilution; and into tube 10, pipette 1 ml of 
the diluent as a negative control.

Incubate all the tubes at 30–35 °C for 3–5 days. No growth of microorganisms 
must occur in the negative control.

If as demonstrated during method suitability, due to the nature of the 
product, the results of the test are inconclusive or doubtful (turbidity due to 
the product), remove material from each of the test tubes after the incubation 
period and prepare subcultures on solid agar medium. Incubate the subcultures 
at 30–35 °C for 24–48 hours.

Determine the most probable number of microorganisms per g or ml of 
product according to Table 5.10.

For example, if the growth combination is 3‐1‐1, the resulting most probable 
number is 75 CFU/g.

5.8.3 Test for Specified Microorganisms Procedure

The detailed test parameters (e.g. medium, dilutions, rinsing volumes, and 
exact incubation times) are established in the product‐specific method suita-
bility test. Tests are generally based on the harmonized compendial chapters 
as described below. An additional negative control composed of e.g. 1 ml of a 
diluent solution may be used during testing.

Examples of procedure for the testing of specified microorganisms adapted 
from USP <62> are written below.
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Bile‐Tolerant, Gram‐Negative Bacteria
Inoculate 10 g or 10 ml of the product directly into a volume of SCDB corresponding to 
the volume determined in the test for suitability of the method. Whenever possible, 
inoculate 90 ml of SCDB with 10 g or 10 ml of the product. Homogenize the mixture 
and incubate at 20–25 °C for a time sufficient to resuscitate the bacteria but not 
sufficient to encourage multiplication of the organisms (usually two hours but not 
more than five hours).
Mix the container and transfer 10 ml of the resuscitation culture or the quantity of the 
contents corresponding to 1 g or 1 ml into 90 ml of EEB medium. Then, incubate at 
30–35 °C for 24–48 hours.
Subculture onto VRBGA and incubate at 30–35 °C for 18–24 hours.
The growth of red colonies with a reddish precipitate indicates the presence of bile‐
tolerant, Gram‐negative bacteria.
The product passes the test if there is no growth.
In addition, the USP<62> also describes a quantitative test for bile‐tolerant Gram‐
negative bacteria.
Pseudomonas aeruginosa
Mix 10 ml of the prepared product corresponding to 1 g or 1 ml, into 90 ml of SCDB or 
into another suitable volume of SCDB determined in the test for suitability of the method. 
Incubate at 30–35 °C for 18–24 hours.
Subculture onto CA and incubate at 30–35 °C for 18–72 hours.
If growth occurs, the presence/absence of P. aeruginosa must be confirmed by suitable 
biochemical tests or identification systems.
The product passes the test if there is no growth of P. aeruginosa.
Staphylococcus aureus
Mix 10 ml of the prepared product corresponding to 1 g or 1 ml into 90 ml of SCDB or 
into another suitable volume of SCDB determined in the test for suitability of the method. 
Incubate at 30–35 °C for 18–24 hours.
Subculture onto MSA and incubate at 30–35 °C for 18–72 hours.
Yellow/white colonies surrounded by a yellow zone indicate the presence of S. aureus. 
The presence/absence of S. aureus must be confirmed by suitable biochemical tests or 
identification systems.
The product passes the test if there is no growth of S. aureus.
Escherichia coli
Mix 10 ml of the prepared product corresponding to 1 g or 1 ml into 90 ml of SCDB or 
into another suitable volume of SCDB determined in the test for suitability of the method. 
Incubate at 30–35 °C for 18–24 hours.
Mix well and transfer 1 ml of the SCDB culture into 100 ml of MCB. Incubate at 42–44 °C 
for 24–48 hours.
Subculture onto MCA and incubate at 30–35 °C for 18–72 hours.
If growth occurs, the presence/absence of E. coli must be confirmed by suitable 
biochemical tests or identification systems.
The product passes the test if there is no growth of E. coli.
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Salmonella
Inoculate 10 g or 10 ml of the product directly into 90 ml or into another volume of 
SCDB corresponding to the volume determined in the test for suitability of the method. 
Incubate at 30–35 °C for 18–24 hours.
Add 0.1 ml of the SCDB culture to 10 ml of RVSEB and incubate at 30–35 °C for 
18–24 hours.
Subculture onto XLDA and incubate at 30–35 °C for 18–48 hours.
Growth of well‐developed, red colonies with or without black centers indicates the 
presence of salmonellae. The presence/absence of Salmonella species must be confirmed 
by suitable biochemical tests or identification systems.
The product passes the test if there is no growth of Salmonella species.

Candida albicans
Mix 10 ml of the prepared product corresponding to 1 g or 1 ml into 90 ml of SCDB or 
into another suitable volume of SDB determined in the test for suitability of the method. 
Incubate at 30–35 °C for 3–5 days.
Subculture onto SDA and incubate at 30–35 °C for 24–48 hours.
If growth occurs, the presence/absence of C. albicans must be confirmed by suitable 
biochemical tests or identification systems.
The product passes the test if there is no growth of C. albicans.

Clostridia
Prepare a sample using a 1 in 10 dilution (with a minimum total volume of 20 ml) of not 
less than 2 g or 2 ml of the product to be examined. Divide the sample into 2 portions of 
at least 10 ml. Heat one portion at 80 °C for 10 minutes, and cool rapidly. Do not heat the 
other portion.
Selection and subculture – Use 10 ml or the quantity corresponding to 1 g or 1 ml of 
the product to be examined of both portions to inoculate suitable amounts 
(determined as described under Suitability of the Test Method) of Reinforced Medium 
for Clostridia. Incubate under anaerobic conditions at 30–35 °C for 48 hours. After 
incubation, make subcultures from each container on Columbia Agar, and incubate 
under anaerobic conditions at 30–35 °C for 48–72 hours.
Interpretation – The occurrence of anaerobic growth of rods (with or without 
endospores) giving a negative catalase reaction indicates the presence of Clostridia.
This is confirmed by identification tests. The product complies with the test if colonies 
of the types described are not present or if the confirmatory identification tests are 
negative.

If growth occurs on selective media, then the presence of microorganisms 
should be identified for confirmation. Even if the pharmacopoeia allows 
classical biochemical ID methods, the author recommend the use of genetic 
identification or identification systems that can identify to the species level 
(refer to Chapter 9).
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5.8.4 Method Transfer

The methods used to perform the microbiological examination of non‐sterile 
products are sometimes transferred from one analytical laboratory to another 
either located in the same organization or to an external contract laboratory.

Before transferring methods, it should be first ensured that the receiving site 
is working according to the same cGMP standards as the receiving site and in 
case of external laboratories that it has been appropriately qualified for testing 
(refer to Chapter 17). For transfer of analytical laboratory methods typically 
parallel testing is performed on the same product and results are directly 
compared with a tolerable acceptable difference. In microbiology, parallel 
comparison is nonsense. First of all, microbiological methods are far too variable 
and microorganisms are not homogenously distributed in the product. 
Secondly, if the product in question has overall good microbiological quality, 
the result would be 0 counts for the sender site and 0 counts for the receiving 
site which does not demonstrate anything.

Therefore, the author would suggest that the receiving site executes at least 
one method suitability test run using the same method as the sender site but 
with its own medium and test strains and laboratory conditions. If microbial 
recovery is within the acceptance criteria (factor 2), then the sender site is 
qualified to execute the test. A transfer protocol must be written by the sender 
site, a transfer report by the receiving site, and both must be approved by the 
quality assurance department of both sites.

An alternative is that the contract laboratory that executes the test carries 
out its own method suitability test with a different test method on at least three 
independent experiments.

If the receiving site fails to reproduce sufficient recovery, then a deviation 
investigation should be initiated and led by the sender site. The investigation 
should cover comparisons of nutrient media used and type and preparation 
of test strain inoculum since these two elements may affect significantly 
microbial recovery. If the receiving site constantly fails to recover an adequate 
number of microorganisms even after remediation actions have been imple-
mented, then it would not be qualified to execute the tests and an alternative 
solution must be found.

5.9  Elements to Consider for Raw Data Sheets

Pharmaceutical companies are working under cGMP rules that imply also 
demonstration of correct test execution according to a validated test method 
with qualified equipment and material by a qualified analyst and verification.

Therefore, the raw data sheet that contains test execution and results should 
contain at least the following elements:
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 ● Name of the analyst that has executed the test. If several analysts were 
implied in the testing, they should sign under each part of the test that they 
were involved in (e.g. weighing, dilution, pouring, filtering, results reading).

 ● Date and time of analysis. For procedures depending on time (e.g. incubation 
time), the time from start and end of the procedure should be written.

 ● Reference to the suitable method used (e.g. Method suitability report 
number or SOP). Alternatively, the method procedure may be described 
directly in the worksheet.

 ● Qualified equipment used (e.g. incubator, weighing balance, laminar flow 
hood, water baths).

 ● Dilutions used and resulting calculation for final results.
 ● Results. They should cover the final counts for TAMC and TYMC as well as 

biochemical methods or identification methods used for confirmation of 
specified microorganisms as well as the name of the species identified.

 ● Outcome of results. For instance, test complies or does not comply.
 ● Review and approval from supervisor and/or quality assurance.

Data integrity of GMP data generated when executing microbiological exami-
nation of non‐sterile products is explained in Chapter 12.
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6.1  Introduction

To test for microbial contamination, non‐sterile products are normally con-
trolled according to USP <61> and <62> or Ph. Eur. 2.6.12 and 2.6.13 (see 
Chapter 5). Acceptance criteria for these products are given by USP <1111> or 
Ph. Eur. 5.1.4. In order to be able to comply with these microbial requirements, 
the raw materials must show a low bioburden, and the production rooms, 
equipment, and processes must comply with GMP guidelines. Furthermore, the 
staff must be qualified and receive regular training in hygienic behavior. With all 
the measures for comprehensive microbiological quality assurance, the primary 
packaging that comes into contact with the preparation must not be forgotten.

Often the non‐sterile product is tested on the level of the bulk and in such cases 
the bioburden from the primary packaging is not assessed on this level. Even if the 
packed final drug product is controlled for microbial contamination and the 
results exceed the specification, it is not clear whether the contamination comes 
from the product (e.g. the bulk), was introduced during the packaging process, or 
comes from the packaging material itself. Thus, it makes sense to test the drug 
product on the bulk level and also to test primary packaging material, and to con-
trol the packaging process, e.g. by means of environmental monitoring and clean-
ing validation. This chapter will deal with testing of primary packaging.

6.1.1 Definition of Primary Packaging

In their Guidance for Industry, the FDA (1999) defines packaging material as 
follows: A primary packaging component means a packaging component that is 
or may be in direct contact with the dosage form.

Examples of primary packaging materials for non‐sterile dosage forms are:

 ● Containers
 ● Tubes
 ● Pipettors
 ● Droppers
 ● Foils
 ● Blister‐pack material
 ● Bags
 ● Plugs
 ● Caps

In general, these packaging materials are made of different components, 
which are often glass, metal, and plastics. Some of these components are spe-
cifically defined in Ph. Eur. chapter 3 “Materials for containers and containers” 
but without microbial specifications:

 ● Plasticized poly(vinyl chloride)
 ● Polyolefin
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 ● Polyethylene with or without additives
 ● Polypropylene
 ● Poly(ethylene‐vinyl acetate)
 ● Silicon
 ● Non‐plasticized poly(vinyl chloride)
 ● Polyethylene terephthalate
 ● Glass
 ● Metal, especially aluminum
 ● Cotton

The primary packaging of pharmaceutical dosage forms must be designed, 
produced, and processed in a way that does not change the safety, identity, 
strength, quality, and purity of the medical product beyond its specification 
(Rieth and Krämer 2016, Figure 6.1). From a microbiological point of view, the 
most important functionality is the protection it offers from contamination as 
well as preventing ingress of moisture that may lead to subsequent spoilage 
(Figure 6.1). Firstly, highly contaminated primary packaging might directly con-
taminate the drug product. This could impair the therapeutic effect or adversely 
affect the galenic stability of the preparation; or the microorganisms, especially if 
they are pathogenic, could directly harm the patient. Secondly, the packaging 
material has the functionality of protecting the drug product from contamina-
tion from the outside. Only properly designed, properly used packaging that is 
suitable for the preparation and delivered in good quality can fully meet this task 
(Hecker 1992). Furthermore, if moisture can enter the packed drug product, the 

Protection from
contamination

Stability (for the 
period of 

application)

Sustainable
stability

Protection from
moisture and 
evaporation

Protection from 
light and oxygen

No interactions 
(leachable and 

absorption)
Tightness

Strength

Figure 6.1 Summary of the different functionalities of primary packaging materials with 
focus on microbial contamination, i.e. descending functionality from a microbiological 
point of view. Source: Adapted from Rieth and Krämer (2016).
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water activity might increase to a level where microbial growth, especially molds, 
is possible and will spoil the product, putting the patient at unnecessary risk.

The microbial contamination introduced through primary packaging needs 
to be addressed for certain products such as liquid dosage forms or inhalers. 
The following list of non‐sterile‐drug‐product application forms attempts to 
prioritize the criticality for the patient if microbial contamination is introduced 
into the drug product by the primary packaging:

1) Non‐preserved liquid products (e.g. nasal spray and inhalation products)
2) Non‐sterile products with high water activity (aw > 0.75)
3) Non‐preserved creams
4) Transdermal patches
5) Preserved creams
6) Capsules filled (preserved) with liquid
7) Suppositories
8) Dry products (e.g. tablets and capsules in powder form or inhalers)

6.1.2 Microflora in Packaging Materials

Basically, when packaging material is manufactured under controlled condi-
tions (GMP or ISO standards) it will have a very low bioburden due to the high 
temperature used during production (e.g. melting of glass, metal, or plastic). 
Only during the subsequent process (handling of finished primary packaging, 
storage, and shipment, especially when cardboard is used), might microbial 
contamination be reintroduced to the material (Payne 2007).

Several studies have been published on the microbial testing of primary 
packaging. Krüger (1970) examined different primary packaging materials 
(polystyrene and aluminum tubes, glass and polyethylene containers, and PVC 
blisters). Some of them (e.g. polystyrene tubes for oral tablets) had a microbial 
contamination of more than 1000 CFU/unit in 60–85% of the samples tested. 
This high contamination was probably due to the packaging and transport 
conditions from the supplier since the tubes showed optical dust contamina-
tion on receipt. On the other hand, in the same study, very low bioburden was 
found, for example, for aluminum tubes.

High microbial numbers (>104 CFU/unit) were found in cotton used as pri-
mary packaging (Dacarro et al. 1987). Such high numbers can be confirmed by 
the authors’ experience where similar contamination was found in cotton used 
as an overlayer or protection for tablets in containers (e.g. vitamins). This high 
level of contamination is not surprising since cotton is a natural product (pro-
tective case around the seeds of the cotton plants), which when untreated can 
have a high bioburden.

The most exhaustive published study is probably that by Payne (2007) based 
on the data from Negretti (1981). The data of this study are summarized in 
Table  6.1. The highest contamination rates were found for cap liners (96%), 
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plastic bottles (95%), droppers (94%), and metal tubes (90%). The lowest levels 
of contamination were found for blisters with 34%. It is interesting to note that 
several potential objectionable microorganisms such as Escherichia coli, Staph
ylococcus aureus, Pseudomonas aeruginosa, or Klebsiella pneumoniae were also 
found. However, the containers had a generally low level of contamination, i.e. 
only in 2.5% of the cases was the CFU number per container above 50.

A further study was published by Bouska et al. (1980). Here, several labs tested 
a total of approximately 2000 glass bottles, 11 different types or volumes from 5 
different suppliers. In 41.1% of the cases no microorganisms were detected and 
in 71–100% of the tests 0–9 CFU/unit were found. For 4 bottle types, more than 
100 CFU/unit were found in 0.9%, 1.7%, 1.7%, and 6.5% of the tests. The latter 
bottle (a 50 ml bottle from supplier A) showed a generally relatively high con-
tamination rate, thus this one could be seen as an out‐of‐trend (OOT) supplier 
or bottle type. In only one bottle type was the highest detected CFU value above 
1000 CFU/unit (again the 50 ml bottle from supplier A), all the others were below 
1000 CFU/unit. In total, 98.3% of the bottles tested showed a value below 
100 CFU/unit. From a qualitative point of view, the isolates found were identified 
and in only two tests was S. aureus found, in one case Streptococcus group D and 
in another case a coliform bacterium. In conclusion, these results show generally 
very low bioburden in glass bottles used for pharmaceutical preparations.

Hecker (1992) tested glass containers used for oral liquids and found results 
comparable to Bouska et al. (1980), i.e. the bioburden was found to be very low. 

Table 6.1 Summary of the data from Negretti (1981).

Type of 
container

Number 
examined

Number 
contami
nated

Number of containers contaminated with

Bacilli Mold
Escher ichia 
coli

Pseudomonas 
aeruginosa

Staphylococcus 
aureus

Glass 
bottles

1000 546 308 103 6 4 25

Plastic 
bottles

1000 948 466 686 19 0 40

Metal 
tubes

1000 897 521 248 11 0 64

Droppers 500 468 187 189 10 0 44
Cap 
liners

500 482 257 151 8 0 14

Blisters 200 67 42 9 0 0 4

Source: Adapted by Payne (2007).
The following further species were found: Enterococcus faecalis, Klebsiella pneumoniae, Serratia 
spp., Enterobacter spp., Yersinia spp., Citrobacter spp., Proteus spp., and Hafnia spp.
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For plastic containers, foils, and dosing aids, the bioburden was also in general 
below the internal acceptance criteria. They found aerobic spore‐forming bacte-
ria or molds when the contamination came from the environment and typical 
human‐related bacteria (Micrococcus or Staphylococcus) when human interven-
tions during the production, packaging, or transport were involved. Pathogenic or 
objectionable microorganisms were found in only very rare cases (Hecker 1992).

These findings can be confirmed by the authors’ experience. During all the 
testing seen so far, only in rare cases was relevant contamination detected (see 
Section 6.7 for some examples).

The microbiological testing data from January 2016 to July 2018 for the pri-
mary packaging of a diverse portfolio of non‐sterile products from a pharma-
ceutical manufacturer was analyzed. In total, 1417 primary packaging tests 
were performed. Table  6.2 gives an overview of the amount tested and the 
batches that were rejected or investigated. From the six rejected batches five 
were for inhalers, which have very tight specifications (10 CFU/inhaler), and 
two of these five cases were rejected because the CFU number could not be 
evaluated (swarming bacteria). In the other 3 cases, 11 CFU/unit were found 
and the root cause was a contamination introduced by the supplier. The last 
case was the cover of a container, which showed agar plates overgrown with 
molds. Here, the investigation showed that the real CFU number was within 
specification, but it was classified as OOT. In Table 6.3 the distribution of the 
CFU numbers found for total aerobic microbial count (TAMC) and molds is 
summarized for the different categories of primary packaging. These data 
show the high microbiological quality of primary packaging. In 99.6% of the 
cases, the CFU number was less than 10 CFU/unit. The 10 CFU/unit specifica-
tion limit applies only to the inhaler, while higher numbers (mostly 100 CFU/
unit) are acceptable for the other materials.

6.1.3 Antimicrobial Packaging

Active packaging is a packaging system that possesses attributes beyond basic 
barrier properties. This is achieved by adding active ingredients to the 

Table 6.2 Summary of the number of accepted and rejected batches 
tested per year.

Year Accepted batches Rejected or OOT batches

2016 590 5
2017 564 1
2018 257 0

Remark: one of the rejected or OOT (out of trend) batches could be 
released after further investigation (see text for details).
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packaging system or using an actively functional polymer (Han 2003). These 
systems are able to inhibit or kill microbial contaminants in the packed prod-
uct. To the author’s knowledge, antimicrobial packaging is not applied in phar-
maceutical packaging development. In contrast, in the food industry, the use of 
specific antimicrobial active substances in packaging materials (Table 6.4) has 
been established for several years. Its primary goals are (i) safety assurance, (ii) 
quality maintenance, and (iii) shelf‐life extension (Han 2003), similar to the 
functionality of primary packaging for drug products, as mentioned above. It is 
likely this approach is not taken in the pharmaceutical industry as a lot of drug 
products do not promote microbial growth per se and, where this is the case, 
an antimicrobial preservation system (e.g. parabens, benzoic acid, propylene 
glycol, and ethanol) is added to the drug. However, the use of antimicrobial 
active substances in the primary packaging rather than in the drug product 
itself could be an attractive option.

Another possibility to reduce the risk of microbial contamination in the 
packaged product and thereby increase drug product safety is hurdle technol-
ogy. This technology is described in the PDA TR 67 (2014) for its application 
in the pharmaceutical industry, especially in non‐sterile manufacturing, but 
was developed by the food industry (e.g. Han 2003). With hurdle technology, 
barriers are introduced to the process to reduce microbial contamination risks. 
In manufacturing, hurdles might be high temperature, low water activity, high 
acidity, reduced redox potential, etc. For the primary packaging system, hur-
dles would be physical barriers, moisture barriers, or antimicrobial ingredients 
in the packaging (see Figure 1.3 in Chapter 1) that in combination would reduce 
microbial contamination or its proliferation.

Table 6.4 Summary of some antimicrobial active substances.

Antimicrobial active 
substance Example Packaging

Organic acids Benzoic acid, paraben, sorbate PE, LDPE, styrene
Enzymes Lysozym, EDTA, glucose 

oxidase
PVAL

Bactericides Nisin PE, HPMC
Fungicides Benomyl, imazalin Ionomer, PE, LDPE
Polymers Chitosan Paper, LDPE, nylon
Natural extracts Grapefruit juice, silver, eugenol LDPE, nylon, paper
Gas Ethanol, hinokitiol Silica gel, plastic 

films

Source: Adapted from Han (2003).
HPMC, hydroxypropyl‐methylcellulose; LDPE, low density polyethylene; PE, polyethylene; 
PVAL, polyvinyl alcohol (water‐soluble films).
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6.2  Guidelines and Literature

The pharmaceutical industry requires specifications, regulations, and quality 
control requirements, which clearly dictate how the product or the process 
needs to be controlled. Without such regulations, they often face the problem 
that they do not know how to produce or control the product. The same is true 
for the microbiological control of primary packaging. Indeed, there are a lot of 
regulatory or guiding documents on primary packaging in regard to usage, 
composition, etc., but hardly anything on microbiological quality. In the cur-
rent section some regulatory texts are summarized and interpreted according 
to the author’s views on microbiology.

Searching the online version of the European Pharmacopoeia (Ph. Eur.) for 
the word “containers” in combination with “microbiology,” only 2 hits appear: 
Ph. Eur. chapters 2.6.7 and 5.1.6. However, both chapter do not give any infor-
mation on the microbiological control of containers or primary packaging. 
There are several interesting Ph. Eur. chapters on physical aspects of containers 
(see Table 6.5): however, none of them gives us any information for microbio-
logical testing.

Further guiding regulatory documents are summarized in Table 6.5. In most 
of these documents no microbiological requirements or information on micro-
biological testing are given.

In EudraLex (2015) chapter 5 “Production” in paragraph “Packaging mate-
rial,” it is mentioned that primary packaging should be controlled in a compa-
rable way to starting materials. Here, the question is what kind of controls 
apply to starting materials, especially with regard to microbiology. Furthermore, 
in Annex 5 of the EudraLex (2004), which talks about the sampling of starting 
materials and packaging materials, again no microbiological requirements for 
microbiology are found.

Two paragraphs from the Code of Federal Regulation (CFR 2017a, 2017b) 
are cited in Table 6.5, where the microbiological testing of containers can be 
interpreted, at least to a certain degree. From the FDA there are two 
Guidance for Industry documents, which mainly refer to parenteral prod-
ucts (see Table 6.5, FDA 1999, 2004). However, in the author’s opinion, these 
could also be applied to primary packaging materials used for non‐sterile 
manufacturing.

In chapter 3.2.2 of Annex 9 of the WHO (2002), some information is given 
for routine testing of packaging materials and containers. Here, it is clearly 
stated that microbiological tests are also needed (Table 6.5). It is interesting to 
note that the EMA document from 1998 is quoted here (EMA 1998). In the 
new version of this document no microbiological requirements for packaging 
material are mentioned (EMA 2005).

In contrast, a passage from a German drug law (AMG 2017) is very clear: in 
§ 55 (8) in conjunction with § 13 of the regulations governing the operation of 







6 Microbial Requirements and Testing of Primary Packaging164

pharmacies (ApBetrO 2017) it is stated that primary packaging should protect 
the product from microbiological contaminations. Furthermore, in the guide-
lines to this document it is very clearly stated that primary packaging material 
must be subjected to microbiological examination (BAK 2016b).

Finally, in the DIN/EN/ISO 15378:2018‐04 it is stated that during manufac-
turing of primary packaging material, contamination risk needs to be pre-
vented and controlled. However, this implies no real control at the level of the 
customer (which applies to non‐sterile manufacturing of drug products). For 
the testing and validation of microbiological testing methods, the ISO 11737 
gives some methodological guidance mainly to be applied for medical devices 
but which can also be used for primary packaging (for further details, see 
Box 6.3).

In summary, although clear requirements for the microbiological testing of 
primary packaging are not given, it is quite obvious that testing can be antici-
pated with at least some of the text summarized in Table 6.5.

6.3  Acceptance Criteria and Testing Frequency

Clear acceptance criteria, which are often used as specifications, are defined for 
non‐sterile pharmaceutical preparations and substances for pharmaceutical 
use; for example, in the informative USP chapter <1111> and Ph. Eur. chap-
ter 5.1.4, and for microbiological attributes of non‐sterile nutritional and dietary 
supplements in USP chapter <2023> or for herbal medicine in Ph. Eur. chap-
ter 5.1.8. The harmonized acceptance criteria from USP <1111> and Ph. Eur. 
5.1.4 are summarized in Table 6.6. It is very important to mention that the inter-
pretation of these acceptance criteria allows a factor of 2. Therefore, if a drug 
product has an acceptance criterion of 101 CFU/g, its maximum acceptable 
count is 20 CFU/g. Furthermore, as well as the specific microorganisms defined, 
the significance of other microorganisms should be evaluated in terms of use of 
product, nature of the product, method of application, intended recipient, use 
of immunosuppressive agents, and presence of disease, wounds, and organ 
damage. If some objectionable microorganisms are found, the product should 
be rejected (for details on objectionable microorganisms, see Chapter 11).

6.3.1 Examples of Acceptance Criteria

One possible approach for acceptance criteria for primary packaging would be 
to apply the criteria from Table 6.6. This means 1000 CFU are used for a non-
aqueous preparation for oral use for TAMC, and by using 1000 CFU/g for the 
product itself, in the worst case the product has 2000 CFU/g in total and is 
therefore still within the acceptance criterion of Table 6.6 using the factor 2 
stated above. However, this is not really the intention of the factor 2 
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assumption and this also raises the question: Which unit is used to calculate 
the CFU for primary packaging. By 25 cm2 for a foil or per unit for a container? 
This approach would in any case allow quite high numbers for the primary 
packaging. But since the unit is not clearly defined, defending these acceptance 
criteria in applications, audits, or inspections could be quite tricky.

Another very reasonable approach was published by Hecker (1992) and later 
by Seyfarth (2003). Here, as a rule of thumb, 10% of the acceptance criteria for 

Table 6.6 The harmonized acceptance criteria for non‐sterile pharmaceutical preparations 
and substances for pharmaceutical use according to USP <1111> and Ph. Eur. 5.1.4.

Route of administration
TAMC (CFU/g 
or CFU/ml)

TYMC (CFU/g 
or CFU/ml) Specified microorganisms

Nonaqueous 
preparations for oral 
use

103 102 Absence of Escherichia coli 
(1 g or 1 ml)

Aqueous preparations 
for oral use

102 101 Absence of E. coli  
(1 g or 1 ml)

Rectal use 103 102 –
Oromucosal use, 
gingival use, 
cutaneous use, nasal 
use, auricular use

102 101 Absence of Staphylococcus 
aureus (1 g or 1 ml)
Absence of Pseudomonas 
aeruginosa (1 g or 1 ml)

Vaginal use 102 101 Absence of P. aeruginosa 
(1 g or 1 ml)
Absence of S. aureus  
(1 g or 1 ml)
Absence of Candida 
albicans (1 g or 1 ml)

Transdermal patches 
(limits for one patch 
including adhesive 
layer and backing)

102 101 Absence of S. aureus  
(1 patch)
Absence of P. aeruginosa 
(1 patch)

Inhalation use (special 
requirements apply to 
liquid preparations for 
nebulization)

102 101 Absence of S. aureus  
(1 patch)
Absence of P. aeruginosa 
(1 patch)
Absence of bile‐tolerant 
Gram‐negative bacteria 
(1 g or 1 ml)

Substances for 
pharmaceutical use

103 102 –

TAMC, total aerobic microbial count; TYMC, total combined yeast and mold count.
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the primary packaging from Table 6.6 are used. In Table 6.7 the approach of 
Hecker (1992) and Seyfarth (2003) are summarized. They defined the accept-
ance criteria for their primary packaging per unit (e.g. bottles), per g (for cot-
ton and foam), and per 100 cm2 for foils. This is indeed a very pragmatic 
approach, however, for bottles in particular, the differences in volume can be 
tremendous and therefore a special criterion might be needed. This is partially 
addressed in Table 6.7 by differentiating between two volumes. Furthermore, 
the question arises whether a criterion for specified microorganisms is needed 
or not. Hecker (1992), for example, tests for the absence of E. coli, Salmonella, 
P. aeruginosa, and coagulase‐positive Staphylococcus per unit. For containers 
used for topical medications, it is also necessary to show the absence of 
Enterobacteriaceae. Seyfarth (2003) does not outline an approach for specified 
microorganisms.

A more recent publication of possible acceptance criteria for primary pack-
aging material was published by Rieth (2017). He defined a very low level of 
bioburden and for only three different materials:

 ● Packaging for solid dosage forms: 10 CFU/g or ml of packaging content
 ● Packaging for liquid/pasty dosage forms: 1 CFU/ml of packaging content
 ● Packaging for plugs, closures, and covers: 10 CFU/unit (product contacting 

surface)

These are more stringent than those presented in Table 6.7, but again the 
question of the size of the primary packaging arises.

Two user examples of acceptance criteria for primary packaging materials 
are given in Tables 6.8 and 6.9. For that in Table 6.8, each grown colony was 

Table 6.7 Summary of the acceptance criteria for primary packaging according to Hecker 
(1992) and Seyfarth (2003).

Containers TAMC TYMC

Bottles of oral medications
≤50 ml
>50 ml

max. 100 CFU/unit
max. 1000 CFU/unit

max. 10 CFU/unit
max. 100 CFU/unit

Bottles and tubes for topical medications
≤50 ml
>50 ml

max. 10 CFU/unit
max. 100 CFU/unit

max. 5 CFU/unit
max. 20 CFU/unit

Closures and application devices max. 100 CFU/unit max. 10 CFU/unit
Cotton and foam rubber max. 1000 CFU/g max. 100 CFU/g
Foils 100 CFU/100 cm2 10 CFU/100 cm2

Source: Adapted from Hecker (1992) and Seyfarth (2003).
TAMC, total aerobic microbial count; TYMC, total combined yeast and mold count.
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additionally identified to exclude any objectionable microorganisms that were 
mainly defined as those specified in Ph. Eur. chapter 5.1.4: E. coli, Salmonella 
spp., S. aureus, P. aeruginosa, and Enterobacteriaceae (bile‐tolerant, Gram‐
negative bacteria). The second example (Table  6.9) does not check for any 
specified or objectionable microorganisms but more primary packaging types 
are differentiated and not only TAMC is checked but also TYMC.

6.3.2 Calculation Approach to Define Acceptance Criteria

As shown in Section 6.3.1, several quite pragmatic approaches exist to define 
the microbiological acceptance criteria for primary packaging materials. In 
this section a more scientific approach is presented where the criterion is 

Table 6.8 User example of acceptance criteria for primary packaging.

Packaging material TAMC Indicator microorganism

Container up to 200 ml 25 CFU/unit Absent in tested unit
Container 201–2000 ml 100 CFU/unit Absent in tested unit
Container >2000 ml 200 CFU/unit Absent in tested unit
Other materials 25 CFU/unit Absent in tested unit
Foils 100 CFU/100 cm2 Absent on 100 cm2

The following species were defined as indicator microorganisms: Escherichia coli, Salmonella 
spp., Staphylococcus aureus, Pseudomonas aeruginosa, and Enterobacteriaceae. TAMC, total 
aerobic microbial count.

Table 6.9 User example of acceptance criteria for primary packaging.

Packaging material TAMC TYMC

Foils for inhalation or patches 10 CFU/100 cm2 2 CFU/100 cm2

Inhaler 10 CFU/unit 2 CFU/unit
Foils for oral, solid dosage forms 100 CFU/100 cm2 10 CFU/100 cm2

Tubes, bottles (≤50 ml)
Tubes, bottles (>50 ml)

10 CFU/unit
100 CFU/unit

2 CFU/unit
10 CFU/unit

Bottles for ointments (≤50 ml)
Bottles for ointments (>50 ml)

10 CFU/unit
100 CFU/unit

2 CFU/unit
10 CFU/unit

Bottles for tablets (≤50 ml)
Bottles for tablets (>50 ml)

100 CFU/unit
1000 CFU/unit

10 CFU/unit
100 CFU/unit

Cap or cover 100 CFU/unit 10 CFU/unit

TAMC, total aerobic microbial count; TYMC, total combined yeast and mold count.
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defined according to the route of application and the surface of the primary 
packaging in contact with the amount of drug. Two examples are given in 
Boxes 6.1 and 6.2.

This approach calculates the amount of the drug product that comes into 
contact with primary packaging material. This is very important since, for 

Box 6.1 Calculation Approach for TAMC Testing of a Primary Packaging 
Material (in This Case an Aluminum Foil) in Relation to the Foil Surface 
and the Tablet Size. The Tablet Is Orally Applied

 ● Weight per tablet: 500 mg
 ● Thus, two tablets weigh 1 g and according to Table 6.6 the acceptance crite-

rion for TAMC is 103 CFU/g
 ● The following foil surface area comes into contact with 1 tablet: approximately 

12 cm2, thus for 2 tablets this size is 24 cm2

 ● 24 cm2 roughly corresponds to the surface of a standard contact plate
 ● Therefore, with one contact plate the contribution of the foil to 1 g of the oral 

tablet is tested
 ● Taking the 10% of the acceptance criterion stated in Table 6.6, the maximal 

acceptable contribution to 1 g drug product would be 102 CFU
 ● Consequently, a threshold value of 102 CFU/culture plate or 25 cm2 would 

be the acceptance criterion for this primary packaging

Box 6.2 Calculation Approach for TAMC Testing of a Primary Packaging 
Material (in This Case a Plastic Tube) in Relation to the Tube’s Surface 
and the Volume of the Gel. The Gel Is Cutaneously Applied

 ● The tube contains 30 g gel
 ● According to Table 6.6 the acceptance criterion for TAMC is 102 CFU/g
 ● The inner surface of the tube is approximately 60 cm2, i.e. 2 cm2 come into 

contact with 1 g of the gel
 ● A contact plate has a surface of approximately 25 cm2

 ● Taking 10% of value stated in Table  6.6, the acceptance criterion would be 
101 CFU/g gel

 ● Consequently, 101 CFU per 2 cm2, i.e. approximately 125 CFU/contact plate 
or 25 cm2

Alternatively:

 ● 30 g may contain 30 × 102 CFU
 ● Consequently, 60 cm2 may contain 3 × 102 CFU (using the 10% rule)
 ● Therefore, the threshold is 3 × 102 CFU/tube
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example, an individually packed tablet will have much more contact with the 
primary packaging compared to tablets in a container.

With this approach a product‐specific acceptance criterion is needed for each 
primary packaging. This will generate a lot more work than the approaches with 
a fixed level; however, once carried out this approach is much more specific, and 
the calculation itself is quite easy. Probably the bigger challenge is its application 
in the testing laboratory. In the lab, for example, several dozen foils are tested at 
the same time without necessarily knowing to which product they belong. Thus, 
the biggest challenge in the author’s opinion is not the calculation but the cor-
rect assignment of the primary packaging to the right drug product.

6.3.3 Comparison with Food Industry

Clearer primary‐packaging acceptance criteria are given for the food industry. 
Table 6.10 summarizes some examples. When these figures are compared with 
those detailed above, it can be seen that they are quite stringent, which makes 
sense as food products have higher potential for microbial proliferation, which 
is normally not the case for drug products.

6.3.4 Testing Frequency

For the testing frequency the main question is, if each batch (or lot) needs to be 
tested (lot‐wise testing) or if a lower testing frequency (e.g. every fifth or tenth 

Table 6.10 Some examples of acceptance criteria for primary packaging used in food 
industry.

Packaging 
material Parameter Standard value Basis Methods (e.g.)

Foils TAMC
TYMC
Enterobacteriaceae

≤2 CFU/100 cm2

≤1 CFU/100 cm2

Absent/100 cm2

IVLV Pour‐plate or 
contact method

Cup, bowls 
(≤500 ml)

TAMC
TYMC 
Enterobacteriaceae

≤10 CFU/100 ml
≤1 CFU/100 ml
Absent/100 ml

IVLV Rinsing method

Disposable 
container for 
milk

TAMC
Coliforme

≤50 CFU/100 ml
Absent/100 ml

IDF, 
FDA

Rinsing method

Source: Adopted from Beckmann (2010).
CFU, colony forming units; FDA, US Food and Drug Administration; IDF, International Dairy 
Federation; IVLV, Industrievereinigung für Lebensmitteltechnologie und Verpackungen; TAMC, 
total aerobic microbial count; TYMC, total combined yeast and mold count.
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batch, so‐called skip‐lot testing) is acceptable. To reduce the testing frequency 
from lot‐wise to skip‐lot testing a risk‐based approach should be implemented. 
Examples for such risk‐based approaches to define the testing frequency for 
non‐sterile drug products as well as drug substances and excipients are given 
in ICH Q6 (EMA 2000). Using the decision tree #6 Microbiological quality 
attributes of drug substances and excipients as basis, already with the first step 
(Is the drug substance/excipient capable of supporting microbial growth or via
bility?) the decision tree ends with the statement: Provide supporting data. 
Microbial limits acceptance criteria and testing may not be necessary. To pro-
vide supporting data, for example, the first 5 or 10 batches of the primary pack-
aging material is tested and if the results do comply with the acceptance 
criteria, then a skip‐lot testing (or no testing at all?) is possible. Such an 
approach is quite straight forward and easy. An alternative would be to look at 
the production process of the primary packaging to check for any microbio-
logical contamination risks (i.e. low risk is present if there are microbiological 
inhibitory steps such as high temperature, no usage of water, microbiological‐
controlled environment, and packaging process, storage, and transportation 
conditions). In such cases a reduced testing can be implemented (for further 
details on process risk assessment, see Chapter 2 or USP chapter <1115> or 
PDA TR No. 67).

However, in certain cases when the drug product is a product with a high risk 
for the patient, e.g. inhalers used for inhalation products, a lot‐wise testing is 
preferably implemented.

6.4  Test Methods

Specific methods for testing primary packaging for pharmaceutical use are, as 
far as the author knows, not described in any guiding or regulatory document 
but there are some descriptions in the book by Rieth (2017). However, in gen-
eral, the methods used for microbiological examination of non‐sterile products 
(Ph. Eur. 2.6.12 and 2.6.13 or USP <61> and <62>) can be applied. Using these 
methods, no method validation is needed since these are pharmacopoeial 
methods, i.e. in Chapter 1 in General Notices of Ph. Eur. it is stated that the test 
methods given in monographs and general chapters have been validated in 
accordance with accepted scientific practice and current recommendations on 
analytical validation. Unless otherwise stated in the monograph or general 
chapter, validation of the test methods by the analyst is not required. With this 
background it is easier to use these methods instead of developing further 
methods that need to be validated. However, some adaptation might be needed, 
which will be discussed hereafter. The main question that arises with these 
adaptations is whether they will change the method in such a way that a valida-
tion (e.g. according to Ph. Eur. 5.1.6 or USP <1223>) is needed or whether a 
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suitability test or a more sophisticated suitability test will suffice. Finally, it may 
also be questioned if a suitability test as such is needed since primary packag-
ing are generally inert with limited release of leachable chemicals and therefore 
no inhibition of microbial growth in nutrient media is expected. Thus, it might 
also be a possibility to skip the suitability test provided a scientific justification 
is in place.

Interestingly, ISO 11737‐1:2006 gives guidance and detailed methods for the 
determination of bioburden as used in the validation and monitoring of medi-
cal devices to be sterilized. This approach could in general – at least for some 
type of primary packaging – be applied (for further details, see Box 6.3).

Box 6.3 Some Details on the Approaches from ISO 11737‐1:2006

The ISO describes in the three annexes some possible approaches for the 
 enumeration of bioburden on medical devices and its validation (suitability 
test). They provide two general ideas: (i) repetitive treatment of a sample prod-
uct (i.e. that the product is several times tested for microbial contamination with 
the same method) or (ii) product inoculation with known levels of microorgan-
isms followed by quantitative assessment of the extent of recovery using a 
 specific method (e.g. rinse and membrane filtration or agar plating). For the 
second approach the question arises how comparable this is to the natural situ-
ation, i.e. how representative is such an inoculation compared to the natural 
bioburden on a product.

To remove microorganisms from the product, treatments used may either 
consist of rinsing (or elution) together with some form of physical force or direct 
surface sampling. A surfactant may be used to enhance the recovery. As physi-
cal forces in combination with rinsing the following methods are outlined: 
stomaching, ultrasonication, shaking, vortex mixing, flushing, blending, and 
swabbing. For direct sampling contact plating, agar overlaying or most proba-
ble number is mentioned.

For validation using the repetitive recovery approach the product to be 
tested is sampled several times (e.g. a surface is tested using contact plates until 
there is no significant increase in the accumulated number of microorganisms 
recovered). One possibility to know how many microorganisms are left on the 
surface is the coating of the surface with molten recovery medium. Using con-
tact plates on surfaces the recovery with the first plate has been shown to be 
approximately 50% (BUT for laboratory inoculated surfaces with known micro-
bial suspensions and not natural inoculated surfaces, see Section 6.4.3). In such 
a case a correction factor should be implemented.

Furthermore, validation using product inoculation is outlined in the ISO 
norm. The selection of the microorganisms is challenging since the use of veg-
etative microorganism is difficult in practices because loss of viability can occur 
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6.4.1 Membrane Filtration

Many primary packaging materials can be tested using the membrane filtra-
tion method described in Ph. Eur. 2.6.12 or USP <61>. A short protocol on how 
such testing for containers (bottles, vials, tubes, etc.) can be performed is sum-
marized here:

1) Sample a predefined number of containers (e.g. 40 units).
2) Fill each container with a washing solution (e.g. buffered sodium–chloride–

peptone solution pH 7.0 or phosphate buffer pH 7.2 or casein soya digest broth 
as described in Ph. Eur. 2.6.13 or USP <62>). In general, the addition of e.g. 0.2% 
polysorbate 80 is recommended for better wetting of the material surface.

3) Shake the units for 10–15 minutes or leave them for 30 minutes at room 
temperature to release the microbes on the surface.

4) As a negative control, the same amount of washing solution is used to show 
the absence of microorganisms in the material used and to demonstrate 
aseptic handling.

5) The washing solution is pooled or directly filtered as for the compendial 
method. Usually the entire solution can be filtered: however, depending on 
the acceptance criterion it might be helpful to filter only part of the solution 
or to filter different volumes (e.g. 1 ml, 10 ml, 100 ml, and rest of solution).

6) If necessary, rinse, for example, with 100 ml rinsing solution.
7) The filter is then added to casein soya digest agar (CASO) or sabouraud 

dextrose agar (SDA) plates.
8) Incubate at the required temperature (30–35 °C for 3–5 days for TAMC, 

20–25 °C for 5–7 days for TYMC).
9) After incubation, enumerate the CFU per plate and calculate the CFU/unit.

A similar procedure can be used for small covers, stoppers, etc. In this case a 
predefined number of units are added to between 500 and 1000 ml of the wash-
ing solution and then the same procedure is applied from point 3 onward as 
described above. Using this approach, it should not be forgotten that the out-
side or the side that will not come into contact with the product is being tested. 

on drying. Therefore, the use of bacterial spores is recommended. Microbial 
inoculation has limitations such as encrustation, adhesion or non‐adhesion of 
the suspension, clumping, and variation in the level of the inoculum, and these 
limitations should be considered when inoculating the product.

For data interpretation, interesting is also the approach to not only look for 
an exceedance of a specific limit but also to investigate changes of bioburden 
level on the material which would be some kind of trending. Here, control charts 
(Shewhart charts) are mentioned (see also Chapter 10). Limits should be based 
on historical data.
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Usually, this should be no problem but in some cases it might matter and then 
another method or approach is needed.

For testing of specified microorganisms, see Section 6.4.4.

6.4.2 Pour‐Plate Count

For large covers or if a blister needs to be tested, the pour‐plate count method 
can be used. In his book, Rieth (2017) describes the following approach 
(adapted):

1) Add a sterile filter paper soaked with sterile water to a Petri dish or a box.
2) The units to be tested are placed on the filter paper.
3) Pour agar into the units (e.g. cover or blister) as described in the pharmaco-

poeial chapters.
4) As a negative control pour some agar into sterile Petri dishes.
5) Close the Petri dish or box to avoid desiccation.
6) Incubate at the required temperature (30–35 °C for 3–5 days for TAMC, 

20–25 °C for 5–7 days for TYMC).
7) After incubation, enumerate the CFU per unit.

An alternative would be to place the primary packaging (if possible) directly 
in a big Petri dish; however, the membrane filtration method is likely more 
accurate and easier to carry out.

To detect specified microorganisms, the use of swabs (see Section 6.4.4) is 
likely to be the easiest approach.

6.4.3 Contact Plates and Swabs

Although contact plates are not described in the chapter referred to above, it is 
an established method and the one referred to in some regulatory or guiding 
documents (e.g. USP <1116>; FDA 2004; EudraLex 2008; ANVISA 2013). 
Contact plates are very easy to use, however, they also have their limitations 
(e.g. the recovery rate is at ~50%; USP <1116> and Goverde 2018). The contact 
plate method can be used for the testing of foils and also for bigger containers. 

Box 6.4 Membrane Filtration Approach for Big Containers

Testing of big containers (e.g. 20 l or 60 l) is carried out using the contact plate 
approach (see Section  6.4.3) or the membrane filtration approach (see 
Section 6.4.1). For the latter, the container is filled with 1–2 l of washing solution 
and the container is closed using its lid. Then the container is shaken, e.g. by 
rolling the container on the floor until the entire inner surface is wetted with the 
washing solution.
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If the surface to be tested is not smooth enough, swabs can be used instead of 
a contact plate (Goverde et al. 2017).

Details on the technique for contact plates, dip slides, or swabs are given in 
several norms (e.g. ISO 18593 or DIN 10113‐3). In general, the contact plate 
filled with a suitable agar medium is pressed against the surface with approxi-
mately 500 g for 5–10 seconds. Some experiments were performed on artifi-
cially inoculated surfaces with in‐house isolates to test for a difference in 
recovery between 10, 5, and 1 second. In these experiments, no significant dif-
ference could be found (Goverde 2018; Berchtold unpublished data). However, 
pressing for 10 seconds is an established and reasonable time.

The culture medium used, as for the other methods, is normally CASO agar 
(Casein Soya Digest Agar). But if testing for yeasts and molds, SDA (Sabouraud 
Dextrose Agar) can also be used. When testing for specified microorganisms, 
swabbing could well be the best approach. After swabbing the surface, the swab is 
added directly to the enrichment broth as described in Ph. Eur. 2.6.13 or USP <62>.

The incubation is normally performed as described above according to the 
compendial microbiological chapters.

6.4.4 Test for Specified or Objectionable Microorganisms

To test for specified microorganisms, it is possible to use the methods described 
in Ph. Eur. 2.6.13 or USP <62> using the membrane filtration or the swab tech-
nique described in Sections 6.4.1 and 6.4.3. In this case the primary packaging 
is washed, the washing solution filtrated, and the filter then added aseptically 
to the first enrichment broth. Alternatively, the material is swabbed and the 
swab is then added to the first enrichment broth. Further steps are the same as 
for product testing (see Chapter 5).

If the primary packaging should be free of objectionable microorganisms, 
again the same approach can be applied as for product testing (see Chapter 11). 
Thus, each single colony found either by enumeration or specified testing is 
identified and evaluated for its criticality by means of risk assessment.

Another possibility that is often used is that no specific test for specified 
microorganisms is defined. Instead, each colony found in the enumeration test, 
as for the objectionable approach, is identified to exclude specified or objec-
tionable microorganisms. However, with such an approach a relevant devia-
tion from the pharmacopoeial method may occur and therefore some validation 
that the specified microorganisms can be detected might be needed.

6.5  Suitability Test

Probably one of the most important activities for QC testing is to show the 
suitability of the test method for recovering microorganisms in the presence of 
the product. Although primary packaging material is normally quite inert and 
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no inhibition of microorganisms can be expected, this should be shown by 
means of a suitability test. It is probably not necessary for each individual type 
or article number of primary packaging material to be tested, i.e. grouping (e.g. 
all foils made out of aluminum) could be justified.

The main problem with primary packaging is that direct inoculation of the 
surface of the material – as for most nonaqueous products – is difficult since 
the inoculated microorganisms (e.g. P. aeruginosa) die off very fast with the 
drying process. Using spores only (e.g. Bacillus subtilis or Aspergillus brasilien
sis) is likely to give reasonable results for the direct inoculation approach with 
a drying step (see also Box 6.3).

Thus, as for product testing (e.g. tablets), the product itself is not spiked but 
the agar used or the washing solution containing the primary packaging. This 
approach is elaborated for the membrane filtration method (Section 6.5.1) and 
the contact plate approach (Section 6.5.2).

It must be clearly stated that some of the primary packaging might have a 
certain bioburden. In such cases the material is treated before starting the suit-
ability test (e.g. by sterilization or disinfection with 70% EtOH) to avoid cross 
contamination. If this is not possible, the calculation needs to be adjusted by 
using another control to establish the natural bioburden CFU per tested unit.

6.5.1 Suitability Test Approach for the Membrane Filtration Method

The points below describe an approach to testing primary packaging according 
to the membrane filtration method (e.g. bottles, covers, and inhalers):

1) Enough containers are prepared to analyze the amount tested in the rou-
tine (e.g. 20 units) for each microorganism.

2) Test strain solutions with a defined CFU number are prepared. The test 
strains from Ph. Eur. 2.6.12 or USP <61> are recommended. In certain 
cases, further species (e.g. Burkholderia cepacia) might be advisable.

3) When bottles are being tested (as described in Section 6.4.1), an inoculated 
test solution is prepared. The washing solution described above is inoculated 
with max. 100 CFU of the test strain and the 20 containers are filled equally 
with this solution. This procedure is repeated for each individual test strain.

4) As a positive control, the same amount of test solution as for the primary 
packaging testing is prepared and inoculated with the test strain (max. 
100 CFU). A single positive control is prepared for each strain.

5) As a negative control, the washing solution is tested in a comparable way 
but without any strains or primary packaging added.

6) The filled containers as well as the positive and negative control are kept 
at room temperature at least as long as for routine testing (e.g. >30  minutes), 
but not longer in order to avoid microbial proliferation.

7) The entire solution is pooled for each strain or directly filtered for each 
experimental approach.
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8) If necessary, rinse, for example, with 100 ml washing solution.
9) The filter is then added to CASO or SDA agar plates.

10) Incubate at the required temperature (30–35 °C for max. 3 days for TAMC, 
20–25 °C for max. 5 days for TYMC).

11) After incubation, enumerate the CFU per plate.
12) A factor of 2 as the acceptance criterion as described in the compendial 

chapters is used. This means the recovery of the tested solution from the 
primary packaging must show at least 50% of the CFU number of the posi-
tive control for the corresponding strain. Furthermore, the negative con-
trol must not contain any microorganisms.

13) In certain cases, the non‐toxicity of the washing solution needs to be 
shown by comparing the CFU number of the positive control with the 
CFU number of the test strain applied.

6.5.2 Suitability Test for the Contact Plate Approach

When using the contact plate approach (e.g. for foils), we encounter once again 
the problem that the primary packaging material cannot be inoculated directly. 
An indirect approach is also possible here:

1) The material (e.g. foil) is sampled with a contact plate. Two plates are used 
for each strain.

2) The two contact plates used for each strain are each inoculated with 100 μl 
of a test strain suspension with max. 100 CFU/100 μl.

3) As a positive control per strain two unused contact plates are inoculated in 
the same way.

4) For the negative control, 100 μl of a sterile buffer or water are used instead 
of a test strain solution.

5) The test strains from Ph. Eur. 2.6.12 or USP <61> are recommended. In 
certain cases, further species (e.g. B. cepacia) might be advisable.

6) Incubate at the required temperature (30–35 °C for max. 3 days for TAMC, 
20–25 °C for max. 5 days for TYMC).

7) After incubation, enumerate the CFU per plate.
8) A factor of 2 as described in the compendial chapters is used as the accept-

ance criterion. This means the CFU recovery of the tested primary packag-
ing must show at least 50% of the CFU number of the positive control for 
the corresponding strain. Furthermore, the negative control must not show 
any microorganisms.

6.5.3 Pour‐Plate Method and Specified Microorganisms

Comparable to the two approaches mentioned in Sections 6.5.1 and 6.5.2, a 
suitability test for the pour‐plate method can be performed where the test 
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strain solution with 100 CFU/100 μl is added directly to the agar when it is 
poured. The approach then continues as for the compendial method.

For specified microorganisms using the membrane filtration method, either 
the test strain is added to the solution for filtering (direct approach) or the test 
strain is added to the first enrichment broth (indirect approach). In general, the 
direct approach should be used where possible. When testing for specified 
microorganisms, the suitability test will differ significantly depending on 
whether the pour‐plate or the contact plate approach is used. The easiest way 
is to inoculate the agar or the contact plate with the corresponding specified 
microorganisms under investigation. However, in this case no enrichment and 
selection are used.

6.6  OOS Procedure

Although the microbiological quality of the primary packaging material is very 
good and only in rare cases does an exceedance of the requirements occur (see 
Section 6.1.2 for some examples), every company needs a clear procedure in its 
SOP on how to handle any results that do not comply. In general, the proce-
dure described in Chapter 12 can also be applied to the primary packaging. 
However, some further questions might arise.

First of all, when there is an exceedance with primary packaging, clarification 
is required of whether it is a deviation or an out of specification (OOS). In 
general, the latter appears when clear specifications for the material were 
defined, which are approved by the authorities. If testing is regarded more as a 
form of monitoring  –  for example, when it can be shown by a risk‐based 
approach that the primary packaging material or even the product with which 
it is packed is usually not at risk – this then points to a deviation. Indeed, this 
is only a question of wording, since the procedure as such is quite similar (for 
details, see Chapter 12). In Figure 6.2 a general procedure for a deviation is 
depicted that also applies to an OOS.

An event happens, which in our case would be the exceedance of the micro-
biological level or detection of a specified or objectionable microorganism. A 
discrepancy (deviation or OOS) is then opened either in a software system or 
on paper. The latter must of course be data integer. Then, the investigation 
starts by checking for a sampling error (which for primary packaging can hap-
pen) or a lab error (this would correspond to a level 1 OOS investigation). If 
this is not the case, then a thorough investigation is initiated (this would cor-
respond to the level 2 OOS procedure). As for any exceedance, the real root 
cause should be found so that the relevant corrective and preventive actions 
(CAPAs) can be defined. After implementation of the relevant CAPAs, their 
efficacy should be checked after a defined time period. Finally, the case is chal-
lenged by QA. If the case is complete, scientifically sound and well documented, 
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the case is summarized and approved by QA. The product can then be released 
for use or must be rejected.

The following list gives some possible checkpoints for handling a primary 
packaging material that exceeds the microbial requirements:

 ● Put batch on hold
 ● Identification of microorganism
 ● Investigate for a sampling or lab error
 ● Resampling material and retesting of samples
 ● Clarify the intended use of the primary packaging material
 ● Root cause investigation
 ● Risk assessment for the batches released so far
 ● Possible treatment of the primary packaging material (e.g. washing, heat 

treatment, irradiation, and fumigation)
 ● Contact with or complaint to the manufacturer
 ● Microbiological testing of the final packaged product
 ● Higher testing frequency
 ● Decision on approval or rejection of the batch

6.7  Examples of OOS or OOE Cases

In the following subsections, three examples of a discrepancy are described. 
The approaches were adapted but not harmonized to show the different 
approaches used by the investigating party.

Event

Opening a
deviation

Perform
investigation

Root cause
investigation

CAPA

Conclusion of
investigation

Effectiveness
check

QA review and
decision

Figure 6.2 Simplified procedure for handling a deviation or an out of specification for 
primary packaging material. CAPA, corrective action and preventive action.
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6.7.1 Example 1: OOE of a Metal Container (1 l) Used for API Storage

This report contains the following chapters:

(a) Summary and results
(b) Lab investigation
(c) Further investigation with CAPAs
(d) Decision information
(e) Attachments

(a) Summary and results

Specification TAMC: 100 CFU/unit; alert level 30 CFU/unit
Absence of specified microorganisms in 4 units

Original sample TAMC: 42 CFU/unit (identification of Bacillus species)
Absence of specified microorganisms in 4 units

Retest Not possible since there are no more samples
Resampling TAMC: 25 CFU/unit (identification of Bacillus species)

Absence of specified microorganisms in 4 units
Conclusion The current batch did not exceed the specification, but an alert level 

exceedance is present. Resampling showed comparable results slightly 
under the alert level with the same species found in the original 
sample.
The containers are used for API storage. However, the API powder is 
packed into sterile plastic bags, which are then packed into the metal 
containers. Therefore, the metal container itself is not in direct contact 
with the product (and therefore not really primary packaging). 
However, it was decided as a contamination control risk to test the 
containers as primary packaging.
The root cause of the contamination is probably due to the metal 
container being packed in untreated paper. Further preventive action 
to change this procedure was initiated and is being followed by the 
Quality Management (QM) department.

Recommendation The batch can be released for its intended purpose.
Reported results TAMC: 42 CFU/unit

Absence of specified microorganisms in 4 units
Comment: Identification of Bacillus species, see deviation PPM‐18‐002

(b) Investigation
Lab error: The correct procedure was used and followed. The negative controls 

showed no contamination. The analyst remarked that the cans were 
wrapped in (probably untreated) paper.

Sampling error: No sampling error was found to be the root cause (see attach-
ment II).
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(c) Further investigation with CAPAs (Table 6.11)

(d) Decision information

Product category Primary packaging (not in direct contact with the drug product/
substance)

Supplier Company XYZ
Assessment of 
identified isolates

All species found are Gram‐positive, spore‐forming rods, which are 
typically found in the environment. They are not human pathogens.

Product risk 
assessment

The containers are not in direct contact with the product. The 
contamination is low relative to the amount of product packed in 
the containers.

Historical data It is a new product, however, comparable cans from the same 
supplier showed comparable contamination (see attachment V).

Table 6.11 Tabular summary of further investigation with CAPAs.

Action Comment

Information to QA and 
production

See attached email to Mr. X and Ms. Y from 16 June 2018 
(attachment III)

Retest and resampling Results see chapter a) and attachment I
Initiation of a task force 
with experts

Meeting with QA, person responsible for product QC and 
production on 18 June 2018. See attachment IV for meeting 
minutes

Decision for initiation 
of an investigation 
report

No need, it is only an exceedance of the alert level

Trend of historical data The current product was tested for the first time; however, 
similar products from the same supplier had been previously 
tested. All results were below the alert level, but microbial 
growth appeared in most samples (see attachment V)

Increased sampling 
needed?

The product will be tested lot‐wise for the next five batches

Root cause The most probable root cause is the container being wrapped 
in untreated paper. Further investigations are ongoing and will 
be reported by the QM department

Further actions  ● Lot‐wise testing
 ● QM department to follow up on the case
 ● The container must be disinfected and wiped with 70% 

EtOH before use
Recommendation of 
task force

Since it is only an alert level exceedance and the can is not in 
direct contact, the batch can be released. However, all cans in 
this batch and also the following batches must be disinfected 
until higher quality is implemented
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(e) Attachments
(I)  Copy of results with identification of isolates (12 pages)
(II)  Record of sampling with statement from team leader
(III)  Email to production and QA
(IV) Meeting minutes of task force from 18 June 2018
(V)  Historical data of product

6.7.2 Example 2: Possible OOS for a Foil Used for Inhalation Products

Initial Situation
During routine testing of a foil used to pack capsules used for inhalation, one 
out of four plates could not be enumerated due to spreading bacteria. The 
other three plates showed no microbial growth (0 CFU/plate). As the testing 
method, four contact plates were pressed on the foil in a laminar air flow (LAF) 
cabinet (for details on testing method, see SOP‐12345). Incubation was at 
30–35 °C. The specification is 10 CFU/100 cm2.

Level 1 Investigation
The level 1 investigation found no lab error. The following points were 
investigated:

 ● Contact plates were within the expiry date and the growth promotion test 
complied.

 ● The negative control showed no microbial growth.
 ● Other samples tested during the same session showed no microbial growth.
 ● The environmental monitoring of the LAF during the last three months did 

not show any conspicuous results. No spore‐forming bacteria were found 
during this time period.

 ● The analyst was qualified.
 ● The interview with the analyst did not highlight any special issues; however, 

she mentioned that the foil is sampled by the supplier and sent to the quality 
control lab packed in cardboard.

 ● The incubator used showed no conspicuous results during the last environ-
mental testing. It ran within the requested requirements.

 ● The isolate was identified as Paenibacillus glucanolyticus, a Gram‐positive 
spore‐forming species, which is known to spread.

Level 2 Investigation
Retest: With a level 2 investigation, the original foil was retested. In addition, 
the foil roll was internally sampled; i.e. an analysis was performed internally on 
the foil roll in an air‐flow cabinet by a qualified person and not on the QC‐spe-
cific samples from the supplier. The foil was protected using a sterile plastic 
bag during transport to the lab. All the samples complied with the require-
ments without microbial contamination.
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Historical data: Other batches tested in the past had detected microbial con-
tamination that was mostly within the requirements (especially with spore‐
forming bacteria). With the last out of expectation (OOE) discrepancy, it was 
mentioned that the QC samples provided by the supplier might get contami-
nated during the transport due to the use of cardboard (see deviation #1231 
and #1250). Cardboard is known to have microbial contaminants, especially 
spore‐forming bacteria.

Investigation
The supplier stated that there were no special issues during the sampling, 
preparation, and transport of the samples for QC testing. As with the last 
deviation (#1250), the supplier confirmed that they have no microbiological 
precautions to sample and pack the foil for QC samples. However, the samplers 
are trained and sample in an ISO 8 environment directly after production of 
the foil. The sampler wears cleanroom clothes and a hair net but no gloves and 
no face masks. Furthermore, the cardboard used for transport packaging is 
untreated. At the customer’s the sample is checked into SAP and sent to the 
corresponding QC lab for testing.

The cardboard used to pack the samples was tested using contact plates. 
These results showed microbial contamination with different bacterial species 
(including spore‐forming, Gram‐positive rods).

Root cause
From the investigation it can be concluded that no microbial contamination 
above the specification is present. An OOS was opened since one plate could 
not be enumerated due to the presence of spreading bacteria. However, the 
investigation highlighted a potential sampling improvement. Since the QC test 
samples are sampled at the suppliers under noncontrolled microbiological 
conditions, contamination of the sample is possible, especially since the sam-
ples are packed in untreated cardboard.

Risk Assessment and CAPAs
A risk assessment was written for the batches of the foil already released. 
Compliant results and the product characteristics (low water activity, patient 
population, and no objectional microorganism detected) indicate that there is 
no microbial contamination risk for the packed drug products.

In a special experiment it could be proven that 1 CFU of P. glucanolyticus is 
able to spread on the agar plates used for testing.

With a former OOS for the same foil, the supplier was asked to change its 
sampling procedure. So far, sampling has not undergone improvement, and the 
same procedure is in place. In the future, therefore, as a preventive measure, 
QC samples will be sampled by the customer in a specific LAF cabinet by 
trained personnel, and the samples will be wrapped in a sterile plastic bag for 
transportation.
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Furthermore, other contact agar plates are evaluated to see if they can reduce 
the swarming effect of P. glucanolyticus (this preventive action is ongoing and 
will be reported in a separate test report; GMP‐#R‐900‐02).

QA Decision
Initial testing identified the contamination as P. glucanolyticus, a spore‐form-
ing, Gram‐positive, swarming bacterium. Due to the swarming, enumeration 
of the agar plate was not possible and as a worst case an OOS discrepancy was 
initiated. With retesting and resampling, it could be shown that no contamina-
tion above the specification is present. Therefore, it can be assumed that the 
batch complies with the specification. The initial results are invalidated and 
the results of the retest and resampling are reported.

However, investigation of the current and a former discrepancy showed that 
there is a contamination risk with the sampling procedure by the supplier 
(sampling under noncontrolled microbial conditions and packaging of the 
samples in cardboard). As a preventive measure, in the future sampling will be 
performed under aseptic conditions by trained personnel by the customer.

From a microbiological point of view, the current batch can be released.

Attachments:
A1: Copy of raw data from first testing
A2: Email to production and QA
A3: Details on lab error investigation
A4: Copy of results of retest and resampling
A5: Historical data of product
A6: Information from the supplier
A7: Microbiological testing of cardboard used for packaging
A8: Risk assessment for batches already released
A9: Copy of test report that 1 CFU of P. glucanolyticus is swarming
A10: Memo for the addition of internal foil sampling (including training record 

of sampler)
A11: Copy of test plan for improving contact plates concerning swarming 

 bacteria (GMP‐#P‐900‐02)

6.7.3 Example 3: Contaminated Inhaler

QA Summary of the Discrepancy
XY inhalers made by YZ were tested for microbial contamination according to 
SOP‐1234 using 20 units. The results showed an OOS with 18 CFU/inhaler 
(specification is 10 CFU/unit). The lab investigation showed no lab or sampling 
error (lab investigation is documented in LIR‐2018‐009). A further investiga-
tion was performed using another 20 inhalers from the same sampling as well 
as another 20 inhalers from the same batch but with a new sampling by the 
same person and under QA oversight. According to the QA oversight no error 
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was observed during sampling. QC testing showed comparable contamination 
for both samples.

Testing identified Gram‐positive, human‐related cocci (Staphylococcus 
 epidermidis, Micrococcus luteus), and Gram‐positive, environment‐related rod 
(Bacillus thuringiensis, Bacillus spp.) contaminants. Since the supplier is sup-
posed to send the inhalers for gamma irradiation to decontaminate them, no 
such contamination should be possible. After contacting the supplier, it was 
mentioned that the inhalers had been reprocessed due to a possible particle 
issue after gamma irradiation. This means that all the inhalers were checked 
individually by operators at the supplier’s in a noncontrolled environment 
without using any protective measures after irradiation.

Thus, the root cause of the current deviation is a wrong procedure by the 
supplier by recontaminating the inhalers after gamma irradiation due to 
another nonmicrobial‐related issue.

As a corrective action, the inhaler will be rejected since a second gamma irra-
diation is not validated. As a preventive measure, the technical agreement with 
the supplier will be adjusted to avoid any physical contact after gamma irradiation 
by using a seal to show that the irradiated packed material has not been opened.

Batch decision: Reject.
Risk for other batches: Since every batch is tested for microbiology and all 

batches during the last 12 months did not show any exceedance of the action or 
alert level, no contamination or patient risk is present.

6.8  Conclusion

The microbiological testing of primary packaging material is not clearly regu-
lated; however, it appears reasonable that it should be tested with predefined 
acceptance criteria. Several regulatory or guiding documents mention the test-
ing of primary packaging material but it is not clear if this also applies to micro-
biology. However, it is the author’s opinion that from a cGMP point of view 
primary packaging material needs to be checked to a certain degree for micro-
biological contamination as this is part of the overall microbial contamination 
control strategy. Thus, all primary packaging should be evaluated by a risk‐
based approach for the criticality of the drug product (or raw material) and the 
intended patient population. In certain cases, it needs to be tested batchwise or 
skip‐lot‐wise. No testing might even be acceptable if its impeccable quality can 
be proven by risk assessment.

For drug products as well as substances for pharmaceutical use, clear accept-
ance criteria are given by the Pharmacopoeia. No such recommendations are 
available for primary packaging material. There are some publications that 
suggest acceptance criteria and the current chapter provides some customer 
examples. However, it is the author’s opinion that probably the most 
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appropriate approach would be to calculate the microbiological level based on 
the area of the primary packaging material that comes into contact with the 
amount of drug product. Calculation examples are given in the present 
chapter.

The methods used should be as proximate as possible to the ones given by 
the Pharmacopoeia for non‐sterile drug products. Additionally, verification 
that microorganisms can be adequately recovered from primary packaging 
(method suitability test) should preferably be conducted. Here, a pragmatic 
approach to inoculation should be applied since the direct inoculation of pri-
mary packaging is not feasible in a robust and reproducible way.

Whenever there is an exceedance of the acceptance criteria, a clear proce-
dure for handling such discrepancies must be defined in a SOP.

The microbiological testing or evaluation of primary packaging material 
used for drug products as well as substances used for pharmaceutical use 
should be part of the entire microbiological quality control strategy. This is 
the only way to assure the impeccable microbiological quality of any drug 
product.
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7.1  Introduction

To fully understand how different microbial hazards can affect the quality of a 
non-sterile product and how microbiological control can be achieved, a risk 
based approach is required (see also Chapters 1 and 2). To achieve this, the 
health status of the patient and the types of contaminants are need to be under-
stood (following Sutton’s classic schema) (Sutton 2006). In addition, any con-
tamination‐control assessment needs to factor in the potential sources of 
contamination as presented from the environment. With non‐sterile products, 
temperature and humidity are extrinsic factors that affect microbial growth 
(Denyer and Baird 1990), while the intrinsic factors limiting growth in most 
formulations include low water activity, extreme pH levels, and the presence of 
antimicrobial compounds (Bloomfield and Baird 1996). Hence, the risk from 
the external environment, as influenced by a “utility,” is highly dependent upon 
the type of product processed under a given set of conditions.

While the association between contamination in a product and contamina-
tion from the environment is not necessarily causative, with the manufacture 
of non‐sterile products microbial risks can arise from critical utilities like 
water, from improperly cleaned equipment, from the surrounding process 
environment, as well as from people (Charnock 2004; Tyski 2011). Many such 
contributing factors are assessed in the chapters that make up this book; the 
focus of this chapter is with one of those factors – critical utilities.

Underpinning many of the activities of pharmaceutical production are “utili-
ties,” for manufacturing cannot take place without controlled sources of air or 
water, and many different types of utilities are used in non‐sterile product 
manufacturing. Water systems, clean air provided into working areas, com-
pressed air, and nitrogen are just some examples of the utilities that provide the 
backbone to pharmaceutical operations. Each of these can be source of micro-
bial contamination and, when not controlled, each is capable of affecting the 
quality of the product. This chapter reviews the primary utilities used in non‐
sterile pharmaceutical manufacturing, with a focus on good design principles 
and the testing undertaken to verify the status of the utility. As with other 
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aspects of pharmaceutical development, utilities should be seen as part of the 
overall “Quality by Design” strategy that forms the basis of ICH Q8 (2009). In 
addition, each utility should undergo a form of qualification before it is accepted 
for routine use; and each should be subject to periodic testing, either directly 
(as with sampling water) or indirectly (as with environmental monitoring to 
assess the operational capabilities of the controlled space).

The chapter undertakes the review of utilities in two parts. Section 7.2 looks 
at what the different types of utilities are and discusses how they are designed 
and how they are controlled. This is examined within the context of Good 
Manufacturing Practice (GMP). Section 7.3 of the chapter looks at operational 
issues that affect critical utility performance from the microbiological con-
tamination perspective.

7.2  Defining, Developing, and Maintaining Utilities

7.2.1 What Are Utilities?

The word “utilities” is somewhat tenuous: it can refer to the provider (or pro-
ducer) of a utility or to the utilities themselves. By utilities, in the general sense, 
this means gas, electricity, telephony, water services, and so on. In the pharma-
ceutical context, and from the perspective of GMP, what is of concern are the 
so‐termed “critical utilities.” Here, the operative word “critical” refers to those 
utilities that can affect the safety, identify, potency‐strength, quality, or purity 
of the product. This is generally taken to be water of pharmaceutical quality 
(including water used for the cleaning of equipment), air as supplied into the 
clean workspace (controlled environment), and services like compressed gases. 
From outside the microbiological perspective, critical utilities may also include 
backup systems (to address events like a major power outage or data capture), 
waste disposal systems, and drainage. These nonmicrobial impacting systems 
are not addressed in this chapter.

There are a number of fundamentals that need to be considered with any 
GMP critical utility. These are (Hart 2005):

 ● Good design principles: The design of an appropriate utility needs to be effi-
cient and also abide with defined GMP requirements. GMP requirements 
will vary according to the product under manufacture.

 ● GMP‐compliant design of equipment and utilities: A GMP‐compliant design 
of equipment is the basis for fulfilling the technical requirements and speci-
fications of the utility. Design will include safety, operational reliability, and 
measures to protect the product from adulteration.

 ● Validation and qualification: Each utility and any associated item of equip-
ment must be qualified; in turn, qualified equipment and validated processes 
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as the prerequisites for producing pharmaceutical quality. The approach 
taken to validation can be risk based (Chao 2005).

 ● Routine operation: During operation a number of important parameters 
relating to a given utility need to be met (such as with water, a permitted 
maximal value for microbial counts). The lifetime of a utility can be enhanced, 
and the prospect of a successful revalidation achieved, through a robust pre-
ventive maintenance program together with regular calibration. This forms 
an essential part of the pharmaceutical quality system. The approach to cali-
bration, as with validation above, can be risk based. That is, with an under-
standing of the life cycle of the equipment or utility together with the 
performance of other comparable systems.

 ● Quality assurance aspects: Many parts of the quality assurance system 
impact upon utilities. Of importance are system changes (which need to be 
captured through change control) and deviations, especially those that have 
or might have a direct impact on the pharmaceutical material produced. The 
types of changes and deviations of greatest importance are those that can 
impact upon the validated status of a utility. Quality assurance can also be 
supported through regular system audits.

7.2.2 Good Design Principles

The installation of a utility should follow good design principles. These princi-
ples offer a framework and a mind‐set to achieve acceptable functionality while 
meeting stringent tests of “fitness for purpose” in relation to pharmaceutical 
facilities. Moreover, good design principles also form part of GMP. This means 
constructing a framework for quality assurance to ensure that products are 
consistently produced and controlled by the application of appropriate stand-
ards for their intended use (MacGregor and Bruwer 2008). Included as part of 
good design is the necessity to understand the process overall, which is often 
through the construction of process flow diagrams (Yang and Cui 2004). The 
primary factors to include in process flows relating to non‐sterile manufactur-
ing are (Somma 2007):

 ● Material: Incoming raw materials – packaging components and product sam-
pling. Materials can be designated as work in progress or as finished goods.

 ● Personnel: Detailing change facilities (and gowning requirements), manufac-
turing (operations and quality assurance), materials management, support 
services (maintenance), administration, and quality control.

 ● Cleaning of equipment and facility: Note needs to be taken of dirty equip-
ment staging, cleaning and disinfection, inspection, assembly, validation, 
and equipment‐part storage.

 ● Waste material, including liquids, solids, and trash: such as methods of neu-
tralization or sterilization; holding times; removal and disposal of water, 
together with recycling.
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The above steps are illustrated in a process flow diagram, as set out in Figure 7.1.
Included in such analysis should be the steps taken to avoid cross contamina-

tion, such as between clean and dirty equipment. For each of these factors, 
utilities will play a part in affecting the final outcome and potential final quality 
of the product.

The basis of “good design” begins with a User Requirement Specification 
(URS). The URS specifies what the user expects the utility to do and the stand-
ards that need to be met. Sometimes the items listed in the URS are differenti-
ated as “mandatory,” “desirable,” “optional,” and “future enhancements.” The 
URS document allows potential suppliers to tender for and, if successful, to 
plan what to design to. The document also acts as a guide to planning costs, 
setting timetables, pinpointing milestones, considering the testing needed to 
verify acceptance, and so on (Chu et al. 2017).

For example, a URS for a pharmaceutical water system might include:

 ● Process requirements:
a) Capacity questions, such as: How much water is needed? What is peak 

load? How many user points? What will be the usage priority?
b) Quality questions, such as: What water quality does the system need to 

produce (both chemical and microbiological)? References should be 
made to pharmacopeia requirements.

Material

• Incoming raw materials
• Packaging components
• Processing 

Personnel

• Gowning
• Processing
• Materials management
• Quality control

Cleaning

• Dirty equipment
• Clean equipment
• Cleaning and disinfection
• Support services

Waste 
materials

• Liquids
• Solids
• Trash and recycling
• Sterilization

Figure 7.1 Primary process flows for non‐sterile manufacturing.
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 ● User requirements:
a) Review of available support utilities (such as quantity and type of incom-

ing water; requirements for compressed air, steam, power, and drainage).
b) Treatment required for feed water to the system. Assess sampling 

requirements.
c) Space and layout requirements for the system installation. Include consid-

eration for operator access for sampling and for maintenance activities.
 ● Mechanical requirements:

a) Detail piping standard(s) to be met (including material of construction, 
surface finish, and absence of dead‐legs).

b) Specify sanitary components (such as valves, pumps, tri‐clamp connec-
tions, etc.)

c) Describe welding requirements.
d) Assess number of air breaks in floor drains, to prevent contamination.
e) Add piping slope requirements.
f ) Outline system drainability.
g) Specify any inline monitoring requirements.

 ● Electrical requirements.
 ● Water system sanitization requirements, e.g. ozone, heat.
 ● Automation requirements:

a) Details of automation hardware required.
b) Software Design Specification (SDS)
c) Controller/human machine interface (HMI) function.
d) Data capture and storage requirements.
e) 21 CFR Part 11 compliance statement.

 ● Documentation requirements, such as:
a) As‐built piping and instrumentation diagrams.
b) Panel layout and electrical diagrams.
c) Isometric piping diagrams.

 ● Validation requirements:
a) Validation plan.
b) Equipment qualification (IQ, OQ, and PQ).
c) Ongoing monitoring, including chemical and microbial expectations.

 ● Health and safety
 ● General maintenance requirements.

Once the utility and its provider have been selected, the validation process 
should be assessed and inbuilt into the subsequent steps. This approach is 
laid out in EU GMP Annex 15 (EudraLex 2015). This Annex describes the 
principles of qualification and validation that are applicable to the facilities, 
equipment, utilities, and processes used for the manufacture of medicinal 
products. A specific requirement with this regulation is that any planned 
changes to the facilities, equipment, utilities, and processes, which may affect 
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the quality of the product, are formally documented and the impact on the 
validated status or control strategy assessed.

7.2.3 Validation Master Plan

The user must define the approach to validation at the start of the project. 
A good way to capture this intent and the main areas to be covered is by 
constructing a Validation Master Plan (VMP). The VMP document deline-
ates the validation program that will subsequently be executed. VMPs can 
be for specific utilities or equipment; or they can cover an entire facility. 
VMPs can include some or all of the following, depending upon the project 
remit:

 ● scope
 ● responsibilities
 ● facility description
 ● building and plant layouts
 ● controlled environments
 ● storage areas
 ● personnel and material flow
 ● water and solid waste handling
 ● utilities like water systems
 ● ventilation and air‐conditioning system
 ● clean steam, compressed air, gases, and vacuum system.

Also considered are the types of manufacturing equipment, building man-
agement systems (BMS’s), and products to be validated; together with process 
validation and cleaning validation requirements (Ocampo et al. 2007).

7.2.4 Qualification of Utilities

Documents stemming out of the VMP include a design qualification (DQ), 
installation qualification (IQ), operational qualification (OQ), and perfor-
mance qualification (PQ). Each of these serves a different, but developing, 
purpose (Aleem et al. 2003):

 ● DQ: This demonstrates that the equipment or utility meets the written 
acquisition specification.

 ● IQ: This describes the preinstallation detail that the equipment or utility plus 
its component parts and location are fit for the purpose and satisfy the objec-
tives of the user to carry out the intended function to expected standards. In 
addition, the IQ qualifies the equipment or utility is installed correctly with 
tubing, fittings, syringes, and valves connected appropriately.
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 ● OQ: This refers to the qualification that needs to be accrued out following 
installation to verify the performance criteria presented by the manufacturer. 
The OQ thus confirms if the instrument satisfies its agreed metrics and that 
it is valid in the working environment.

OQs vary with different types of utilities. Some examples are:
 – Water For Injection Systems: 14 days of consecutive sampling. Results can 

be used to set monitoring limits.
 – Purified Water Systems: Typically, 14 days consecutive sampling. Results 

can be used to set monitoring limits.
 – Clean Steam Systems: Typically, three days sampling.
 – Gases/Clean Dry Air Systems: Typically, three days of sampling.
 – Heating, ventilation, and air conditioning (HVAC) system: Sampling “at 

rest” for particulates. In‐operation state often extended to minimum of 
five days for microbiological counts.

 ● PQ: This refers to the test or validation protocol carried out by the user with 
device in operation for either actual product batches or simulation. A set of 
tests provides documentary evidence that the instrument or utility is main-
taining the agreed values.

PQs, as with OQs, vary with different types of utilities. Some examples are:
 – Water for Injection Systems: 30–35 days of consecutive sampling (typi-

cally divided into 25–30 days of standard operational sampling plus 
5–10 days for a shutdown recovery test). This should be followed by a 
1 year review of the data, with sampling typically performed weekly.

 – Purified Water Systems: Typically two to four weeks consecutive sampling 
is required for the first phase of the PQ. This is followed by sampling at a 
routine frequency (established on the basis of risk), with data reviewed 
after one year to complete the second phase of the PQ.

 – Clean Steam Systems: Typically 14 days sampling.
 – Gases/Clean Dry Air Systems: Typically seven days of sampling.
 – HVAC system: Sampling “in operation” for particulates. In‐operation 

state often extended to minimum of five days for microbiological counts.

After the completion of each satisfactory qualification stage, a format release 
for the next step in the qualification and validation should be made as a written 
authorization.

7.2.5 Upgrading, Reconstructing, and Renovating Utilities

At some point in time a utility will either need significant upgrade or repair, or 
it will need to be replaced. Each of these activities should be risk based and 
attempted under change control. If manufacturing is intended to continue 
while an upgrade takes place, then routine processing requires protecting and 
special measures need to be taken in order to protect operations. The basis of 
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protection will include understanding the process and points of risk (a risk 
assessment tool like Hazard Analysis Critical Control Points can be useful for 
this purpose) (WHO 2009). As part of the controls, additional segregation and 
cleaning and disinfection may be required. In addition, any external personnel 
involved also need to be controlled; here, a degree of protection can be intro-
duced through access control. The approach taken should be documented and 
full training given.

Alterations and upgrades must go through a change control system and 
changes will require risk assessment. The risk assessment should take account 
of any impact upon the validated parameters of the system being altered and 
should conclude as to whether additional validation is required.

Major changes that would require requalification of the utilities distribution 
system would for instance be:

 ● Capacity increase or decrease of the distribution system (modification in the 
number of points of use as well as water loops).

 ● Upgrade of the old system.
 ● Major additions to the system.
 ● Change of sanitization method for a water system.
 ● Rebalancing exercises for cleanrooms.
 ● Replacement of treatment modules by a nonidentical module.
 ● Change of the feed water quality grade or origin.
 ● Certain types of software upgrades.

Some organizations elect to undertake physical and procedural requalifica-
tion and maintenance irrespective of whether critical parameters have been 
affected. This is to ensure that the utility remains in the qualified state within 
defined time intervals.

The approach for requalification typically consists of the tests that have pre-
viously demonstrated that the utility is operating correctly. This tends to be on 
a smaller scale (such as, with a water system, seven days of sampling). Should 
data indicate less satisfactory results than the whole system, qualification 
should be repeated.

7.2.6 Outsourcing

The design, operation, or renovation of a utility may be outsourced to a third 
party (see also Chapter 17). The extent to which this happens depends upon 
the degree of specialism within the organization (and perhaps the criticality of 
the time‐to‐response should a utility be off‐line). Where outside contractors 
are used, these personnel should be controlled. Control will either come under 
the departmental client or the auditing department. This control mechanism 
should include a process for selecting and auditing suppliers, using a risk‐based 
approach. This may involve seeking case studies from other firms that have 
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used a proposed supplier. In addition, the training records of contractors 
should be reviewed and approved in advance of any works being undertaken. 
Before starting work, each of the staff supplied by the contractor should 
undergo induction within the facility for health and safety and for GMP.

This section of the chapter has provided a framework for designing, qualify-
ing, and maintaining utilities. The second part of this chapter focuses on spe-
cific types of utilities.

7.3  Review of Critical Utilities

7.3.1 Compressed Air and Gases

Compressed gas is a general term for gas stored or held under pressure that is 
greater than atmosphere. Compressed gases are used at different stages of the 
pharmaceutical manufacturing process. Applications include weighing sta-
tions process line; use of gas to maintain an inert atmosphere above a liquid or 
powdered product inside a storage tank, silo, reactor, process equipment, or 
other vessel; use of liquid nitrogen for the preservation of biological samples; 
use of inert gas to pressurize new, repaired, or modified tanks, pipelines, and 
vessels; and use of inert gas to displace air and contaminants from storage 
tanks. Furthermore, compressed gases such as air, nitrogen, and carbon diox-
ide are deployed in operations involving purging or overlaying.

Compressed gas sampling for microorganisms is an important part of con-
tamination control assessment (Sandle 2013b). While sampling is important, 
the method of sampling can hinder 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 section reviews the important aspects of com-
pressed air sampling for microbiological assessment and looks at possible 
sources of contamination, should microorganisms be recovered.

Purity is a factor that needs to be maintained with compressed gas; hence, 
the gas should be supplied oil free. Purity overall is achieved through a combi-
nation of filtration, purification, and separation. The process of creating the 
compressed gas can additionally introduce water vapor; thus, a process must 
be in place to remove water vapor before the gas is expelled into a critical zone 
like a cleanroom. Compressed gas is typically discharged from the compressor 
hot and it will contain water vapor. Temperature is reduced by using a post‐
compressor cooler and, as the gas condenses, the water vapor and other impu-
rities can be removed. The risk of water vapor is particularly high with 
compressed air, which is drawn into a compressor via the atmosphere. 
Atmospheric air contains a high proportion of water vapor (that is water in a 
gaseous form). Water removal is achieved through a combination of filtration 
and dehumidification.
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Where air is drawn in from the outside, the process of drawing in air also 
introduces microorganisms, which require filtering out. The level of filtering 
depends upon whether “sterile” air is required (absence of viable microorgan-
isms) or air with a low bioburden.

Compressed gas can be supplied at source either sterile or non‐sterile. 
Sterility, where required such as with an inhalation product, is achieved 
through the use of a bacterial retentive membrane filter (0.2 μm pore size). 
Where a sterile‐filtered gas is required, it is important that the sterilizing grade 
filter is maintained dry for condensate in a gas filter will most probably cause 
blockage or lead to microbial contamination. Risks of condensate are con-
trolled by heating and use of hydrophobic filters (to prevent moisture residues 
in a gas supply system). Filters should also be changed periodically. As part of 
ongoing quality control, filters must be integrity tested at installation and at 
end of use.

7.3.1.1 Compressed Gas Standards
Although national standards bodies have guidance documents for compressed 
air sampling, and reference is made within FDA and EU GMPs, the general 
approach and requirements for compressed gases are set out in a multipart ISO 
standard: ISO 8573. This standard consists of the following parts (ISO 2010):

 ● Part 1: Contaminants and purity classes
 ● Part 2: Test methods for aerosol oil content
 ● Part 3: Test methods for measurement of humidity
 ● Part 4: Test methods for solid particle content
 ● Part 5: Test methods for oil vapor and organic solvent content
 ● Part 6: Test methods for gaseous contaminant content
 ● Part 7: Test method for viable microbiological contaminant content
 ● Part 8: Test methods for solid particle content by mass concentration
 ● Part 9: Test methods for liquid water content

Part 1 outlines the required purity classes based on the concentration of par-
ticles and level of impurities. The potential “impure” contaminants for com-
pressed air, which can affect whether a required purity class is met, include:

 ● Particles (such as dirt, rust, and pipe scale), with particles assessed by size. 
For example, as a result of the mechanical compression process, additional 
impurities may be introduced into the air system. Generated contaminants 
include compressor lubricant, wear particles, and vaporized lubricant. 
Furthermore, fittings and accessories can contribute to particles.

 ● Water (in both vapor and liquid forms). Water is typically assessed by vapor 
pressure dew point. This is the temperature at which the air can no longer 
“hold” all of the water vapor which is mixed with.

 ● Oil (including aerosol, vapor, and liquid forms).
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With purity, many parts of the pharmaceutical industry will use class 1 com-
pressed gas based on the maximum number of permitted particulates. The 
particle limits are summarized in Table 7.1.

A separate standard exists for the production of compressed air. This is ISO 
12500, a four‐part standard:

 ● ISO 12500‐1:2007 – Filters for compressed air – Test methods – Part 1: Oil 
aerosols

 ● ISO 12500‐2:2007 – Filters for compressed air – Test methods – Part 2: Oil 
vapors

 ● ISO 12500‐3:2009  –  Filters for compressed air  –  Test methods  –  Part 3: 
Particulates

 ● ISO 12500‐4:2009 – Filters for compressed air – Methods of test – Part 4: 
Water

With ISO 12500 there are no specific microbial testing requirements.

7.3.1.2 Microbial Survival in Compressed Gases
Although compressed gas and air systems are relatively harsh environments, 
they can aid microbial survival if there are available nutrients. The availability 
of nutrients is dependent upon the purity of the gas and airline. Nutrients suit-
able for metabolizing by microorganisms include water and oil droplets. 
Another factor that can affect survival is temperature, especially where tem-
peratures are warmer (Stewart et al. 1995).

In addition to vegetative cells, bacterial spores are well equipped to survive 
the harsh environmental conditions. Spores are resistant to the types of tem-
perature ranges and moisture levels found within compressed gas lines. 
Another risk exists with biofilm, where microbial communities can potentially 
form and develop through attachment to air lines and tubing.

Although these risk factors exist, typically no microorganisms would be 
expected to be recovered from compressed gas lines. Research has shown that 
many microorganisms can survive and multiply in pressurized systems up to 
10 bar and some are at least able to recover after being pressurized. However, 
at 160 bar pressure upwards, survival rates are very low. Where low‐level 
counts are recovered, these require investigation. More often the source is 

Table 7.1 Maximum number of permitted particulates used in the pharmaceutical industry 
for compressed gas.

ISO 8573 class

Particle size limits per m3

0.1–0.5 μm 0.5–1.0 μm 1.0–5.0 μm

1 ≤20’000 ≤400 ≤10
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adventitious contamination, although a fault with the compressed air line can-
not be ruled out.

Although microbial contamination of compressed air or gas is a rare event, 
incidents can occur. Sources of contamination include:

 ● Source of the air of gas. With air, this is intake air from surroundings (which 
can contain oil, dirt/dust and moisture/water vapor, microorganisms).

 ● Piping distribution systems. Piping distribution and air storage tanks, more 
prevalent in older systems, will have contaminant in the form of rust, pipe 
scale, mineral deposits, in addition to bacteria.

 ● Bacterial retentive filter. The filter may become blocked, lose its integrity, or 
become wet.

 ● Compressor failure. The compressor itself can create a contaminated envi-
ronment. For example; the compressor’s prefilters can become overloaded 
with dust and lint, causing the filter to cease functioning properly.

 ● Sample valve. The point‐of‐use sample valve may not be designed correctly 
or become faulty.

7.3.1.3 Microbiological Requirements
Microbial content itself does not influence the gas purity class assigned, although 
the standards recommend that microbial levels are assessed. Acceptable micro-
bial numbers are subject to a separate assessment; with such an assessment is 
based on an interpretation of GMP.

It is to note that the health authority guidelines cited in Table 7.2 have been 
written for sterile medicinal products. Nonetheless, a consensus is that the 
microbiological quality of the gas must be at least as good as the cleanroom 
air quality in which the process is taking place. Note that for EU GMP Grade 
A/ISO 14644 class 5 areas, the microbial count would then be less than 
1 CFU/m3 and the particle levels conform to the area at rest ≤3520 particles/
m3. Many companies, however, do not monitor gas or compressed air used in 
grade A or B areas since these are sterile filtered as close as possible to the 
point of use. In such cases a filter integrity test is executed in lieu of micro-
biological monitoring.

Compressed air sampling should form part of an environmental monitoring 
program, along with cleanroom assessments. The program should take into 
account air points to be tested. This could be every point, points considered to 
be of greater risk (such as product contact), or representative points along a 
loop. The frequency of testing must also be considered, and this too would 
need to tie into risk.

While there is an argument, as set out here, for the testing of compressed air 
where there is product contact there is less of a consensus over the testing of 
nitrogen. While nitrogen gas can be used to dispense or transfer most fluids 
from storage, the ISO standard has no specific microbial testing requirements 
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and very few microorganisms, of the types common to pharmaceutical manu-
facturing environments, would be likely to survive. On this basis a risk‐based 
justification could be made not to perform nitrogen gas testing.

The user will need to determine whether each compressed gas line requires 
testing and the frequency of testing. Certainly all product contact compressed 
gases should be assessed. A sampling plan should also consider, and adapt to, 
the following:

 ● Cleanroom grade
 ● Type of product manufactured
 ● Increased or reduced production schedules
 ● Seasonal changes
 ● Equipment changes and modifications
 ● Replacement of hardware or filters and dryers
 ● Inactivity of system

Table 7.3 proposes microbiological requirements and minimum testing fre-
quencies for gas or compressed air microbiological monitoring.

*These test frequencies can be lowered, based on risk assessment.
With the action levels set out in Table 7.3, the levels achieved in a practical 

setting will probably be far lower. The user should therefore set alert limits 

Table 7.2 Comparison of microbiological requirements in different standards/health 
authority guidelines.

Guideline Requirement

ISO 8573 Compressed 
air – Part 7: “Test method 
for viable microbiological 
contaminant content” 
(2003)

As indicated above, compressed gas requires assessment 
against a number of parameters, including particles and 
viable microorganisms. The part of the standard used for 
making assessments is ISO 8573 Compressed air – Part 7: 
Test method for viable microbiological contaminant content

IPSE Good Practice 
Guide – Process Gases 
(2011)

Table 7.1 of the guide indicates that particle counts (both 
viable and inert) should Typically equal to the at rest 
condition of the area served

2004 FDA Aseptic Filling 
Guidance document 
(2004)

A compressed gas should be of appropriate purity (e.g. free 
from oil) and its microbiological and particle quality after 
filtration should be equal to or better than that of the air in 
the environment into which the gas is introduced

New EU Annex 1 draft Compressed air and gases that come in direct contact with 
the product/container primary surfaces should be of 
appropriate chemical particulate and microbiological purity, 
free from oil and must be filtered through a sterilizing filter 
at the point of use. Where used for aseptic manufacturing, 
confirmation of the integrity of the final sterilization filter 
should be considered as part of the batch release process
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based on an historical review of the data and use these limits for trending pur-
poses. Here, limits setting is not dissimilar to approaches used for setting envi-
ronmental monitoring alert levels.

7.3.1.4 Sampling
When sampling compressed air for microorganisms, it is important that the air 
is depressurized and that the flow rate is controlled. Control of the flow rate is 
important to ensure that a cubic meter of air is sampled within the required 
sampling time (this time will be instrument dependent). If the air sampler takes 
36 minutes to capture a cubic meter of air, then it will be sampling at 1 ft3/min. 
An external regulator will be needed to bring the flow rate down to the sam-
pling rate of instrument. This is assessed using a flow meter. Pressure reduc-
tion to atmospheric conditions is of great importance and knowing the flow 
allows the agar exposure time to be assessed, so that one cubic meter of air is 
sampled.

It is also important that isokinetic sampling of the air occurs and that air 
velocity is reduced until it is within the range of the sampler as identified by the 
manufacturer. This is not only necessary for obtaining the correct sample size 
but also impacts on the possibility of microbial survival. The level of impact 
stress has been shown to affect microbial recovery on agar and be dependent 
upon the impaction velocity of the cells into the agar as well as the design and 
operating parameters. Due to the fact that any microorganisms present are 
transported under pressure and then suddenly released into atmospheric con-
ditions, they may be damaged by the immediate expansion of the gas and the 
resulting shearing forces.

The head of the instrument and any attachments should ideally be sterile 
before use, to avoid contamination. The culture medium used with the instru-
ment should have been tested for growth promotion and, as for environmental 

Table 7.3 Example of minimum microbiological requirements for gas monitoring.

Grade
Testing frequency 
quantitative (volumetric)a

Action levelb

Number of viable aerobic 
organisms in gases (CFU/m3)

C Monthly 100
D Quarterly 200
Defined for inhalation 
product manufacturing

Quarterly 200

Defined for solid oral dosage 
product manufacturing

Quarterly 500

a Testing frequency should be based on a risk assessment.
b Additional alert levels to be defined based on the water system performance and historical data.
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monitoring, has been validated as suitable for gas‐viable air monitoring. With 
most samplers the head will be autoclavable. Some users disinfect the tubes 
and hoses used to connect the sampler with a disinfectant like 70% isopropyl 
alcohol. This is mentioned as an option in the ISO standard, although this is 
erroneously described as “sterilization.” Where a disinfectant is used it is 
important to run the air through the sampler without any agar plate in place; 
this is necessary to evaporate the disinfectant and to remove any residues. The 
presence of disinfectant could potentially lead to a “false negative.”

With sampling, the sample inlet is connected to the compressed gas line and 
air is directed over an agar plate or strip. The method works by compressed 
gas, under reduced pressure, called “partial flow,” is forced over the surface of 
an agar plate. Any microorganisms are impinged onto the surface of the agar.

The sampling time should be sufficient in order to sample one cubic meter of 
the agar. After sampling, the agar plate or strip is removed and incubated 
within a microbiology laboratory. At the end of incubation, the agar is exam-
ined for colony forming units. Incubation can be for aerobic or anaerobic 
organisms, or both. The extent to which either is present should be based on 
initial validation and by taking into account whether such organisms pose a 
patient risk, should they end up being transferred into the end product.

If colony forming units are recovered, these should be assessed against the 
appropriate levels defined (e.g. see Table 7.2). It is good practice to identify the 
contaminants recovered especially if the counts exceed the levels; the identifi-
cation may provide important information as to the origin of the bacteria that 
would support a deviation investigation.

7.3.1.5 Instrumentation for Sampling
The type of instrument recommended in the ISO standard is a “slit‐sampler, a 
type of impaction air tester,” although alternative samplers can be used, if justi-
fied. With a standard impactor sampler, air is drawn through a sampling head 
via a pump or fan and accelerated, usually through a perforated plate (sieve 
samplers), or through a narrow slit (slit samplers). This process creates a lami-
nar flow through the sampler head. Hence, the air sampler should be fitted 
with a diffuser capable of maintaining laminar flow conditions. This is neces-
sary so that particles pass through the sample head in a controlled flow.

The velocity of the air is determined by the diameter of the holes in sieve 
samplers and the width of the slit in slit samplers. When the air strikes the col-
lection surface on the agar plate, it makes a tangential change of direction. This 
causes any suspended particles to be thrown out by inertia, impacting onto the 
collection surface. When the correct volume of air has been passed through the 
sampling head, the agar plate can be removed and incubated (Sandle 2011).

When selecting a suitable sampler, three parameters should be checked and 
evaluated. These requirements are undertaken by the instrument provider, 
given the specialist equipment required. These are (Sandle 2010):
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 ● The physical efficiency of the sampler. This is the relative efficiency of the 
sampler in collecting particles over a range of sizes. Physical efficiency is 
measured against membrane filtration sampling and the d50 value assessed. 
The d50 is the aerodynamic diameter, above which the collection efficiency 
of the impactor approaches 100%. Knowing the d50 value gives an indica-
tion of the sizes of particles likely to be collected by the sampler for the d50 
is equivalent to particle size at which 50% of the particles are collected, 
and 50% pass through the sampler because that are too small to impact 
(Hinds 1982).

 ● The biological efficiency. This is the relative efficiency of the sampler in col-
lection of microorganisms on a surface so that they remain viable and can be 
counted post‐incubation. Biological efficiency is compared with an estab-
lished reference sampler. This is selected according to the manufacturer. 
Assessment of air samplers involves the use of a controlled microbial popula-
tion passed into a nebulizing chamber.

 ● The flow rate of the sampler. With all sample sizes, the flow rate of air 
through the sampling head is critical to the accuracy of the result.

In terms of culture media, sampler models available either collect air samples 
onto contact plates (55 or 84 mm diameter), standard Petri dishes (90 mm 
diameter), or onto agar strips.

Outside of these requirements, the ideal device should be portable to permit 
sampling throughout a series of cleanrooms. Devices should also be cleanable 
and resistant to common cleanroom disinfectants. The ideal material of con-
struction is stainless steel.

7.3.1.6 Culture Medium Used and Incubation Conditions
An appropriate agar must be selected. An example is tryptone soya agar, which 
is a generally nutritious medium designed to recover a range of bacteria and 
fungi. A key factor to take into account is whether the process of sampling 
leads to undue desiccation of the agar, rendering any recovered microorgan-
isms unable to grow on the agar due to depletion of growth nutrients. This will 
be affected by the flow rate, type of compressed gas, and the model of air‐sam-
pler, together with the type of culture medium. A risk will remain that micro-
bial cells will become damaged by mechanical stress during the sampling 
process and lose viability. These factors should be evaluated through a study 
(Morring et al. 1983).

An example of such study is provided below.
As plates are exposed to air over time, they undergo a loss of weight due to 

desiccation. The degree of weight loss varies depending upon the environment 
in which the plate is exposed and the instrument used. The desiccation of the 
agar may be detrimental to the viability of any microorganisms which may have 
settled onto the surface of an exposed agar plate. The process of desiccation 
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can be considered of in terms of total water loss or by reduced access to mois-
ture due to the formation of a “skin layer” onto the agar surface.

The purpose of the validation assessment is to show whether the plates retain 
the ability to support microbial growth after the maximum exposure time 
(which is defined by the air‐sampler run time).

When designing a validation test protocol to examine the impact of weight 
loss, there are a number of factors to consider. These include:

 ● The type of culture medium.
 ● The use of neutralizers in the culture medium (this may or may not be a 

factor depending on the application of the plates).
 ● The air sampler type and model.
 ● The hydration state of the medium and the impact of this upon the rate of 

desiccation.
 ● The metabolic and physical state of any microorganism that may be depos-

ited onto the plate surface.
 ● The length of the exposure time.
 ● The type of gas used (multiple studies will need to be run for different gases, 

such as for nitrogen and compressed air).

There are also different approaches to take when designing when and how 
agar plates will be assessed. These are captured in the three options below.

Approach 1:
Should plates be exposed first in the air sampler with the maximum exposure 
time and then inoculated with the microorganism?

The disadvantages with this approach are that:

 ● Additional moisture could be available from the culture medium which 
could skew the obtained result.

 ● The use of laboratory prepared strains is not representative of the environ-
mental flora. The use of environmental isolates may provide a greater degree 
of robustness because they will have adapted to have survived in adverse 
environmental conditions. However, once environmental isolates have been 
cultured in the laboratory, they arguably become laboratory cultures and 
phenotypically different from environmental flora.

 ● A further issue with this approach is that running samplers with plates and 
inoculating them is a greater challenge because a microorganism was more 
likely to be deposited onto the surface of a settle plate during exposure. 
Furthermore, at the end of the sampling time, plates will have undergone 
maximum weight loss, whereas inoculating the plates at the start of the incu-
bation could have resulted in microorganisms being carried from the surface 
with moisture loss (because the microbial population applied would be as a 
suspension), which would not have been an accurate challenge.
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Approach 2:
Should plates be inoculated and then exposed?

The disadvantage with this approach is that:

 ● This approach does not assess the ability of the plate to recover microorgan-
ism at the end of the exposure time.

Approach 3:
Should plates be run first, store in the process area until collected (to assess 
sample hold times prior to incubated), then incubated for the maximum incu-
bation time, and then inoculated?

Generally, this is the best approach for capturing all data variables.
In terms of suitable microorganism to use, a representative Gram‐positive 

rod, Gram‐positive coccus, Gram‐negative rod, yeast‐like fungus, and filamen-
tous fungus should be used together with, as is the regulatory preference, iso-
lates from the user’s manufacturing environment.

 ● Bacillus subtilis (ATCC 6633)
 ● Candida albicans (ATCC 10231)
 ● Staphylococcus aureus (ATCC 6538)
 ● Aspergillus brasiliensis (ATCC 16404)
 ● Pseudomonas aeruginosa (ATCC 9027)
 ● Environmental isolates (two or more)

In addition, the agar medium should be removed from the sampler as quickly 
as is practicable and transferred to the required incubator. This is to avoid the 
culture medium from drying out or deteriorating.

With the incubation conditions selected, the time and temperature should 
be suitable for the recovery of mesophilic microorganisms from ambient air 
temperature, particularly Gram‐positive organisms given that such bacteria 
are better equipped to survive in dry environments (Moissl‐Eichinger et al. 
2012). The typical requirement is to look for mesophilic bacteria and fungi 
(those that would grow across the temperature range 20–35 °C). However, 
anaerobic or microaerophilic organisms may need to be considered if such 
organisms are likely to be present and/or pose a risk to the product. Here, 
some users would elect to use one representative temperature whereas oth-
ers would elect to use a two‐step incubation regime, such as (Sandle 2014a):

 ● 20–25 °C for 3–5 days, followed by
 ● 30–35 °C for 3–5 days.

The selected incubation time should be based on growth promotion studies. 
If certain microorganisms are considered a problem, alternate incubation 
times, conditions, or culture media can be considered.
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7.3.1.7 Reporting Requirements
When reporting the results from a compressed air sampling session, in relation 
to microbial counts, the following information is advised in the ISO 8573 
standard:

1) Whether the compressed airline was “sterile” or “non‐sterile” (something of 
importance should non‐sterile processing occur in the same facility as ster-
ile processing)

2) The date of sampling
3) The date of measurements
4) The location of the sample

In addition to this, the result should be added, expressed as colony forming 
units per cubic meter of air (CFU/m3).

7.3.1.8 Bacterial Endotoxin and Compressed Gases
The ISO 8573 standard has the option of sampling compressed air for bacterial 
endotoxin. Such testing remains relatively uncommon and it is only necessary 
should the compressed gas have a direct product contact and where there is a con-
cern with Gram‐negative bacteria. In most cases there should be no likelihood of 
endotoxin being present, especially in the context of non‐sterile manufacturing.

The sampling method for bacterial endotoxin is tricky and inexact. Either colo-
nies are examined for Gram‐negative bacteria, and assessment is made about 
endotoxin risk; or the compressed air is passed through pyrogen‐free water.

7.3.2 Cleanrooms and Controlled Environments

Most non‐sterile pharmaceuticals are processed under controlled environ-
mental conditions, but not often in classified cleanrooms. This is because the 
contribution of people to microbiological contamination of most non‐sterile 
products is considered relatively minor and the contribution from the air is, in 
the most part, negligible. There is a GMP consideration for some liquids and 
inhaled products to be processed in a controlled environment so as to mini-
mize microbiological contamination, and this is entirely justified on a risk basis 
(this might stem from, for example, the FDA “Pharmaceutical cGMPs for the 
21st Century” document which requires an environmental risk assessment). 
However, for the vast majority of non‐sterile products, the environment con-
tributes little risk to the product. Risk can be kept at a low level through good 
HVAC design and by demonstrating control by a level of environmental moni-
toring. These issues are addressed below.

7.3.2.1 Heating, Ventilation, and Air Conditioning (HVAC)
The space within which non‐sterile processing occurs will either be a con-
trolled environment or a cleanroom. Where a cleanroom is used, this is 
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typically assessed according to EU GMP Grade D (where the air quality maxi-
mal value is 200 CFU/m3) for the stricter cases or Grades E/F for the less stricter 
cases. The use of Grades E and F is mentioned in the WHO GMP Guidelines 
for HVAC systems intended to support non‐sterile environments. Here, Grade 
E is described as being applicable to semisolid and liquid dosage forms (with an 
air quality maximal value of 500 CFU/m3) and Grade F for the manufacture of 
tablets, capsules, and coated tablets (air quality maximal value of 800 CFU/m3). 
By being controlled, there is an expectation that the particulate levels will be 
within an acceptable range. The control of particulates relates to the permitted 
number of particles that ingress into the room space, the motion that the par-
ticles follow within the space (there are particles that either enter or which are 
generated from people or machinery), and the rate at which particles in the air 
are removed from the room.

Environmental cleanliness is determined by several factors:

 ● The quantity of air introduced into the space.
 ● The effectiveness of air distribution through the space.
 ● The effectiveness of the removal of air contaminants.

The ingress and flow of particles is a consequence of the (HVAC) system, 
especially the filtration part which will most likely be via a high efficiency par-
ticulate air (HEPA) filter. The types of filters required for different applications 
depend on the quality of the ambient air and the return air (where applicable) 
and also on the air change rates. The HVAC will also control room temperature 
and humidity levels as required for specific processes. Thus, HVAC encom-
passes the processes and technology required to maintain the required set of 
physical conditions (WHO 2016).

Air filtration and air change rates should be set to ensure that the defined 
clean area condition is attained. The air change rates should be determined by 
the manufacturer and designer, taking into account the various critical param-
eters using a risk‐based approach, considering the area condition required, and 
whether a specific room cleanliness condition is in fact required together with 
whether the room condition is rated for an “at rest” condition or an “opera-
tional” condition. The type of equipment in the room and whether the equip-
ment generates high levels of particles is also of importance when considering 
what is expected in terms of cleanroom air.

Other factors to account for with the design are:

 ● The quality and filtration of the supply air.
 ● Particulates generated by the manufacturing process.
 ● Particulates generated by the operators.
 ● Configuration of the room and air supply and extract locations.
 ● Having sufficient air to achieve containment effect and to clean up the area.
 ● Having sufficient air to cope with the room heat load.
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 ● Ensuring there is sufficient air to balance extract rates.
 ● Ensuring sufficient air to maintain the required room pressure differential.

Directional airflow within production areas should assist in preventing con-
tamination. This is normally a turbulent airflow. Airflows should be planned in 
conjunction with operator locations, so as to minimize contamination of the 
product by the operator. Unidirectional airflow (UDAF) should be used for 
weighing booths or sampling booths to provide operator and product protec-
tion and should also have a slight air inflow from the room to enhance contain-
ment. This can be demonstrated by smoke airflow pattern tests, or other 
appropriate tests.

The high‐pressure differential between the clean and less clean zones should 
be of sufficient magnitude to ensure containment and prevention of flow 
reversal, but should not be so high as to create turbulence problems. Where 
appropriate, temperature and relative humidity should be controlled, moni-
tored, and recorded, where relevant, to ensure compliance with requirements 
pertinent to the materials and products and provide a comfortable environ-
ment for the operator where necessary.

7.3.2.2 Validation
The design, installation, and commissioning of the HVAC system requires the 
use of a specialist contractor (to take note of sometimes overlooked factors like 
the variation of solar radiation density outside of the pharmaceutical facility 
which can affect the extent that control is maintained during the summer 
months). Factors to consider include the building materials, the air infiltration 
rate, the type of energy sources, ease of engineering access, and so on.

The validation of the system can be undertaken in‐house or by using an inde-
pendent company. The qualification phase is important, especially if it can 
impact upon the quality of the product (in terms of its stability, such as the 
consequence of the ambient air temperature being out of range) or microbial 
survival (which could arise from particulate ingress with survival being pro-
moted through optimal temperatures).

7.3.2.3 Monitoring and Control
To control the HVAC, many pharmaceutical facilities will use a computer‐
based BMS, where hardwire functions to bridge any gap autonomously between 
desired and actual environmental conditions. BMS’s are capable of monitoring 
the following:

 ● HVAC/mechanical systems
 ● Temperature
 ● Humidity
 ● Electrical power distribution
 ● Security and building access
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 ● Surveillance
 ● Life safety systems (fire alarms, gas leaks, seismic, etc.)
 ● Lifts and elevators
 ● Lighting

A BMS consists of a personal computer connected to a range of distributed 
data acquisition modules. The data acquisition modules provide a method of 
connecting to room‐mounted sensors to monitor the above parameters like 
temperature and differential pressure. Each room within the facility would be 
monitored for each required parameter, with alarm limits applied to notify 
users of “out of limits” operation.

Whether or not a BMS is in place, the following parameters, once appropri-
ate ranges have been decided, enable an assessment of process area environ-
mental control:

 ● Temperature
 ● Relative humidity
 ● Supply air quantities for all diffusers
 ● Return air or exhaust air quantities
 ● Room air change rates
 ● Room pressures (pressure differentials)
 ● Room airflow patterns
 ● Unidirectional flow velocities
 ● Containment system velocities (if applicable)
 ● HEPA filter penetration tests
 ● Room particle counts
 ● Room cleanup rates
 ● Microbiological air and surface counts where appropriate

The frequency at which these parameters should be assessed will come from 
a risk assessment, based on the potential risk to the processed product.

7.3.2.4 Environmental Monitoring to Show Environmental Control
Periodic monitoring of airborne microorganisms in the air and on surfaces is 
helpful in assessing overall levels of control. Particle monitoring can be used 
should an investigation warrant this (e.g. helping to identify a source of micro-
bial contamination). Before instituting a microbiological environmental moni-
toring program into a non‐sterile facility, the following questions can help to 
structure a monitoring regime:

 ● What are you looking for?
 ● Where will you monitor, how and how often?
 ● What is the relationship, if any, between environmental monitoring data and 

patient risk?
 ● How much is unacceptable and why?
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 ● What is acceptable and why?
 ● What action will you take if results are high?
 ● How will you assess the effectiveness of that action?

Depending upon the answers to these questions these responses can inform 
about the nature of monitoring. Environmental monitoring is addressed in 
Chapter 8.

7.3.2.5 Energy Efficiency
The topic of energy efficiency is of concern to many manufacturers and, given 
that airborne contamination risks are often lower with non‐sterile products 
compared with sterile products, “over‐specification” of design needs to be 
avoided. HVAC systems are costly to operate and energy dependent, not least 
because air is used to condition the room environment (which requires the 
temperature and humidity of the air to be altered). The way the air is condi-
tioned is either by the direct heating of air (passing air over a heat exchanger) 
or through the use of heated or chilled water; or through both, as is the case 
with an air handling unit (AHU). The AHU is a secondary part of the HVAC 
system (in contrast to the boiler and chiller, which forms the primary part of 
the HVAC system). Each of these different processes requires considerable 
amounts of energy to be used.

Taking temperature control as an example, the temperature difference 
between ambient air and air inside a process room causes heat to flow across 
the building envelope. In winter, heat is lost to the outside requiring the HVAC 
system to supply a high heat input via an external energy source. In turn, this 
can cause the air to become too dry, causing operator discomfort; to avoid this 
humidification is required, which adds further to the energy burden 
(Wijeysundera 2016). Humidification of air occurs by adding moisture to an air 
stream that is flowing steadily, using psychrometric modeling.

7.3.3 Water Systems

Water is potentially a major source of microbiological contamination, as a 
poorly designed and controlled water system can contain high numbers of 
microorganisms, especially Gram‐negative organisms which may be less sus-
ceptible to the killing effect of chemical preservatives. Thus, where water is a 
key formulation constituent or process component, its control is of crucial 
importance.

All microorganisms require water to grow. Many non‐sterile formulations 
have very low levels of available water; either because they are dry or solid 
(tablets, capsules, powders, and so on), they are water free (ointments), or 
they have formulation components which reduce the amount of water avail-
able to microorganisms (so‐called humectants). The dry or solid products 
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may have intermediate manufacturing steps that may also promote growth 
of microorganism such as wet granulation and water‐based coating solu-
tions. If the holding time of these intermediates is not controlled, microbial 
proliferation may occur until developing levels of microorganisms that may 
provoke product degradation or result in amounts exceeding the product’s 
final specification levels. The products which contain substantial amounts 
of water (or intermediates and additives which do) constitute a significant 
microbiological threat. Thus, oral liquids, topical liquids, creams, semisol-
ids, etc., constitute a potential microbiological risk. This is why so many of 
these products are formulated to contain a chemical preservative agent, the 
efficacy of which is established during development and confirmed periodi-
cally on commercial lots. Thus, the nature of the formulation should be 
considered as part of the overall microbiological risk assessment in relation 
to the risks posed by water.

There are many grades of water used in the pharmaceutical industry. Water 
for manufacturing may be potable mains water, water purified by ion‐exchange, 
reverse osmosis or distillation or Water for Injection. Water systems are a criti-
cal component in controlling bioburden in the non‐sterile manufacturing envi-
ronment. Water is used in manufacturing, cleaning, and rinsing.

With non‐sterile product production, purified water is most commonly used. 
The microbiological limit applying to purified water is normally not more than 
100 CFU/ml as defined, e.g. by the Ph. Eur. Monograph Aqua Purificata.

7.3.3.1 Types of Water
7.3.3.1.1 Potable Water Potable water may be used for some pharmaceuticals, 
but perhaps more so for cosmetics and toiletries. In the pharmaceutical 
industry potable water is deemed good enough for cleaning purposes (e.g. 
walls and floors in non‐sterile units). The degree to which cleaning water must 
be microbiologically controlled is a function of where it is to be used, what 
products and equipment it is being used in association with, and of the volumes 
to be used. Potable water has a microbiological specification in line with 
national requirements (the WHO indicates 500 CFU/ml, although many 
countries set lower limits) and the absence of Enterobacteriaceae. However, the 
quality of water may vary both from time to time and from place to place. In 
the same territories water authorities will not allow water to be used directly 
from the mains but insist on break tanks. This represents a significant source 
of potential contamination because on prolonged storage microorganisms 
either settle out or attach themselves to the storage vessel surfaces and grow as 
living biofilms. This results in the so‐called “bottle effect,” whereby bacterial 
growth and activity are substantially enhanced through growth as a biofilm 
(due primarily to increased nutrient trapping and concentration) as opposed to 
a free floating (planktonic) lifestyle. The intermittent throughput of the storage 
tank ensures that, unless treated, the contents serve as a source of infection.
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7.3.3.1.2 Deionized Water Deionized water is used extensively in the manu-
facture of tablets, syrups, suspensions, creams, lotions, and for washing of all 
manufacturing equipment. It is prepared by passing potable water through 
anion and cation exchange resin beds to remove the ions. Any bacteria present 
in the mains water will therefore be present in the deionized water. Deionization 
beds are prone to contamination because they must be protected from the 
corrosive potential of chlorine which acts as a bacteriostat in potable water. 
Those beds that are not regenerated frequently with strong acids or alkali are 
often heavily contaminated. Consequently, there is a lot of emphasis on the 
development of new resins that are able to resist microbial contamination 
(Song et al. 2017).

7.3.3.1.3 Purified Water Produced by Reverse Osmosis The process of producing 
water by reverse osmosis involves forcing water by an osmotic pressure 
through a semipermeable membrane which acts as a molecular filter. Solubles 
dissolved in the water are impeded and those with a molecular weight in 
excess of 250 do not diffuse at all. In this manner microorganisms, and 
pyrogens, are removed, resulting in sterile water being produced. Contamination 
may, however, occur in the storage vessel on the distribution system if they 
are not kept free from microorganisms. Care must also be taken to disinfect 
the membrane at regular intervals. This interval will be determined by the 
results of regular sampling but will probably be of the order of once per month, 
depending on use.

7.3.3.1.4 Distilled Water (WFI) Distilled water is very high‐quality water, 
similar in standard to reverse‐osmosis water, if produced by a still designed to 
prevent the entrainment of water droplets. As it leaves the still, distilled water 
is sterile, but its microbiological quality can deteriorate quickly as a result of a 
fault in the cooling system, the distribution system, or incorrect storage 
conditions. The flora of contaminated distilled water is usually Gram‐negative 
bacteria (commonly Pseudomonas spp. or Methylobacterium spp.), often as a 
pure culture. Owing to its high cost, distilled water is usually used only for 
parenteral manufacture either as an ingredient or as a pyrogen‐free rinsing 
agent for product contact surfaces. It can on occasion be used in the formulation 
of oral and topical pharmaceutical products where a low bacterial count is 
needed.

7.3.3.2 Good Water System Design
The specifications for water purification equipment, storage, and distribution 
systems should take into account the following (Sandle 2016):

 ● The risk of contamination from leachates from contact materials.
 ● The adverse impact of adsorptive contact materials.
 ● Hygienic or sanitary design.
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 ● Corrosion resistance.
 ● Freedom from leakage.
 ● Configuration to avoid proliferation of microbiological organisms.
 ● Tolerance to cleaning and sanitizing agents (thermal and chemical).
 ● The system capacity and output requirements.
 ● The provision of all necessary instruments, test, and sampling points to 

allow all the relevant critical quality parameters of the complete system to be 
monitored.

The storage and distribution system should be considered as a key part of the 
whole system, and should be designed to be fully integrated with the water 
purification components of the system. The storage and distribution system 
should be configured to prevent recontamination of the water after treatment 
and be subjected to a combination of online and off‐line monitoring to ensure 
that the appropriate water specification is maintained.

With materials and design (Zoccolante 2005):

1) Corrosion resistance. PW, HPW, and WFI are highly corrosive. To prevent 
failure of the system and contamination of the water, the materials selected 
must be appropriate, the method of jointing must be carefully controlled, 
and all fittings and components must be compatible with the pipework 
used. Appropriate sanitary specification plastics and stainless‐steel materi-
als are acceptable for pharmaceutical systems. When stainless steel is used 
it should be at least grade 316L. The system should be passivated after ini-
tial installation or after modification. When accelerated passivation is 
undertaken, the system should be thoroughly cleaned first, and the passiva-
tion process should be undertaken in accordance with a clearly defined 
documented procedure.

2) Smooth internal finish. Once water has been purified it is susceptible to micro-
biological contamination, and the system is subject to the formation of bio-
films when cold storage and distribution is employed. Smooth internal surfaces 
help to avoid roughness and crevices within the WPU system. Crevices are 
frequently sites where corrosion can commence. The internal finish should 
have an arithmetical average surface roughness of not greater than 0.8 μm 
arithmetical mean roughness (Ra). When stainless steel is used, mechanical 
and electropolishing techniques may be employed. Electropolishing improves 
the resistance of the stainless‐steel material to surface corrosion.

3) Jointing. The selected system materials should be able to be easily jointed by 
welding in a controlled manner. The control of the process should include 
as a minimum, qualification of the operator, documentation of the welder 
setup, work‐session test pieces, logs of all welds, and visual inspection of a 
defined proportions of welds.

4) Where heat exchangers are employed to heat or cool water within a system, 
precautions should be taken to prevent the heating or cooling utility from 
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contaminating the water. The more secure types of heat exchangers of the 
double tube plate or double plate and frame configuration should be consid-
ered. Where these types are not used, an alternative approach whereby the 
utility is maintained and monitored at a lower pressure than the water may 
be considered. Where heat exchangers are used they should be arranged in 
continually circulating loops or sub‐loops of the system to avoid unaccepta-
ble static water in systems. When the temperature is reduced for processing 
purposes, the reduction should occur for the minimum necessary time. The 
cooling cycles and their duration should be proven satisfactory during the 
qualification of the system.

5) Elimination of ball valves will help to address microbial contamination in 
water systems (Collentro 2011).

7.3.3.3 Microbial Control of Water
Water treatment equipment, and storage and distribution systems used for 
purified water should be provided with features to control the proliferation of 
microbiological organisms during normal use, as well as techniques for sanitiz-
ing or sterilizing the system after intervention for maintenance or modification. 
The techniques employed should be considered during the design of the system 
and their performance proven during the commissioning and qualification 
activities. Good design is necessary in order to minimize the chances of biofilms 
developing. Biofilms form when there is the opportunity for microorganisms in 
the water to attach onto surfaces. Adherence is enhanced by many species 
within the community secreting a polysaccharide coating which is “slime like” 
and very adhesive. The function of the coating is to encourage the attachment 
of other bacteria, to trap nutrients, and to provide a degree of protection. 
Biofilm formation in water systems is often a product of poor design. This may 
relate to the type of material used for the pipework, the finish of the pipework, 
the diameter of the pipe, the velocity of the circulating water, or the presence of 
dead‐legs (bends in the pipe where the water velocity slows) (Sandle 2013a).

Thus, the important points to note are (Sandle 2014b):

1) Maintenance of continuous turbulent flow circulation within water distri-
bution systems reduces the propensity for the formation of biofilms. The 
maintenance of the design velocity for a specific system should be proven 
during the system qualification and the maintenance of satisfactory per-
formance should be monitored. During the operation of a distribution 
system, short‐term fluctuations in the flow velocity are unlikely to cause 
contamination problems provided that cessation of flow, flow reversal, or 
pressure loss does not occur.

2) The system design should ensure the shortest possible length of pipework.
3) For ambient temperature systems, pipework should be isolated from adja-

cent hot pipes.
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4) Dead‐legs in the pipework installation greater than 1.5 times the branch 
diameter should be avoided.

5) Pressure gauges should be separated from the system by membranes.
6) Hygienic pattern diaphragm valves should be used.
7) Pipework should be laid to falls to allow drainage.
8) The growth of microorganisms can be inhibited by:

a) ultraviolet radiation sources in pipework;
b) maintaining the system heated (guidance temperature 70–80 °C);
c) sanitizing the system periodically using hot water (guidance tempera-

ture >70 °C);
d) sterilizing or sanitizing the system periodically using superheated hot 

water or clean steam; and
e) routine chemical sanitization using ozone or other suitable chemical 

agents. When chemical sanitization is used, it is essential to prove that 
the agent has been removed prior to using the water. Ozone can be 
effectively removed by using ultraviolet radiation.

Many options are available for treating and improving water quality. The use 
of any particular method depends on what is causing the microbial deteriora-
tion, the source of the problem, the quality of the water required and the vol-
ume to be treated, and the type of distribution system. The design of a system 
is influential on the size of the microbial populations and the ability of the user 
to remove them. Dead‐legs, long pipework runs to taps, undrainable pipes, and 
U‐bends all create microbiological problems once installed.

Three methods are routinely used for treating water, namely chemicals, fil-
tration, and UV light. Chemical treatment (e.g. sodium hypochlorite and chlo-
rine gas) is applicable to raw, mains water, but can also be used to treat 
distribution systems of water produced by distillation, deionization, and 
reverse osmosis. The concentration of the chemical used will vary depending 
upon the location of the water in the distribution system. Membrane filtration, 
using a 0.22 μm porosity‐filter, is useful where the usage is moderate and a 
continuous circulation of water can be maintained. Thus, with the exception of 
that drawn off for use, water is continually being returned to the storage tank 
and refiltered. In principle, filtration works well but is relatively expensive for 
high throughputs because the filters may need regular changing to prevent 
blockages and “grow through.” For this reason, use of 0.22 μm filters as a means 
of controlling contamination in waters used directly for product manufacture 
is frowned upon. In essence, filters should only be used prior to the distribu-
tion process. Ultraviolet radiation (254 nm) is used for the disinfection of water 
of good optical clarity, and works particularly well in a recirculating system 
where water flows over a multiple lamp system. Caveats are that penetration of 
UV light into water is small, and any dead bacteria present in the system will 
further hinder penetration.
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7.3.3.4 Monitoring Water
In terms of testing, USP <1231>, Water for Pharmaceutical Purposes notes 
that: …water systems need to be operated and maintained in a controlled man-
ner that requires that the system be validated to provide assurance of opera-
tional stability and that its microbial attributes be quantitatively monitored 
against established alert and action levels that would provide an early indica-
tion of system control.

With non‐sterile processes the primary concern is with monitoring the water 
for bioburden and screening water for the presence or absence of objectionable 
microorganisms, based on a risk review of the product and its intended use 
(there is not normally any requirement for endotoxin testing). For microbio-
logical monitoring of total aerobic microbial counts in water, the traditional 
categorization is that there are two basic forms of media available: “high nutri-
ent” and “low nutrient.” Those media traditionally categorized as high‐nutrient 
include plate count agar, soybean casein digest agar, and M‐heterotrophic plate 
count agar. These media are intended for the general isolation and enumera-
tion of heterotrophic or copiotrophic bacteria. As alternative to high‐nutrient 
media, low‐nutrient media, such as R2A agar and National Water Research 
Institute agar have a larger variety of nutrients than the high‐nutrient media. 
These low‐nutrient media were developed for use with potable water due to 
their ability to recover a more nutritionally diverse population of microorgan-
isms found in these environments. The use of R2A is prescribed for microbio-
logical testing of water in the Ph. Eur. monograph on purified water and WFI 
and recommended in the JP chapter G8 Water Quality Control of Water for 
Pharmaceutical Use.

The plates are generally incubated within a temperature range of 30–35 °C 
and for a minimum time of 5 days. For the selection of microbiological culture 
media and the incubation conditions used for monitoring of water and clean 
steam, some companies support their decision by validation studies. For such 
studies, it is recommended to perform growth promotion tests using a large 
selection of typical in‐house water‐related isolates and/or to perform a study 
comparing counts of different sampling points in production areas (thus the 
original microflora and metabolic state) during initial qualification of new 
water distribution systems. The optimal test method is membrane filtration, 
either using general or specific agars.

If water is used in a component of the product formulation, the microbiologi-
cal specification for water is typically based on the Pharmacopoeia mono-
graphs. Whereas for the monitoring, some companies apply in addition to the 
specification level, an action and alert level on historical data or a fraction of 
the water specifications as per USP <1231> (three‐tier approach); other com-
panies apply a two‐tier approach, i.e. a specification and action level or an 
action level and alert level.
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Considering the variability of microbiological counts and based on the fact 
that, in general, the water specification is not a final product critical quality 
attribute or critical in process control (IPC), in general, is an action level based 
on the Pharmacopoeia requirements and an alert level based on the water sys-
tem performance sufficient. For water‐based products without or containing a 
weak preservative system, the above criteria would not apply and tight specifi-
cations would need to be introduced.

As an example, Table 7.4 provides examples of microbiological requirements 
and testing frequency may be applied for water microbiological testing. Note 
that physical requirements have not been included but should be based on the 
relevant GMP guidelines and Pharmacopoeia.

During the water system qualification phase, an increased testing frequency 
should be performed in order to provide supportive data of the water controls 
and provide a better assessment of the water microflora, especially verifying 
that objectionable microorganisms are absent.

In addition to the requirements defined in Table 7.4, the absence of objec-
tionable microorganisms may be included. The selection of objectionable 
microorganisms is based on different criteria such as, for instance, the water 
system, the product manufacturing process, type of product, risk of prolifera-
tion in product, patient risk, and health authority requirement. Generally 
P. aeruginosa, Burkholderia cepacia, and Enterobacteriaceae are typical repre-
sentatives of a water system quality for pharmaceutical manufacturing. With 
objectionable organism testing for the presence of B. cepacia complex organ-
isms has become a noteworthy regulatory concern. This is because these 

Table 7.4 Example of microbiological/biological requirements of water used 
in pharmaceutical manufacturing.

Type of water
Testing 
frequencya

Action levelb

Total aerobic microbial 
count

Action level
Endotoxin

Potable water Monthly 500 CFU/ml Not 
required

Purified water Weekly 100 CFU/ml Not 
required

Water for injection Daily 10 CFU/100 ml 0.25 EU/ml
Clean steam 
condensate

Trimester Not required 0.25 EU/ml

a Testing frequency of the whole water system. Individual sampling points may be tested based 
on a rotational basis.
b Additional alert levels to be defined based on the water system performance and historical data.
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organisms and other water‐borne opportunistic pathogens are among the 
most serious contaminants that can be found in pharmaceutical water systems. 
Moreover, B. cepacia complex organisms can survive or multiply in several 
types of non‐sterile and water‐based products. This is fostered by these organ-
isms displaying resistance to some common types of preservatives and antimi-
crobial agents.

The test methods for the objectionable microorganisms should be generally 
based on the membrane filtration method using selective media or other vali-
dated methods.

It is recommended to include the absence of objectionable microorganisms 
during the validation phase for the water distribution system to detect them 
early on and introduce additional sanitization measures or system design 
change if necessary. In routine monitoring, the objectionable microorganism 
test may be omitted if the water system is qualified, if adequate sanitization 
practices that would kill objectionable microorganisms are implemented, and 
if during the water system qualification, no objectionable microorganism was 
detected. In some cases, objectionable microorganism tests are reintroduced, 
e.g. in case an objectionable microorganism is identified when the alert or 
action level is exceeded.

It is important to design sampling points in the processes that can be moni-
tored for validation and for routine assessment. As an example, use‐point sam-
ples for hose connections must be collected from actual production hoses 
using the same flush cycle used in production to prove proper water quality.

In order to avoid any subsequent changes in the count of microorganisms, 
the water samples must be transported and tested as rapidly as possible. The 
general requirement is whenever possible, to test the samples within two hours 
of collection when stored at room temperature.

If it is not possible to test the sample within about 2 hours after collection, 
the samples are held at refrigerated temperatures (2–8 °C) for a maximum of 
24 hours. Longer sample hold times than those described above are imple-
mented when they are supported with validation studies demonstrating that 
counts remain close to when tested immediately after collection (e.g. within 
±0.5 log10). For such studies, if possible, it is preferable to use directly water 
samples from the water systems to cover the typical microflora of the water 
system used in the facilities.

Looking at other forms of microbial testing, bacterial endotoxin testing is 
not commonplace, unless the manufacturer of a non‐sterile active pharma-
ceutical ingredient (API) either intends or claims that it is suitable for use in 
further processing to produce a sterile drug (medicinal) product, water used 
in the final isolation and purification steps should be monitored and con-
trolled for total microbial counts, objectionable organisms, and endotoxins 
(ICH 2000).

Deviations related to microbiological water testing are written in Chapter 12.
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7.3.4 RMMs in Monitoring

The EMA Q&A (2017) guideline states that use of rapid microbiological meth-
ods should be considered as part of the control strategy to aid with rapid 
responses to deterioration of the system.

Rapid microbiological methods (RMMs) use new technologies that may 
actually provide a better understanding of microbiological quality at a faster 
rate and with a higher level of sensitivity than the traditional methods described 
above. RMMs can be applied in replacement of traditional methods as long as 
they have been appropriately validated according to Ph. Eur. chapter 5.1.6, USP 
chapter <1223>, and PDA technical report No. 33. If alternative methods are 
applied, the user must have a clear understanding on how to use the method 
and how to interpret the results. Indeed for nongrowth‐based RMMs, micro-
organisms in a viable but not culturable state might also be detected which 
might result in higher counts than with the traditional method even if there is 
actually no shift in the microbiological quality. This would mean that the action 
levels might need to be adapted or new ones to be defined based on the output 
of the new technology.

In water systems use of RMMs using viable particle measurement systems or 
flow cytometry may be an advantage in order to better evaluate the efficacy 
and frequency of water sanitization regimes. In such applications RMMs 
results do not necessarily need to be correlated with the CFU action levels. For 
more details on RMMs, please refer to Chapter 13.

7.3.5 Clean Steam

Clean steam is an important consideration where the facility has autoclaves in 
place. Clean steam (or pure steam) is the term applied to the required steam 
quality as applied for the sterilization or sanitization of equipment parts in 
contact with the product. The steam, as a condensate, must meet the same 
standards as per Water for Injections. With non‐steriles the chemical purity 
may be the only concern. If microbial control is required then the testing con-
ducted is commonly designed to show that the condensate is free from bacte-
rial endotoxin (Annalaura et al. 2013).

In terms of microbial risk, with clean steam systems if condensate is allowed 
to collect in the system, and it cools, then stagnant water can provide an envi-
ronment for bacterial growth. While the bacteria will probably be killed when 
the condensate is discharged into equipment, endotoxin will be unaffected at 
this temperature. Further with clean steam there needs to be (Sandle 2013c):

 ● Adequate insulation will reduce condensate formation.
 ● Pipes should be sloped (gradient 1 : 100) to direct condensate to low points. 

Here, steam traps can be used to remove condensate from the system.
 ● Pipes should be supported to avoid sagging.
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 ● Steam traps should be located at the base of vertical risers and at branches to 
user points. Traps should remove condensate close to steam temperature. 
Steam traps are designed so that there is a physical difference between steam 
and water.

 ● Designing dead‐legs out of the system, such as having instrument branches 
orientated vertically upwards.

7.3.6 Clean Equipment, Sanitization, and Cleaning Validation

In relation to water many items of equipment are required to be cleaned and 
disinfected in‐between batches. The efficacy of the cleaning needs to be dem-
onstrated and while an important requirement is the removal of product resi-
dues, the cleaning process should not add to the microbial bioburden. As an 
example, the Code of Federal Regulations for the cGMPs of Finished 
Pharmaceuticals, 21 CFR Part 211, contains a section under Subpart 
D – Equipment that specifies: Sec. 211.67 Equipment cleaning and maintenance 
Subpart (a) Equipment and utensils shall be cleaned, maintained, and, as appro-
priate for the nature of the drug, sanitized and/or sterilized at appropriate inter-
vals to prevent malfunctions or contamination that would alter the safety, 
identity, strength, quality, or purity of the drug product beyond the official or 
other established requirements. In addition, where cleaning in itself is ineffective 
in reducing microbial bioburden down to an acceptable level, sanitization (or 
“disinfection”) using chemical with disinfection capability is required.

Cleaning follows the following five standard steps:

 ● Prerinse step  –  the step to physically remove the bulk of remaining 
product.

 ● Wash step – here a cleaning solution is used (see below) to remove product 
residues. The cleaning solution may simply be a detergent or it may contain 
chemicals assessed to be antimicrobial, such as acid‐based or alkali‐based 
compounds.

 ● Rinse step – to remove the cleaning agent.
 ● Final rinse step – using a higher grade of water to ensure that no residues 

remain.
 ● Drying step – such as air drying or drying by heat.

There are different ways to clean equipment; broadly these are:

 ● Manual cleaning methods
 ● Agitation (vessels with agitators)
 ● Clean‐In‐Place
 ● Clean‐Out‐of‐Place

Of these, manual cleaning is the most variable and the one most open to 
inconsistent practice. This form of cleaning may come under greater scrutiny 
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from regulators; however, it is often required for small items of equipment or 
equipment that cannot be readily subjected to automated cleaning. Manual 
cleaning may include an additional “soak” step to the five steps of cleaning 
described earlier.

Clean‐in‐Place, if validated correctly (see below) is the most robust since the 
equipment is cleaned in situ. Clean‐in‐Place systems typically come with some 
degree of automatic control and are capable of performing all of the five stand-
ard cleaning steps described above automatically or manually step by step. 
Clean‐out‐of‐Place is often as effective as Clean‐in‐Place but there can be 
some additional risks associated with the transfer of equipment into and out of 
the process area, and hence risk of recontamination depending on the storage 
location and safeguards in place. The advantages of these two approaches 
come with automation and also because cleaning solutions can be used at 
higher temperatures and higher concentrations than is often possible, due to 
health and safety concerns, with manual processes.

In terms of cleaning agents, there are several different types (Rohsner and 
Serve 1995), many of these have disinfection capabilities:

 ● Alkali based, e.g. NaOH and KOH.
 ● Acid based, e.g. HCl and HNO3.
 ● Surfactants, e.g. Sodium lauryl sulfate.
 ● Complexing agents, e.g. EDTA.
 ● Oxidizers, e.g. Sodium hypochlorite.

Of these different agents, alkalis and oxidizers are theoretically the most 
destructive to microorganisms. Some surfactants have a degree of bactericidal 
or bacteriostatic activity, especially the cationic surfactants.

Once cleaning and disinfection has been conducted, the item of equipment 
should be maintained clean and dry. These are important points since pro-
vided an item is kept clean and dry, process equipment is unlikely to represent 
a significant source of microbiological contamination to medicines. However, 
poor design of equipment can result in the presence of “reservoirs” of potential 
contamination (Docherty 1999). Where equipment is inadequately cleaned 
between uses, or if it is allowed to collect moisture in ports and recesses which 
directly come into contact with the product, then they can represent signifi-
cant sources of contamination. Contamination levels on the manufacturing 
environment may, however, be minimized by observing GMPs. For example, 
equipment and pipelines should be regularly cleaned and stored in a dry state, 
heating traps could be installed in sink U‐bends thereby destroying the main 
reservoir of contaminants, and cleaning of production units by contractors 
should be carried out to pharmaceutical specification.

Status labels should be placed on equipment and equipment which is clean 
should be segregated from equipment which is dirty. In the event of an audit, 
equipment cleaning validation studies, using chemical (total organic carbon) 
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and microbial (either contact plates/slides, swabs, or water rinse tests) should 
be available to present at the inspection. With cleaned equipment, it is also 
important to have established the time interval between the washing, drying, 
and the disinfection of components, containers, and equipment.

A factor for ease of cleaning and being maintained in a dry state relates to the 
design of the equipment. Equipment that has been improperly designed, espe-
cially of poor sanitary design, will be prone to microbial contamination (Clontz 
2009). Where microbial contamination occurs this can lead to biofilm forma-
tion. As with water systems, the presence of biofilms in relation to equipment 
poses a significant contamination risk. Where bacteria are present in a biop-
harmaceutical process, such as equipment, there is a possibility of these organ-
isms growing rapidly and forming a biofilm. The presence of contamination 
poses a risk to upstream processing and could render the final product unsuit-
able for use (Nims et al. 2012).

The ability of a process to clean and to disinfect, whether this is via a Clean‐
in‐Place system or a manual process, is assessed through cleaning validation. 
This refers to the methodology applied that assures that a cleaning process 
removes residues of the API’s of the product manufactured in a piece of equip-
ment. The validation also assesses whether the cleaning agents themselves 
have been removed (such as detergents) and that microbial levels are reduced 
to an acceptable level. The aim is to ensure that each of these “residues” is 
removed to predetermined levels, sufficient to ensure that the quality of the 
next product manufactured is not compromised by “residues” from the previ-
ous product (Agalloco 1992).

While microorganisms are not a major regulatory concern in cleaning vali-
dation for non‐sterile pharmaceuticals, there are several areas during cleaning 
where microorganisms pose a potential concern for product quality and there-
fore have importance from a contamination control perspective.

To approach cleaning validation, a protocol is required. The essential ele-
ments of the protocol are (LeBlanc 1998):

 ● Equipment description
 ● Description of the cleaning process
 ● Swab locations (both chemical and microbial)

 – Rationale for swab locations
 ● Equipment SOP description (how the process will be run)
 ● Equipment bracketing strategies, if applicable where there are several items 

of similar equipment
 ● Description of any loads pertinent to the equipment and additional items to 

be cleaned, such as utensils

The prerequisites for a successful cleaning validation study are ensuring that 
the scope of the study includes the following:
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 ● Dirty equipment hold time studies
 ● Clean hold time studies
 ● Minimum cleaning agent contact time
 ● Rinse time
 ● Final rinse quality

There are different approaches that can be taken for setting appropriate 
microbial bioburden limits at the end of cleaning and disinfection of equip-
ment. One approach is to base the limit on the quality of the final rinse water; 
for example, if the limit is 10 CFU/100 ml or 100 CFU/100 ml, then the equiva-
lent limit is applied to the surface, taking into account the area of surface 
sampled.

An alternative approach is to base the limit for the surface on what is permis-
sible within the finished product. An example is provided by LeBlanc (2002), 
based on the formula:

 

Limitset for subsequent product minimum batch size

Product coontact surface area  

Suppose there is a product bioburden limit of 70 CFU/g, a batch size of 
2’000 kg, and a product contact surface area of 260’000 cm2. Then,

 

70 200 000

260 000 2

CFU g g

cm

/

 

equals a surface limit of 54 CFU/cm2.
As discussed above, the dirty hold time is the greatest determinant of the 

ease or difficulty of removing product residues and minimizing bioburden 
buildup (since product residues may adhere to the equipment over time and be 
more difficult to remove; this can also “mask” microorganisms). Once the hold 
times have been established, they should not be exceeded in practice. A deter-
minant of the clean hold time is the location where clean equipment will be 
stored. This should not be close to dirty equipment or in an area where equip-
ment is cleaned. Water aerosols, in particular, pose a particular microbial 
recontamination risk.

With Clean‐in‐Place or Clean‐out‐of‐Place, the control of cleaning can be 
assessed through the measurement of certain parameters. These parameters 
can be assessed as part of the cleaning validation study. Such parameters include:

 ● Prerinse temperature
 ● Prerinse time
 ● Cleaning agent type and quality
 ● Cleaning agent concentration
 ● Cleaning agent contact time
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 ● Cleaning agent wash temperature
 ● Wash flow rate
 ● Post rinse time
 ● Post rinse temperature
 ● Final rinse water quality (conductivity and bioburden)

For all forms of cleaning, the cleaning validation study will need to use preset 
criteria to verify the success of the cleaning process. These are commonly:

 ● Organoleptic (or “visual”) inspection
Acceptable residuals limits, assessing:

 – API
 – Cleaning agent
 – Both of these are typically assessed as below 10 ppm, relating to a given 

product contact surface area
 ● Microbial bioburden (either in the rinse water or on surfaces or both)

 – A typical measure is either less than 25 or 10 CFU per unit of 
measurement

Typically, a minimum of three runs are performed for each bracketed item. To 
make such assessments it is important that the methods used have been quali-
fied and that the following assay criteria are established (Jenkins et al. 1996):

 ● Limit of quantification
 ● Limit of detection
 ● Swab or contact plate/slide recovery range
 ● Surface recovery
 ● Swab stability

Establishing these parameters is not straightforward and there are differing 
studies and variables relating to devices (such as swab tip) and with the type 
of surface, condition of the surface, microbial population, and technique. A 
strong paper for swab recovery studies is by Goverde et al. (2017) and Pinto 
and colleagues have addressed the technicalities of using contact plates (Pinto 
et al. 2009).

This needs to be known for the microbiological methods involved as well as 
the chemical (degradents testing assessment, such as total organic carbon 
tests).

At the end of the cleaning validation all results should be captured onto 
results sheets and the final exercise written up as a report.

7.4  Conclusion

This chapter has looked at critical utilities for non‐sterile pharmaceutical pro-
duction, from the perspectives of good design and operational practices, and in 
relation to microbial risk. Good control of utilities is essential for the effective 
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microbiological control of non‐sterile products. As to the extent of this “con-
trol,” this needs to be based upon an objective assessment of risk. To assess risk 
it is essential for the user to understand their products, processes, sources of 
contamination and mitigating factors; since these will vary, the required level 
of utility control will also vary.

Once the appropriate level of utility control has been established, then a 
monitoring regime needs to be constructed. It is important to note, and as 
emphasized elsewhere in this book, microbiological monitoring is not the 
same as microbiological control: monitoring exists to support controls and to 
verify that they remain operational. Appropriate control strategies in relation 
to utilities include having a sound knowledge of the risk areas; by consistently 
following good hygiene practices; ensuring that microbiological “hot spots” 
have been eliminated (such as dead‐legs in water systems or exceeding vali-
dated hold‐times with dirty equipment awaiting processing); and by following 
the basis of GMP, with a focus on what is actually a risk to patients rather than 
simply seeking to follow perceived regulatory compliance.

With testing, microbiologists need to sample and conduct regular tests of 
utilities in order to demonstrate that controls are working. This paper has 
assessed some of the appropriate requirements in relation to microbiological 
sampling. In doing so, the important features of sampling have been raised 
together with the factors that can lead to microbial contamination occurring. 
Each of these aspects should be built into a biocontamination control program 
for non‐sterile manufacturing.
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8.1  Introduction

Microbiological environmental monitoring is employed to confirm the effec
tiveness of the operational controls in reducing microbial populations to 
acceptable levels. Microbiological environmental monitoring allows to get 
information about microbiological contamination levels on the sampling loca
tions of interest and is performed by using different sampling techniques on a 
microbiological nutrient medium followed by subsequent incubation.

The microbiological environmental monitoring program of cleanrooms and 
production equipment is one important part of the overall microbial control 
and monitoring strategy in order to produce products with an appropriate 
microbiological quality. This microbiological environmental monitoring pro
gram must be defined together with the relevant supportive units as Quality 
Assurance or Quality Control.

By defining a state‐of‐the‐art microbiological environmental monitoring 
program, the following questions need to be addressed:

 ● What is the overall microbial control strategy for the production of non‐sterile 
products and how are microbiological environmental controls embedded in 
this strategy?

 ● Which methods have been used to perform the microbiological environ
mental monitoring and what needs to be monitored?

 ● How can these methods be validated and what is the recovery rate of these 
methods?

 ● What are the adequate control levels (e.g. action and alert levels) for the 
microbiological environmental monitoring?

 ● Which sampling frequencies should be applied?
 ● What kind of investigation is required and expected when a microbiological 

environmental monitoring result exceeds the defined control levels?

The following sections will guide through the relevant perquisites, methods, 
validations, and definitions for a sustainable and expressive microbiological 
environmental monitoring program.
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8.2  Microbiological Control Strategy

The microbiological contamination for non‐sterile products is controlled and 
monitored not only with microbiological environmental controls but also 
based on multiple parameters which are part of the microbial control strategy. 
An extensive overview of these controls is described in Chapter 1.

8.3  Cleanliness Zoning Concept for Non‐sterile 
Products

The field of regulatory guidelines related to cleanliness zones for the pro
duction of non‐sterile products and the associated control levels for micro
biological environmental monitoring in these areas is rare compared to the 
high number of guidelines that can be found for the production of sterile 
products (e.g. EU GMP Guide – Annex 1 (EudraLex 2008), FDA Guidance 
on aseptic processing (FDA 2004)). For non‐sterile product manufacturing, 
the rare guidance recommend an ISO 14644‐1 class 8 or grade D “at rest” 
classification (Chinese GMP 2010; WHO 2016; USP <1115> 2018) or grade 
E/F (ZLG 2010).

Non‐sterile pharmaceutical manufacturers generally apply a controlled not 
classified (CNC), ISO 8 or D, E, F grade for their cleanrooms. Actually, the defi
nition of the cleanliness zoning concept should be based on the respective 
activities performed in these areas and the related contamination risks. Hygiene 
procedures, physical and microbiological environmental requirements are 
associated to the different cleanliness zones.

Examples of classification of production activities related to different cleanli
ness zones:

 ● Cleanliness zone with activities of higher contamination risk to the non‐ster
ile product and therefore of higher criticality:

 – Manufacturing and primary packaging areas where the non‐sterile 
 product is permanently or intermittently exposed to the surrounding area 
(open product handling).

 – Washing rooms for product contacting equipment used for non‐sterile 
products.

 ● Cleanliness zone with activities of a very low or no contamination risk to the 
non‐sterile product and therefore of lower criticality:

 – Manufacturing areas for closed product operations.
 – Secondary and final packaging of the non‐sterile product.
 – Visual inspection of primary packed products.
 – Ancillary production rooms in which product is not exposed to the sur

rounding area.
 – Warehouses.
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 ● The cleanliness zones should also take into consideration the product char
acteristics like their route of administration and their composition:

 – Nonaqueous preparations for oral use (e.g. tablets) have a low risk for 
microbial proliferation due to their low water activity value and lower 
patient contamination risk due to the route of administration. The cleanli
ness zone for such products can be defined as less critical compared to 
other non‐sterile products.

 – Aqueous or semi‐aqueous preparations for oral use have an increased risk 
for microbial proliferation due to their higher water activity value and a 
lower patient contamination risk due to the route of administration. The 
cleanliness zone for such products must be defined with a higher critical
ity compared to nonaqueous preparation for oral use.

 – Dry powders or capsules for inhalation should be classified with a higher 
criticality due to the route of administration.

8.4  Microbiological Environmental Monitoring 
Strategy

Microbiological environmental monitoring is performed to get important 
information about the contamination level in the environment where the prod
uct is manufactured. The environment is mainly monitored on cleanroom and 
working surfaces, on the outside of production equipment, but also on the 
production equipment parts that are in direct contact with the product. In 
addition, the air in the production cleanrooms, the detergents and disinfect
ants, which are used to clean and disinfect the surfaces in the production‐envi
ronment, are part of the microbiological environmental monitoring program.

For the production of non‐sterile products, microbiological monitoring of 
personnel is not mandatory (as it is for aseptic processing) but might be 
required for investigation purposes in case of contaminations in the produc
tion environment above the defined microbiological monitoring levels.

The definition of an adequate and meaningful microbiological environmen
tal monitoring program is key and should consider the following:

 ● Choice of nutrient medium (e.g. nutrient medium for bacteria, for yeast and 
molds)

 ● Choice of sampling method (e.g. surface sampling by swabbing or contact 
plates, active or passive air sampling)

 ● Choice of sampling location (e.g. critical surfaces)
 ● Choice of incubation temperature (e.g. lower temperature for the detection 

of yeast and molds)
 ● Choice of monitoring frequency (e.g. higher frequency for more critical areas)
 ● Choice of microbiological control levels (e.g. lower control levels for more 

critical areas as for noncritical areas)
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Even by defining and executing a well‐designed microbiological environ
mental monitoring program, the results of this program can never provide a 
full microbiological overview of the respective area or equipment. These are 
just considered as monitoring results which give some restricted microbiologi
cal information about this area. Each environmental monitoring result gives a 
so‐called point‐in‐time information of the respective sampling location. By 
combing all obtained results from different sampling locations and by compar
ing these results to relevant historical data, a quite good evaluation of the level 
of control in the respective cleanroom can be made.

Dependent on the product characteristics, this evaluation and other param
eters which are part of the microbial control strategy might be considered for 
the release or rejection decision on products which were produced in the 
respective cleanroom.

8.5  Microbiological Environmental Monitoring 
Methods

8.5.1 Microbiological Monitoring of Air

Microbiological monitoring of air can be performed either actively to get a 
quantitative result or passively to get a qualitative or a semiquantitative result 
of the airborne microorganisms.

8.5.1.1 Active Air Monitoring
The volume of air, against which the microbial environmental levels are defined, 
is generally 1 m3. When a monitoring level of 200 CFU/m3 or less applies, then a 
volume of 1 m3 air is sampled. For higher monitoring levels a smaller volume of air 
may be sampled to avoid counts that are too numerous to count on the nutrient 
media plate. Very popular is the use of the impaction method. Other methods like 
impingement or gelatin membrane filtration are also available on the market.

For the active air monitoring with the impaction method the predefined vol
ume of air is drawn by vacuum through a perforated plate and then accelerated 
and directed toward the surface of a Petri dish containing nutrient media. The 
Petri dish is located below the perforated plate and in the path of airflow. The 
microorganisms, because of their higher mass, become impacted on the nutri
ent media surface, while the rest of the air mass flows around the plate and 
exits the air sampler.

Any active air sampler should be evaluated for its suitability based on collec
tion efficiency (as an example, see the study of Meier and Zingre (2000)), ability 
to be cleaned/disinfected (see, e.g. Sandle and Satyada 2015), and the possibil
ity to be located on the defined sampling location.

The final air monitoring result, which is evaluated against the microbiological 
control level, is stated as the number colony forming units (CFU) of total 
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aerobic microbial counts or molds per volume sampled or per acceptance crite
rion volume. Depending on the sampling device used, a conversion of the colony 
counts obtained may be necessary, i.e. at higher CFU densities, this conversion 
compensates for the probability that more than one CFU was impacted through 
the same hole or slit and is not recognizable as a separate CFU.

The active air sampler should be regularly calibrated (e.g. at least once per 
year) in order to obtain robust air monitoring results.

8.5.1.2 Settle Plate
In the settle plate test, which is regarded as a passive air monitoring, the micro
organism‐bearing particles are collected on a horizontally open exposed Petri 
dish containing a nutrient medium for a defined time period; mostly for four 
hours. In a passive air monitoring, only the relatively large, rapidly settled 
microorganism‐bearing particles are recovered. The result depends very much 
on the respective turbulences in the area tested.

The final air monitoring result, which is evaluated against the microbiologi
cal control level, is stated as the number CFU of total aerobic microbial counts 
or molds per plate diameter (e.g. per 90 mm settle plate) per exposure time.

8.5.2 Microbiological Monitoring of Surfaces

Three methods can be applied for the determination of microorganism on 
surfaces:

 ● Contact (= imprint) technique for microbiological examination of even or 
slightly curved surfaces.

 ● Swabbing technique for sampling locations which are difficult to access or 
uneven surfaces.

 ● Rinsing technique for closed filling systems and production units

Contact samples are to be preferred for routine monitoring since the enumera
tion per surface is less dependent on the sampling technique compared to the 
swabbing method. The swabbing method should only be taken into consideration 
in cases where the surfaces are difficult to access, or the surfaces are uneven.

Rinse samples are primarily suited for surfaces which cannot be reached by 
contact plates or by the swabbing technique and are uncommonly used in 
routine.

8.5.2.1 Contact Samples
To collect the samples, the lid from the contact nutrient medium plate (nor
mally 25 cm2) is removed and the nutrient medium is placed on the sampling 
site and pressed together evenly. According to the ISO norms, in general 
5–10 seconds with a pressure of approximately 500 g should be applied (ISO 
18593, ISO 14698‐1 Annex 3, DIN 10113‐3). The sampling location must be 
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wiped off the nutrient medium residual traces left by the plate by using a dis
posable disinfectant wipe.

The final surface monitoring result, which is evaluated against the microbio
logical control levels, is stated as the number CFU of total aerobic microbial 
counts or molds per 25 cm2 or per plate.

8.5.2.2 Swab Samples
Sterile swabs for microbiological surface monitoring consist in general of a 
wad of absorbent material wound around one end of a small stick. The swab 
must be moist (moisten by a buffer solution) to ensure a better recovery of 
microorganisms on the surfaces. The swab is gently rubbed in a twisting 
motion against the sampling location to be examined (normally a surface 
equivalent to 25 cm2).

After sampling, the swab can be subsequently managed in two ways, either 
by directly spreading onto the surface of a nutrient medium plate or by placing 
the swab into a tube of buffered solution and transferring the sample to the lab 
for processing. This sample can either be processed using the membrane filtra
tion method or by using the pour/spread plate method and cultivation on a 
nutrient media (for comparison of these two methods, see Goverde et al. 2017).

In addition, the media residual trace left on the surface by the moistened 
swab should be cleaned and disinfected after sampling, e.g. by using a dispos
able disinfectant wipe.

The final surface monitoring result, which is evaluated against the microbio
logical control level, is stated as the number CFU of total aerobic microbial 
counts or molds per equivalent 25 cm2.

8.5.2.3 Rinse Samples
An adequate volume of a sterile rinsing fluid (e.g. buffer solution) is prepared 
in a suitable container. A defined surface is rinsed or the fluid is passed via the 
intake, hose, etc., into the production equipment with the surface to be exam
ined. The fluid is afterwards collected in a sterile container. The total volume 
of sample removed is normally not less than 100 ml. Depending on the micro
bial count to be expected, the whole volume of rinse sample, only part of it, or 
suitable dilutions is processed by using the membrane filtration method and 
cultivation on a nutrient media.

The final surface monitoring result which is evaluated against the microbio
logical control level is stated as the number CFU of total aerobic microbial 
counts or molds per 25 cm2.

8.5.3 Microbiological Monitoring of Detergents and Disinfectants

The microbial count of disinfectants and detergents (tested either as concen
trate or as cleaning solution) is commonly determined by membrane filtration 
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and cultivation on a suitable nutrient media. As a matter of principle, samples 
are collected in sterilized bottles. If necessary, suitable devices, such as pipettes, 
to collect the samples are used.

The final monitoring result, which is evaluated against the microbiological 
control level, is stated as the number CFU of total aerobic microbial counts of 
molds per volume tested.

8.6  Method Validations and Suitability Tests 
for Microbiological Environmental Monitoring

As a prerequisite to get valid results out of the microbiological environmental 
monitoring program, the following points should be considered and supported 
by adequate studies:

 ● Choice and validation of nutrient media
 ● Incubation temperature and incubation period
 ● Evaluation or validation studies of the applied testing method
 ● Recovery rate for the applied testing method
 ● Sample hold time prior to incubation

Dependencies from one point to the other should also be evaluated, e.g. 
choice of nutrient media together with the incubation scheme (temperature 
and period) will lead to the recovery of the expected microorganisms.

8.6.1 Choice and Validation of Nutrient Media

For the microbiological environmental monitoring of surfaces and air, a nonse
lective nutrient media suitable for the determination of total aerobic microbial 
counts (e.g. TSA, Tryptic Soy Agar or CSA, Casein Soybean Digest Agar) is com
monly used. TSA medium is generally sufficient to recover mesophilic bacteria, 
yeasts, and molds for microbiological environmental monitoring purposes.

If, based on a risk assessment, a particular microbial risk for a specific prod
uct is acknowledged, a specialized media should be used. For instance, in some 
conditions, detection of molds may be slightly improved by the use of the spe
cialized medium Sabouraud Dextrose Agar (SDA). Other cases may concern 
specialized media for specific species or objectionable microorganisms that 
should be absent from the environment.

If, due to previously applied disinfection measures, the ambient air or surfaces 
contain a residual concentration of a medium with inhibitory effect (residuals of 
the disinfectant), a nutrient media with an antagonist should be used in order to 
ensure adequate microbial growth on the nutrient media plates. The inactivation 
of the disinfectant agent should be validated (EudraLex 2015, Annex 15).
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For disinfectant monitoring, a nutrient medium which contains disinfectant 
antagonists must be used definitely. Commonly applied antagonists are leci
thin, Tween 80, histidine, and sodium thiosulfate. These antagonists are able to 
inactivate a wide range of disinfectants. There could be a combination of at 
least three to four antagonists incorporated into the nutrient media in order to 
effectively neutralize specific disinfectants.

Each nutrient media must be validated regarding the expected growth pro
motion properties. These growth promotion properties must be demon
strated prior to the first use of the nutrient media for monitoring purposes. 
Adequate growth promotion properties should be confirmed at the end of the 
expiry date.

It is highly recommended not only to use the well‐known pharmacopoeial‐test 
strains (e.g. Bacillus subtilis, Candida albicans, Aspergillus niger, Pseudomonas 
aeruginosa, Staphylococcus aureus, Escherichia coli, and Salmonella) for nutrient 
media validation purposes but also to include one to three in‐house isolates. 
The in‐house isolates are mostly derived from environmental monitoring 
results – these are the most frequently identified micro or ganisms in the pro
duction‐area of interest from a past time period. Re‐evaluation and potential 
new definition of in‐house isolates should be considered as the typical micro
bial flora might be changed over a certain time period.

The validation of the nutrient media should be performed with a low num
ber of microorganisms (10–100 CFU). Adequate growth promotion properties 
of the nutrient media are confirmed with a recovery of at least 50% compared 
to the inoculum of the microbial suspension. The nutrient media should be 
incubated at the same incubation temperature as it is foreseen for routine 
microbiological environmental monitoring.

The growth promotion studies should be repeated on three different nutri
ent media batches to include batch variations in this study.

If the nutrient media contains antagonists, these should be evaluated for 
their absence of toxicity to microbial growth and their suitability to neutralize 
commonly used disinfectants. This study can be performed by confirming 
adequate growth‐promoting properties in the presence and absence of residu
als of disinfectants (see, e.g. Müller et al. 2017).

It is expected that the nutrient media validation is regularly assessed. In case 
of any change to the nutrient media itself, to the incubation parameters, or to 
the spectrum of the in‐house isolates, revalidation of the nutrient media might 
be appropriate.

Although the general suitability of the nutrient media has been proven, each 
batch of nutrient media should be subjected to an incoming release control, 
performed as growth promotion test with comparable test strains as used for 
suitability tests (see, e.g. USP <61> and USP <62>). Only released nutrient 
media should be used for environmental monitoring purposes.
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8.6.2 Incubation Temperature and Incubation Period

The incubation scheme defined by the incubation temperature and the incubation 
period highly affects the number of recovered microorganisms. Therefore, the 
incubation scheme must be well defined and supportive data should be available.

Microbiological environmental monitoring incubation schemes (see 
Table 8.1) required in guidelines for the manufacturing of sterile products can 
also be applied for the manufacturing of non‐sterile products. Incubation 
schemes are defined within temperature ranges from 20 to 35 °C and an incu
bation period for a minimum of 72 hours.

Based on the different publications (see, e.g. Sandle et al. 2013; Gordon et al. 
2014; Sandle 2014; Symonds et al. 2016; Goverde and Herzog 2017; Guinet et al. 
2017) it can be concluded that, in general, recovery of bacteria is slightly increased 
by incubating at 30–35 °C and recovery of molds is slightly increased by incubat
ing at 20–25 °C. Comparison of different incubation temperatures and incubation 
schemes (20–25 °C, 30–35 °C, 20–25 °C followed by 30–35 °C, 30–35 °C followed 
by 20–25 °C) did not, in general, result in a significant different recovery.

Therefore, total combined mold samples may typically be incubated at 20–25 °C 
for 5–7 days and total aerobic bacterial count samples at 30–35 °C for 3–5 days. As 
an alternative the same sample may be incubated serially to cover both optimum 
temperature ranges or at an intermediate temperature range (e.g. 25–30 °C).

The optimal incubation scheme strategy of the respective cleanrooms or produc
tion equipment can be supported by either in‐vitro studies (spiking different test 
microorganisms including in‐house isolates on media) or by in‐situ studies (counts 
of microorganisms directly from environmental test samples are evaluated).

Table 8.1 Incubation schemes defined in different guidelines/regulations.

Guideline/Regulation Incubation scheme

USP, chapter <1116> 20–25 °C, 3 d
FDA‐Guidance for Industry – Sterile Drug Product produced 
by Aseptic Processing (2004)

30–35 °C, 2–3 d
20–25 °C, 5–7 d

FDA Pharmaceutical Microbiology Manual 
(2014) – chapter 9. Environmental monitoring section F
Analytical Procedure – RODAC plates

20–35 °C, 5–7 d

JP, chapter G4 30–35 °C, >5 d
20–25 °C, >5 d
25–30 °C, >5 d

ZLG Aide Mémoire 07120605 (Germany) 20–25 °C, 5–7 d followed 
by 30–35 °C, 2–3 d

ANVISA – Quality Guide for Air Treatment and 
Environmental Monitoring Systems in the Pharmaceutical 
Industry

20–25 °C, 3–5 d followed 
by 30–35 °C, 2–3 d
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The defined incubation scheme might be adapted for special purposes, e.g. 
environmental monitoring performed as root‐cause investigation for mold 
contaminations.

If environmental monitoring is carried out in areas which have been shown 
to have a relatively high microbial level, it may be necessary – depending on the 
microbial count expected – to count the plates for the first time at an earlier 
incubation time (e.g. two to three days). After, e.g. five to seven days, the final 
count is undertaken; in each case, the highest result obtained during the evalu
ation is considered.

It is expected that the validation of the incubation scheme is regularly 
assessed. In case of any change of the nutrient media, the method applied, the 
spectrum of the in‐house isolates, a revalidation of the incubation parameter 
might be appropriate.

8.6.3 Experimental Studies to Evaluate the Impact of the Applied 
Testing Method Toward Microbial Recovery

Each environmental monitoring sample – except of the surface contact sam
ples  –  is somehow handled during the monitoring activity, e.g. exposure as 
settle plate, exposure in an active air sampling device, and filtration through a 
membrane.

Experimental studies would demonstrate that microbial counts are not nega
tively affected by the test method itself as required, e.g. in the Guide for Quality 
of Air Treatment Systems and Environmental Monitoring in the Pharmaceutical 
Industry (ANVISA 2013). Significant impact of the method on the recovery of 
microorganisms may be expected, for instance, due to loss of humidity in the 
nutrient media plate, e.g. during exposure as a settling plate (e.g. Sandle 2015) 
or the force of impaction (Stewart et al. 1995).

It is expected that the experimental studies are regularly assessed. In case of any 
change of the nutrient media, the method applied, and the incubation parameters, 
the spectrum of the in‐house isolates method revalidation might be appropriate.

Example 8.1 Example of Experimental Study to Evaluate the Impact 
of the Air Monitoring Method on Microbial Recovery

Comparison studies should be performed with nutrient media plates which 
were exposed to the air monitoring activity (exposure for, e.g. four hours as 
settle plate or exposure for 1 m3 in the active air monitoring device) and with 
nutrient media plates which are not exposed to such activities. Inoculation 
should be performed with a low number of microorganisms (10–100 CFU) and 
should – beside the well‐known pharmacopoeial tests strains – also consider 
in‐house isolates (see additional information in Section  8.6.1). Adequate 
growth promotion properties of the nutrient media after applying the air 
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8.6.4 Recovery Rate

It is known that the above‐mentioned environmental monitoring methods (see 
Section 8.5) do not fully recover all viable and culturable microorganisms pre
sent on the respective sampling location or in the sample. The microorganisms 
might not get recovered since they might adhere strongly on a surface and 
would not get picked up by the contact plate, by the swab or by rinsing; 

Example 8.2 Method Suitability Test for Disinfectant or Detergent 
Monitoring Samples

Disinfectant or detergents are most frequently examined for microbial contami-
nation by the membrane filtration method. To recover the present number of 
microorganisms in the solution to be tested, the membrane filter should be rinsed 
with an appropriate type and volume of rinsing fluid in order to remove residuals 
of the solution on the membrane filter. Residuals might have a negative influence 
on the ability for microorganisms to grow on the membrane filter which is put on 
a nutrient media plate. The method suitability test is based on USP <61>. 
Inoculation should be performed with a low number of microorganisms (10–
100 CFU) and should – beside the well-known pharmacopoeial test-strains – also 
consider in‐house isolates (see additional information in Section 8.6.1). The nutri-
ent media should be incubated at the same incubation temperature as it is fore-
seen for routine microbiological environmental monitoring. Adequate growth 
promotion properties of the nutrient media after filtration of the respective agent 
are confirmed with a recovery of at least 50–200% compared to the inoculum of 
the microbial suspension. This method suitability test should also preferably be 
performed with nutrient media batches at the end of the expiry.

In case of a lower recovery rate, alternative procedures such as an increase of 
the volume of rinsing fluid or the use of another type of rinsing fluid may be tried.

monitoring method or reduced influence of the sampling method to the 
microorganism recovery confirmed with a recovery of at least 50% or statisti-
cally non‐inferior as compared to the inoculum of the microbial suspension. 
The nutrient media should be incubated at the same incubation temperature 
as it is foreseen for routine microbiological environmental monitoring. This 
experimental study should preferably be performed with nutrient media 
batches at the end of the expiry.

If a lower recovery rate is obtained, the monitoring activity must be adapted 
(e.g. reduction of exposure time or change of sample collecting instrument) or 
the nutrient media must be replaced by one which achieves a higher recovery 
rate (e.g. through increasing the nutrient media volume per plate).
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microorganisms might not settle directly on the plate or might not get impacted 
on the plate by using the impaction method.

The Brazilian health authority writes in a guideline on environmental moni
toring (ANVISA 2013) that The recovery of microorganisms from swabs must 
be validated, including the sampling method chosen, suitability of the swab wet-
ting liquid, the suitability of the swab wetting liquid and the transference of 
microorganisms to the growth medium. The validation studies must prove a 
recovery greater than 50% of each of the microorganism strains used. Further
more, there is a similar expectation for the contact plates. Here, the just say 
“should be validated.”

In reality, recovery rates from contact plates or swabs on different materials 
are reported to be not higher than 40–60% (Berchtold and Staerk, unpublished 
data; Goverde et al. 2017) and actually range from 5 to 90% depending on the 
type and status of the test strain and material used (e.g. Maunz and Kanz 1969; 
Obee et al. 2007; Van Horn et al. 2008). Therefore, a “validation” of the recov
ery with a strict acceptance criterion of 50% has a high probability to fail if the 
experimental design is close to real environmental conditions.

8.6.5 Sample Hold Time

The sample hold time is the time period between sampling till testing (e.g. 
membrane filtration of detergents) or start of incubation (e.g. surface con
tact samples). This time period must be kept as short as possible in order to 

Example 8.3 Evaluation of Recovery Rate for Contact Plates

The recovery rate should be evaluated by using the relevant surface contact 
plate with the relevant nutrient media on the different materials representing 
the different sampling locations.

To determine the recovery rate, different materials are inoculated with differ-
ent low‐level number of microorganisms (10–100 CFU). In‐house isolates should 
also be considered (see additional information in Section 8.6.1). After the micro-
organism’s suspension becomes dry on the surface (dying‐off effect during dry-
ing should also be taken into consideration), this surface is sampled several 
times with a new contact plate every time. The recovery rate can be calculated 
by comparing the results from the first contact plate with the results from all 
contact plates together which represents the total number of inoculated micro-
organism on this surface.

The recovery rates should therefore not be validated in terms of an analytic 
test with a strict acceptance criterion as described above but the method used 
can be evaluated for its suitability to recover microorganisms for the intended 
purpose taking into account the capability of the test method.
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avoid die‐off of microorganisms present in the sample or on the nutrient 
media plate and to get a representative result of the respective sampling 
location.

The sample hold time can be either defined by a scientific rationale or based 
on validation studies.

8.7  Initial Validation of Cleanrooms and Production 
Equipment

8.7.1 Initial Validation of Cleanrooms

Validation for new or existing cleanrooms whose modification could impact 
the already validated cleanroom status has to be performed for all classified 
areas.

Example 8.4 Validation of a Sample Hold Time for Surface Contact Samples 
or Air Monitoring Samples

Comparison studies should be performed with nutrient media plates (contact 
plates or plates for air monitoring) which are directly incubated, and which are 
incubated after the desired sample hold time.

Inoculation of these samples is performed with a low‐level number of micro-
organisms (10–100 CFU). In‐house isolates should also be considered (see addi-
tional information in Section 8.6.1).

The comparison study should yield at least 50% or statistically non‐inferior 
recovery after the sample hold time.

If a lower recovery rate is obtained, either the sample hold time should be 
reduced or the factors during the sample hold time should be modified (e.g. 
storage conditions [storage at 2–8 °C versus storage at room temperature]).

It is expected that the sample hold time validation is regularly assessed. In 
case of any change of the nutrient media, the method applied, and the incuba-
tion parameters, the spectrum of the in‐house isolates revalidation of the sam-
ple hold time might be appropriate.

An example of the validation of the sample hold time is given by Goverde and 
Herzog (2017). This study validates different incubation conditions and addi-
tionally the hold time of the used contact plates for three days at room tempera-
ture. In general, the hold time did not show any negative effect; in contrary, for 
the detection of molds compared to the control groups, higher mold numbers 
were found probably due to the longer incubation period than the control 
group (which was inoculated for five or three days at 20–25 °C or 30–35 °C, 
respectively).
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In principle, the microbiological initial cleanroom validation is per
formed after the gowning, cleaning, and disinfection procedures have been 
defined and the technical qualification phase including HVAC qualification 
has been successfully completed. The cleanroom validation must be com
pleted with compliant results prior to release of the cleanroom for use in 
manufacturing.

The microbiological initial cleanroom validation normally consists of two 
steps. First, the “at rest” validation followed by the “in operation” validation. 
One validation approach may consist of at least four consecutive validation 
runs: one run “at rest” and three runs “in operation.”

The “at rest” validation has to be executed in the respective cleanroom which 
is fully equipped, cleaned, and disinfected, with HVAC operational and there
fore ready for manufacturing but without production personnel. For “at rest” 
validation the sampling should generally be taken after the validated disinfect
ant contact time. The “in operation” validation must be performed for the 
respective cleanroom with production areas operating and the standard num
ber of working personnel present per planned routine process.

In the course of the microbiological initial clean room validation also the 
“cleanroom clean hold time” may be considered and might be integrated in the 
validation activities. The “cleanroom clean hold time” is the idle time after 
cleaning and disinfection of the cleanroom till start of operations. This idle 
time should be supported with experimental data, e.g. results of microbiologi
cal environmental monitoring performed after this idle time.

8.7.2 Initial Validation of Production Equipment

The cleanliness of product‐contacting surfaces of production equipment plays 
a key role in the microbial contamination control of products as these surfaces 
can directly impact the microbiological quality of the product. Hence, micro
biological initial validation of such production equipment should be performed 
prior to the production of the first batch.

A commonly used approach for such validation activities is the monitoring 
of the product‐contacting surfaces after all applied cleaning and disinfection 
steps to confirm the adequateness of these applied procedures. The focus 
should be set on the monitoring of worst‐case sampling locations which are 
either based on risk rationales or based on a risk analysis.

The following rationales might be applied:

 ● Uneven equipment surfaces.
 ● Porous equipment surfaces.
 ● Equipment surfaces which are less accessible for cleaning/disinfection.
 ● Equipment surfaces with residual humidity after the last cleaning/disinfec

tion steps.
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 ● Equipment surfaces with cumbersome cleaning/disinfection, e.g. due to high 
number of small parts which needs to be disassembled and reassembled.

 ● Equipment surfaces which are hard to handle during cleaning/disinfection, 
e.g. due to a big size of the equipment.

Equipment hold times should be taken into consideration and might be 
included in the validation of production equipment, e.g. dirty hold time (time 
after manufacturing and before cleaning) or clean hold time (time after final 
disinfection till restart of production). Such equipment hold times should be 
supported with experimental data, e.g. results of the microbiological environ
mental monitoring performed after this hold time.

8.8  Definition of a Microbiological Environmental 
Routine Monitoring Program

To establish a program for microbiological routine environmental monitoring, 
the following parameters should be considered:

 ● Definition of microbiological control levels
 ● Definition of a monitoring frequency
 ● Definition of sampling locations
 ● Definition of measures if the microbiological control levels are exceeded
 ● Definition of trending of results

8.8.1 Definition of Microbiological Control Levels

Control levels for microbiological environmental monitoring are commonly 
defined as alert levels and as action levels.

An action level, when exceeded, signals an apparent drift from normal oper
ating conditions and requires immediate actions by previously defined meas
ures. The alert level, when exceeded, signals only a potential drift from normal 
operating conditions and triggers appropriate scrutiny and follow‐up to 
address the potential problem.

Alert levels are always lower than action levels and generally based on the 
historical performance of the area monitored, whereas action levels are based 
on the acceptance criteria related to the cleanliness zone.

The microbiological environmental monitoring program is assigned to cleanli
ness zones. Stricter microbiological control levels are applied for higher cleanli
ness zones and more relaxed control levels are applied for lower cleanliness zones.

Due to already mentioned little regulatory guidance for the production of 
non‐sterile products, the definition of adequate control level for the microbio
logical environmental monitoring is in the responsibility of the respective 
company or site.
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The action levels for a cleanliness zone with higher criticality are derived in 
the examples (Tables 8.2–8.4) on hand from the action levels which are defined 
for cleanliness zone grade D for the production of sterile product (see EudraLex 
2008, Annex 1). The action levels for a cleanliness zones with lower criticality 
are set around 50% higher. For further examples on action and alert levels, see 
Goverde and Roesti (2018) or ZLG (2010).

The action levels are fixed values, whereas the alert levels should be based on 
historical data analysis and trending as an indication of unusual high counts or 
potential hygiene problems (for calculation approaches for alert levels based 
on historical data, see Gordon et al. 2015) or Chapter 10. The alert level counts 
provided in Tables  8.2–8.4 can be used as initial levels if sufficient data for 
historical data analysis are not yet available.

Beside the microbiological control levels for “in operation,” lower control 
levels may be defined for “at rest” (e.g. 20–50% of the “in operation” levels).

Two or three times consecutively exceeding the alert level is considered 
commonly as exceeding the action level.

Table 8.2 Examples for microbiological control levels for active air monitoringa, “in 
operation.”

Cleanliness zone for non‐sterile products

Total microbial count (CFU) per m3

Alert level Action level

Higher criticalityb 100 200
Lower criticalityb 250 500

a In the production of non‐sterile products the exposure of settle plates is not an established 
procedure for routine monitoring; only for investigation purposes or special conditions settle 
plates might be used.
b For examples of products with higher and lower criticality, see Section 8.3.

Table 8.3 Examples for microbiological control levels for surface monitoring on non‐
product‐contacting surfaces, “in operation.”

Cleanliness zone for non‐sterile products

Total microbial count (CFU) per 25 cm2 
contact plate

Alert level Action level

Higher criticalitya 25 50
Lower criticalitya 50 100

a For examples of products with higher and lower criticality, see Section 8.3.
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If there is a relevant product contamination risk regarding molds (e.g. for 
inhalation products) or if molds should be separately detected and counted as 
a hygiene value, a second lower control level for molds can be set (e.g. 20% of 
the alert and of the action level for total aerobic microbial count).

8.8.2 Definition of Monitoring Frequencies

It is also the responsibility of the respective company or site to define – as 
part of the microbiological environmental monitoring program  –  an ade
quate monitoring sampling frequency which gives on one hand an overview 
of the current hygiene situation in the area of interest and on the other hand 
allows short‐, mid‐, and long‐term trending in order to detect adverse shifts 
from the normal hygiene situation.

In general, higher cleanliness zones require a more frequent monitoring in 
order to get alarmed in time about higher contamination incidents as expected. 
This allows the initiation of adequate immediate actions in order to prevent a 
product contamination or even further product contaminations.

Areas with lower criticality and no direct product impact of a microbiologi
cal environmental contamination can be monitored with a reduced frequency. 
An example of such frequencies is given in Table 8.5 or for further references 
and examples, see Goverde and Roesti (2018).

Besides the monitoring frequency which is initially defined per cleanliness 
zone, an increased frequency of sampling may be temporally required for areas 
due to increased contamination levels during routine monitoring.

Table 8.4 Examples for microbiological control levels for surface monitoring on product‐
contacting surfaces, “at rest”a.

Cleanliness zone for non‐sterile products

Total microbial count (CFU) per 25 cm2 
contact plate

Alert level Action level

Higher criticalityb 6 12
Lower criticalityb 12 25

a Product‐contacting surfaces are generally not monitored during “in operation” due to 
potential product residuals on the equipment surfaces which might influence the growth‐
promoting properties of the nutrient media. Therefore, monitoring of such surfaces can only 
be performed “at rest” or “before production.” Intention of this monitoring is the confirmation 
of the correctly applied cleaning/disinfection procedures prior to production.
b For examples of products with higher and lower criticality, see Section 8.3.
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8.8.3 Definition of Sampling Locations

A result obtained from the microbiological environmental monitoring pro
gram should give meaningful information about the microbiological contami
nation status of the respective cleanroom or production equipment. Hence, 
the selection of sampling locations providing the excepted information is a key 
factor in defining the microbiological environmental monitoring program.

The sampling locations should be defined either by using risk rationales or 
by performing cleanroom‐specific process risk analysis (e.g. HACCP or FMEA) 
to identify the most critical areas in the cleanroom. The risk rationale or the 
risk analysis should be available in a written form.

By using the risk rationale approach, the following rationales might be 
applied:

 ● Proximity to the product exposed to the surrounding environment.
 ● Proximity to the primary packaging material exposed to the surrounding 

environment.
 ● Highly frequented areas due to personnel activities or personnel flow.
 ● Highly frequented areas due to material flow.
 ● Areas of production manipulations, moving equipment parts, or critical 

connection steps.

Table 8.5 Examples for microbiological environmental monitoring frequencies.

Microbiological environmental monitoring

Cleanliness zone for non‐sterile 
products

Higher 
criticalitya

Lower 
criticalitya

Active air monitoringb Monthly Quarterly
Surface monitoring on non‐product‐contacting 
surfaces

Monthly Quarterly

Surface monitoring on product‐contacting surfacesc Monthly Quarterly
a For examples of products with higher and lower criticality, see Section 8.3.
b In the production of non‐sterile products the exposure of settle plates is not an established 
procedure for routine monitoring; only for investigation purposes or special conditions settle 
plates might be used.
c Product‐contacting surfaces cannot be microbiologically monitoring “in operation” due to 
potential product residuals on the equipment surfaces which might influence the growth‐
promoting properties of the nutrient media. Therefore, monitoring of such surfaces can only be 
performed “at rest” or “before production.” Intention of this monitoring is the confirmation of the 
correctly applied cleaning/disinfection procedures prior production.



8 Microbiological Environmental Monitoring250

 ● Areas of certain relevance due to critical operations (e.g. opening of a closed 
vessel for adding substances).

 ● Areas of certain relevance due to interfaces with lower cleanliness zone 
areas.

 ● Areas which are less accessible for cleaning/disinfection.
 ● Areas which are known to have a higher bioload based on initially performed 

cleanroom validation activities.
 ● General monitoring (hygiene mapping).

The sampling locations should be defined prior to start of the initial microbio
logical validation of the cleanroom or the production equipment. In general, the 
number of sampling locations depends on the layout and the cleanliness zone of 
the cleanroom or production equipment concerned. The number should be cho
sen to get a reliable “picture” of the microbiological contamination.

Review of the defined sampling locations must be done after significant 
changes which might have an influence on the microbiological contamination, 
e.g. change of the size and the layout of the cleanroom or production equip
ment, change of activities, change in proximity to open product, change in 
material and personnel flow, and change in microbiological trends. The sam
pling locations must be modified according to current needs as necessary.

8.8.4 Measures if Microbiological Control Levels Are Exceeded

Once the alarm and/or action level is exceeded, a formal deviation process 
should be triggered. Immediate actions (e.g. stop of a production line) should 
be followed by investigation of the root cause. Once the root cause is identified, 
adequate CAPAs and their required effectiveness check should be defined in 
order to correct and to prevent similar contamination (see also Chapter 12). 
Based on the outcome of the investigation, further decision on the potentially 
affected product, area, or equipment needs to be taken.

If the alert level is exceeded, the following elements can be verified:

 ● Review if the result is not a secondary contamination that occurred during 
sampling/transport or analytical testing.

 ● Identification of the isolate(s) and, if necessary, evaluation if the microorgan
ism is potentially objectionable or from an unexpected origin.

 ● Review of major incidents occurred during production that would have 
explained a sudden increase in microbial counts.

 ● Trending of results over a relevant time period to ensure that no adverse 
trend is occurring.

 ● Additional sampling of the affected area if it has not been already resampled.

Based on the identified root cause (if the root cause could be identified), 
adequate CAPAs can be defined.
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If the action level is exceeded, a deeper root cause analysis is expected. It is 
also expected that in this case a clear root cause or at least that a potential or 
most probable root cause is identified. If no root cause can be found, then all 
the investigated elements must be listed in the deviation.

The following elements can be verified to identify the root cause:

 ● Review if the result is not a secondary contamination that occurred during 
sampling/transport or analytical testing.

 ● Identification of the isolate(s) and, if necessary, evaluation if the microorgan
ism is potentially objectionable or from an unexpected origin.

 ● Review of historical data trends.
 ● Review of area or equipment maintenance documentation.
 ● Review of cleaning and disinfection documentation and effectiveness.
 ● Review of the inherent physical or operational parameters such as changes in 

environmental temperature and relative humidity.
 ● Review of training status of the personnel involved in the process, in disin

fection procedures and in environmental monitoring sampling.
 ● Review of incidents occurred during production that would have explained a 

sudden increase in microbial counts.
 ● Trending of results over a relevant time period to ensure that no adverse 

trend is occurring.
 ● Additional sampling of the affected area if it has not been already resampled.

All investigation steps and results must be summarized in an investigation 
report where the root cause, batch release decision (if relevant). and CAPAs 
are documented.

Following the investigation and depending on the root cause assessment, 
CAPAs taken may include: reinforcement of training of personnel, additional 
sampling at increased frequency, additional disinfection, additional product 
testing, or QA‐Oversight.

In addition, depending on the outcome of the investigation and root cause 
assessment, production may be stopped, evaluation of a contamination risk on 
products which have already been released and might be impacted by the con
tamination (mainly relevant, if the contamination was found on equipment 
with product‐contact and which is not sampled on a batchwise basis), equip
ment may not be used, and access of personnel may be forbidden until adequate 
CAPAs are implemented.

Further details on deviation handling for environmental monitoring in non‐
sterile manufacturing are given by Goverde and Roesti (2018).

8.8.5 Trending of Results

The microbiological environmental monitoring results have to be reviewed 
periodically and trended to assess the capability of the measures to control 
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microbial contamination and verify that no adverse trend is happening. The 
results of the trend analyses should be summarized regularly in trend reports.

Trending must be performed according to predefined requirements and fre
quencies and has to take into account all appropriate environmental aspects 
including, e.g. cleanliness zone and, in some cases, specific type of isolated 
microorganisms. Trending is of essential relevance if a recurring isolated 
microorganism has been identified as potentially objectionable, it must be 
evaluated if these microorganisms would contaminate the final product.

Criteria defining an adverse trend must be in place. If an adverse trend 
occurs, the event should be handled as exceeding an action level and should 
trigger a deviation process.

8.8.5.1 Trending Areas and Periods
Trend areas must be composed of microbiological results that are grouped accord
ing to a rationale. For instance, a trend area can group sampling sites of the same 
production areas and cleanliness zones or from similar production lines. Results of 
these sampling sites are grouped within a given period. If there are only a few sam
ples or high variability of sampling size per time interval, a longer trend period can 
be chosen to avoid strong dependence on single events or on sample size.

8.8.5.2 Trending of Identified Isolates
The types of isolates may also be trended in order to verify if there is a reoccur
rence of microorganisms in a particular area. In microbiological environmen
tal monitoring, if the same microorganism is isolated in high counts or high 
frequency, this may indicate potential adaptation to disinfectants or may be 
inherent to the process such as increased presence of Gram‐negative bacteria 
by processes using water.

8.8.5.3 Adverse Microbiological Trend
An adverse trend is an early warning of a potential degradation or loss of con
trol within the environment. Only a single excursion above a defined microbio
logical alert or action level is not considered as an adverse trend. An adverse 
trend can be defined as repeating higher than usual counts or increasing num
ber of microorganisms or contamination occurrences over a certain time 
period. The adverse trend corresponds to the trend method used.

Depending on the evaluation method used, adverse microbiological trend 
may, for instance, be:

 ● Three times exceeding the alert level in a row.
 ● Two times exceeding the action level in a row.
 ● Increased counts or frequency of occurrence in the graphical interpretation 

of data.
 ● Higher proportion of samples exceeding microbiological alert and action 

levels from one time period to another or from more than one site from the 
same room (regardless of source: personnel, surface, or air) on the same day.
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 ● Regular but isolated exceeding microbiological alert and action levels may 
have a common cause, for example, single excursions that always follow 
planned preventative maintenance.

 ● Repeated occurrence of a specific microorganism.

Further guidance is provided in Chapter 10.
An investigation must be performed to determine the root cause explaining 

the adverse trend as well as to assess the impact on the product’s microbiologi
cal quality.

Corrective actions may include but are not limited to the following:

 ● Revision of the cleaning and disinfection program, including selection of 
other disinfectants, application methods, and frequencies.

 ● Increased oversight of personnel practices.
 ● Review of microbiological sampling methods and techniques.

If CAPAs are put in place to resolve the adverse trend, their effectiveness 
should be demonstrated with an improvement in the microbiological trend. If 
an improvement has been demonstrated, the effectiveness check of the adverse 
trend deviation may be closed.

8.9  Microbiological Environmental Monitoring: 
Examples for Users

8.9.1 Example for the Definition of Sampling Locations 
for a Production Area

In the course of the reconstruction of a production area where inhalation prod
ucts are primary packed, an initial microbiological cleanroom validation 
including the redefinition of sampling locations had to be performed 
(Figure  8.1). The affected area includes the production room, the material 
entry, and the personnel entry.

As a prerequisite to start the initial microbiological cleanroom validation, 
the HVAC system was re‐qualified, and the gowning, cleaning, and disinfec
tion procedures which were defined for the respective cleanroom prior to 
reconstruction were found to be still valid. Cleaning and disinfection of the 
cleanroom was performed.

Sampling locations for the “at rest” and the “in operation” microbiological 
cleanroom validation were defined by applying the following risk rationales 
(Table 8.6 and Figure 8.2):

 ● Rationale 1: Area where open product is handled, area in proximity of han
dling of open product or product‐contacting equipment, and areas where 
cleaned/disinfected product‐contacting equipment is stored.

 ● Rationale 2: Area which is frequently used, e.g. due to higher personnel or 
material flow, and areas with connection to lower/higher cleanroom zones.
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Figure 8.1 Production area with personnel and material entry room.

Table 8.6 Summary of the sampling locations and methods based on the risk rationale 
mentioned in the text.

Sample no Description of sampling location Method
Risk 
rationale

Material entry
01 Middle of the room Active air 2, 3
02 Door to room Surface 3
03 Floor between mat and the wall Surface 3, 4
Personnel entry
04 Middle of the room Active air 2, 3
05 Wall at the sink, behind the bench Surface 3
06 Floor in the middle of the room Surface 2, 3
07 Floor at the locker Surface 3
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 ● Rationale 3: Area which is not regarded as critical due to potential higher 
bioload, but which is monitored in order to check the general hygiene status 
of the cleanroom and the respective cleaning and disinfection efficacy within 
the cleanroom.

 ● Rationale 4: Area which is difficult to reach for cleaning and disinfection and area 
where, in general, a higher bioburden could be expected due to several reasons.

It was decided that also the cleaning and disinfectant agent has to be moni
tored during “at rest” and “in operation” cleanroom activities in order to have 
this supportive information in case of any deviation.

8.9.2 Examples for Deviation Handling

Once an exceeded action level of a microbiological environmental control has 
been noticed in the microbiological control lab, the company‐specific formal 
deviation process should be followed. The main elements after the initiation of 
the deviation in the respective deviation system are first the definition of 
immediate action and the thorough root cause investigations followed by the 
definition of the respective CAPAs and effectiveness checks, and finally the 
decision on production release or rejection.

The following two examples will guide through the above‐mentioned steps.

Sample no Description of sampling location Method
Risk 
rationale

Production area
08 Air where product is put on the 

packaging line
Active air 1, 2

09 Air in front of RABS Active air 1, 2
10 Working surface for cleaned/disinfected 

equipment
Surface 1, 2

11 Outside of the machine, funnel Surface 1, 2
12 Outside of the machine, RABS Surface 1, 2
13 Wall in the left edge at the equipment 

storing area
Surface 3

14 Floor nearby the RABS Surface 2, 3
15 Floor where the product is put on the 

packaging line
Surface 2, 3

16 Floor nearby the personnel entry Surface 2, 3
17 Floor nearby the material entry Surface 2, 3
18 Floor nearby the funnel Surface 3

Table 8.6 (Continued)
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8.9.2.1 Example No. 1: Equipment‐Surface Monitoring with Exceeded 
Action Level
8.9.2.1.1 Initial Situation In the course of the semiannually microbiological 
environmental surface monitoring of the product‐contacting equipment of a 
vacuum conveying machine to produce oral tablets, the action level was exceeded.

 ● Sampling location: Container funnel inside
 ● Number of colonies per plate: 26 CFU/25 cm2

Active air monitoring

Surface monitoring

Floor monitoring
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Figure 8.2 Production area from Figure 8.1 with the sampling locations according to the 
rationale from Table 8.6.
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 ● Action level defined for surface monitoring of product‐contacting equip
ment in this area: 20 CFU/25 cm2

8.9.2.1.2 Immediate Actions The following immediate actions were initiated:

 ● Opening of a deviation in the deviation system
 ● Information to the respective production head and responsible QA
 ● Identification of the detected microorganisms
 ● Cleaning/disinfection of the affected equipment and resampling

8.9.2.1.3 Investigation To find the root cause and to assess the contamination 
risk, the following points were investigated.

 ● Identification:
The most frequently found isolate was identified as Corynebacterium 
tuberculostearium. This is a Gram‐positive rod from the environment or 
humans.

 ● Secondary contamination:
A secondary contamination could be excluded as the sampling and the trans
port to the microbiology lab was performed correctly by trained and quali
fied analysts.

 ● Associated microbiological environmental monitoring results:
The results of the microbiological surface monitoring that was performed on 
other sampling locations (16 further sampling locations) on the same equip
ment on the same day according to the defined program did not show any 
exceeded action or alert levels. The results were within the requirements and 
not the same isolate was found.

 ● Cleaning, disinfection, and resampling:
Cleaning, disinfection, and resampling were performed immediately after 
detection of the exceeded action level. This sample complies with the 
requirement. During resampling of the affected sampling location,  surface 
monitoring was also performed on the other 16 sampling locations on this 
equipment. These samples also showed no contamination. The procedure 
and the agent for a correct cleaning and disinfection of the relevant equip
ment prior and after the concerned microbiological environmental 
 monitoring was checked and confirmed by the respective equipment log 
book.

 ● Historical data:
The historical data (two years back due to the sampling frequency of semian
nually) of the relevant equipment were evaluated; no further exceedance of 
action levels were recorded within this time period. Therefore, a negative 
trend could be excluded.
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 ● Products already on the market:
Since the last complying sampling of the affected sampling point, all prod
uct batches manufactured on the concerned equipment were listed and 
the microbiological risk for “products on the market” was assessed. Due 
to the good historical data of the equipment, the good historical data of 
the products produced (confirmed by microbial enumeration testing), 
and the low water activity of these products, no risk was found to be 
present.

 ● Directly affected product batches:
As directly after the microbiological surface monitoring the concerned 
equipment was used for production purposes, the first three batches pro
duced were tested with the Microbial Enumeration Test. All results did com
ply with the specifications without microbial growth.

 ● Investigations within production area:
The container funnel is cleaned and disinfected in an equipment washing 
machine according to SOP. An automatic cleaning and disinfection pro
gram is used. The equipment parts are transported back into the produc
tion cleanroom on a trolley; the equipment parts are covered with plastic 
foil. As typical environmental bacteria were identified, which get inacti
vated by the normal cleaning and disinfection procedure, it can be assumed 
that the contamination of the affected sampling point occurred after leav
ing the equipment washing machine. A contamination could have occurred, 
e.g. during transport to the production cleanroom by contaminated work
ing clothes or during preparation for sampling, or during the sampling pro
cess itself.

8.9.2.1.4 Root Cause The root cause for the exceeded action level could not 
be found. It was supposed that a recontamination after the cleaning and 
disinfection, during transport, or during sampling occurred as a single event. 
Due to the good historical data, a systematic problem could be excluded.

8.9.2.1.5 Risk Assessment and Decision A risk for product or patient could be 
excluded as

 ● the resampling did comply with the requirements
 ● the historical data of the concerned equipment showed no negative trend; 

therefore, a single incident was present
 ● the most critical batches were tested for microbial contamination and all 

results did comply with the specification without microbial growth.

In conclusion, no microbial risk is seen. The equipment and the products can 
be released from a microbiological point of view. Since no clear root cause 
could be found and it was not a recurring event, no further CAPAs can be 
defined.
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8.9.2.2 Example No 2: Cleanroom Surface Monitoring with Exceeded 
Action Level
8.9.2.2.1 Initial Situation In the course of the initial cleanroom validation of a 
cleanroom corridor and elevator, the action level of a surface sample on the 
floor of the elevator was exceeded during the second “in operation” run.

The elevator is connecting a nonclassified and controlled area in the base
ment to a corridor which leads to rooms for solid oral production. Due to a 
reconstruction of the corridor and the elevator, a revalidation for these clean
room areas was required by one “at rest” and three “in operation” runs.

 ● Sampling location: middle of the floor of the elevator
 ● Number of colonies per plate: not countable as the microorganisms were 

swarming over the plate; regarded – as worst case – as an exceedance of the 
action level

 ● Action level defined for surface floor monitoring in this area: 100 CFU/25 cm2

8.9.2.2.2 Immediate Actions The following immediate actions were initiated:

 ● Opening of a deviation in the deviation system
 ● Information to the respective production head and responsible QA
 ● Identification of the detected microorganisms
 ● Performance of an additional surface sampling on the floor in the affected 

elevator

8.9.2.2.3 Investigations To find the root cause and to assess the contamination 
risk, the following points were investigated.

 ● Identification:
Paenibacillus lautus. It is a Gram‐positive rod and can mainly be found in 
the environment (air, water, and soil) and is a swarming bacterium. Therefore, 
it might be that only a few (below the action level) bacteria were sampled, 
but due to the swarming of this bacterium the plate was overgrown and 
could not be quantitatively evaluated. Thus, the worst‐case approach was 
chosen and the result was notified as exceeding the action level.

 ● Secondary contamination:
A secondary contamination could be excluded as the sampling and the trans
port to the microbiology lab was performed correctly by trained and quali
fied analysts.

 ● Associated microbiological environmental monitoring results:
The results of the microbiological environmental monitoring that was per
formed on other sampling locations in the corridor and in the elevator (in 
total: five further surface samples on the floor and five active air samples) on 
the same day (same “in operation” validation run) according to the defined 
validation protocol did not show any exceeded action or alert levels. The 
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results were within the requirements and no other swarming bacterium on 
plates was detected.

 ● Additional active air sampling:
The additional surface sampling on the floor of the elevator was per
formed immediately after detection of the exceeded action level. This 
sample fully complies with the requirement. Surface sampling was also 
performed on the other floor sampling location of the elevator and on 
four further floor sampling locations of the corridor. These samples 
showed no contamination.

 ● Last cleaning/disinfection:
The procedure and the agent for correct cleaning/disinfection of the relevant 
corridor and elevator prior and also after the occurrence of the exceeded 
action level was checked and confirmed by the respective cleanroom log 
book. However, since the elevator connected two different cleanliness zones 
(unclassified and uncontrolled basement to a defined cleanliness zone for 
solid oral dosage forms in the corridor), the cleaning frequency of daily 
might not be intensive enough for the elevator and the corridor.

 ● Historical data:
The historical data of the room was checked. The room is new and only the 
“at rest” and the first “in operation” measurement were available. Both were 
within the requirements. Since it was a new room, no trending according the 
local SOP was possible.

 ● Investigations within production area:
The elevator was used for the transportation of material from the basement 
(unclassified and uncontrolled area) into the production area for solid oral 
dosage forms. The material is placed in the elevator using a lift truck. The 
floor in the elevator was disinfected once a day according to an internal pro
cedure by using a non‐sporicidal disinfectant.

The disinfection of the floor in the elevator was carried out by an external 
cleaning agency. The disinfection was performed correctly before and after 
the sampling. However, it was realized that disinfection once a day might not 
be enough due to the high frequency of loadings of the elevator.

 ● Further validation runs:
It was decided to perform three further “in operation” validation runs in the 
corridor and the elevator. All three runs were within the requirements.

8.9.2.2.4 Root Cause The root cause for the detection of swarming bacteria 
on a surface sample on the floor was identified. A contaminated lift truck in the 
basement (unclassified and uncontrolled area) which was used for loading 
materials into the elevator contaminated the floor in the elevator. The disin
fection frequency of the floor in the elevator which was performed once a day 
was evaluated as insufficient.
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8.9.2.2.5 Risk Assessment and  Decision The root cause could be identified 
and eliminated based on the defined CAPAs. The three further “in operation” 
validation runs were within the requirements; therefore, the area of the corridor 
and the elevator are regarded as microbiologically validated.

As during these validation runs no productions occur, a product‐risk needs 
not to be evaluated.

8.9.2.2.6 CAPAs

 ● Additional sporicidal cleaning was performed since a spore‐forming bacte
rium was found.

 ● The disinfection frequency for the room/elevator was increased to twice per 
day and a sticky entrance mat will be added to the area.

 ● Three additional validation runs “in operation” were performed.

8.10  Conclusion

Microbiological environmental monitoring can be considered as a very good 
tool within the overall microbial control strategy to evaluate a microbiological 
status of a cleanroom or production equipment.

In order to obtain significant results from the microbiological environmental 
monitoring program, the following needs to be considered concretely: choice 
of the method for the microbiological environmental monitoring, adequate 
performance of the respective method, definition of a sound environmental 
monitoring program considering sampling locations, monitoring frequencies, 
and deviation handling.

Furthermore, one should be aware that microbiological environmental con
trols are not

 ● a release test: contamination levels detected with environmental controls do 
not necessarily result in a rejection of the affected batch as it is the case of 
release tests. Detected contaminations by environmental controls lead – if 
the alert or action level is exceeded – to root cause investigations, definition 
of CAPAs, and a decision on batch release or batch rejection.

 ● highly recoverable: the number of microorganisms which will be recovered 
with the respective environmental control is dependent on the nutrient 
medium, the testing type, and other non‐standardized factors. E.g. sampling 
of surfaces will not result in a 100% recovery rate; the recovery rate varies 
from one material to the other, from the contact pressure, the contact time, 
and the kind of microorganisms present on the surface.

 ● always repeatable: contamination level on a surface can differ from one 
moment to the other, e.g. a working surface gets contaminated by manual 
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manipulations on this surface or microorganisms might die‐off or get elimi
nated by disinfection. Environmental monitoring results are just a snapshot 
in time.
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9.1  Introduction

A program to identify microorganisms is integral to the pharmaceutical micro-
biology laboratory. Pharmaceutical companies are expected to determine 
which microorganisms may be in their process, components, or products that 
are not required to be sterile, and develop appropriate testing to detect these 
organisms (21 CFR Part 211). They are also expected to determine what organ-
isms would be objectionable in those products and have adequate detection 
methods for them. The United States Pharmacopoeia (USP) outlines how the 
testing can be done and states that the significance of the recovered microor-
ganisms be evaluated by a risk‐based assessment of relevant factors (USP 
2012a, 2012c). For non‐sterile products, identification of recovered microor-
ganisms is also needed to rule out specific pathogens as defined by the use and 
nature of the product.

Microbial identification is dependent on established taxonomy, where tax-
onomy is the study of the organization and prioritization of microbial diversity 
based on actual relationships. Without taxonomy, microbial identification is 
not possible. Taxonomy, or systematics, is divided into three parts. First is clas-
sification which is the orderly arrangement of organisms into taxonomic 
groups on the basis of similarity. Second is nomenclature which labels those 
groups. Lastly, identification determines if an unknown belongs to one of those 
groups or taxonomic ranks. The group boundaries are made by taxonomists. 
They are flexible, dynamic, and evolving just like the organisms themselves. 
The classification scheme should facilitate the identification, and should 
be  robust and logical to recognize organisms previously encountered and 
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categorize ones newly found. A phenetic classification is based on relation-
ships as they exist now without reference to evolution or ancestry. A phyloge-
netic classification is based on relationships described by ancestry, and not 
according to present properties (Vandamme et al. 1996). Polyphasic taxonomy 
is a general classification methodology combining the strengths of both phe-
netic and phylogenetic studies (Vandamme et al. 1996). It describes the inte-
gration of all available genotypic and phenotypic information into a consensus 
type of classification. The polyphasic approach is necessary for taxonomic 
classification, and relevant at times for biotechnology research, ecology, and 
bioremediation studies (Das et  al. 2014). In 1987, it was stated that species 
taxonomy should be determined phylogenetically (Wayne et  al. 1987). The 
term “species” is used to express membership of organisms in a taxonomic 
rank (Stackebrandt and Goebel 1994) and was defined as a group of strains, 
including the type strain, that share 70% or greater DNA relatedness (Wayne 
et al. 1987). This species definition was based on a large amount of empirical 
data. While the designated type strain of a species serves as the name bearer of 
the species and as a reference specimen, it is essential that the boundaries of 
species demarcation be flexible in order to achieve a classification scheme that 
facilitates identification.

Identification and characterization of recovered microorganisms are some 
of the most important tasks of a QC microbiology laboratory. Correct iden-
tifications are critical for in‐process controls, environmental monitoring 
(EM), finished product release, and investigations. Routine environmental 
and utility monitoring, as described in 21 CFR Part 211, are done to demon-
strate the state of control of a facility and facilitate in‐process monitoring. 
Routine identifications of recovered organisms for trending provide useful 
information on the baseline picture of the normal microbiota and categorize 
the resident bioburden. Then, if there is an excursion or negative trend, 
there would be baseline information to know if this organism is normal or 
novel. Significant change in the species diversity could indicate the potential 
routes of contamination allowing implementation of corrections before 
product contamination occurs. Routine identifications can also determine 
the efficacy of sanitization or cleaning protocols, and the suitability of rota-
tional frequency of disinfectants and sporocides. Additionally, excursions, 
out of specifications, action level overages, and product failures require 
identification of organisms to the species level and maybe to the strain level. 
Important strains or isolates should be banked to use later for comparisons 
and for use in microbial challenge testing, validation of microbial content 
test methods, and growth promotion tests, for example. Additional instances 
of when an identification is needed include the confirmation of the species 
identity of QC stock cultures, biological indicators, and cell banks. The 
identification should be confirmed using a method that is suitable for each 
 species (USP 2012c).
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Many times, species‐level identifications are required, however, this is not 
always necessary. The amount of effort devoted to the analysis and description 
of a microbe should be proportional with the contamination risk to the prod-
uct. The monitoring and reaction is driven by risk and the product. There 
should be a hierarchy of response from characterization to identification to 
strain typing (Sutton and Cundell 2004). The level of characterization depends 
on the criticality of the area involved and whether an investigation warrants 
further identification.

All characterizations and identifications must begin with core microbiological 
techniques as pure cultures are essential for all further analyses. Characterization 
comprises a morphological description consisting of the Gram‐staining reac-
tion, colony morphology, cell morphology, key biochemical parameters (e.g. the 
results of coagulase, catalase, and oxidase tests), presence of spores, motility, etc. 
Many times this is a sufficient description for an alert or no alert response. The 
broad characterization can give an indication of crude or large‐scale issues such 
as people, soil, or water sources of an organism (Sutton and Cundell 2004). 
Accurate genus and species identification will give a high‐resolution map of the 
microbiota of a facility. However, characterization or primary screening is suffi-
cient for risk assessment in non‐sterile pharmaceutical manufacturing to either 
recommend a corrective action or dictate the need for testing to obtain a spe-
cies‐level identification or strain differentiation of isolates within a species. Basic 
characterization will not be discussed further. Instead, emphasis will be on the 
technologies available for the identification of unknown microorganisms and 
strain‐level differentiation. First, it is necessary to provide a background on the 
history of microbial taxonomy and classification as it relates to current technolo-
gies utilized for microbial identification and strain differentiation in pharmaceu-
tical manufacturing. Understanding the science and history of taxonomy sets the 
stage for a description of the methodologies that can be generally applied for the 
identification of microorganisms today. Identification consists of providing a 
taxonomic description with a genus and species designation. The identification 
methods need to be relatively inexpensive, fast, yet accurate with the most rele-
vant and appropriate breadth of organisms in the reference database. The data 
must also be available for easy analysis during tracking and trending responsibili-
ties. In order for an organism to be identified, there must already be an estab-
lished nomenclature and classification scheme.

9.2  History and Challenges of Bacterial Taxonomy 
and Classification

Microbes have been around for 3.8 billion years; yet, they have only been 
known to humans for 300 years. Estimates suggest that the described bacterial 
species in 2014 ranged from 11 000 to 13 000 and new species are published at 
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a rate of 650–1 000 per year (Kyrpides et al. 2014; Federhen 2015). However, 
this may represent significantly less than 0.1% of the existing microbial diver-
sity (Tamames and Rossello‐Mora 2012). Classification of bacterial species 
with the Linnaean approach to naming life forms began in the late 1700s. The 
descriptions were based on cell shape, behavior, and habitat since the primary 
analysis tool was the microscope. Simple Linnaean descriptions continued for 
bacteria through the late 1800s. With the development of the capacity to grow 
organisms on agar plates and pure culture techniques, the capacity to recog-
nize and describe species expanded to include growth characteristics and the 
results of biochemical tests. The early 1900s brought studies and delineation of 
genera and species based on characteristics such as metabolic byproducts, fer-
mentation of sugars, temperature ranges for growth and morphology, and 
started to introduce the concept of natural relationships (Orla‐Jensen 1921). 
However, there was still very little consistent classification or organization to 
the descriptions. Originally, bacteria were thought of as plants, and discussions 
of their taxonomy were part of Botany Societies and Conferences and type 
specimens were deposited in herbariums. These early studies would lead to the 
grouping of all known bacteria, and were arranged by properties which were 
documented to facilitate determination of hierarchical arrangements. In the 
early 1900s, Robert Buchanan published 10 papers on the nomenclature and 
classification of bacteria. These papers were revolutionary and included all 
described bacteria and included higher groupings thereby launching the sys-
tematic efforts (e.g. Buchanan 1916, 1918). Bergey’s Manual for Determinative 
Bacteriology was published in 1923 and represented a major step toward a 
practical system of nomenclature. By the 1950s, the International Bulletin of 
Bacteriological Nomenclature and Taxonomy was established which was later 
renamed as the International Journal of Systematic Bacteriology, now known as 
the International Journal of Systematic and Evolutionary Microbiology (IJSEM). 
IJSEM is the “official journal of record for novel prokaryotic taxa. It is the offi-
cial publication of the International Committee on Systematics of Prokaryotes” 
(ICSP) (http://ijs.microbiologyresearch.org/content/journal/ijsem). The ICSP 
is the body that oversees the nomenclature of prokaryotes, determines the 
rules by which prokaryotes are named and whose Judicial Commission issues 
Opinions concerning taxonomic matters, and revisions to the Bacteriological 
Code (www.the‐icsp.org).

9.2.1 Definition of Strains

Species are classified as distinct groups of strains that have certain distinguish-
ing features and strains within the species generally share close resemblance to 
one another in those essential features. A strain is a descendent of a single 
isolation in pure culture. It represents a succession of cultures ultimately 
derived from an initial single colony. The type strain is the original reference 

http://ijs.microbiologyresearch.org/content/journal/ijsem
http://www.the-icsp.org
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specimen for the name, it is the permanent example of the species. The species 
is composed of the type strain plus all other strains considered to be suffi-
ciently similar to the type to warrant inclusion with it in the species. When new 
species are published, the very first strain is isolated and characterized and is 
defined as the type, but it does not mean that the type is the typical strain in the 
species. The type strain should be deposited into at least two global culture 
collections such as the American Type Culture Collection, the Deutsche 
Sammlung von Mikroorganismen und Zellkulturen, the English National 
Collection of Type Cultures, and the Korean Collection for Type Cultures, for 
example. Along with the type strain, many other non‐type strains are deposited 
in the collections to be used as reference specimens (Table 9.1).

9.2.2 Evolution of a Phylogenetic Marker

In the late 1800s classification was based on colony morphology, the results of 
Gram’s differential staining method which provides information about the cell 
wall structure (Gram 1884), and on basic biochemical traits passed to the next 
generation of cells. As a result, in the early 1900s, different identities were 
assigned to organisms with only minor phenotypic differences. In the 1950s 
and 1960s, the discovery of DNA and the field of genetics allowed the compari-
son of bacterial genomes with the calculation of overall base composition 
(mol% G + C). Organisms with different values were shown to be different spe-
cies. If they had the same overall base composition, they may or may not be the 
same species. This technology was used to differentiate taxa, but no insight 
into the genetic or phylogenetic relationship was generated. An alternative 
approach and a phylogenetically informative molecule was needed. Zuckerkandl 
and Pauling proposed the study of primary structures of macromolecules 
to  deduce phylogenetic histories (Zuckerkandl and Pauling 1965). Thus, 
there  was a shift from gross organismal properties to a molecular basis for 

Table 9.1 Example of the diversity of type and non‐type strains for Micrococcus luteus 
and the different strain designations in the global culture collections.

Micrococcus luteus Strains deposited in global culture collections

Type strain 
designations (not a 
complete list)

ATCC 15307T, ATCC 4698T, CIP A270T, DSM 20030T, JCM 
1464T, KCTC 1056T, KCTC 3063T, LMG 4050T, NBRC 3333T, 
NCIMB 10474T, NCIMB 9278T, NRRL B‐287T

Non‐type strains (not 
a complete list)

ATCC 49732, CIP 103664, ATCC 9341, DSM 3448, JCM 20050, 
KCTC 1071, LMG 8194, NBRC 12708, NRRL B‐1018, ATCC 
10786, CIP 830160, DSM 1790, KCTC 2177, NBRC 13867, 
NCIMB 8166

Superscript “T” indicates that the strain is the type strain for the species.
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phylogenetic interpretation. Investigations into molecular markers of evolu-
tion were initiated in the 1960s and 1970s. Scientists began to focus on evaluat-
ing different genes or gene regions and showed that the rRNA operon (rrn) was 
more conserved than the rest of the genome (Doi and Igarashi 1965; Dubnau 
et al. 1965). The genes in this operon encode for the structural RNA moieties 
that are the backbone of the ribosome. The rrn operon produces a single‐pre-
cursor RNA molecule that undergoes maturation to generate the three differ-
ent‐sized bacterial rRNA molecules (16S, 23S, and 5S, see Figure  9.1). 
Additionally, unlike most operons in bacterial cells which only have one copy, 
the rrn operon can have one or many copies, up to 15 in some cases (Andersson 
et al. 1995; Rainey et al. 1996). The copy number for the bacterial rRNA operon 
varies by species and has been linked to different ecological strategies 
(Klappenbach, Dunbar, and Schmidt 2000). Studies using rRNA:DNA hybridi-
zation were able to demonstrate the discriminatory power of the region when 
it was determined that there were actually five genera that comprised the 
“Pseudomonads” (Palleroni et al. 1973).

Fox and colleagues proposed the usefulness of the 16S small subunit of the 
rRNA operon and a sequence‐based analysis for the phylogenetic marker. They 
stated that primary structures could be aligned and changes at positions with 
common ancestry could be seen. The number and character of the positional 
differences could be a basis for inference of relationships (Fox, Pechman, and 
Woese 1977). The pioneering work by Woese and Fox using the conserved 
small subunit rRNA gene demonstrated that there were three domains among 
living things, not just the tradition two, the Archaea, Bacteria, and Eukarya 
(1977). Further work 20 years later elucidated that these three domains evolved 
by different pathways from a common ancestor (Woese, Kandler, and Wheelis 
1990). Woese et al. promoted the use of the 16S rRNA gene as a molecular 
chronometer (1985). Research in the following years built on that concept, 
concluding that the absolute rate of change is not known, but evolutionary 
distances and relatedness of organisms can be tracked (Kimura 1980; Pace 
1997; Thorne, Kishino, and Painter 1998).

In the 1970s, molecular and genetic technologies started influencing the tax-
onomy of bacteria. Molecular traits were used to separate phenotypically 

SSU LSU

16S 5S23S

ITS1 ITS2

SSU – Small subunit
LSU – Large subunit
ITS – Internal transcribed spacer

Figure 9.1 The rRNA region for 
bacteria.
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similar, but genetically distinct groups of organisms. With the development of 
more complex molecular methods, new standards were beginning to emerge 
such as DNA–DNA hybridization, the concept of a genomospecies, and 
sequencing of the 1500 base pair (bp) 16S rDNA, and it became clear that the 
molecular data were more discriminatory than biochemical. Still, into the 
1980s, taxa were being divided based on their Gram reaction and their medical 
significance.

9.2.3 Setting a New Starting Point

In 1980, IJSEM published a list of approved bacterial names which contained 
all the bacterial names having standing in nomenclature and set a new starting 
point (Skerman, McGowan, and Sneath 1980). From the 1980s until today, the 
availability of 16S rDNA sequence data has demonstrated the utility of this 
method for the phylogenetic placement of bacteria. The 16S rRNA gene is a 
strong phylogenetic marker since it is functionally conserved, thus the 
sequence changes are accurate measures of time and evolution. It is present in 
almost all bacteria often as multigene operons, and the 1500 bp is large enough 
in size with sufficient polymorphisms to have sufficient informational content 
for bioinformatics and to give distinguishing and statistically valid measure-
ments. The gene has evolutionarily conserved regions and variable elements; 
the combination of conserved and variable domains allows the gene to classify 
organisms from the domain to the species level. The base positions 60–110 
(based on Escherichia coli numbering) are some of the most discriminatory for 
closely related organisms as they contain a high level of variability (Ludwig and 
Klenk 2005). Since there are functional constraints in the structural molecule, 
changes are not free and linear. Therefore, there is no correlation to time 
(Olsen 1987; Woese 1987; Olsen and Woese 1989, 1993; Ludwig and Schleifer 
1994; Olsen, Woese, and Overbeek 1994; Ludwig et  al. 1998; Patel 2001; 
Clarridge 2004).

Analysis of the 16S rRNA gene sequence was revolutionary. The data are 
unambiguous and reproducible both within and between laboratories which 
allowed for comparisons between datasets. In fact, sequencing techniques 
have changed the definition of microorganisms. With the introduction of a 
sequence‐based phylogeny, the inter‐ and intra‐relatedness of species could 
now be determined objectively, but guidelines were needed in order to pro-
vide stability, reproducibility, and transparency with molecular techniques for 
taxonomy (Stackebrandt and Goebel 1994). Analyses of the 16S rDNA 
sequence‐based phylogenies have the robust capacity to show taxonomic rela-
tionships between organisms not seen with any other method. Studies of 
sequence diversity within a “species” continues to reveal multiple sequence 
clusters that are ecologically distinct (e.g. Cohan 2002) and phylogenetic 
evaluation suggests that the taxonomy for certain groups of organisms is not 
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appropriate, for example, organisms in the Erwinia and Pantoea genera 
(Zhang and Qiu 2015; Palmer et al. 2017). Many times, the phylogeny has little 
correlation to the phenotypic or phenetic grouping that was core to the initial 
characterization.

9.2.4 The Contemporary View of Microbial Taxonomy

The contemporary view of microbial taxonomy is determined mainly by the 
availability, applicability, and resolving powers of the methods used to eluci-
date their phylogenetic relationship. Bacterial taxonomy now reflects a phylo-
genetic classification based on the 16S rRNA gene sequence as visualized by 
dendrograms or trees whose structure is based on different models of evolu-
tion (Figure 9.2). Fungal taxonomy also reflects a phylogenetic classification as 
visualized by dendrograms, but uses the ITS rRNA region (see Section 9.3). 
The primary sequence data is processed using algorithms and the branching 
pattern in the resulting tree indicates the path of evolution. There are different 
models that reflect different aspects of evolutionary processes such as base 
frequencies and substitution types. These dendrograms can reflect evolution-
ary distances, maximum parsimony, or maximum likelihood.

Acidovorax defluvii BSB411T/Y18616

Acidovorax facilis CCUG 2113T/AF078765

Acidovorax valerianellae CFBP 4730T/AJ431731

Acidovorax wautersii NF 1078T/JQ946365

Acidovorax delafieldii ATCC 17505T/AF078764

Acidovorax soli BL21T/FJ599672

Acidovorax radicis N35T/AFBG01000030

Acidovorax temperans CCUG 11779T/AF078766

Acidovorax konjaci ATCC 33996T/AF078760

Sample 2 500 bp

Acidovorax anthurii CFBP 3232T/AJ007013

Acidovorax avenae ATCC 19860T/CP002521

Acidovorax oryzae ATCC 19882T/JMKU01000065

Acidovorax cattleyae NCPPB 961T/AF078762

Acidovorax citrulli ATCC 29625T/AF078761

Acidovorax caeni R-24608T/AM084006

Giesbergeria giesbergeri lAM 14949T/AB074522

Giesbergeria voronezhensis D-419T/AY780905

Hydrogenophaga atypica BSB 41.8T/AJ585992

Hydrogenophaga defluvii BSB 9.5T/AJ585993

0.005

Figure 9.2 Example dendrogram or tree showing phylogenetic relationships. Neighbor‐
joining phylogenetic tree based on the first 500 bp of the 16S rRNA gene sequences. Bar, 
0.005 substitutions per nucleotide position.
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Bootstrapping values can be displayed on the dendrograms. The process of 
bootstrapping entails randomly sampling or deleting columns in an alignment 
or distance matrix until 100–1 000 datasets are created. These datasets are 
used to compile a consensus tree and bootstrap values are assigned to the 
branches. The value provides an evaluation of confidence for each branch of an 
observed tree (Efron, Halloran, and Holmes 1996). 

There are errors in every inferred phylogenetic tree (Olsen and Woese 1993). 
The best tree for a given molecule is not necessarily correct. It is the result of a 
finite body of data used for the inference. Researchers should expect some level 
of disagreement when comparing different molecular phylogenies. Only when 
there are significant disagreements is it time to look at alternative explana-
tions. Are there bad data, flawed analyses, lateral gene transfer, recombination, 
or gene divergence within a species? All interesting avenues for the academics 
to pursue.

9.2.5 Limits of Resolution

There is no phylogenetic standard for family, genus, or species demarcation. 
Stackebrandt and Goebel (1994) stated that ≤97% similarity in the full‐length 
16S rRNA genes between two bacterial isolates indicates that they are different 
species, but if there was a ≥97% similarity in the 16S rRNA genes then the 
alternative method of DNA relatedness must be used to determine if the iso-
lates are different species. Many scientists criticize the use of DNA relatedness 

Distance Matrix models are based on what is expected to give rise to differ-
ences between present‐day sequences by comparing them, counting differ-
ences, and applying corrections for superimposed mutations (Olsen and 
Woese 1993). The evolutionary distance values of the Neighbor Joining tree 
are calculated by evaluating and transforming the measured base differences. 
The real number of changes can be underestimated by just looking at the 
difference seen in the present sequences. Thus, the differences are trans-
formed to distances using models such as Jukes and Cantor (1969). In this 
model, the distance is considered, but not the character of the change.

Maximum Parsimony models assume that preservation is more likely than 
change and these models strive to minimize the total tree length and do not 
calculate branch lengths.

Maximum Likelihood models are the most sophisticated and the topology of 
the tree is optimal if it reflects a path of evolution that most likely resulted in 
the current sequences. The analysis is more complex and needs more com-
puting time than either Neighbor Joining Distance or Maximum Parsimony.
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from a scientific and theoretical standpoint, to a methodological one (Istock 
et al. 1996; Vandamme et al. 1996). While other researchers state that although 
it has been demonstrated that the 16S rRNA gene sequence relatedness of 
<97% represents a new species, the meaning of a similarity score of >97% is 
unclear (Fox, Wisotzkey, and Jurtshuk 1992; Palys, Nakamura, and Cohan 
1997; Petti 2007). Strains with >97% similarity could represent a new species or 
clustering of strains within a previously defined species (Janda and Abbott 
2007). There is no universal agreement on a threshold value that constitutes a 
definitive species or species delineation (Stackebrandt and Goebel 1994; 
Harrington and On 1999; Vandamme et al. 2000). In fact, more recently ranges 
of 98.7–99.0% and 98.2–99.0% have been proposed as the species threshold 
(Stackebrandt and Ebers 2006; Meier‐Kolthoff et al. 2013). Because bacterial 
genera do not evolve at the same speed, and many organisms have been classi-
fied as different species prior to the evaluation of the rRNA gene sequence, it is 
necessary to use different threshold values depending on the genus in question. 
The threshold value will vary by the taxonomic group as some species are too 
closely related, or there is little information of normal strain to strain variation 
within a species and inter‐operon variation within a strain.

The 16S rRNA gene sequence may not be completely sufficient or reliable for 
understanding evolutionary phylogenies (Fox, Wisotzkey, and Jurtshuk 1992; 
Stackebrandt and Goebel 1994), but it is the best available scheme especially 
considering horizontal gene transfer (Janda and Abbott 2007) and has revolu-
tionized bacterial taxonomy. Still, in 2002, there were new recommendations 
to the species definition as improved molecular methods, such as multi‐locus 
sequence alignments (MLSA) and more recently core genome identity (CGI) 
comparisons, became available to systematists (Stackebrandt et  al. 2002). 
MLSA uses phylogenetic analyses of different alleles, generally protein‐coding 
gene targets, to evaluate different species and genera, and has been scientifi-
cally validated through the use of well‐characterized reference strains (Gevers 
et  al. 2005; Fraser et  al. 2009; Tindall et  al. 2010; Vandamme et  al. 2013). 
Appropriate protein‐coding gene targets are universally distributed, not trans-
mitted horizontally, and have molecular evolution rates that are somewhat 
higher than the 16S rRNA gene, but comparable to it. For example, species 
having identical 16S rDNA sequences can be differentiated with other protein‐
coding gene sequences. The beta subunit of RNA polymerase, rpoB, is single 
copy, universal, and hypervariable allowing it to be more discriminatory than 
the 16S rRNA gene (Gundi et al. 2009). The DNA gyrase enzyme, which is a 
type II topoisomerase that negatively supercoils closed circular double‐
stranded DNA, comprises two subunits, GyrA and GyrB. The gyrA and gyrB 
genes can be used to differentiate closely related taxa as they have a much 
higher mutation rate than the 16S rRNA gene (Onodera and Sato 1999). The 
next generation of molecular methods for taxonomy are being built on the next 
generation of sequencing technologies and bioinformatics. Whole genome 



9 Identification of Microorganisms276

sequences of type strains are being generated and species analysis based on 
average nucleotide identity (ANI) and CGI are being performed. ANI and CGI 
are strengthening molecular taxonomy since much more information is used 
during the analysis.

9.2.6 Summary: The Whole Picture

Taxonomy, or classification, requires a description of the morphology, bio-
chemistry, physiology, and genetics. Taxonomic classification is dynamic. New 
findings can lead to a change and reclassification of an organism. A change in 
the classification can lead to a new name and new criteria to identify an exist-
ing species or publication of a previously undescribed, new species. Not all “no 
identification” results are bad. Many times these results indicate the isolation 
of a new species or even a new genus. Taxonomic classification that is poorly 
defined hampers identification. The identification of a microorganism can be 
made on one or more characteristics that uniquely define a taxon. These char-
acteristics can be based on phenotype (cell shape, Gram reaction, and fermen-
tation characteristics) or nucleic acid sequence. The caveat is that the 
characteristic being used to determine the identity must be unique, that is, not 
found in any other group, and that is nearly impossible to do when basic cel-
lular descriptors are used for the characterization.

9.3  History and Challenges of Fungal Taxonomy 
and Classification

Fungi are complex members of the domain Eukarya. They can be innocuous, 
toxic, or flavorful, and can be of concern in manufacturing facilities. Fungi 
cause damage to infrastructure by growing on fibrous materials such as dry-
wall and pallets, and can cause spoilage in materials, ingredients, and products. 
Most critically, fungi can be pathogenic. Speciation of this diverse group of 
organisms is important, and in cases of product contaminants and investiga-
tions, strain‐level differentiation can also be necessary. There are very few 
mycologists in industrial pharmaceutical manufacturing with identification 
expertise using classical mycology or morphological methods for environmen-
tal fungi, but there are many reference texts that focus on the descriptions of 
medically important fungi. Fungi can reproduce by asexual spore formation 
(anamorph stage) and by sexual reproduction (teleomorph stage), and produce 
a different type of spore. Spore formation is essential for morphological identi-
fication, thus if spores are not produced the organisms cannot be identified. 
The identification of filamentous fungi using morphological characters is very 
labor and time intensive and many times only results in a genus‐level, or higher, 
confidence. Better methods are needed.
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There are >100 000 described species of fungi and there are estimates that 
the undiscovered and unclassified species range from 1 to 10 million (Guarro, 
Gené, and Stchigel 1999). They can be unicellular, or form hyphal and myce-
lium masses, and produce fruiting bodies (Figure 9.3). Yeast are single‐celled 
fungi that usually form a loose arrangement of budding cells. This growth form 
spans a wide range of unrelated fungi. Molds are filamentous fungi that have 
multicellular mycelium with a mass of branching hyphae which are a chain of 
filament‐like cells. Mushrooms are filamentous fungi that form spore‐bearing 
fruiting bodies. The classification and nomenclature of fungi is governed by 
the International Code of Botanical Nomenclature which was renamed to the 
International Code of Nomenclature (ICN) for algae, fungi, and plants. Historic 
descriptions based on morphology have confounded current taxonomy. Many 
fungi have more than one name, and many times this is due to the anamorph 
and the teleomorph being described or classified at different times, or due to 
the same organism looking different when grown on different media, and the 
connection between the different forms or morphologies had not been made 
(Hawksworth 2011). As fungal taxonomy and classification moves to a 

(a) (b)

(c)

Figure 9.3 Fungi can be unicellular like (a) the yeast Candida albicans, form conidia at the 
tips of hyphae or mycelium masses like (b) Culicinomyces clavosporus, or produce complex 
fruiting bodies like the oyster mushroom (c), Pleurotus ostreatus.
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phylogenetic approach, the issue is becoming more apparent (Taylor et  al. 
2000; Hawksworth 2006). The practice of assigning separate names for anamo-
rphs and teleomorphs was discontinued on 1 January 2013 as dictated in the 
ICN Congress Melbourne Code of 2011.

9.3.1 Identification of Fungi Using the rRNA Region

Sequence data derived from the ribosomal RNA region and the analysis of 
phylogenetic trees are also used for taxonomic classification of fungi. The dif-
ferent regions of the rRNA operon have different levels of conservation and 
variability which allow them to be used for different levels of classification. 
The rRNA region for fungi consists of the 18S small subunit rRNA gene, the 
ITS region comprising the first and second internal transcribed spacer regions 
(ITS1 and ITS2) flanking the 5.8S rRNA gene, and the large subunit rRNA 
gene which ranges in size from 25 to 28S (Hibbett et al. 2007, see Figure 9.4). 
Generally, the 18S rDNA sequence is appropriate for the taxonomic domain 
and phylogenetic aspects and relationships at the class level, while the 28S 
rRNA gene is more variable and can be used to classify fungi from the phylum 
to the genus level. The evaluation of sequence information arising from the 
large subunit of the rRNA that is described as 26S in size is most often associ-
ated with the phylogeny of yeast (Kurtzman and Robnett 1998). The 5.8S gene 
does not contain much usable information, but the regions flanking this gene, 
the ITS1 and ITS2 regions, are less conserved. These regions are considered 
the optimal barcodes for fungal taxonomy (Petti 2007; Porter and Golding 
2012), and are used to differentiate fungi to the species level (Mitchell and 
Zuccaro 2006). Although some organisms are better resolved by evaluating the 
sequence information in the D1 and D2 region of the 28S rRNA gene (Hall, 
Wohlfiel, and Roberts 2003, 2004), there are a lack of sequences from this 
region for effective analysis (Das et al. 2014). The regions outside the rRNA 
genes, called the external transcribed spacer (ETS) and the intergenic spacer 
(IGS) regions, are most variable and can be used for strain or population 
characterization.

SSU LSU

18S 5.8S 25–28S

ITS1 ITS2ETS IGS

SSU – Small subunit
LSU – Large subunit
ITS – Internal transcribed spacer
ETS – External transcribed spacer
IGS – Intergenic spacer

Figure 9.4 The rRNA 
region for fungi.
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In addition to its use in phylogenetics and systematics, the ITS region is the 
barcode chosen for the identification of fungi (Vralstad 2011; Schoch et al. 2012). 
This applies to yeast, molds, and mushrooms. Using sequence‐based techniques 
implies that the organisms do not have to be viable and more importantly, the 
classification is not dependent on the sporulation of the fungal isolate (Petti 2007). 
Like bacteria, sequence conservation in the rRNA region of fungi can impact spe-
cies‐level resolution and protein‐coding gene targets, such as the β‐tubulin gene, 
must be used for adequate discrimination for closely related groups (Huang, Lee, 
and Tai 2009). Also similar to bacteria, the phylogenetic analysis of sequence data 
from the rRNA region is the most accurate method for fungal identification.

9.4  Current Identification Technologies

Microorganisms from the environment that can be isolated, can be characterized 
by various culture‐dependent classical techniques such as plating, staining, and 
biochemical tests. These tests can be time consuming and can be variable, but 
should be able to determine the identification to the genus level. The new pro-
tein‐based and sequence‐based methods decrease time to result, increase specia-
tion, and decrease errors for microbial identification. This is especially true with 
fungi which are slow growing, and conventional methods are often ambiguous 
(Siqueira and Rocas 2005). However, the new protein‐based and sequence‐based 
methods increase instrumentation costs or assay complexity, or both.

Identification systems are based on different analytical methods. They can be 
manual or automated, or are a combination of both with simple or extensive 
sample preparation prior to analysis. Manual systems, or methods with exten-
sive sample manipulations, depend of the skills of the technicians performing 
the assay. Automated systems allow for less direct sample contact, and thereby 
permit the technicians more time for other duties and allow for more standardi-
zation. Different systems have different strengths and weaknesses. The limita-
tions can be inherent to the test method, technology, or the science. In all 
systems, the accuracy and performance are dependent on the database being 
used as a reference. If an organism is not in the database, it cannot be identified. 
The user must be aware of the version of the database on the instrument and be 
aware that the database may be outdated. They should fully understand the limi-
tations of the identification platform and the reference database. Microbial iden-
tification systems that are purchased and used in a facility that adheres to cGMPs 
will need to plan and execute a validation of the system. This internal validation 
is generally planned and executed by the end user, but can have support from the 
vendor. The company’s quality system and standard operating procedures 
should govern the validation plans and required documentation for both the 
specific system itself and its reference database. The systems can be categorized 
as phenotypic, proteotypic, or genotypic as described below and in Figure 9.5.
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9.4.1 Considerations of the Different Systems

Genotypic identifications have been shown with convincing scientific data to 
be the most accurate; they supersede phenotypic systems (Drancourt et  al. 
2000; Fontana et al. 2005; Petti, Polage, and Schreckenberger 2005; Zbinden 

Phenotypic

• Phenotypic systems use expressed gene products, including physiological and
biochemical observations, to differentiate microorganisms. They comprise 
traditional analyses of physical and metabolic characteristics, such as Gram-
stain reaction, fatty acid composition, and carbon utilization.

Phenotypic

Fatty acid

Fermentation

Gram stain

Catalase

Expression

Protein

RNA

DNA

Proteotypic

Genotypic

Accuracy and
reproducibility

Proteotypic

• Proteotypic systems evaluate the physical characteristics of cellular proteins
using matrix-assisted laser desorption-ionization time-of-flight mass 
spectrometry for an identification. This technology looks at biomarkers or 
protein profiles.

Genotypic 

• Genotypic systems evaluate characteristics of the cells’ DNA to generate an 
identification. Simpler genotypic analyses include evaluation of the G+C 
content, genome organization, and DNA fragment patterns and increase in 
complexity with DNA–DNA hybridization and phylogenetic sequence-based 
analysis.

Figure 9.5 Summary of the three different systems to differentiate microorganisms: relative 
accuracy and reproducibility.
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et  al. 2007). Genotypic identifications are more discriminatory, robust, and 
reproducible as the classification is based on nucleic acid sequences which are 
highly conserved, the data less subjective than conventional practices, and the 
technology is not dependent on culture conditions (Clarridge 2004). For exam-
ple, Drancourt et al. presented an analysis of the 16S rRNA gene sequences of 
a collection of environmental and clinical isolates that were previously uniden-
tifiable. As shown in Figure 9.6, the sequence information indicated that 78.5% 
of the isolates had a close match to a described species, 11.4% represented a 
potential new species within a genus, and the remaining 10.2% may represent 
novel genera. These results could only have been determined through 
sequence‐based identification, and not through conventional methodologies 
(Drancourt et al. 2000).

It was also shown that for isolates identified to the species level using 
sequence information (the 78.5% described above), the conventional identifi-
cation produced an inaccurate result due to inappropriate biochemical profiles 
for 58.7%, inaccurate Gram‐stain results for 11.6%, and incorrect catalase and 
oxidase activity for 3.6% of the samples (Drancourt et  al. 2000). Genotypic 
identifications are the more informative, accurate, and reproducible.

That being said, there are varied levels of operational needs and these needs 
dictate different approaches to microbial identification and strain differentiation.

78.5%

11.4%

10.2%

Match to described species

Potential new species in a genus

Potential new genus

Figure 9.6 The identification rate of previously unidentified isolates using 16S rDNA 
sequence analysis. Source: Data from Drancourt et al. (2000).

One technology will not be sufficient, as a technology must be suitable for 
the intended purpose, and the system chosen must be appropriate to the 
desired outcome.

The limitations and strengths of the different technologies must be under-
stood in order to choose the most appropriate method for the desired level of 
resolution. Closely related species may be difficult or impossible to distinguish 
using certain systems. In some cases, the most appropriate methods for specia-
tion, for example, can vary based on the species under examination.
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Many references propose a polyphasic approach, especially for clinical 
samples, where the methods are run simultaneously. All the genotypic, phe-
notypic, and phylogenetic information is generated for a microbial taxon at 
one time, but this may not be feasible in resource‐limited environments. 
Polyphasic taxonomy also does not make sense for routine identifications, 
yet in many cases conventional techniques describing physical and bio-
chemical traits are not sufficient (Vandamme et al. 1996; Gillis et al. 2005; 
Prakash et al. 2007; Cleenwerck and De Vos 2008). It is difficult for a single 
technology to meet the needs of all situations. Thus, having access to meth-
ods with overlapping resolution allows for greater accuracy when there are 
clear expectations for each technology and the understanding that every 
technology is dependent on the robustness of its database for the correct 
identification. Whether using a phenotypic, proteotypic, or genotypic sys-
tem, accuracy is linked to the quality of the underlying data and the associ-
ated taxonomic descriptor for those data. Phenotypic systems must have 
accurate and complete morphological and biochemical descriptors of the 
type or typical reference strains. Proteotypic systems must have high‐qual-
ity reference spectra while genotypic systems are dependent on the quality 
and accuracy of the reference sequences. Additionally, the appropriate 
names must be associated with the reference biochemical, spectral, or 
sequence data.

9.4.2 Challenges with Nomenclature and Reference Data

There are many reasons why the names associated with reference data are not 
accurate. Sequences in genotypic databases could have been taken from non‐
curated public databases with incorrect information, or the type strain for a 
species in the culture collections was named by biochemical means and is 
incorrect (Coyle et al. 1993). There are many challenges with nomenclature 
that were assigned to organisms before taxonomy was determined by rDNA 
sequencing. There are many species that are “misplaced”; they are found 
within various taxonomic groups. There is an initiative to sequence these 
“orphan” species to help determine where they belong based on phylogenetic 
analyses. Researchers are identifying type strains with no associated 16S 
rDNA information, or type strains with poor‐quality sequence information, 
and generating new sequence data for those strains. Upon analysis, they are 
finding multiple species with unexpected affiliations. That is, they are mis-
classified (Yarza et al. 2013). Curation of the reference databases must also 
occur to reflect current taxonomic classifications to produce the most accu-
rate identifications. It should be noted that identification rates and accuracy in 
published studies, and internal qualifications, are snapshots in time and are 
highly dependent on the library being used as the reference, the taxonomic 
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distribution of the samples themselves, clinical or environmental, and in some 
cases with the sample preparation method itself. This is particularly true with 
the publication of the performance of the matrix‐assisted laser desorption‐
ionization time‐of‐flight (MALDI‐TOF) systems over time. Consistent meth-
ods for sample preparation have since been developed, so results are easier to 
compare from lab to lab, but the impact of differential depth and breadth of 
library coverage remains.

9.4.3 Considerations for Using an In‐house System or a Contract 
Testing Lab

In order to choose an identification platform for each isolate, the limitations, 
breadth of library coverage, and ability to identify different organisms – bacte-
ria, yeast, and mold – must be understood for each system. The required level 
of resolution must also be understood since the system chosen will vary if a 
taxonomic descriptor (genus and species name) is needed or a strain‐level 
comparison is required. An additional consideration is whether these different 
technologies and expertise will be obtained and run in‐house or if the work is 
outsourced to a contract testing laboratory to take advantage of a wider breadth 
of experience and systems. Consideration for obtaining and running a system 
in‐house includes the cost and effort to validate a system and the reference 
database. The validation of a new identification tool involves determining its 
taxonomic resolution using reference strains followed by testing with new 
strains or isolates. The evaluation should also consider the costs to run and 
maintain the system, cost of the reagents and consumables, the system 
throughput, the technical ability required to perform the assay, time to result, 
system resolution, accuracy, and ease of accessing, interpreting, integrating, 
and tracking the data (Stager and Davis 1992; Janda and Abbott 2007). Selection 
of a system to use will depend on particular needs such as number of tests per 
week, time needed to result, cost of consumables, experience and education 
required of the technician to perform the test, amount of labor for the test, the 
database depth and breadth in support of the test, manufacturing niche, impact 
of the organisms on the product or people, and criticality of the sample to the 
process. The best system for the type of sample or the identification needed 
must be chosen. Procedures should be in place to clearly dictate the path to be 
followed and systems used for an identification during the different processes. 
The appropriateness of each test method should be specified through qualifi-
cations, internal data, or published literature, and when the test method should 
be used needs to be defined (USP 2012b). USP Chapter <1113> requires verifi-
cation of the accuracy of the method and indicates that there is a hierarchy to 
the impact of the identification errors with a misidentification to the genus 
level, the greatest impact, followed by a misidentification to the species level 
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and then no identification having the lowest impact (USP 2012b). Performing 
appropriate testing and obtaining an accurate identification is challenging. 
Understanding how the methods work can be achieved, and that can help 
ensure that work is being performed within specified parameters or con-
straints. The method must be appropriate for the desired results. Many new 
technologies require an in‐depth understanding of chemistry and molecular 
biology, but they can be assimilated.

9.4.4 Phenotypic Systems

9.4.4.1 Biochemical Approaches
Phenotypic systems use physical attributes of the cells to generate an identifi-
cation, specifically the growth of the cells in differential and selective media. 
These systems are based on simple growth‐based assays looking at colorimet-
ric changes and results of carbon utilization. Traditional phenotypic identifica-
tions can be difficult, time consuming, and subjective (Stager and Davis 1992). 
Strains within species can show phenotypic variability and can generate atypi-
cal results leading to poor identifications.

The manual systems are very basic with a limited number of tests which 
results in a limited resolution, but do provide additional information over the 
basic characterization. These tests were first introduced in the 1970s as strips 
of differential media for identification of broad types of bacteria and yeast, and 
represented the first step in automation and standardization of the growth 
assays which were previously done in traditional culture tubes. The identifica-
tion is determined by interpreting the results of color changes and reactions in 
the differential media. The manual strips are generally not used as a primary 
identification system since they have low throughput and are labor intensive to 
read the results and determine the identification code. The subjectivity of the 
manual interpretation and the limited reference library effect the accuracy and 
reproducibility of the result.

Slightly improved performance is found with the automated versions of the 
phenotypic identification systems first introduced in the late 1970s. One sys-
tem evaluates the growth of the bacteria or yeast on a specific card, selected 
after determination of the Gram reaction and the results of additional tests, by 
the automated incubation and reading of its reaction with various media. The 
method is simple to perform. Cells are resuspended in saline to the correct 
optical density as dictated by the card. The card is loaded with the sample with 
the aid of a vacuum and sealed. After placement into the system carousel, the 
cards are incubated and read at short intervals of time using different wave-
lengths of light to determine the percent transmittance. This proceeds until 
threshold values are reached. The results are compared to reference data to 
determine the percent probability and confidence of the match, which ranges 
from excellent to no match. As the results’ interpretation is automated, the test 
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is less subjective than manual review, but the library in support of this system 
is very limited.

Many of the systems require the determination of the Gram‐staining reac-
tion of the cell and additional ancillary tests such as the results of catalase and 
oxidase tests to proceed with the correct suite of phenotypic tests. If these tests 
are performed or interpreted incorrectly, this erroneous result, which is most 
often not detected, affects all downstream analyses and will result in an incor-
rect identification. The Gram stain is an essential first step, and is itself a sub-
jective technique. The result is affected by the physiological state of the cell and 
timing nuances of the method. The Gram‐staining method often results in 
false positives and false negatives and caution needs to be had in the considera-
tion of species that are known to be Gram variable in their staining reaction. 
Also, if bacteria lack a cell wall, like mycoplasmas, they will still produce a 
Gram‐negative reaction. Results will vary based on changes in cell wall thick-
ness, and on the presence of capsules and envelopes. Most frequently, the 
errors made in phenotypic identifications can be linked back to the determina-
tion of cell shape and the Gram reaction.

An additional commercial system has taken a similar phenotypic approach 
to identifications of bacteria, yeast, and filamentous fungi. However, in this 
case metabolism is indicated through a redox indicator dye (Miller and 
Rhoden 1991). This system was dependent on the Gram‐staining reaction 
initially, but later versions which are also more automated, have become 
independent of this requirement. The wells in this platform contain tetrazo-
lium violet, buffered nutrient medium, and a different carbon source. The 
system determines the ability of an organism to metabolize a specific carbon 
source. The tetrazolium violet salt is reduced by an electron donation from 
NADH during metabolism (Tachon et al. 2009). The salts are colorless, how-
ever, the reduced formazans are purple. When a carbon source is not utilized, 
the well remains colorless. Thus, a metabolic fingerprint is generated and 
probability and similarity indices are calculated (Stager and Davis 1992). 
However, not all samples produce identification results due to database 
limitations.

9.4.4.2 Fatty Acid Approach
In the 1980s, researchers determined that differences in fatty acid chain length 
were a good taxonomic marker. Fatty acid composition shows conservation 
and that significant change occurs over a long period of time. More than 300 
fatty acids can be detected with double bond positions, functional group bind-
ings, and chain length differences characterized. Fatty acids could be extracted 
from bacteria and yeast, and methylated for a qualitative analysis on a gas chro-
matograph (Dawyndt et al. 2006). This identification system was not depend-
ent on a Gram‐stain result. Sample preparation is more extensive for this 
method than the other phenotypic methods. The cells must be grown under 
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specific conditions and harvested in the log phase of growth. The cells are 
resuspended, saponified by heating in the presence of sodium hydroxide and 
methanol, then methylated, and extracted in an organic phase prior to place-
ment in the gas chromatograph (Stager and Davis 1992). The fatty acid profile 
is reproducible if the growth conditions are controlled carefully. Identifications 
are made based on a similarity index which indicates how close an unknown’s 
fatty acid profile compares with an average profile of strains in the reference 
library. The similarity index is a measure of the relative distance of the unknown 
to the population mean.

9.4.4.3 Summary of Phenotypic Identification Systems
Phenotypic identification systems are hampered as cells being tested do not 
react in a typical manner for their species. They are affected by their origin 
and growth conditions. Organisms recovered from manufacturing facilities 
are stressed as they have been exposed to pharmaceutical products, nutri-
ent‐poor environments, and potentially to chemicals used for disinfection 
and cleaning. They are then being analyzed on growth‐based systems and the 
results are being compared to reference profiles from primarily clinical iso-
lates. Stressed cells will not express the proteins needed to get an accurate 
and reproducible result. In fact, it has been shown that the similarity or prob-
ability numbers produced by some phenotypic systems do not correlate to 
the accuracy of the result. One study of a commonly used system states that 
The most important aspect of this study is that even excellent identification 
by the … colorimetric card assay allows no prediction of the correctness of the 
results  (Zbinden et al. 2007) (Table 9.2).

Table 9.2 Different identification systems have different strengths and weaknesses that are 
related to the technology and/or the reference database.

Pros and cons of phenotypic systems

Measuring parameters that cannot reflect the complexity of an organism
Measuring parameters that are not consistently expressed
Outdated and limited reference databases lead to incorrect or no identifications
Must ensure sample analyzed is pure or a blended phenotypic description will result
Low accuracy and reproducibility, especially when dependent on the Gram stain 
determination
Simple to perform, but time consuming
Subjective analysis
Genus‐level confidence
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9.4.5 Proteotypic Systems

9.4.5.1 History of MALDI‐TOF
MALDI‐TOF mass spectrometry (MS) generates identifications based on 
physical characteristics or profiles that are based on stable cellular proteins. It 
is now shown to be a reliable method of protein‐based identification of intact 
bacteria and yeast (Sauer et al. 2008; Marklein et al. 2009; Bizzini and Greub 
2010; Carbonnelle et al. 2011; Rosenvinge et al. 2013). The use of MALDI‐TOF 
for the identification of mold or filamentous fungi is complex and will be dis-
cussed in more detail in Section 9.4.5.4.

In order to use MALDI‐TOF for the identification of intact cells, signifi-
cant technological and methodological developments were needed in the 
field of MS. Early attempts at using MS for the analysis of microbes was 
limited by data comprising very small mass ranges. The development of 
MALDI‐TOF MS was advanced in the late 1980s with profound expansions 
in the ionization of higher molecular weight molecules. These discoveries 
included the use of a UV laser and an organic matrix to control energy and 
produce a soft desorption resulting in ions over 10 000 Da (Karas et al. 1987; 
Karas and Hillenkamp 1988). Further work expanded on these concepts and 
described the development of a laser ionization TOF mass spectrometer, and 
the use of an ultrafine metal powder to enhance heating for molecular ion 
formation. The novel sample preparation method and laser ionization sys-
tem resulted in the production of molecular ions up to 100 000 mass to 
charge (m/z) (Tanaka et  al. 1988). This work lead to a Nobel Prize in 
Chemistry in 2002, and enabled rapid analysis of protein macromolecules 
with the application of a crystalizing, light‐absorbing matrix compound to 
maintain the integrity of the molecules. The matrix crystals absorb energy 
from a nitrogen laser, resulting in desorption and soft ionization of large 
intact biomolecules (Tanaka et al. 1988). The soft ionization is critical in ion 
formation. There is the addition or loss of one proton, but no loss in sample 
integrity (Everley et al. 2008).

In 1996, three publications described the analysis of intact or whole cells. 
Claydon et al. used MALDI‐TOF to identify intact Gram‐negative and Gram‐
positive microorganisms directly from single colonies in culture. They demon-
strated that the procedure provided a unique mass spectral fingerprint from 
the components of the cell (Claydon et al. 1996). Additional work demonstrated 
successful, and rapid, species‐specific identification of bacteria by comparison 
to reference spectra or with the co‐analysis of known strains (Holland et al. 
1996; Krishnamurthy and Ross 1996). Whole‐cell MS could produce mass 
spectra of total cellular components by analyzing cells without laborious 
extraction procedures (Claydon et al. 1996; Holland et al. 1996; Krishnamurthy 
and Ross 1996).
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After demonstration of the ability of MALDI‐TOF to produce mass spectra 
with very little sample preparation, studies addressed the concerns over stabil-
ity and consistency of the mass spectral patterns. Valentine et al. demonstrated 
that the identification was independent from culture conditions using three 
species grown on four different media. This is significantly different from phe-
notypic methods where the culture conditions can affect the physiology and 
protein expression profiles of a cell (Valentine et al. 2005). Small variations in 
growth conditions has little to no effect on identifications indicating an 
increased reliability in the results (Welker and Moore 2011). However, the 
growth phase does affect the outcome and data need to be collected during the 
active or log growth phase of the organisms (Valentine et al. 2005; Wunschel 
et al. 2005a, 2005b). With the advancements in the field of genomics, the large 
percentage of mass spectral peaks in whole‐cell analysis were determined to 
comprise ribosomal proteins (Teramoto et al. 2007; Welker and Moore 2011). 
This observation explained the stability of the spectra under varying culture 
conditions as ribosomal proteins are synthesized under all growth conditions, 
and are the most abundant cellular proteins representing approximately 
60–70% of the dry weight of a microbial cell (Ryzhov and Fenselau 2001). 
Approximately 50 individual ribosomal proteins were identified in the mass 
range of 3 000–20 000 Da while other proteins in this range were shown to be 
housekeeping or structural proteins which are also present in the cell under all 
conditions. These proteins are constitutively expressed as part of cellular 
structure and function. They include carbon regulators and DNA‐binding pro-
teins (Dieckmann et al. 2008). The proteins detected in the MALDI‐TOF spec-
tra are conserved, ubiquitous, and abundant. These characteristics lead to 
stable mass spectral patterns, and thus more reproducible identifications. The 
more similar the patterns, the more likely the identification.

9.4.5.2 MALDI‐TOF Used for Microbial Identification Today
Over time, the technology has become commercialized as databases of clini-
cally relevant taxa were built to allow for reliable identification. An essential 
prerequisite for accurate identification is the inclusion of a reliable, scientifi-
cally validated, and comprehensive reference database (Rahi, Prakash, and 
Shouche 2016). Species show intraspecific variation with respect to mass spec-
tral patterns, like they do with both sequence and biochemical properties. 
Thus, species need to be represented by reference spectra from multiple strains 
to cover the natural diversity within the species (Lartigue et al. 2009). There are 
two primary commercially available instruments. The identification systems 
differ in their databases, identification algorithms, and the numerical rankings 
are reported differently. However, they function similarly.

The identification method in its simplest form is to have cultures on solid 
media, place a small amount of cells (105–106) on a target plate, and extract the 
cells on the target with a matrix solution. Some genera require an extra, yet still 
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simple, extraction step prior to placing the supernatant on the target plate 
(Alatoom et  al. 2011). The matrix solution contains an organic solvent and 
strong acids. The solvent lyses the cells and makes the proteins accessible for 
analysis. The proteins and matrix co‐crystalize and once in the MALDI instru-
ment, the laser bombards the sample, proteins undergo desorption and soft 
ionization. The matrix’s acidic components provide the positive charge to the 
proteins and positively charged molecules are accelerated up a flight tube as 
MALDI‐TOF systems are run in positive ion mode for protein‐based microbial 
identification (Horneffer et al. 2001). The ratio of mass to charge is measured 
by a time‐of‐flight analyzer and proteins in the mass range of 2 000–20 000 Da 
are measured. Spectral data are collected and software automatically performs 
peak assignments and collects the necessary data for analysis and evaluation of 
quality parameters. These data can include the presence and absence of peaks, 
the peak height, and the signal‐to‐noise ratio. Although the highly abundant 
proteins comprising the mass spectrum are not individually characterized, they 
produce a profile unique to types of microorganisms. The mass fingerprint is 
compared by the software to reference entries for an identification based on a 
list of closely related organisms with numerical scores or confidence values. 
The highest score, above predefined acceptance thresholds, is the identification 
match. The species‐level threshold is an empirical value, determined by com-
parisons of known strains with genotypic reference classifications. Different 
algorithms for analyzing mass data generally lead to similar results which 
underlies the robustness of the MALDI‐TOF method (De Bruyne et al. 2011). 
There is spectral variation that can be seen after running duplicate samples of 
individual strains, but even with that, whole‐cell MS with the MALDI‐TOF is 
very accurate and reproducible for species‐level differentiation.

9.4.5.3 Performance
Comparison of identifications made by the MALDI‐TOF to phenotypic sys-
tems have demonstrated that the MALDI is very fast and more accurate for the 
identification of clinical organisms (Seng et al. 2009; Cherkaoui et al. 2010; Van 
Veen, Claas, and Kuijper 2010; Bessede et  al. 2011; Bizzini et  al. 2011; 
Carbonnelle et al. 2012). When there were discordant results between the MS 
result and the phenotypic system, the 16S rRNA gene sequence most often 
confirmed the MALDI result (Benagli et al. 2011). Benagli et al. also note that 
a reliable identification is only possible if the reference database contains the 
relevant strains and that these strains have been characterized by sequencing 
the informative gene regions. Organisms are either correctly identified or yield 
a low score or match, resulting in no identification. This no identification can 
be due to no match in the database or because of poor sample preparation. 
Incorrect identifications are rarer than with phenotypic systems and usually 
occur with closely related organisms (Bessede et al. 2011; De Bel et al. 2011; 
Neville et al. 2011; Dubois et al. 2012). Resolution of certain taxonomic groups 
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of closely related species complexes is still a challenge for MALDI, and most of 
the time that is also the case with the genotypic resolution for that group, 
examples include the Bacillus cereus group, the Burkholderia cepacia complex, 
E. coli/Shigella, and the Enterobacter cloacae complex (ECC) (Pavlovic et al. 
2012; Khot and Fisher 2013; Almuzara et al. 2015). New or alternative analyses 
of the data can provide increased resolution in some groups of organisms (Sato 
et al. 2011; Shah et al. 2011; Khot and Fisher 2013) (Table 9.3).

9.4.5.4 The Use of MALDI‐TOF for the Identification of Filamentous Fungi
As discussed earlier, the identification of filamentous fungi can be done by 
macro and microscopic assessment by trained mycologists. Microscopy evalu-
ates the sexual and asexual spores’ color, shape, and surface and also evaluates 
the branching of the spore carrying structures, their color, and growth rates. 
These methods are time consuming, due to extended incubation periods, and 
often require extensive experience for accurate interpretation. Molecular 
methods are highly accurate and reproducible, but also require well‐equipped 
laboratory and highly trained personnel to perform the assay (see Section 9.4.6). 
With the adoption of MALDI‐TOF MS methods in the clinical, environmental, 
and QC microbiology laboratories for the rapid and accurate identification of 
bacteria and yeast, evaluation turns to the identification of filamentous fungi 
by this method. The option to identify filamentous fungi with MALDI‐TOF is 
available, although the emphasis in the literature, and in the reference data-
bases, for the systems is on clinically relevant organisms. Thus, the identifica-
tion of filamentous fungi with this technique is less advanced (Huang et  al. 
2017), and few filamentous fungi are represented in the commercial systems’ 

Table 9.3 Different identification systems have different strengths and weaknesses that are 
related to the technology and/or the reference database.

Pros and cons of proteotypic systems

Simple to use
Extremely fast time to result
Large capital expenditure
Very low reagent cost
Highly accurate and reproducible for species‐level resolution
Data can indicate if culture is mixed
No need for a Gram stain determination
Resolution of certain closely related species complexes is a challenge
Commercial systems have limited databases
Performance can be improved by the creation and addition of reference spectra, but this 
can be difficult
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databases. However, MALDI‐TOF could allow for the fast identification of 
spore‐producing and sterile molds, and also those with similar morphology.

Even though the identification process for filamentous fungi with the 
MALDI‐TOF is similar to that for yeast and bacteria, the sample preparation 
methods are not as simple or straightforward which has hindered its wide-
spread implementation as a routine identification method for molds. 
Filamentous fungi have a higher level of biological complexity than yeast and 
bacteria with the coexistence of different growth forms, and a more extensive 
and time‐consuming sample preparation protocol is necessary due to the rigid-
ity of their cell wall. Many sample preparation methods for fungal hyphae and 
spores have been investigated, and in general, the methods give good results 
and obtain a high level of accuracy (Hettick et  al. 2008; Lau et  al. 2013). 
Filamentous fungi do exhibit variable phenotypes under different growth con-
ditions which result in variable protein spectra when analyzed. The media on 
which the sample is grown and the temperature of incubation have no effect, 
but age of culture, source of the mycelium, and pigment production do have an 
effect (Chalupova et al. 2014). Thus, there is a need to standardize culture con-
ditions. Importantly, for successful identification, it is critical that the same 
method used to generate the reference spectra be used with the test samples. 
Attempts to simplify and standardize the sample growth and preparation 
methods, as well as expand on the appropriate reference spectral, have been 
published and have produced data supporting an 87–90% accuracy (Cassagne 
et al. 2011; Lau et al. 2013). However, consistent generation of spectra remains 
problematic. Studies on the identification of filamentous fungi have used dif-
ferent instruments, different commercial databases, custom‐developed data-
bases, and different extraction protocols, making it difficult to compare results. 
One recent study evaluated clinically relevant filamentous fungi and found that 
25% of the tested isolates were not in the reference database (McMullen et al. 
2016), and that number increases dramatically when environmental fungi are 
evaluated. The technology will fail to produce an identification if there is no 
reference spectrum. However, when species in the sample cohort are chosen 
based on their presence in the reference databases, the reportable rates and 
accuracy of the identifications are very high (100 and 99%, respectively) (Huang 
et al. 2017). To use MALDI‐TOF for the identification of mold recovered from 
environmental sources, intensive library development will be needed to have a 
high reportable rate.

9.4.6 Genotypic Systems

9.4.6.1 Sequence‐Based Identification Technologies
The history of the discovery of DNA and the determination of its structure can 
be found in any biology, microbiology, biochemistry, genetics, or molecular 
biology text book. DNA sequencing (1968) was first performed 15 years after 
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the discovery of the double helix (1953) (Hutchison 2007). However, the tar-
geted DNA cleavage chemical method of Maxam and Gilbert (1977) and the 
more well‐known dideoxy chain‐terminator method of Sanger, Nicklen, and 
Coulson (1977) were not published until the mid‐1970s. Incremental improve-
ments in Sanger sequencing have allowed for a significant increase in the 
amount and quality of the data, simplification of the chemistry, and a decrease 
in the time needed to generate the results. These improvements have impacted 
nearly all fields of biological and medical science. The acquisition of sequence 
information has led to an overwhelming amount of data that also required 
improvements in the computer systems used for analysis which in turn has 
created the field of bioinformatics.

Sanger sequencing is based on a dideoxy chain‐termination during DNA 
synthesis. Synthesis is carried out in the presence of all four DNA nucleotides, 
with a proportion of each base modified and labeled. Originally, this was a 
radiolabel, 32P, and four separate reactions were completed, but now, with the 
most often used systems, the modified bases carry one of four fluorescent tags. 
By using labeled nucleotides lacking a critical 3′ hydroxyl group, DNA poly-
merase adds a labeled base to a nascent chain, but cannot extend the strand 
further (Sanger, Nicklen, and Coulson 1977). A series of chain‐terminated 
products are produced, each ending with a labeled base. The different‐sized 
molecules are separated by electrophoresis and visualized. When radionu-
clides were used, this was accomplished by the use of slab gels and exposure to 
X‐ray film, but with the application of fluorescent tags, this is now done in real 
time as the samples run through a capillary loaded with a polymer matrix. 
Fluorescently tagged DNA chains are observed as they pass a detector and the 
four dyes are distinguished by their wavelength. The sequence can be deduced 
from the order in which the four different dyes pass the detector.

Sequence‐based identification technologies can be applied to bacteria and 
fungi and are the most robust as the methods are rapid, accurate, reproducible; 
not constrained by the organisms’ growth characteristics (e.g. slow and anaero-
bic); nor affected by environmental factors. Further advantages for sequence‐
based approaches are that the raw data will indicate if the sample culture is 
pure, there is no requirement to perform a Gram stain, and the sample can be 
alive or dead, young or old. With the appropriate expertise, it can also be deter-
mined if a novel organism, that is perhaps a new species or even a new genus, 
has been recovered.

9.4.6.2 Sequence‐Based Identification Technologies  
and Phylogenetic Analyses
There is one primary commercial system available for in‐house use, but its 
libraries are limited. However, contract testing laboratories can also generate 
sequence information from the conserved ribosomal DNA regions of both 
bacteria (16S) and fungi (ITS and 28S) to determine an identification. The 
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methods are more labor intensive than both phenotypic and proteotypic meth-
ods and require additional equipment in the laboratory to generate the data, 
such as PCR machines. The process uses standard molecular biology tech-
niques to isolate total DNA from the bacteria or fungi, PCR amplify the target 
sequences, and to perform Sanger sequencing (Sanger, Nicklen, and Coulson 
1977). The resulting DNA sequence is analyzed and an identification should be 
determined by a phylogenetic analysis. Combining DNA sequencing with phy-
logenetic analysis, and not just evaluating the sequence alignment and similar-
ity results, permits the most accurate identification and also the determination 
of novel species. That is because the relatedness between organisms is better 
shown in a dendrogram than by percent similarity or difference alone (Clarridge 
2004). As discussed earlier, different DNA targets document different phyloge-
netic lineages. The 16S rRNA gene is recognized as the most suitable target for 
bacterial classification and identification. The ITS1 and ITS2 regions in fungi 
have been shown to be the most useful markers for fungal classification, and 
thus should be used for identification (Leaw et  al. 2006). The commercial 
sequence‐based identification system uses the fungal 28S rRNA‐based gene 
target (D2), which does not provide sufficient species resolution in many cases, 
and the fungal database is limited (Hall, Wohlfiel, and Roberts 2003, 2004). 
However, its availability in the market meant that fungal identifications could 
be generated in‐house in less than one day using this sequence‐based approach.

9.4.6.3 Considerations When Using a Sequence‐Based Approach
The 16S rRNA gene and the ITS region are universal, so the relationships 
among all bacteria and fungi can be seen to the species and subspecies level. 
There is the occasional exception where more than one species has the same 
or similar sequence and thus cannot be resolved (Clarridge 2004). Sometimes 
sequencing the entire 1500 bp 16S rRNA gene is needed to distinguish particu-
lar bacterial taxa, but usually the first 500 bp is adequate to differentiate iso-
lates. Clarridge compared 100 type strains from clinical isolates using the first 
500 bp and full 1500 bp and found that the dendrograms were similar, but not 
identical. She concluded that evaluating the first 500 bp is sufficient for bacte-
rial identification and that the first 500 bp may even show increased resolution 
between certain species since this region can show slightly more diversity than 
the remaining sequence (Clarridge 2004). An additional study of more than 
200 isolates of interest to the pharmaceutical industry compared the phyloge-
netic trees which resulted from the sequences of the first 500 bp and the nearly 
full‐length 1500 bp 16S rRNA gene (Farrance and Hong 2015). Again, the rela-
tionships were similar, but not identical. In this study, 93.7% of the samples 
resulted in the same identification regardless of which sample sequence, 500 
or 1500 bp, was used for the initial comparison query. Of these, 78.8% resulted 
in the same exact match to a single species, 13.5% of the queries had the same 
outcome but neither the 500 bp nor the 1500 bp 16S rDNA sequence was able 
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to result in a definitive species designation, that is the unknown matched two 
or more closely related species. The remaining 1.4% of the unknowns also had 
the same outcome, but were only able to be identified to the genus or order 
level. One percent of the samples resulted in a different species‐level identifi-
cation when evaluating the 500 vs. 1500 sequence, but it was thought to have 
been due to poor‐quality reference sequences in the curated public database. 
Finally in this study, 5.3% of the samples had better resolution with the 
1500 bp 16S rRNA gene sequences than with the first 500 bp alone. The nearly 
full‐length gene was able to provide a definitive species designation, while the 
first 500 bp of the 16S rRNA gene sequence matched two or more closely 
related species (Farrance and Hong 2015). Considering these data, and the 
discussion of the limitations of using the 16S rRNA gene sequence in general 
for certain closely related species that have a high degree of similarity, target-
ing alternate regions with increased variability, such as a protein‐coding gene, 
is appropriate.

As stated above, it is well understood that the phylogenetic analysis of the 
16S or ITS gene regions is not always sufficient for species resolution and that 
sequencing information from other genetic markers such as housekeeping 
genes can be used to increase discrimination. Housekeeping genes are used as 
they evolve more slowly than other protein‐coding genes, but variations do 
occur that are usually selectively neutral and occur at a higher frequency than 
in the more conserved ribosomal gene regions. These include housekeeping or 
protein‐coding genes such as gyrB, rpoB, recA, ppk1, and dnaJ (Rowland, 
Aboshkiwa, and Coleman 1993; Karlin, Weinstock, and Brendel 1995; Mollet, 
Drancourt, and Raoult 1997; Onodera and Sato 1999; Shi, Rao, and Kornberg 
2004; Alexandre et al. 2008). For example, the average base substitution in the 
16S rRNA gene is 1% per every 50 million years, but is 0.7–0.8% per every 
1 million years for gyrB (Chun and Bae 2000). If the 16S rRNA gene or ITS 
region are identical, more changes can be seen in protein‐coding genes and the 
species can usually be differentiated. The phylogenetic analysis and identifica-
tion of any bacteria or fungi are dependent on the selection of the suitable gene 
targets specific for each taxon. The resulting phylogenetic trees from the alter-
native gene targets reveal relationships at a level where 16S rDNA and ITS 
sequences are not discriminatory. This method can have superior resolution to 
the traditional ribosomal region sequence analysis for closely related species 
(Figure 9.7 and Table 9.4).

9.4.6.4 Cautions Using Public Databases for Sequence‐Based 
Identifications
If a commercial sequence‐based identification system is being utilized, some-
times an organism cannot be identified due to database discrepancies or 
limitations. Often, the unknown has a poor or no match in the commercial 
reference database. A standard practice is to compare the unknown’s sequence 
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16S rRNA gene phylogenetic tree
Identification resolution at the complex level

recA gene phylogenetic tree
Identification resolution at the species level 
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Figure 9.7 Resolving the Burkholderia cepacia complex (Bcc).
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to public databases or curated databases whose sequences were ultimately 
derived from a public database to generate a closer match. Caution should be 
taken with this approach from a scientific and compliance perspective. 
Sequence data generated today with the available equipment, reagents, and 
data analysis tools have the potential to be of high accuracy, but there is no 
guarantee (Clayton et al. 1995). Public databases contain many poor‐quality 
sequences, thus the sequence quality needs to be evaluated before using the 
information. Conservative estimates from one study showed that at least 5% 
of 1399 sequences searched had substantial errors associated with them 
ranging from chimeras (64%) to sequencing errors or anomalies (35%) 
(Ashelford et  al. 2005). In another study, at least 26% of 16S rRNA gene 
sequence pairs (two sequences deposited for the same species) in GenBank 
had 1% random sequencing errors and, of these, almost half had 2% random 
sequencing errors (Clayton et  al. 1995). The presence of several classes of 
compromised sequences, such as chimeras and reverse complement 
sequences, seem to be increasing over time (Abarenkov et al. 2010). There 
are also misidentified sequences and other annotation issues in the public 
databases (Federhen 2015). Sequences of compromised technical quality or 
inaccurate taxonomic annotations are major contributors to incorrect 

Table 9.4 Different identification systems have different strengths and weaknesses that are 
related to the technology and/or the reference database.

Pros and cons of sequence‐based genotypic systems

High level of skill needed to perform
Short time to result
Large capital expenditure
High reagent cost
Produce data of highest specificity, reliability, and reproducibility for species and 
strain‐level resolution
Data indicate if culture is mixed
No need for a Gram stain determination
Sequence‐based methods independent of the growth stage of the organism and the 
media
Resolution of certain closely related species is a challenge when using conserved rRNA 
genes
Data interpretation requires a high level of knowledge
Commercial system has limited databases
Phylogenetic analyses indicate when species‐level confidence is not attainable with the 
database
Reference libraries can be expanded with type strain sequences
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sequence‐based identifications when using sequences from public databases 
(Nilsson et al. 2012). Additionally, there are multiple copies of the rRNA gene 
regions (16S, ITS, 28S) within the bacterial and fungal genomes. Therefore, 
polymorphic bases are expected when generating data with Sanger sequenc-
ing methods. These polymorphisms can cause difficulties in generating and 
interpreting sequence data, especially when there are insertions or deletions 
in different copies of the rRNA operon. Yet, these polymorphisms are impor-
tant and should be considered (Pace 1997; Sacchi et al. 2002). The entries in 
public databases are owned by the submitter, the quality of the data, and the 
assignment of the correct original taxonomy is dependent on them. Public 
databases are not curated, thus information derived from them must be vali-
dated. All identification technologies are dependent on a database of organ-
isms for the correct identification. As stated above, there should be validation 
documents for the reference database, and there should be established pro-
cedures for controlling updates to the database, and documentation of such 
activities.

9.4.7 Next‐Generation Sequencing Systems

The new “massively parallel” sequencing methods are greatly increasing 
sequencing capacity. These advances will continue to allow for new approaches 
to be taken for a variety of problems in biology, evolution, and the environ-
ment. These next‐generation methods take a very different technological 
approach to generating sequence data versus the traditional Sanger dideoxy 
method. The common feature of these methods is that they are massively par-
allel, which means that the number of simultaneous sequence reads from a 
single experiment is tremendous as compared to capillary electrophoresis‐
based Sanger sequencers. At present, this very high throughput is achieved at 
the great expense of length of read and accuracy of the individual reads. 
However, because of the vast amounts of data and the assembly of the data, 
high overall accuracy can be achieved because of the high degree of sequence 
coverage.

Next‐Generation Sequencing

 ● Massively parallel sequencing that creates megabases of information
 ● Shorter reads than the traditional Sanger method, in general
 ● Multiple platforms with same basic method, but different chemistries

 – Prepare sample “library” by creating fragments and adding adaptors
 – Amplify each library fragment
 – Sequence
 – Analyze the tremendous amount of data
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The first commercially available massively parallel method was based on 
pyrosequencing (Nyren, Pettersson, and Uhlen 1993). An array of randomly 
sheared DNA is attached to linker sequences and placed in emulsion  droplets. 
These templates are sequentially exposed to each of the four nucleotides, and 
the amount of incorporation is monitored by the detection of the lumines-
cence released via pyrophosphate. The next generation of sequencing tech-
nologies have various strategies for sample and template preparation, 
sequencing, imaging, genome alignment, data analysis, and assembly methods. 
The unique combination of protocols is what separates one method from the 
others and determines what type of data are produced by each platform. 
Template preparation can occur by randomly fragmenting the target DNA, 
immobilizing the fragments to a solid surface, and clonally amplifying the tem-
plates using emulsion PCR or solid‐phase amplification. The sequencing and 
imaging strategies can be done by cyclic reversible termination, single nucleo-
tide addition, real‐time sequencing, and sequencing by ligation. Imaging meth-
ods vary from measuring bioluminescence signal, proton‐induced voltage 
changes, to four‐color fluorescent imaging of single‐molecule events. These 
technologies can also target specific regions for analysis using multiplex PCR, 
hybridization capturing, and microarrays to generate the templates (Metzker 
2010; Liu et al. 2012). An alternative next‐generation sequencing technology 
that does not require any labels on the DNA or the nucleotides is the nanopore 
approach. Nanopore technologies rely on the electronic or chemical signature 
of the different nucleotides for discrimination. The pores can be constructed 
from carbon nanotubes or even based on biological pore proteins. The pores 
are engineered to optimize the translocation rate and the detection of specific 
bases as the DNA passes through the pore.

Each generation of sequencing technologies is addressing the costs per run, 
sample throughput, accuracy, and read lengths. Each system has its more 
appropriate application based on its inherent strengths and weaknesses and 
each should be used for the biological problems to which they are most applica-
ble. With the continued advancement of the next‐generation sequencing plat-
forms and the genome analysis software, the accumulation of data on a large 
scale has become faster and less expensive. Current applications for the next‐
generation sequencing platforms include genomics, epigenomics, and metagen-
omics. These applications are becoming well suited for different stages of 
pharmaceutical manufacturing including viral detection, cell line authentica-
tion, EM, microbiome analysis, and identifications using shotgun whole genome 
sequencing or targeted amplicon sequencing, or metagenomics approaches.

9.4.7.1 Whole Genome Sequencing
Whole genome sequencing and genomics applications can be used for large‐
scale alignment and comparative analysis with both bacteria and fungi. Shotgun 
sequencing permits the comprehensive analysis of all genes present in an 
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organism. The analysis can be done with different software tools and statistical 
packages. The researcher still needs to select the phylogenetic marker genes 
that are relevant for particular groups of organisms while still using the maxi-
mum information available (Capella‐Gutierrez, Kauff, and Gabaldon 2014). 
With the abundance of genome sequence data, target genes or allele sequences 
can simply be pulled out of the genome data and used for the analysis. 
Consideration of the presence or absence of gene families, conserved insertion 
or deletion on the large scale, differences in gene content, conservation of gene 
order, and biases of nucleotide composition of the genomes can also be done. 
With the increase in whole genome sequences, researchers have demonstrated 
that a comparison of ANI of the shared genes between two strains can be a 
robust way to compare genetic relatedness (Goris et al. 2007). There is now a 
shift from DNA–DNA hybridization to ANI in the publication of new species 
(Richter and Rossello‐Mora 2009; Kim et al. 2014).

9.4.7.2 Metagenomics
Simply defined, metagenomics is the study of DNA or RNA directly obtained 
from samples from an environment – cultured or uncultured. Targeted amplicon 
metagenomics permits the analysis of all the 16S rRNA genes or the ITS gene 
regions present in a sample and the identification of species in a microbial popula-
tion. All current, commonly used methods for microbial identification utilize 
culturable organisms. Metagenomics can utilize next‐generation sequencing 
methods to generate a taxonomic profile of a microbial community by investigat-
ing microbial genomes obtained directly from environmental samples without 
cultivation and without prior knowledge of the constituent communities 
(Riesenfeld, Schloss, and Handelsman 2004). Next‐generation sequencing of mul-
tiple hypervariable regions of the 16S rRNA gene or the ITS regions is ideal for a 
thorough characterization of low complexity metagenomes or for a broad genus‐
level overview of populations in highly complex communities or microbiomes.

As of 2018, these technologies are not in routine use for microbial identification 
in most industry laboratories and still lie more in the realm of research science, but 
commercial kits for the 16S and ITS rRNA amplicons are available for biome and 
other metagenomics applications. However, these tools have not been optimized 
for routine microbial identification or characterization for industrial microbiology 
laboratories. They remain significantly more resource and time intensive to per-
form as compared with the more traditional Sanger sequencing applications.

9.4.8 Other Spectroscopy or Spectrometry Methods 
for Identification and/or Strain Typing

9.4.8.1 FT‐IR Spectroscopy
Traditionally used for identity confirmation of materials or chemicals, Fourier 
transform‐infrared (FT‐IR) spectroscopy is establishing itself as a method for 
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the rapid differentiation and identification of microorganisms. Spectroscopy 
involves the observation of molecular vibrations, in this case, excited by an IR 
beam. Molecules absorb energy and start rotational movement. The absorp-
tion is correlated to a concentration of specific components and the spectrum 
reflects the composition of the sample. The IR spectrum is a biochemical fin-
gerprint used to characterize a substance. IR spectroscopy has been used since 
the 1950 to analyze biomolecules such as proteins, nucleic acids, carbohy-
drates, and lipids (Beekes, Lasch, and Naumann 2007). An IR spectrum is pro-
duced by measuring the intensity of IR radiation, emitted from a heat source, 
both before and after it interacts with a sample. Absorption bands are seen due 
to the interaction of the light and absorption of the IR radiation by the biologi-
cal sample. Fourier transformation is a mathematical means of extracting indi-
vidual frequencies from the “interferogram” for final representation in an IR 
spectrum (Beekes, Lasch, and Naumann 2007). Spectra of complex biological 
samples, such as intact cells, represent the superposition of all vibrational 
modes of all the molecules in the sample and give a spectral fingerprint. This 
fingerprint is dependent on the physiological state of the cells. The method is 
simple; cells are suspended in solution then dried on a carrier, and the spectra 
generated (Figure 9.8). However, the analysis of the data is complex (Grunert 
et al. 2013). The fingerprint can be used as a comparative tool to look at strain‐
level differentiation. Additionally, like many other fingerprint‐based systems, 
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Figure 9.8 Example portion of a spectrum of Cronobacter sakazakii using IR spectroscopy.
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an identification is achieved by comparing an unknown microorganism to a 
reference database (Nie et al. 2007). Thus, the reference spectral database plays 
a key role in the identification process (Jaureguiberry et al. 2016). This method 
is not frequently used in regulated environments.

9.4.8.2 Raman Spectroscopy
Another method that is being used for whole organism characterization with a 
spectroscopic fingerprint is based on Raman spectroscopy. When light inter-
acts with matter it can be transmitted, absorbed, reflected, or scattered. 
Scattered photons have either the same energy or frequency as the incident 
light (Rayleigh or elastic scattering) or, a small fraction, have different energy 
or frequency and that is the Raman or inelastic scattering. The shift occurs 
because photons exchange part of their energy with molecular vibrations in the 
material. The amount of energy corresponds to specific molecular vibrations. 
Indian physicist C.V. Raman was awarded the 1930 Nobel Prize in Physics for 
this discovery. A commercial system can sample directly from the air, via a 
nebulizer or through filtration, and deposits the cells directly on a surface for 
scanning. Once introduced in to the system, the Raman spectra are collected 
and compared with reference spectra in a database. The technology is nonde-
structive. Combining Raman spectroscopy with optical microscopy increases 
the sensitivity and resolution, resulting in the ability to record spectra from a 
single cell. Interpretation of the spectra is still complex, and robust analysis and 
extensive databases are needed for reliable interpretation (Ashton et al. 2011). 
Like phenotypic methods, sample treatment, physiological state of the cells, 
and measurement parameters effect the identification process. Raman is also 
dependent on the quality of the underlying database and the statistical algo-
rithms used in the analysis (Pahlow et al. 2015). Adoption of this technology 
has been hindered by inherent issues with the technology such as weak signal, 
long data acquisition times, high background signals, high instrument costs, 
and lack of automation in sample processing (Ashton et al. 2011). This method 
is not frequently used in regulated environments.

9.4.8.3 Other Technologies
There are additional MS technologies used for microbial identification and the 
targeted detection of specific microorganisms, but these are also not utilized 
frequently. They include the combination of PCR and MALDI‐TOF where 
multiple protein‐coding genes and the conserved 16S rRNA region are ampli-
fied by PCR followed by resolution of the amplicons using MALDI. Another 
PCR‐based approach uses universal primers for bacteria, yeast, or filamentous 
fungi followed by electrospray ionization (ESI) time of flight MS to resolve the 
amplicons (Baldwin et al. 2009; Simner et al. 2013). Advantage of PCR/ESI‐MS 
over sequencing is that it is fast and has high throughput, but it is costly. 
Surface‐enhanced laser desorption/ionization uses a chip with a chemical or 
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biochemical molecule present to capture specific proteins of interest. This 
protein profiling technique is used in diagnostics for targeted detection and 
identification. Finally, flow cytometry can also be used for the targeted iden-
tification of microorganisms. Antibodies can be used to bind to specific targets 
and be detected via flow cytometry using light, electrical conductance, or 
fluorescence.

9.4.9 Strain‐Level Differentiation

When working under cGMPs, it is extremely important to be able to accurately 
identify organisms to the species level. In addition, characterization of micro-
organisms to the strain level is critical to permit tracking potential origins of a 
contamination, to avoid delays in product release, and complete investigations. 
Increased discrimination or resolution at the strain level is often required dur-
ing manufacturing process investigations of out of specification situations to 
help find the root cause of a contamination, or during the investigation into a 
sampling, operator, or laboratory error. There are different methods available 
to the microbiologist for strain‐level resolution.

9.4.9.1 Fragment‐Based Genotypic Technologies for Strain‐Level 
Differentiation
9.4.9.1.1 Restriction Fragment Strain‐level characterization of bacterial 
cultures can be provided by a commercial system which uses restriction 
fragment length polymorphisms and Southern blot (Southern 1975) 
technologies. This system can also generate an identification. It is based on the 
premise that the DNA restriction sites in the bacterial rRNA operon are 
conserved in the 16S, 5S, and 23S genes, and the sites are more variable in the 
internal transcribed spacer (ITS), intergenic, and flanking sequences. 
Restriction sites are specific palindromic DNA sequences that are recognized 
by specific restriction endonucleases. These enzymes cut the DNA within 
those sequences, and a specific enzyme only cuts within that sequence. For 
example, the EcoRI enzyme only recognizes the GAATTC palindromic 
sequence and specifically cuts between the G and the A on both DNA strands. 
A strain comparison, or an identification, is determined based on the DNA 
banding patterns. The method has been partially automated and consists of 
diluting a test culture, and extracting the DNA by heating to rupture the cell 
walls with the aid of a proteolytic enzyme to also help lyse cells, especially 
Gram‐positive cells. The released genomic DNA is digested with one of two 
commercially available restriction enzymes, the DNA fragments are separated 
by size on an agarose gel, and transferred to a nylon membrane. The membrane 
is then probed with the rRNA region and flanking DNA from the rrnB operon 
from E. coli. This region is approximately 1440 bp and includes the 16S, 23S, 
5S, ITS regions and flanking glutamic acid tRNA gene. After the probe is 
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hybridized, it is detected with an alkaline phosphatase conjugated antibody 
and a chemiluminescent reaction. The signal is captured by a camera and the 
banding pattern visualized (Bruce et al. 1995; Bruce 1996). For comparison of 
isolates within the same species, the banding patterns are grouped together if 
they are matching or placed into different groups if banding patterns are 
distinguishable (Figure  9.9). Increased discrimination is achieved with 
additional restriction enzyme reactions (De Cesare et al. 2001). Algorithms can 
also compare the test pattern bands to references and if the pattern is in the 
reference database, an identification is generated. However, this method is 
more appropriate for use as a strain‐level comparative tool within a species 
(Brisse et al. 2000). Even with the automated system, there can be issues with 
the data quality that can interfere with the accuracy and repeatability of this 
method. The DNA can be uncut, partially cut or sheared, the gel may have 
bubbles or be too dry, and the DNA may not migrate consistently.

9.4.9.1.2 PCR Amplification Additional fragment‐based genotypic analyses 
for strain‐level differentiation involve the amplification of different DNA 
sequences using PCR to generate DNA barcodes visualized through gel‐based 
technologies. Some of the PCR primers recognize repetitive genome‐wide 
sequences or random sequences and generate specific patterns that are used for 
comparison. The comparison of DNA fingerprinting banding patterns between 
taxa is based on the assumption that same‐sized bands are homologous, but 
this is only correct for closely related taxa. All PCR‐based technologies are 
affected by DNA quality and PCR temperatures that can be inconsistent 
between laboratories and instruments. This effects amplification and the 
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reproducibility of the data and as a result comparison from lab to lab is difficult. 
Despite these concerns, PCR‐based fingerprinting for microbial typing can be 
reliable, rapid, and highly discriminatory.

Short interspersed repetitive DNA sequences have been identified at distinct 
locations in the genomes of all organisms, including bacteria and fungi. The use 
of defined primers for PCR amplification of these repetitive elements is referred 
to as repetitive element sequence‐based polymerase chain reaction (rep‐PCR) 
(Versalovic, Koeuth, and Lupski 1991; Hiett and Seal 2009). The initial discov-
ery of repetitive extragenic palindromic (REP) elements occurred in the genomes 
of E. coli and Salmonella (Lupski and Weinstock 1992). Other examples of well‐
characterized repetitive DNA sequences in bacteria include the enterobacterial 
repetitive intergenic consensus (ERIC) sequence (Hulton, Higgins, and Sharp 
1991) and the interspersed repetitive BOX sequence from Streptococcus pneu-
moniae (Koeuth, Versalovic, and Lupski 1995). These repetitive DNA sequences 
can be utilized for DNA fingerprinting or strain differentiation of microbes by 
amplifying the DNA via different, but specific, primer annealing sites. The 
primer sets anneal to the conservative repetitive DNA sequences that are pre-
sent throughout the genome. The amplified DNA fragments, when separated by 
electrophoresis, constitute a genomic fingerprint that has shown to be a repro-
ducible tool for strain‐level discrimination of bacteria and fungi.

Alternatively, the PCR primers can short arbitrary primers that amplify ran-
dom DNA fragments (RAPD). The benefit to this PCR technology is that no 
prior knowledge of the targeted DNA is needed as the primers are arbitrary 
and will bind somewhere in the targeted genome to create a PCR profile for 
comparison (Espinasa and Borowsky 1998).

Amplified fragment length polymorphism (AFLP) PCR is a highly sensitive 
method for detecting polymorphisms in different strains based on selective 
amplification of fragments obtained after restriction digestion and is also used 
as a DNA fingerprinting tool. The AFLP methodology is more reproducible 
than other amplification technologies, has higher resolution, and is more sen-
sitive (Vos et  al. 1995). The method entails digesting genomic DNA with 
restriction enzymes and ligating adaptors to the ends of the fragments. A sub-
set of the restriction fragments is then selected to be amplified by using  primers 
complementary to the adaptor sequence, the restriction site sequence, and a 
few nucleotides inside the restriction site. The amplified fragments are sepa-
rated and visualized usually through fluorescence methodologies via  automated 
capillary sequencing instruments.

PCR‐based nucleic acid amplification tests (NAAT/NAT) also allow for the 
detection of specific organisms of concern, and by the selective amplification 
with target‐specific primers, the identity is deduced or presumed upon suc-
cessful amplification.

Pulsed‐field gel electrophoresis (PFGE) was first developed in the mid‐1980s 
to separate large yeast chromosome‐sized DNA fragments with a changing 
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polarity of an electric field (Schwartz and Cantor 1984). Since then, it has been 
used for strain‐level characterization especially in the food and probiotic 
industries. Genomic DNA is digested with specific, infrequently cutting, 
restriction enzymes that have been determined to be appropriate for resolu-
tion of specific species. The high molecular weight restriction fragments are 
separated by PFGE and produce a DNA fingerprint with a specific pattern. 
Organisms with the same PFGE banding pattern are viewed as the same strain 
(Tenover et  al. 1995). However, the technology is time consuming, requires 
delicate sample handling to avoid sheering the larger DNA molecules, and has 
not achieved broad acceptance in the pharmaceutical industry. It was, how-
ever, the gold standard for typing during investigations into foodborne illness 
outbreaks, but is being replaced by next‐generation whole genome sequencing 
technologies.

Multiple locus variable number of tandem repeats analysis (MLVA) is 
another technique used to generate DNA fingerprints for bacterial isolates. 
PCR is used along with species‐specific primers that will amplify the variable‐
number tandem repeat (VNTR) regions. The VNTR PCR products are sepa-
rated via capillary gel electrophoresis and detected with fluorescence. The 
sizes of the PCR products are converted into allele types to determine how 
closely related the bacterial strains are to each other. MLVA may be able to 
differentiate bacterial strains that look the same using other methods of DNA 
fingerprinting, such as PFGE. Thus, MLVA is a complementary technique to 
PFGE, allowing more detailed differences between bacteria that have similar 
PFGE patterns to be visualized (Table 9.5).

9.4.9.2 Sequence‐Based Genotypic Technologies for  
Strain‐Level Differentiation
Multi‐locus sequence typing (MLST) is a well‐established, highly accurate 
sequence‐based method for strain‐level differentiation for microorganisms 
(Enright et  al. 2000). Strain‐level differentiation is made by analyzing 

Table 9.5 Different identification systems have different strengths and weaknesses that are 
related to the technology and/or the reference database.

Pros and cons of fragment‐based genotypic systems

Good to very good resolution
Fingerprints generated by the different methods are not comparable to each other
Test methods are complex to perform
Data quality can interfere with accuracy and repeatability
Require a well‐equipped molecular biology laboratory and expensive instruments
Different methods have had successful applications in the food industry and in clinical 
investigations
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sequence variations in multiple protein‐coding genes or housekeeping genes 
that encode for proteins necessary for the normal cellular functions and 
which contain a high degree of sequence variability. Depending on the 
degree of discrimination needed, strains can be evaluated by a different 
number of genes. Single locus strain typing (SLST) methods involve sequenc-
ing one gene that is known to harbor highly variable DNA sequences. The 
challenge is the selection of suitable housekeeping genes for acceptable reso-
lution for each species, as these will differ from species to species (Achtman 
2008). Confirmation of species identity for all isolates can be first deter-
mined by standard rDNA sequencing (16S or ITS). Accurate identification is 
essential to choose the correct primer sets for strain‐appropriate target gene 
amplification for the species under investigation. The MLST target gene 
sequences from each isolate can be aligned and compared in a phylogenetic 
tree to show the amount of conservation and divergence in the DNA of that 
gene region. Allele numbers can also be assigned to all unique sequences 
from each locus to determine the sequence type. Strain comparison is made 
by looking for a unique combination of alleles across all loci, the allelic pro-
file. The effectiveness of MLST as a portable,  universal, and conclusive 
method for characterizing bacteria was first demonstrated by sequencing 
internal fragments of genes in Neisseria meningitidis (Maiden et  al. 1998; 
Maiden 2006). Since then, numerous methods have been published. The 
advantage of this technology is that it is appropriate for both bacteria and 
fungi (Maiden 2006), and is highly reproducible and unambiguous. The dis-
advantages are that it requires a fully functioning sequencing facility, knowl-
edge of the appropriate primers to use for each species of interest, and 
trained personnel to perform the assay and analyze the data appropriately. 
By combining standard genotypic identification methods with MLST, it is 
 possible to resolve some of the most difficult organisms commonly observed 
in manufacturing facilities. Given the reproducibility of MLST over time, 
and between laboratories, these methods can more reliably determine the 
relatedness of strains and is superior to the fragment‐based and PCR‐based 
methods discussed above.

9.5  Strengths and Weaknesses with Each 
Categorical Method

No system is 100% accurate, but each system has its strengths and limita-
tions. Some highlights are described below and must be balanced by the 
need of the manufacturer. There are varied levels of operational needs and 
these needs dictate different approaches to microbial identification and 
strain differentiation. The limitations and strengths of the different 
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technologies must be understood in order to choose the most appropriate 
method for the desired application. Closely related species may be difficult 
or impossible to distinguish using certain systems. In some cases, the most 
appropriate methods can vary based on the species under examination. A 
system that generates a genus and species designation is providing a micro-
bial identification. A different system or technology will be needed for a 
strain‐level comparison.

Common platforms for microbial identification include phenotypic com-
mercial systems and MALDI‐TOF proteotypic systems. These systems should 
only be used to generate an identification. If using phenotypic systems, confi-
dence to the genus level should be considered as accuracy to the species level 
is not high, while MALDI‐TOF provides a very confident species‐level identi-
fication. The most highly confident and accurate resolution at the species or 
strain level can be achieved through sequence‐based approaches. The target 
gene will dictate the level of resolution – speciation or strain typing. Strain‐
level differentiation can also be achieved through different fragment‐based 
approaches. However, given the reproducibility and increased resolution of the 
sequence‐based approach, it is superior to fragment‐based and PCR‐based 
methods for determination of strain relatedness.

 ● Phenotypic systems used for identification are measuring parameters that 
cannot reflect the complexity of an organism and these measured parameters 
are also not consistently expressed. The commercial systems available have 
outdated and very limited reference databases, leading to incorrect identifi-
cations or no identifications. The user must be vigilant about ensuring the 
purity of the sample being applied to the phenotypic systems as it is not clear 
from the data if a sample is mixed and a blended phenotypic description will 
result. The accuracy and reproducibility of these systems is low. However, for 
genus‐level confidence, they could be sufficient.

 ● Proteotypic systems used for identification come with a large capital 
expenditure, but are simple to use, have an extremely fast time to result, and 
are highly accurate and reproducible. The turnaround time for a result can 
be minutes as compared to days with conventional biochemical methods. 
Testing can be performed on very little sample and has a very low reagent 
cost (Tan et al. 2012). The commercial systems have traditionally had clinical 
applications and this is reflected in the relevancy of their databases, but there 
is an extensive publication history in support of the accuracy of the results 
obtained for many, but not all, groups of organisms that have representation 
in the reference libraries. Performance can be improved by the creation and 
addition of reference spectra by the user for underrepresented species, but 
this can be beyond the capability for some laboratories.

 ● Fragment‐based genotypic technologies for identification and strain 
delineation have good resolution, but the fingerprints generated by the 
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different methods are not comparable to each other. These test methods are 
complex to perform, can have issues with repeatability, and require a well‐
equipped molecular biology laboratory and expensive instruments, in some 
cases. Different methods have had successful applications in the food indus-
try and in clinical investigations.

 ● Sequence‐based genotypic technologies for identification and strain dif-
ferentiation also come with a large capital expense, have a relatively short 
time to result, and produce data of highest specificity, reliability, and repro-
ducibility. Sequence‐based methods will generate consistent results inde-
pendent of the growth stage of the organism and the media upon which it 
was grown which is not the case for the phenotypic and proteotypic sys-
tems. Using the conserved rRNA genes for taxonomic classification has 
limitations within certain groups of bacteria and fungi, and due to the lack 
of a universal rule for species cutoff, interpretation of the data takes a high 
level of knowledge. Bacterial identification using the first 500 bp of the 16S 
rRNA gene sequence can provide a species‐level identification up to 
approximately 87% of the time, genus‐level identifications another 11%, 
with the remainder at family or above (unpublished data). Inability to gen-
erate species‐level identifications is due to species with identical or nearly 
identical reference sequences, poor‐quality reference sequences, issues 
with published taxonomic classification, or novel taxa (Janda and Abbott 
2007). Using alternative gene regions, such as protein‐coding genes, can 
increase resolution in closely related groups. Nonetheless, there are some 
groups of organisms that cannot yield clear or confident species‐level 
results due to their inaccurate or muddled taxonomy. Additionally, new 
species are being published each day based on a type strain descriptor and 
sequence analysis of additional protein‐coding genes. These new species 
are not in the commercial system’s databases. However, phylogenetic analy-
ses can indicate when a species‐level confidence is not attainable with the 
current database. With the appropriate quality procedures in place for 
experimentally confirming type strain sequences, reference libraries can be 
expanded and the assignment of a novel taxon can be made to novel 
isolates.

 ● Reference libraries are used with all commercial systems, while contract 
laboratories can also use proprietary validated reference databases. In each 
case, consideration must be made to the reclassification of microorganisms 
in the scientific literature. Many commercial databases are not updated fre-
quently, nor are they curated well to reflect the current taxonomy. All iden-
tification methods rely on the quality, breadth, and depth of the underlying 
reference database. Commercial systems perform very well on bacteria 
 studied from clinical sources, but differences are seen when analyzing envi-
ronmental isolates (Urwyler and Glaubitz 2016).

 ● Summary attributes of the methods (see Table 9.6)
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9.6  Case Studies from a Contract Testing Lab

The following examples of evaluating the impact of choosing the most appro-
priate identification system for the required application, of poor‐quality refer-
ence data, and of the impact of taxonomic name changes, and the curation of 
reference material are taken from blog posts originally on the Charles River 
Eureka site. Available at eureka.criver.com.

9.6.1 A Caveat to Identifying QC Strains

Within the realm of EM, clinical microbiology, or industrial microbiology, QC 
strains (also called reference organisms) are a vital part of a company’s compli-
ance umbrella and their accreditation process. QC analyses are required for 
consistent and reliable results. QC strains are also used during process 
 validations, proficiency testing, and instrument qualifications to evaluate per-
formance so that the desired analytical and diagnostic standards can be achieved.

If, as part of the Quality system, the identity of the QC strain must be con-
firmed, it is imperative that the identification system being used for confirma-
tion of identity has the correct species‐level resolution for that QC strain. This 
is very important because species‐resolution capabilities of identification tech-
nologies are not the same for different closely related species. It is critical, 
therefore, to understand this before choosing an identification method, so that 
deviations and investigations can be avoided.

Table 9.6 Categories to consider prior to adopting an identification or strain 
characterization technology.

Phenotypic Proteotypic Genotypic

Application Routine Routine Routine and critical
Resolution Low 

(genus)
Medium 
(species)

High (species and 
strain)

Accuracy Low Med–high High–very high
Organism range (bacteria, 
fungi)

Low Med–broad Broad

Assay throughput Medium High High
Assay time Medium Fast Medium
Capital costs Medium High High
Consumables cost High Low High
Operational skill and 
knowledge

Low Low High

http://eureka.criver.com/
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First, consider the example of Enterobacter hormaechei, ATCC 700323, which 
is a QC strain for a phenotypic identification system. This organism could also 
make its way into proficiency testing or process validation cohorts. Enterobacter 
hormaechei (type strain, ATCC 49162T) was named after Estenio Hormaeche, a 
Uruguayan microbiologist who, along with P.R. Edwards, proposed the genus 
Enterobacter (O’Hara et  al. 1989). Enterobacter hormaechei strains have been 
isolated from human sources such as blood, respiratory tract, and wounds 
(Mezzatesta, Gona, and Stefani 2012). It belongs to the Enterobacter cloacae 
complex (ECC) which consists of the additional species E. asburiae, E. cloacae, 
E. kobei, E. ludwigii, and Lelliottia nimipressuralis (Enterobacter nimipressuralis). 
In general, species within the ECC are well‐recognized nosocomial pathogens.

Based on our experience with repeatedly testing E. hormaechei ATCC 
700323 by MALDI‐TOF MS, it incorrectly identifies as E. cloacae. On the 
other hand, E. hormaechei ATCC 700323 correctly identifies as E. hormaechei 
by 500 bp 16S rDNA sequencing and phylogenetic analysis. Our MALDI refer-
ence library contains a total of 23 entries representing six ECC species. 
Evaluating the accuracy of these ECC MALDI entries by reviewing the taxo-
nomic placement of the strains and the quality of the spectra used for each 
library entry showed there were no inconsistencies. Thus, erroneous MALDI 
library entries were not a factor in the incorrect identification we observe 
using the MALDI‐TOF. Therefore, we surmised that MALDI cannot reliably 
discriminate between species of the ECC most likely due to the lack of diver-
sity in their protein profiles. A recent study that used several culture collection 
strains of species from the ECC observed a similar pattern with MALDI 
(Pavlovic et al. 2012). Therefore, if a customer submits E. hormaechei ATCC 
700323 for MALDI‐based identification, the result is correct only to the spe-
cies‐complex level due to lack of species‐level resolution for these organisms 
using this identification platform.

An incorrect identification of a QC isolate can cause a deviation, an out of 
specification, or a run failure leading to delayed release of product or test 
results. However, if the species resolution of the identification system is known 
in advance, then the appropriate choice of a system can be made so that the 
expected identification matches the system output. In this case, for the ECC, it 
would be 16S rDNA sequencing and phylogenetic analysis.

9.6.2 Odoribacter Are Not Bacillus: The Importance of Accurate 
Reference Data

Multiple identification technologies applied under the right circumstances can 
find and fix errors that may not be obvious when only a single technology is 
used. While attempting to identify an isolate with our MALDI‐TOF service, 
the top library match was Odoribacter splanchnicus, usually an inhabitant of 
the human intestine. Upon quality review of the result, it was determined that 
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the colony morphology did not resemble O. splanchnicus. In such cases, rDNA 
sequencing is used for resolution. The identification by 16S rDNA sequencing 
was Bacillus pumilus/safensis which is found in diverse environments and 
which matched the colony morphology.

There are typically three main reasons that may lead to discrepant results 
from presumably the same isolate by different technologies. The first occurs 
when the two discrepant species in question are closely related as in the previ-
ous ECC example. Different identifications may also occur if the culture plate 
contains mixed colonies, or if the library entries of one of the two technologies 
is erroneous. The first reason was ruled out because the two identifications in 
question represent species that are phylogenetically distant. Odoribacter spe-
cies are Gram‐negative, anaerobic, nonspore forming, and fusiform, whereas 
Bacillus species are Gram‐positive, aerobic, spore forming, and rod shaped. 
The original culture plate was a pure culture, therefore the second reason was 
also ruled out. This left us with the third reason, which was the possibility of a 
problematic library entry.

The accuracy of the DNA sequence data in our library was confirmed by the 
correct phylogenetic placement of the type strains of B. pumilus and B. safen-
sis. The MALDI entry for O. splanchnicus was created by the instrument 
manufacturer using the type strain (DSM 20712T). Since this entry was not 
created by us, we could not analyze the exact same isolate. However, we could 
purchase the type strain from the American Type Culture Collection (ATCC 
29572T). We verified its identity with 16S rDNA sequencing and created a 
new O. splanchnicus MALDI entry. None of the previous MALDI spectra from 
the isolate in question matched the new O. splanchnicus entry that was cre-
ated. When the previous O. splanchnicus MALDI entry was excluded, the 
isolate in question now had a best MALDI match of Bacillus. Based on the 
results of this investigation, we inactivated the original O. splanchnicus MALDI 
entry in 2015, and the manufacturer also deleted this entry during their 2016 
library release.

This investigation shows that using identification technologies with the 
highest accuracy can resolve discrepancies quickly. Furthermore, it enables 
MALDI library curation that is continually verified with genotypic and phylo-
genetic approaches.

9.6.3 Synonyms of Fungal Strains: Taxonomic Investigations

In Industrial Microbiology, the identity of production strains must be con-
firmed. Taxonomic classification can be a problem with many groups of organ-
isms, especially fungi! A fungal strain which can be used to synthesize the 
antibiotic penicillin was identified by us as Penicillium rubens using the ITS2 
rRNA region. The expectation was for an identification of Penicillium notatum 
(ATCC 9478) and Penicillium chrysogenum (ATCC 11709). How could this 
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happen? It is not just an academic question. Mixing up strains can lead to QC 
failures and result in issues with maintaining compliance under regulatory 
guidance documents.

At the time we generated these data, the samples were indeed cataloged by 
the ATCC as P. chrysogenum. A commonly occurring mold in indoor environ-
ments, P. chrysogenum has gained much attention in the pharmaceutical indus-
try for production of penicillin. Yet, the taxonomy of fungi is a complicated 
affair. For instance, Alexander Fleming’s strain, the original penicillin‐produc-
ing strain, was initially classified as Penicillium rubrum, but was later reclassi-
fied as P. notatum and finally as P. chrysogenum. All these classifications were 
based on morphology.

This classification issue explains why different culture collections have cata-
loged these strains with different names. Nonetheless, recent studies using 
rDNA sequencing analysis have shown that penicillin‐producing strains, origi-
nally described by Fleming, are not P. rubrum, P. notatum, or P. chrysogenum, 
but P. rubens (Houbraken, Frisvad, and Samson 2011). Fleming’s strain is the 
strain that we received (ATCC 9478, CBS 205.57, NRRL 824, and IMI 015378). 
Many other culture collections have since changed their species identification 
for this strain, and the user must be alert to these changes, especially if they 
have obtained the stock cultures prior to any taxonomic change. The naming 
issue can be further complicated when confirmatory identifications are gener-
ated by certain commercial identification systems that continue to misidentify 
this species as P. chrysogenum. Additionally, many systems lack the relevant 
species entries in their reference libraries, and thus they will not be able to 
produce the name, P. rubens.

This is the first of two examples of why it is critical to curate the names of the 
species in your reference library in order to ensure you have the most recent 
classification and contain enough species diversity to generate an accurate 
identification.

9.6.4 Synonyms of Bacterial Strains: Taxonomic Investigations

An accrediting body informed us that although we had passed, we had mis-
named the species of our Pseudomonas sample as part of a routine quality 
assurance test intended to measure proficiency and competence at identifying 
microbes correctly. As part of the accreditation process, we received three 
blinded samples to process and identify in‐house. One of the samples appeared 
to be Pseudomonas oleovorans, a Gram‐negative bacteria found in oil–water 
emulsions used as lubricants and cooling agents in the cutting and grinding of 
materials. The company providing the sample said it was actually Pseudomonas 
pseudoalcaligenes, a strain first isolated in swimming pools.

As scientists confident in our results, we naturally investigated this discrep-
ancy. An article from 2010 stated that P. pseudoalcaligenes was a later 
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heterotypic synonym of P. oleovorans (Saha et al. 2010). In other words, it had 
undergone a name change, but the National Collection of Type Culture 
(NCTC), the repository that supplied the reference strains for our quality 
assurance test, had not updated their nomenclature. Pseudomonas pseudoal-
caligenes was reclassified to P. oleovorans and this name change has already 
been applied to our reference library as well as many other culture collections 
including the ATCC and Deutsche Sammlung von Mikroorganismen und 
Zellkulturen GmbH (DSMZ). We provided an update to the company that 
administered the compliance test, and they amended their report to reflect a 
higher score.

Communicating with the appropriate organizations to share instances of 
inaccurate classification is very important. Many times, these institutions 
express to us that they are grateful for our efforts and will review the data and 
make any necessary amendments to their catalog entry. Keeping taxonomic 
names current for the libraries and databases used for a microbial identifica-
tion system is very important for providing accurate identifications. 
Misidentification could be detrimental for the end user and also to a company’s 
finances and reputation.

9.7  Conclusion

A program to identify microorganisms is integral to the pharmaceutical micro-
biology laboratory. Identification is dependent on established taxonomy; clas-
sification must facilitate the identification and be robust, yet flexible, to allow 
for the expansion and rearrangement of taxonomic ranks. The identification 
and characterization of microorganisms are some of the most important tasks 
of a QC microbiology laboratory, but they are not trivial. The amount of effort 
devoted to the analysis and description of a microbe should be proportional 
with the contamination risk to the product. Many times, species‐level identifi-
cations are required, however, this is not always necessary. There should be a 
hierarchy of response from characterization to identification to strain typing. 
The level of characterization depends on the criticality of the area involved and 
whether an investigation warrants further identification. The primary screen-
ing is sufficient for risk assessment in non‐sterile pharmaceutical manufactur-
ing to either recommend a corrective action or dictate the need for testing to 
obtain a species‐level identification or strain differentiation of isolates within a 
species. The identification of microorganisms can be done through different 
processes, each with its own level of accuracy and reproducibility. Accuracy of 
identification, and strain‐level characterization, is dependent on the method 
used to generate and interpret the data as well as the library database used as a 
reference. The methods chosen will impact the confidence in the data and 
decisions made based on those data. The focus should be on microbial safety 



9 Identification of Microorganisms314

and risk assessment. Accurate and consistent identification methods, such as 
MALDI‐TOF, are critical in managing risk by yielding data that allow for com-
prehensive and reliable tracking and trending during routine monitoring and 
more confidence in any resulting decisions. During an investigation into excur-
sions, it can be extremely important to be able to accurately identify organisms 
to the species level and distinguish between strains, using a sequence and phy-
logenetic approach, to determine the potential origin of the contamination and 
complete the investigation. The priority of the samples will correlate with their 
criticality, and will dictate which method should be used for the most accurate 
identification, and strain‐level differentiation, of the microorganisms.
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10.1  Introduction

Trending of in‐process control or release data is an integral part of current 
cGMP and quality risk management. In addition, the recommended monitor-
ing levels or acceptance criteria in the guidelines or Pharmacopoeias do not 
take into account the uniqueness of each manufacturing line or product type 
and it is more and more expected that these levels take into account the 
expected performance data.

The ICH Q9 quotes that It is important to understand that product quality 
should be maintained throughout the product lifecycle such that the attributes 
that are important to the quality of the drug (medicinal) product remain con-
sistent with those used in the clinical studies. An effective quality risk manage-
ment approach can further ensure the high quality of the drug (medicinal) 
product to the patient by providing a proactive means to identify and control 
potential quality issues during development and manufacturing.

The ICH Q10 writes that firms should establish and maintain a state of con-
trol and facilitate continuous improvement. Trending analysis of data is needed 
To develop and use effective monitoring and control systems for process perfor-
mance and product quality, thereby providing assurance of continued suitabil-
ity and capability of processes. Quality risk management can be useful in 
identifying the monitoring and control systems.

Some major health authority guidelines explicitly require trending of micro-
biological data and setting monitoring levels based on the process performance.

For instance, the new EU annex 1 2017 revised draft writes Regular ongoing 
chemical and microbial monitoring of water systems should be performed with 
alert limits based on the qualification that will identify an adverse trend in the 
performance of the systems. (…). A breach of an alert limit should trigger review 
and follow‐up, which might include investigation and corrective action. Any 
breach of an action limit should lead to a root cause investigation and risk 
assessment. (…) Appropriate alert and action limits should be set for the results 
of particulate and microbiological monitoring. Alert levels should be established 
based on results of Performance Qualification (PQ) tests or trend data and 
should be subject to periodic review. and defines alert levels as An established 
microbial or airborne particle level giving early warning of potential drift from 
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normal operating conditions and triggers appropriate scrutiny and follow up to 
address the potential problem. Alert levels are always lower than action levels 
and are established based on historical and qualification trend data and peri-
odically reviewed.

The 2004 FDA Guidance for industry writes Microbiological monitoring lev-
els (…) should be based on the need to maintain adequate microbiological con-
trol throughout the entire sterile manufacturing facility. One should also 
consider environmental monitoring data from historical databases, media 
fills, cleanroom qualification, and sanitization studies, in developing monitor-
ing levels. Data from similar operations can also be helpful in setting action and 
alert levels, especially for a new operation. (…) Each individual sample result 
should be evaluated for its significance by comparison to the alert or action 
levels. (…) We recommend review of trends in product bioburden and considera-
tion of whether adverse bioburden trends have occurred.

FDA Compliance Program Guidance Manual, Sterile Drug Process 
Inspections 2016 writes: Are the microbial alert and action levels based on 
the historical EM data derived from the manufacturing operations, support 
utilities and personnel practices performed at the manufacturing site? (…) 
Review and assess the EM trending data, which will provide a good indication if 
the viable and non‐viable particles are maintained within the established levels 
or drifting out of control. What are the causes of the aberrant events? Were cor-
rective actions and preventive measures taken to preclude the reoccurrence of 
the viable and non‐viable particle anomalies?

The above‐mentioned guidelines are nevertheless written for the manufac-
turing of sterile products and few guidance is provided for trending of micro-
biological data for non‐sterile product manufacturing.

Actually, the Chinese FDA guidance Good Manufacturing Practice for Drugs 
(2010 Revision) also valid for non‐sterile product manufacturing does write 
that: For some kinds of data (e.g. testing results, environment monitoring data, 
microorganism monitoring data of water for pharmaceutical use), it is recom-
mended that records be kept in a manner permitting trend evaluation.

Anvisa (2013) Guide for Quality of Air Treatment Systems and Environmental 
Monitoring in the Pharmaceutical Industry writes: Alert limit values for parti-
cles or microorganisms are values lower than the regulatory maximum, but they 
must be sufficiently above the normal variation of historically found results of 
contaminants. The response to a value above the alert limit is many times only a 
note regarding the event that will serve as the basis for a potential trend analy-
sis, that is, to verify if the event is not part of a set of abnormally high values. (…) 
In the absence of other aggravating circumstances, result trends are an impor-
tant instrument to determine if an event is indicative of a serious problem or not. 
(…) The trends over time must be documented and presented in such a manner 
that normal and abnormal values are readily identified during the analysis.

In addition, it is expected that non‐sterile product manufacturing also meet 
the requirements of the ICH guidelines.
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It is then no surprise that trending of microbiological data and setting of 
monitoring levels using historical data as part of the quality management 
system of non‐sterile product manufacturing is now increasingly being 
requested by health authorities during inspections. 

10.2  Goal of the Chapter

The goal of this chapter is to give the reader an insight of different tools that 
may be used to calculate alert levels and trend data using highly variable micro-
biological results. The tools described below may then be used for multiple 
applications such as monitoring of the environment or water, or microbiologi-
cal testing of excipients, drug substances, and drug products.

10.3  Alert Levels Based on Historical Data

10.3.1 Introduction

The alert level must be set as to differentiate single unusual high counts 
from the normal baseline of counts. It must be set not too high as exceeding 

Definitions

Alert level
Quality level that, when exceeded, signals a potential drift from normal operat-
ing conditions and triggers appropriate scrutiny and follow‐up to address the 
potential problem. Alert levels are always lower than action levels

Action level
Quality level that, when exceeded, signals an apparent drift from normal operat-
ing conditions and which requires an immediate action(s) by previously defined 
documented measures.

Exceeding the alert level or action level is usually a single event.

Trend
A statistical term referring to the direction or rate of change of variables.

Adverse trend
An adverse microbiological trend is an early warning of a potential degradation 
or loss of control within the environment, the utility, raw material, or product 
tested. An adverse trend can, for instance, be defined as repeating higher than 
usual counts or increasing amount of microorganisms or contamination occur-
rences over a certain time period.

Adverse trend is systematically related to multiple events (Figure 10.1).
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counts would not be captured and not too low as “false alarms” would be 
excessively raised.

A very pragmatic way to set alert levels based on historical data would be to 
plot the microbial counts on a X/Y graph with X being the timescale and Y the 
counts and then to set the level based on visual analysis of the graph. Whereas 
this approach is very simple to apply, it is totally subjective and would depend 
on the level of experience and personality (conservative or not) of the microbi-
ologist. In the two data set examples shown in Figure 10.2 that are derived from 
environmental monitoring data of non‐sterile manufacturing areas, setting of 
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Figure 10.1 Plotting of microbiological monitoring data representing single and multiple 
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an alert level is quite straightforward for the first set of data and less evident for 
the second data set.

To reduce the part of subjectivity, the alert levels could be calculated using 
statistical methods. In the pharmaceutical industry a large variety of statistical 
tools exist to monitor process performance and define microbiological moni-
toring levels that differentiate single deviating events from baseline variability. 
However, these tools are generally based on normal distributed data and might 
not fit to microbiological data. The following sections will discuss the different 
control chart tools that may be potentially used as well as the calculation of 
levels using the percentile method assuming or not distribution fits.
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Figure 10.2 Plotting of microbiological monitoring data. Arrow represents potential areas 
to set the alert level.
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10.3.2 Distribution of Microbiological Data

The main distribution models that will be discussed in this section are 
described in Figures 10.3–10.5.

Microbiological data from bioburden of finished products, product interme-
diates, or from environmental monitoring are generally not normally distrib-
uted, contain many zero values, and are highly dispersed.

As suggested by Yang et al. (2013) and Gordon et al. (2015), microbiological 
data resulting from monitoring activities tend to follow a negative  binomial 
distribution. The negative binomial model is capable of dealing with highly 
dispersed data as, for instance, the natural bioburden of  finished  products, 
product intermediates, or the environment. Because it is a  discrete distribu-
tion, it may also be used for data obtained with  microbial counts.

Figure 10.6 illustrates the relation of two microbiological data sets from envi-
ronmental monitoring results with the different distribution models. As shown 
by Figure 10.6, the negative binomial distribution fits better data with many 
zero counts and high variability.

Yang et al. (2013) suggest that a zero inflated negative binomial model would 
fit better microbiological data than negative binomial. It is applied to explain 
extra zeroes in the data (it is parameterized with the same parameters as the 
negative binomial distribution with an additional parameter that explains 
the  additional proportion of zeroes). Gordon et  al. (2015) also suggest that 
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Figure 10.3 Normal distributed data plot with mean = 2 and standard deviation of 2. Plot 
was computed with the Minitab 17 (Minitab Inc.) software.
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probability of event 0.8. Plot was computed with the Minitab 17 (Minitab Inc.) software.
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Figure 10.4 Poisson distributed data plot with average = variance = 2. Plot was computed 
with the Minitab 17 (Minitab Inc.) software.



Figure 10.6 Plotting of two different data sets of microbiological data against different 
distribution models.
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the Gamma fit model may be used as unique model to calculate alert levels. This 
method applies continuous data (however, microbiological data are  discrete).

Between the negative binomial distribution, the zero‐inflated negative binomial 
variant and the gamma fit model differences in the obtained calculated levels are 
generally marginal (e.g. 92 CFU instead of 91 CFU) using microbiological data. In 
addition, non‐homogenous distribution of microorganisms in products, raw 
materials, utilities, or in the environment and due to the limitations of the micro-
biological sampling and test methods,  expecting a perfect fit of data to a particu-
lar distribution model is unlikely.

10.3.3 Data to Be Included in the Calculations

Data may be retrieved from the LIMS systems and copied directly in statistical 
calculation tools or Excel sheets. This process should meet data integrity rules 
to avoid mixing up or modification of data. Automatic or semiautomatic calcu-
lation tools (e.g. Excel spreadsheets) may be used as long as they are appropri-
ately validated.

Depending on the type of data analyzed, data may be taken from single source 
of testing (e.g. microbiological test results of different batches from a product) 
or multiple sources (e.g. different sampling locations in a cleanroom).

Especially for monitoring, data are recommended to cover more than a year’s 
time, e.g. to capture the seasonal variation (if any) or modification in produc-
tion rhythms.

10.3.3.1 Clustering of Data
Often not enough data points are obtained in non‐sterile manufacturing due to 
low testing frequencies. When justified, clustering data together overcome the 
limitations of the sample size.

Data from different sampling locations may be clustered if:

 ● They are of the same test type (e.g. active air monitoring data cannot be 
combined with surface monitoring)

 ● They originate from areas of comparable design/process (e.g. compounding 
cleanrooms might not necessarily be combined with washing rooms; rooms 
with different grades)

 ● They originate from areas in which a similar microbiological burden is 
expected (e.g. packaging area not combined with filling area)

10.3.3.2 Data that Can Be Excluded from the Calculation
Outliers may be excluded from the calculations if there is a suitable justifica-
tion. Utilization of statistical tools to remove outliers or manual exclusion to 
“smoothen” the pattern is not recommended since the remaining data points 
would not represent the overall variability of data and calculated levels might 
be underestimated.
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If the typical counts of, e.g. a cleanroom lie at the level of the action level or 
even above it, the cleanroom hygiene performance may not be satisfactory 
for  its grade. Corrective actions should then be implemented (e.g. increase 
room ventilation, change personnel flow,  modifying the cleaning/disinfection 
procedure).

The following data may, for instance, be excluded from the calculation (list 
not exhaustive):

 ● Deviation counts that resulted in a clear root cause assessment and  correc-
tive and preventive actions.

 ● Data from an uncontrolled area following temporary shutdown.
 ● Older counts before a major change that affected the bioburden (e.g. 

upgrade/downgrade of a cleanroom).
 ● Former excipient microbial enumeration counts following a change in sup-

plier/quality grade.

10.3.3.3 Periodic Reassessment of Alert Levels
Microbial alert levels may be reassessed periodically if sufficient additional 
results can be integrated in the calculation. Generally, a period of one to two 
years suffices to obtain sufficient data. Another reason for reassessing data is 
when significant changes occur that may significantly affect the level of micro-
organisms (e.g. change in clean room grade, significant increase in production 
activity, change in the product’s formulation).

Some regulators are of the opinion that even bioburden levels in processes 
should be continuously improved implying that the recalculated levels must be 
systematically lower than the previous one.

Nonetheless, this would mean that levels would be tightened so much that 
they would approach process capability without any added value in terms of 
product safety and quality. It should be allowed not to tighten the levels sys-
tematically with a scientifically justified risk assessment. A justified example 
could be that production volumes had momentarily decreased resulting in a 
diminution of cleanroom activity hence temporarily improving the overall 
bioburden level. Taking into account the normal production activity, this level 
would be expected to be higher (as demonstrated in previous calculations with 
normal production activity data).

10.3.4 Calculating Alert Levels Using Control Charts

Control charts also known as Shewhart charts are a statistical process control 
tool used to determine if a manufacturing process is in a state of control (e.g. 
PDA TR‐59). The basic idea of control charts is to differentiate common cause 
variation (= noise or acceptable count levels) from single causes (= atypical 
high count or deviation).



10 Calculating Alert Levels and Trending of Microbiological Data340

In process control charts the variation of data is assessed with the standard 
deviation or sigma (σ) value. The standard deviation is a measure that is used 
to quantify the amount of variation or dispersion of a set of data values. A low 
standard deviation indicates that the data points tend to be close to the mean 
(also called the expected value) of the set, while a high standard deviation indi-
cates that the data points are spread out over a wider range of values.

With normal distributed data 99.73% of the data would fall within the mean 
±3 × σ. The rule of 3 × σ limits from the center line is applied as a convention and 
is considered by the industry and regulators as an appropriate way to determine if 
a process is under control. Mean + 3 × σ defines the upper control limit (UCL). 
The UCL may vary depending on multiple factors such as the type of control 
chart used, the type of sigma used, and utilization of unbiased constants or not.

It is to note that for common control charts (e.g. Xbar‐R charts or I‐charts) a 
prerequisite is that data are normally distributed which is generally not the 
case for microbiological counts. These charts require also data to be continu-
ous which CFU counts are not (they are actually discrete data). There exists 
literature report (Bar 2015) that plotting data on control charts still may depict 
realistically the behavior of the microbial monitoring process even if the data 
are not normally distributed.

Nonetheless, it is better practice to first normalize data before plotting the 
data on control charts to make a more precise estimation of upper microbio-
logical monitoring levels.

Data may be transformed to approximate a normal distribution using the 
following methods:

 Y YLog10 1  

 Y LN Y 1  

 Y Y  
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Y
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 Y Y 2 

To evaluate which value would result in the closest approximation to a nor-
mal distribution curve method, the Box Cox transformation may be used.

The Minitab 17 (Minitab Inc.) contains the Box Cox function which esti-
mates an appropriate exponent lambda that varies from −5 to 5. The data are 
then transformed using the transformation method associated to the lambda 
value (Table 10.1).
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To use the Box Cox transformation the data must be greater than zero. In 
that case if data contain zero values, they can be transformed as count +1 
before running the Box Cox transformation.

The lambda for the data sets 1 and 2 from Figure 10.2 was calculated using 
the Box Plot function from Minitab. Transformed data were then subjected to 
a normality test (Table 10.2).

It follows that even using the best transformation method, the data do not 
necessarily approximate a normal distribution. The more the data deviate 
from normality, the less precise the estimation. Wheeler (2018) has calculated 
that three‐sigma limits yield values 97.5% quantiles with any probability dis-
tribution that provides a reasonable model for a predictable process. Control 
charts have per default an UCL that would correspond to a 99.86th percentile. 
When comparing the UCLs calculated with the control charts of untrans-
formed data and the alert levels calculated using percentiles and distribution 
models (Table 10.4), the UCL is systematically lower whatever the sigma used 
even if theoretically one would expect a higher count (99.86% quantile is 
higher than a 99% quantile). This difference results from the fact that the 
99.86% quantile applies for data that strictly follow a normal distribution.

Table 10.1 Common transformations where Y′ is 
the transform of the data Y using the Box Cox transformation.

Lambda Transformation method

2 Y′ = Y 2

0.05 Y Y

0 Y′ = LN(Y)
−0.5 Y

Y
1

−1 Y
Y
1

Table 10.2 Probability of a normal distribution calculated with the Shapiro–Wilk 
test using untransformed and transformed data sets 1 and 2 from Figure 10.2.

Data set 1 Data set 2

Lambda −0.5 0.26
Shapiro–Wilk test p = 0.0001 p < 0.0001

If p > 0.05, then a normal distribution is assumed. Data were first transformed Y + 1 
to rule out 0 values and analyzed with the Box Cox function of Minitab 17.
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10.3.4.1 Examples of Control Charts
The simplest variable control chart is the I‐chart where I stands for individuals. 
I‐charts are used as process control tools for continuous data to detect the 
presence of special causes when the sample size is 1. By default, I‐charts com-
puted in the Mintab 17 (Minitab Inc.) estimates the process variation, σ, with 
the average of the moving range divided by an unbiasing constant based on 
Wheeler and Chambers (1992). Often, the choice to use them depends on 
company policy or industry standards. Unbiasing constants reduce the bias 
that can occur when a parameter is estimated from a small number of observa-
tions. As the number of observations increases, unbiasing constants have less 
effect on the calculated results.

The UCL is calculated as a specified number of standard deviations above 
the center line which is the average of all individual observations.

10.3.4.1.1 Upper Control Limit Calculation

 UCL 3

The classical formulation of standard deviation of individual measurements 
from a population is shown in the following section.

10.3.4.1.2 Classical Standard Deviation

i
N

ix x
N
1

2

1  

x  = average of measurements
xi = individual measurement
N = number of measurements

For the I‐chart calculation the Minitab 17 software uses different types of 
calculations for sigma. The most commonly used is the square root of the 
mean of the squared differences (MSSD) between consecutive points. This 

Table 10.3 Percentage of observations falling either within mean ± k sigma 
ranges or the upper level of mean + k sigma assuming a normal distribution.

k μ ± k × σ μ + k × σ

3 99.73 99.86
2.576 99.00 99.50
2.326 98.00 99.00
2 95.46 97.73
1.960 95.00 97.50
1.645 90.00 95.00
1 68.27 84.13
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method is used when one cannot reasonably assume that at least two consecu-
tive points were collected under similar conditions (which is generally the case 
for microbiological data).

10.3.4.1.3 MSSD Standard Deviation

i
N

i ix x
N

C N

2 1
2

4

2 1

xi = individual measurement
N = number of measurements
C N4  = unbiasing constant

The I‐chart calculation results in a plot of individual values versus the obser-
vation number with upper and lower control limits (Figure  10.7). Outlier 
results may be flagged based on defined criteria (e.g. all values exceeding the 
center line plus three times the standard deviation). In order to further approx-
imate the normal distribution, the I‐chart of the data sets were recalculated 
following log10(count + 1) and compared with untransformed data. The UCL 
was back transformed to provide comparison data. Note that the transformed 
data still failed to pass a normality test (data not shown).

Other control charts that are typically used in process control evaluation are:

 ● Xbar‐R chart which is a variable control chart for continuous data with a 
constant subgroup size of less than eight. Xbar‐S charts are used for higher 
subgroup sizes. The Xbar‐chart plots the average of a subgroup as a data 
point. The R‐chart plots the difference between the highest and lowest val-
ues within a subgroup as a data point. Subgroups may, for instance, be com-
posed of all samples taken in a cleanroom or multiple bags tested from an 
excipient batch at a certain timepoint.

 ● C‐charts are attribute control charts similar in structure to variables control 
charts, except that they plot statistics from count data rather than measure-
ment data. In this case, data are discrete (as for microbiological CFUs) and 
not continuous. C‐chart is used to track the number of defects and detects 
the presence of special causes. C‐charts are used when the subgroup size is 
constant. Interestingly, the C‐chart assumes a Poisson and not a normal dis-
tribution which has often been proclaimed to be the better assumption for 
microbiological data. Calculated UCLs with microbiological data using C‐
charts will be set quite low as compared to other control chart and percen-
tile‐based calculations. This is probably due to the fact that the assumed 
Poisson distribution underestimates the variability. This underestimation 
was also shown by Gordon et al. (2015).

 ● Laney’s U‐chart. Classical U‐charts allow to monitor over time the defect 
rates per unit sampled in each subgroup. U‐charts are used when the sub-
group size varies (for C‐chart the subgroup size is constant). Laney (2002) has 
adjusted the U‐charts to adjust over‐ and underdispersion. The calculations 



332925211713951

15

10

5

0

–5

Observation

In
di

vi
du

al
 v

al
ue

_
X =3.64

UCL=12.63

LCL=–5.35

I Chart of data set 1-sigma = SQRT MSSD

2442171901631361098255281

100

80

60

40

20

0

Observation

In
di

vi
du

al
 v

al
ue

_
X=4.0

UCL=20.9

LCL=–12.9

I Chart of data set 2-sigma = SQRT MSSD

332925211713951

1.5

1.0

0.5

0.0

–0.5

Observation

In
di

vi
du

al
 v

al
ue

_
X=0.447

UCL=1.373

LCL=–0.480

I Chart of data set 1 – log10(X+1)– UCL = 23.6

2442171901631361098255281

2.0

1.5

1.0

0.5

0.0

–0.5

Observation

In
di

vi
du

al
 v

al
ue

_
X=0.429

UCL=1.413

LCL=–0.555

I Chart of data set 2 – log10 (X+1) – UCL = 25.9

Figure 10.7 I‐charts of data sets 1 and 2. Top row charts were computed with untransformed data and bottom row charts were plotted 
with the same data that were log10(count + 1) transformed and computed with the Minitab 17 (Minitab Inc.) software. Note that the 
UCL number given in the chart title was back‐transformed (10 UCL) from the figure.
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for the Laney U′ attributes chart include Sigma Z, which is an adjustment for 
over‐ or underdispersion. A Sigma Z value of 1 indicates that no adjustment 
is necessary and that the Laney attributes chart is exactly the same as a tradi-
tional attributes chart. Since data are discrete and not continuous and overd-
ispersion is adjusted, Laney’s U‐chart would seem in theory to be the best 
choice in terms of control charts for microbiological data. Nonetheless, the 
resulting UCLs are actually much lower than the ones calculated using other 
methods or the percentile ranking method (Table 10.4).

Table 10.4 Comparison of the calculated alert levels using control charts and percentiles 
assuming or not a distribution and estimates the delta with the optimal negative binomial 
method of moments function.

Calculation method Percentile

Data set 1 Data set 2

Alert 
level

Δ 
Negbin

Alert 
level

Δ 
Negbin

Negative binomial method of 
moments

95.00 13 0 21 0
99.00 22 0 45 0
99.86 30 0 79 0

Percentile Excel 95.00 14 1 16 5
99.00 NAa 58 13
99.86 NAa NAa

Gamma Fit Method of Moments 95.00 13 0 21 0
99.00 21 1 46 1
99.86 30 0 79 0

Poisson 95.00 7 6 8 13
99.00 9 13 9 36
99.86 11 19 11 68

I‐chart 95.00 9 5 13 8
99.00 11 11 17 28
99.86 13 17 21 58

I‐chart log10(count + 1) 95.00 9 5 9 12
99.00 15 15 16 29
99.86 24 6 26 53

Xbar‐chart 95.00 6 7 7 14
99.00 7 15 9 36
99.86 9 21 10 69

(Continued)
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10.3.5 Calculating Alert Levels Using Percentile Ranking

The percentile is a measure used in statistics that indicates the value below 
which a given percentage of observations fall. The percentile ranking calcula-
tion enables to determine alert levels defined at the kth percentile. For instance, 
if an alert level is defined as the 95th percentile, 95% of all data points fall 
within or below this level.

The formula is:

 
Percentilerank

number of scores below x

n
100

 

Percentile ranking may be executed parametrically either assuming a distri-
bution model or non‐parametrically.

Table 10.4 (Continued)

Calculation method Percentile

Data set 1 Data set 2

Alert 
level

Δ 
Negbin

Alert 
level

Δ 
Negbin

Xbar‐chart log10(count + 1) 95.00 5 8 5 16
99.00 7 15 6 39
99.86 8 22 8 71

R‐chart 95.00 9 4 17 4
99.00 11 11 19 26
99.86 12 18 22 57

R‐chart log10(count + 1) 95.00 7 8 20 1
99.00 11 11 32 13
99.86 16 14 51 28

C‐chart 95.00 7 8 7 14
99.00 8 14 9 36
99.86 9 21 10 69

Laney U‐chart 95.00 8 5 10 11
99.00 10 12 12 33
99.86 12 18 14 65

Values in shade are the reference values.
a Not enough data points for this analysis.
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10.3.5.1 Nonparametric Percentile Ranking Method
Nonparametric (distribution free) methods are used if no assumption for the 
distribution of the data is made.

For example, the Percentile.exc function from Excel may be used:

PERCENTILE.EXC (Array;k), where the Array is the data used and kth 
percentile.

The nonparametric percentile ranking may be used for large data sets. For low 
sample size data sets it is not appropriate. If the sample size is too small, the impact 
of the highest observed values is strong and alert levels might then be defined 
excessively high. For microbiology data due to their variability generally at least 60 
values for a 95th percentile or 300 values for a 99th percentile are needed.

10.3.5.2 Parametric Percentile Ranking Method
In the parametric percentile ranking method the microbiological alert level is 
defined as the kth percentile assuming an appropriate distribution.

This is a more precise ranking method since it takes into account the distri-
bution of data when determining the value corresponding to the kth percentile. 
Instead of ranking the untransformed counts, the parametric percentile ranks 
the distribution densities.

Based on the author’s experience, applying the negative binomial model 
to microbiological data resulting from monitoring or material testing 
activities generally provides a satisfactory estimation of the alert levels. 
The Gamma fit model can also be considered as a suitable alternative.

As described in Section 10.3.2, microbiological data are generally not nor-
mally distributed; therefore, models based on normal distribution might not be 
the most appropriate models. The calculations shown in this chapter will be 
performed assuming a negative binomial distribution since this is the most 
appropriate distribution model for the majority of microbiological data 
obtained from monitoring or raw material/product bioburden testing.

The author recommends that enough data points are used in the calculations to 
capture the typical variation. Generally, it is assumed that at least 50 data points 
are necessary to calculate microbiology data with the distribution models cited 
below (Gordon et al. 2015). However, in cases where the data can be expected to 
be very stable, a smaller number (min. 20–30 data points) may be sufficient.

Different statistical software packages may be used to perform these calcula-
tions. For instance, the Excel add‐on XLSTAT Pro Addinsoft can be used to 
calculate the percentiles using different distribution models as well as execut-
ing Chi‐squared goodness‐of‐fit tests to determine the best fit.

Instructions shown in Figure 10.8 would apply.
Alternatively, the alert levels calculated in the SAS 9.4 are shown in 

Figure 10.9.
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Figure 10.8 Example of alert level calculation using the percentile ranking method 
calculated with the XLSTAT 2015 software.

XLSTAT 2015 (Addinsoft) In the example below the XLSTAT 2015 version was used to 
fit negative binomial distribution. The method of moments 
was preferred over the maximum likelihood method to 
estimate the dispersion parameters since it works better with 
low samples sizes and lower means and microbiological 
data (Gordon et al. 2015)

Open XLSTAT 2015

Data set are placed in a column.

Select the icon modelling data and 
“Distribution fitting” in the menu

On the “General” sheet

Select the data from the column under 
Data and select the Negative binomial 
(2) under distribution

On the “Options” sheet

For information, the Chi-square fit test 
may be performed but since 
microbiological data are highly variable 
and too few the Chi-square fit test often 
fails

Estimation method of moments must be 
selected then press ok

10.3.5.3 Comparing Calculation Methods Using Control Charts 
and Percentile Ranking
Assuming a normal distribution, a certain percentage of observations fall 
within a range of μ ± k × σ where μ is the average of data and σ the standard 
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Under estimated statistics, the 
estimated parameters k and p will 
be used to fit the data into a 
negative binomial distribution. Data 
will be plotted automatically

The density (distribution) provides 
the probability of the count 
assuming a negative binomial 
distribution

To determine the percentiles, the
density (distribution) data must be
multiplied by 100 and cumulated
separately.

The alert level can then be defined 
based on the percentile selected. In
this case with a 99th percentile
(marked in gray) would correspond to
a count of 45 

Figure 10.8 (Continued)



Figure 10.9 Example of alert level calculation using the percentile ranking method 
calculated with the SAS 9.4 software.

SAS 9.4 (SAS Institute Inc.)

Inthe SAS script box, write the 
script coding the Negbin calculation.
The raw data should be copied 
under the term “datalines” 
(corresponds to 0, 2 ,4 … in the 
snapshot) and then run the 
calculation.  

The coding is

data a;

input CFU;

datalines;

<INSERT DATA LINE>

proc countreg;

model CFU =/ dist=negbin 
method=qn;

output out=prednb 
probcount(0 to 20);

ods output Modelfit=fit;

run; 

proc means data=prednb mean;

var p_0-p_20;

run;

After the run, the probabilities of the 
counts according to a negative binomial
distribution are reported 

Copy the probability of counts in Excel
and rank cumulatively to calculate the
percentile level. In the example below,
the 95th percentile would correspond to
16 CFU.



10.3 Alert Levels Based on Historical Data 351

deviation. If we take into account only the upper level (μ + k × σ), then the 
percentage of observations falling within the level is higher as shown in 
Table 10.3.

To give the reader concrete examples, different calculation methods were 
compared with the parametric percentile ranking method using the negative 
binomial method of moments function (optimal method to calculate alert lev-
els) and summarized in Table 10.4.

As shown in Table 10.4, the Gamma Fit Method of Moments has the shortest 
delta with the negative binomial. Some calculation methods seem obviously 
disqualified. Indeed, Poisson distribution model, C‐chart, Laney’s U‐chart, 
XBar chart, and untransformed I‐chart would set the levels far too low thereby 
generating an excessive amount of points exceeding the level. For attribute 
charts such as C‐charts and Laney’s U′ prime chart, data used in the calcula-
tion have to be discrete so transformations of data would not be possible in the 
calculation. Surprisingly, these attribute charts had even worse estimations 
even if the Laney U‐chart is a control used for overdispersed and discrete data 
(such as microbiological data).

10.3.5.3.1 Selecting the  Percentile The percentile directly impacts the 
threshold of acceptance below which a microbiological count result is considered 
part of the expected variation. Therefore, the choice of the percentile has 
consequences on the number of potential excursions which occur, even if the 
process or product of interest is actually under control. Table 10.5 shows when 
comparing different percentiles the expected values above the level.

The PDA technical report no. 13 recommends the 95th percentile to define 
alert levels for environmental monitoring based on historical data. Nonetheless, 
the percentile should be chosen so that the alert levels retain their function as 
an indication of abnormal counts or potential hygiene problems. As shown in 
Tables 10.4 and 10.5, whatever the method the 95th percentile may not be that 
appropriate as it might generate too many counts exceeding the alert level. 
Working with a too low percentile would waste resources by investigating 
nonissues or normal/controlled conditions. For sites in which many analyses 
are performed during a time period, a percentile higher than 95% would also be 
acceptable provided that unusual high counts remain detectable and the alert 
level remains below the action level.

Figure  10.10 illustrates examples of calculated alert levels using different 
methods and percentiles.

Experience has shown that a 99th percentile for nonparametric ranking per-
centile calculation is generally a good balance for microbiological environmen-
tal monitoring or testing of non‐sterile products and the standard setting of 
99.86th percentile for control charts corresponding to a 3 × σ generally also 
suffices (Figure 10.11).
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10.3.6 Conclusion Calculation of Alert Levels

There is no absolute standard that can be used to calculate levels using his-
torical data as data distribution may differ between the different microbio-
logical tests.

The author suggests careful evaluation of data before applying control charts 
since they might apply for microbiological data in very limited cases. Indeed, 
the calculated upper microbiological monitoring level might be systematically 
underestimated because of data overdispersion thus resulting in an increased 
amount of exceeding alert levels or “false alarms”. It is therefore recommended 
to first transform the data using the most appropriate formula and even if the 
data transformation does not statistically pass the normality test, it would 
reduce the impact of the overdispersion and zero counts on the estimation of 
the alert level using the control chart method.

The most reliable method used to cover a large diversity of microbiological 
data is the percentile ranking method using the negative binomial or Gamma 
fit or, if enough values are available, a nonparametric fit. Nonetheless, not all 

Table 10.5 Comparison of percentiles, number of analysis, and theoretical amount 
of excursions.

Number of samples Percentile Number of excursions

100 95 5
99 1
99.9 0.1

300 95 15
99 3
99.9 0.3

1 000 95 50
99 10
99.9 1

5 000 95 250
99 50
99.9 5

10 000 95 500
99 100
99.9 10



Data set 1 plot counts vs calculated levels
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Data set 1 plot counts vs calculated levels
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Data set 2 plot counts vs calculated levels
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99.00% quantile
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Figure 10.10 Plotting of data sets 1 and 2 as well as calculated alert levels using different methods. Data was plotted using the GraphPad 
Prism 7 (Graphpad Software).
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Figure 10.11 Alert levels of different microbiological data sets. The alert levels were calculated with negative binomial ranking 
method with a 99th percentile. Data sets were composed of viable air environmental monitoring data of a grade D (upper left) 
and grade C cleanroom (upper right) as well as batch product testing of a hard gelatin capsule (HGC) formulation (bottom left) 
and raw material testing of an excipient of natural origin (bottom right).
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criteria can be automated or obtained from a statistical calculation and it 
remains under the microbiologist’s responsibility to select the most appropri-
ate percentile for the data set in question.

10.4  Trending

10.4.1 Introduction

Microbiological data are reviewed periodically and trended to assess the capa-
bility of the measures to control contamination and that the microbiological 
quality of products or raw materials would continuously remains within the 
standards defined and is not worsening.

Trending of microbiological data can be performed in several manners but 
the end goal is to determine if an adverse trend is arising. The results of the 
trend analyses are generally documented in trend reports that will contain also 
the corrective actions in case of adverse trend.

Microbiological data may be trended by plotting the data on a X/Y chart 
and an analyst visually assesses if there is an adverse trend or not. This 
remains one of the most common ways of trending data in pharmaceutical 
companies (Figure 10.12). However, as for setting alert levels, this subjective 
approach is highly variable among individuals and it is recommended to 
define clear adverse trend criteria and use statistical tools to support the 
decision‐making.

In addition, due to the high variability of microbiological raw data it is 
sometimes not evident to visually detect an adverse trend (Data set 4 in 
Figure 10.13).

10.4.2 Defining and Investigating Adverse Trends

10.4.2.1 Grouping of Data
To perform trend analysis especially for monitoring results where low testing 
frequencies and multiple results from a monitored area occur, it would be rel-
evant to group data of multiple sampling locations. Grouped data, which can 
also be referred to as a trend area, must be composed of microbiological results 
that are clustered according to a rationale. For instance, volumetric air sam-
pling from the same production areas and cleanliness zones or from similar 
manufacturing lines. It might not be suitable to combine data from washing 
rooms and production rooms even if they are belonging to the same grade area.

10.4.2.2 Definitions of Adverse Trend
Multiple designations may be used to define adverse trends and it is the user to 
define which is the most relevant definition in the context of application. 
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Nonetheless, it should always be considered that an adverse trend takes into 
account multiple events.

Depending on the evaluation method used, adverse microbiological trend 
may, for instance, be:

 ● Increased counts or frequency of occurrence in the graphical interpretation 
of data.

 ● Two or three times exceeding the alert or action level in a row.
 ● Two or three times exceeding a trend limit in a row.
 ● Two to three times exceeding the contamination recovery rate limit in 

a row.
 ● Two to three times exceeding sigma limits in a row.
 ● Higher proportion of samples (e.g. 10%) exceeding microbiological 

alert  and action levels from one time period to another or from more 
than  one site from the same room (regardless of source: personnel, 
 surface, or air).
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Figure 10.12 Survey trending tool used in pharmaceutical companies (107 responses) 
extracted and translated from GMP News. “Wann ist ein Trend ein Trend? Ergebnisse einer 
Umfrage” 11.07.2014, ECA.
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 ● Concerned sampling point is exceeded more than 30% during the considered 
time period.

 ● Repeated occurrence of a specific microorganism.

10.4.2.3 Investigating Adverse Trends
When an adverse trend is detected, an investigation is performed to determine 
the root cause explaining the adverse trend as well as to assess the impact on 
the product’s microbiological quality.
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Figure 10.13 Examples of plotting microbiological data to evaluate the adverse trend.
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When CAPAs are put in place to resolve the adverse trend, their effectiveness 
should be demonstrated with an improvement in the microbiological trend.

More details can be found in Chapter 12.

10.4.3 Examples of Trending Methods 

10.4.3.1 Graphical Interpretation Using Regression Analysis
The regression analysis may be used as a graphical support to determine if an 
adverse trend occurs or not. The slope indicates the steepness of a line and the 
graphical direction of the slope might indicate an adverse trend in time. It can-
not be used as a true statistical test since the goal of the analysis is not to deter-
mine if a correlation exists between time and microbial counts and the R2 and 
p‐values are irrelevant for this graphical interpretation.

The formula used for the regression analysis is

 y x
y = intercept value
x = slope

In the example shown in Figure 10.14, the slope of both data sets is positive, 
meaning data are increasing in time. It should be noted in this case that signifi-
cance testing depends strongly on the variance of the data. So, exactly the same 
slope may be significantly different from zero (p < 0.05) in the case of low vari-
ation, whereas the equal slope is nonsignificant in the case when the data are 
highly variable. Hence, a significance test is not valuable in this case. One pos-
sibility is to define a trend using a minimum slope limit. For instance, if the 
slope in a one‐year period is less than 1, then there this is considered a trend.

10.4.3.2 Graphical Interpretation Using Rolling Averages
In general, control charts such as individual charts and moving range charts 
are not recommended for microbiological data since the latter are too variable 
and it is not evident to outline a trend. Rolling average charts compare cluster 
of means during a time period with one another which enables to better visual-
ize main patterns in highly variable data. Rolling average charts are more 
appropriate to trend multiple events such as microbiological data over time in 
an easy to interpret graphical form. The observations can be either individual 
measurements or subgroup means.

The rolling average length should depend on the amount of data points to be 
trended per trend area and timepoints. The higher the rolling average length, 
the smoother the pattern.

An adverse trend may be defined using the graphical interpretation of the 
chart or by defining control limits which can be, for instance, set as three times 
sigma above the center limit.
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Rolling average charts enable to measure effectiveness of measures taken in 
the long term. They do not enable to detect major changes immediately but 
provide a response after a certain time depending on the rolling average length 
(Figure 10.15).
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Figure 10.14 Regression analysis of data sets 3 and 4. The regression analysis was 
calculated and results plotted in Graphpad Prism 7.
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10.4.3.3 Neumann Gradual Trend Test
The Neumann test enables to determine gradual trends in data points. It is 
used to determine the negative autocorrelation where the neighboring data are 
more different from each other than in average expected. The Neumann test 
assumes a normal distribution and might not be discriminant enough for 
highly variable data such as microbiological results.

The formula is as follows:

 
d

x x

x x
N

i
N

i i

i
N

i

2 1
2

1

2
( )  

 dN = sum of squares of differences of successfully formed pairs divided by 
the sum of squares of difference data point to the mean.

 dN, crit = expected average difference between data points. Comparison value 
that depends on the number of samples and the desired alpha significance. It 
is derived from Von Neumann et al. (1941) and can be found in http://www.
faes.de/Basis/Basis‐Statistik/Basis‐Statistik‐Tabelle‐Neuman/basis‐
statistik‐tabelle‐neumann.html (accessed 9 March 2018).

A trend is when dN is less than the compared value (dN, crit), based on the 
number of observations to be trended and the statistical significance (p) 
(Figure 10.16).

 If dN < dN, crit gradual trend occurs
 If dN > dN, crit no gradual trend occurs

10.4.3.4 Microbiological Contamination Recovery Rate and Number 
of Exceeding Alert Levels
The contamination recovery rate method for microbiological environmental 
monitoring data is described in USP Chapter <1116>. The recovery rate is com-
pared with a contamination recovery rate limit that is predefined. The recovery 
rate of a trend area for a defined period is calculated as the percentage of sam-
ples where microbial growth occurred versus total amount of samples tested.

This method is suitable for data for which counts are not expected or in rare 
occurrences such as environmental monitoring for aseptic areas. For non‐
sterile production areas, a low level bioburden is generally expected so  recovery 
rates based on microbial growth versus absence of microorganisms would not 
make sense.

In the case  where a low level of bioburden is normally expected, the recovery 
rate should preferably be based on the amount of unexpected high counts 
as compared to the normal bioburden during a certain time period. Actually, 
calculated alert levels from Section 10.3 could be used as a threshold of the 
unexpected high count.

http://www.faes.de/Basis/Basis-Statistik/Basis-Statistik-Tabelle-Neuman/basis-statistik-tabelle-neumann.html
http://www.faes.de/Basis/Basis-Statistik/Basis-Statistik-Tabelle-Neuman/basis-statistik-tabelle-neumann.html
http://www.faes.de/Basis/Basis-Statistik/Basis-Statistik-Tabelle-Neuman/basis-statistik-tabelle-neumann.html
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In this case trending may be performed either by

 ● Evaluating if the alert level is exceeded several times in a row.
 ● Evaluating if the ratio of unexpected high counts is higher than a prescribed 

recovery rate.
 ● Comparing the number of exceeded alert of one trending area from one time 

period to another (e.g. 6 months period).

Examples are shown in Figure 10.17.

10.4.3.5 Qualitative Value System
The target value concept is based on trending qualitative values of a trending 
area over time and evaluating if these qualitative values exceed a defined trend 
limit several times in a row and described in Pfohl et al. (2005a, 2005b).

These qualitative values may encompass several analytical results or differ-
ent quality attributes. This would mean that the trending is less dependent on 
the data distribution or variability.

For instance, the distribution of qualitative values shown in Table 10.6 may 
be set for trending of environmental monitoring data.
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Figure 10.16 Calculation of data set 3 using the Neumann gradual trend method. 
Calculations were performed in Microsoft Excel 2013.
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Each result from each test would be transcribed into a qualitative value. In 
the example for the trending area of product manufacturing clean room, the 
sum qualitative values may be summed up as shown in Table 10.7.

The sum of the qualitative values point per trend area (e.g. product manufac-
turing cleanroom) per trend period is summed up and plotted (Figure 10.18).

The weekly sum of qualitative values is compared to a trend limit. If the 
qualitative values exceed, for instance, three times in a row the trend limit, 

Example1

Data set 2 was plotted with an alert level of 45
CFU (99th percentile assuming a negative binomial
distribution) was used.

The counts outlined in the circle exceed three times in
a row the alert level indicating an adverse trend 
during the tested period.

Example 2

Plotting of ratio data with monthly sampling.

The ratio is defined is the amount of unexpected
high counts divided by all the sampling points 
during a time period (month).

Threshold of 10% of microbiological contamination
with unexpected high counts is defined.

September was out of trend.

Example 3

Comparing the amount of exceeded alert levels from
one time period to another. An adverse trend 
(arrow) is visible in the last quarter of the year.
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Figure 10.17 Examples of trending using alert levels and unexpected high counts.
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Table 10.6 Example of evaluation of qualitative values for environmental monitoring 
results.

Trend area
Type of 
test Range of results and corresponding qualitative values

Product 
manufacturing 
clean room

Air 
sample 1

0 CFU/1 m3 1–50 CFU /m3 51–200 CFU/m3 >200 CFU/m3

Air 
sample 2

0 CFU/1 m3 1–50 CFU /m3 51–200 CFU/m3 >200 CFU/m3

Surface 
sample 1

0 CFU/25 cm2 1–20 CFU /25 cm2 1–10 CFU/25 cm2 >50 CFU/m3

Surface 
sample 2

0 CFU/25 cm2 1–20 CFU /25 cm2 21–50 CFU/m3 >50 CFU/m3

Surface 
sample 3

0 CFU/25 cm2 1–20 CFU /25 cm2 21–50 CFU/m3 >50 CFU/m3

Surface 
sample 4

0 CFU/25 cm2 1–20 CFU /25 cm2 21–50 CFU/m3 >50 CFU/m3

Qualitative value 0 3 5 10

Table 10.7 Results of week 22 environmental monitoring testing product manufacturing 
clean room.

Trend area Type of test Result Qualitative value

Product manufacturing 
clean room

Air sample 1 52 CFU/m3 5
Air sample 2 14 CFU/m3 3
Surface sample 1 3 CFU/25 cm2 3
Surface sample 2 0 CFU/25 cm2 0
Surface sample 3 22 CFU/25 cm2 5
Surface sample 4 0 CFU/25 cm2 0

Sum of qualitative value 16

then an adverse trend is considered (Figure 10.18). Depending on how the level 
is set, only one time exceeding the trend limit could also be considered.

The trend limits are set by the microbiologist taking into account the value 
of the criticality of the trend area evaluated and the historical performance of 
this trend area.
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10.4.3.6 Trending of Identified Isolates
The types of isolates may also be trended from one time period to another in 
order to verify if there is a reoccurrence/increase of specific microorganisms 
that would indicate a deficiency.

One method would be to compare proportions of types of microorganisms 
from one time period to another. For instance, when by excursions the micro-
organisms are identified, they may be classified into different morphological 
types and compared from time period to another to evaluate if the proportion 
off one type of microorganism is increasing (Figure 10.19).

In Figure 10.19 the proportion of the different types of microorganisms is 
similar between 2016 and 2017. In 2018, however, a significant increase in the 
proportion of spore‐forming bacteria has occurred.

Cases that may be considered worthwhile investigating would, for instance, be:

 ● In environmental monitoring, if spore‐forming microorganisms are increas-
ingly recovered, it could indicate that the cleaning/disinfectant regime is not 
sufficiently aggressive.

 ● If the proportion of molds is increasing in the cleanroom air results, this 
might indicate abnormal presence of humidity or water leakages in the 
cleanroom area.

 ● If objectionable microorganisms are increasing in the pharmaceutical‐grade 
water, this might indicate the presence of a biofilm in the water system or 
that the sanitization regime is not adequate.

 ● Increasing presence of molds in hygroscopic raw materials might indicate 
that the storage conditions of this material are not adequate.

0 10 20 30
0

10

20

30

Qualitative value system example

Week

S
um

 q
ua

lit
at

iv
e 

va
lu

es

Trend limit

Adverse trend

Figure 10.18 Example of plotting weekly sums of qualitative values per trend area against a 
trend limit using the GraphPad Prism 7 Software.
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10.5  Conclusion

Setting of alert levels and trending of microbiological data using statistical 
tools may seem a complicated or irrelevant task for the microbiologist consid-
ering the high variability of data and lack of confidence or understanding using 
mathematical models. Nonetheless, with the support of statisticians and exam-
ples in the scientific literature, the task is not incommensurable.

There is not one preferred method of analysis that may be used and selection 
of analytical tools should fit the purpose of the task. However, mathematical 
methods do not completely replace the conceptual thinking of the microbiolo-
gist as the selection of the statistical tool, grouping of relevant data, and setting 
of appropriate acceptance criteria would still remain under his responsibility.

By including statistical models for the trending of microbiological data, the 
human variability and subjectivity can be lowered and the overall microbio-
logical quality can better be assessed over time thus enabling the organizations 
to act in a proactive and not reactive manner before processes start getting out 
of control. In addition, the same methods of analysis would allow benchmark-
ing of multiple production sites and would support standardization processes 
in multisite producing companies.
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11.1  Introduction

In non‐sterile drug product manufacturing, low microbial counts are tolerated 
and the final drug product does not necessarily need to be free of microorgan-
isms to be released to the market. Nonetheless, some microorganisms are con-
sidered as objectionable in that they can adversely affect the appearance, 
physicochemical attributes, or therapeutic effects of a non‐sterile drug product 
or due to their numbers and/or pathogenicity, may cause infection, allergic 
response, or even toxemia in patients receiving the product. Recent surveys 
have found that the presence of objectionable microorganisms, and not micro-
biological numbers, represents the vast majority of microbiologically related 
FDA recalls of non‐sterile drug products.

This chapter will focus on microbiological risk assessments, to evaluate if a 
recovered microorganism is objectionable in a specific dosage form or not, and 
will contain case studies related to objectionable microorganisms, that although 
having a US bias, may be useful to the readers from all parts of the globe. 

Origin of the Term Objectionable Microorganisms

It is a current Good Manufacturing Practice (cGMP) requirement to exclude 
objectionable microorganisms from non‐sterile pharmaceutical products. The 
pertinent sections of the US federal regulations are 21 CFR 211.113 Control of 
microbiological contamination (a) Appropriate written procedures designed to pre-
vent objectionable microorganisms in drug products not required to be sterile shall 
be established and followed. Furthermore, 21 CFR 211.165 Testing and release for 
distribution (b) There shall be appropriate laboratory testing, as necessary, of each 
batch of drug product required to be free of objectionable microorganisms that may 
cause infection when given by the route of administration of the drug product and/
or cause physicochemical deterioration to the product.

In addition, 21 CFR 211.84(d) (6) states Each lot of a component, drug product con-
tainer, or closure that is liable to microbiological contamination that is objectionable in 
view of its intended use shall be subjected to microbiological tests before use.
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Case‐by‐Case Risk Assessment or a List of Objectionable Microorganisms?

Many pharmaceutical professionals working in general management, manufac-
turing, quality control units, or even microbiology testing laboratories ask for a 
list of objectionable microorganisms against which they can evaluate the micro-
organisms isolated from their drug products while others, more thoughtfully, 
want rules for the evaluation whether a microorganism is objectionable in a 
specific dosage form or even individual drug products. A show of hands, when 
polling attendees at national and regional meetings in the United States, shows 
that opinion is evenly split on this issue.

A company‐wide list may be attractive as it is unequivocal and leads to con-
sistent decision‐making across the company. This one‐size‐fits‐all approach may 
be most suitable for pharmaceutical companies that manufacture only a limited 
number of drug products or specialize in a particular dosage form like com-
pressed tablets, topical creams, or nasal sprays. However, the list may not reflect 
the route of administration of a drug product, pharmaceutical ingredients used 
in the formulation, manufacturing process, product attributes that may allow a 
microorganism to grow within the product during its shelf life, or the targeted 
patient population. The company must have access to microbiological expertise 
to assemble an objectionable microorganism list. This expertise is often lacking, 
even in large pharmaceutical companies. Furthermore, a list may not be updated 
when due to taxonomic advances a microorganism name is changed due to 
reclassification or when our clinical colleagues discover an emerging pathogen. 
Another disadvantage of referring to a list for release decision‐making is that it 
does not encourage an understanding of your company’s drug products and 
foster microbial contamination risk assessment that is encouraged by regula-
tory agencies and leading pharmaceutical microbiologists. The use of a list that 
will be reviewed by external auditors, who may not be microbiologists, can lead 
to disagreement as to the content of the list, resulting in frequent revisions in 
response to uninformed opinion from nonspecialists. Perhaps more important 
than the detection of an objectionable microorganism is whether it will survive 
and grow in the drug product. Only a risk assessment can determine this critical 
consideration. Lastly, no microorganisms should be added to an objectionable 
microorganism list unless it can be detected during routine microbiological 
testing. For example, adding a strict anaerobic pathogen or fastidious microor-
ganism to the list when it cannot be detected using the methods described in 
USP <61> and <62> is not scientifically justified and intellectually dishonest.

As not unexpected, the author of this chapter, because of his role as the 
cochair of the PDA task force responsible for the 2014 Technical Report No. 67 
Exclusion of Objectionable Microorganisms from Non‐sterile Pharmaceutical 
and OTC Drug Products, Medical Devices and Cosmetics, advocates using risk 
assessment tools to determine if microorganisms isolated from non‐sterile drug 
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11.2  What Is an Objectionable Microorganism?
It is notable that the 21 CFR 211.113 Control of microbiological contamination 
contains no actual definition of an objectionable microorganism and certainly 
does not provide a list of microorganisms to be excluded from our non‐sterile 
drug products. The assignment of the responsibility is to the pharmaceutical 
manufacturer who must develop a written program to exclude objectionable 
microorganisms from their drug products was, in the author’s opinion, the 
right decision, as only the manufacturer has the complete range of knowledge 
of the pharmaceutical ingredients, formulation, manufacturing processes, 
product attributes, and intended patient population to make these critical 
judgments. Furthermore, the FDA has not written a guidance document out-
lining how the regulations can be met, but CDER microbiologists at industry 
meetings have stated they intend to write Guidance for Industry on non‐ster-
ile drug product manufacturing in 2018. In the absence of regulatory guid-
ance, the reader is directed to USP General Informational Chapter <1115> 
Bioburden Control of Non‐sterile Drug Substances and Products.

In addition, 21 CFR 317 List of qualifying pathogens that have the potential 
to pose a serious threat to public health may be a useful reference for frank but 
not opportunistic pathogens.

Obviously, the concept of objectionable microorganisms does not apply to 
sterile drug products and medical devices as all viable microorganisms must be 
excluded from these products. Designating different species of microorgan-
isms isolated during environmental monitoring in aseptic processing areas as 
objectionable is misguided as their identity indicates their origin not their level 
of objectionableness. In contrast, it is reasonable to react to objectionable 
microorganisms when found in pharmaceutical ingredients and water for 
pharmaceutical use, especially when those microorganisms are objectionable 
in the non‐sterile drug products manufactured in your facility.

The industry challenge is that the absence of objectionable microorganisms 
requirement for a non‐sterile drug product is a critical quality attribute, with-
out a defined test method and acceptance criteria, making it a unique product 
specification. This is largely the source of much confusion. Currently, there is 
no consensus among manufacturers and regulators how to approach this issue.

products using the methods described in USP <61> Microbiological Examination 
of Non‐sterile Products: Microbial Enumeration Tests and <62> Microbiological 
Examination of Non‐sterile Products: Tests for Specified Microorganisms is 
objectionable in that specific drug product. Perhaps, the best solution combines 
elements of both approaches with core list of objectionable microorganisms by 
dosage form and the option to evaluate any other microorganisms isolated 
from a non‐sterile drug product to determine if they are objectionable.



37511.2 What Is an Objectionable Microorganism?

Although cGMP regulations, i.e. CFR 211.113, do not define the term objec-
tionable microorganisms, they can, for the purpose of this discussion, be 
broadly defined as:

1) Microorganisms that can proliferate in a product adversely affecting the 
chemical, physical, functional, and therapeutic attributes of that pharma-
ceutical product.

2) Microorganisms that due to their numbers in the product and their patho-
genicity can cause infection in the patient via the route of administration 
when treated with that pharmaceutical product.

To identify potential objectionable microorganisms, three excellent sources 
of information are:

1) Microorganisms most frequently implicated with US non‐sterile drug prod-
uct recalls.

2) Major infection outbreaks related to non‐sterile products investigated by 
the U.S. Federal Center for Disease Control and Prevention (CDC).

3) Nosocomial infections reported in the clinical literature, especially as 
related to non‐sterile drug products and medical devices.

Based on the overall summation of the frequency of events from these three 
sources, the seven most common microorganisms found were Staphylococcus 
aureus, Pseudomonas aeruginosa, Klebsiella pneumonia, Serratia marcescens, 
Burkholderia cepacia, Enterobacter cloacae, and Bacillus cereus.

Recall histories are a useful source of information on microbial contamina-
tion of non‐sterile drug products. Based on a survey of US product recalls of 
non‐sterile products published by Sutton and Jimenez (2012), there are around 
15–20 recalls annually. Perhaps surprisingly to some readers, the major reason 
for the recalls is the presence of objectionable microorganisms in these prod-
ucts (72%), not exceeding the microbial limit. During a 7‐year period from 
2004 to 2011, 144 non‐sterile drug products were subject to voluntary recall. 
The recalls by product types and percentage of implication of different micro-
organisms are illustrated in Figure  11.1. Because of the strict adherence to 
cGMPs and greater financial and technical resources of large pharmaceutical 
companies, it may not be unexpected that pharmaceuticals have the least num-
ber of recalls among these product types.

The prominence of B. cepacia within the recalls is notable due to its well‐
known resistance of disinfectants and preservative systems.

The designation of the second highest category of objectionable microor-
ganisms merely as unspecified fungi is a poor reflection of the job that the 
pharmaceutical industry does identifying fungi. The author has previously 
reviewed the issue of fungal contamination of pharmaceutical drug products 
(Cundell 2013).
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1022 nosocomial outbreaks were reported in the clinical literature for the 
period from 1966 to 2002, i.e. around 28 outbreaks annually. Outbreaks are 
clusters of infection associated with the source in multiple locations. The most 
frequent species implicated in clusters of hospital patient infection are illus-
trated in Figure 11.2. It is notable that in the vast majority of outbreaks in which 
drug products were implicated, the products were sterile, not non‐sterile prod-
ucts, presumably due to the high‐risk intravenous route of administration of 
many injectable drug products.

Another potential source of information limited to foodborne intestinal ill-
ness recommended by some subject matter experts is the online FDA Bad Bug 
Book published by the FDA Center for Food Safety and Applied Nutrition 
(Moldenhauer 2017). As stated in Section  11.1, the publication describes 
agents that range from live pathogenic organisms, such as bacteria, protozoa, 
worms, and fungi, to nonliving entities, such as viruses, prions, and natural 
toxins. Each section has a description of the organism, disease (mortality, 
infective dose, symptoms, duration of the illness, and route of entry), frequency 
of occurrence of the disease, sources of the organism, diagnosis, target popula-
tions, food analysis, and examples of outbreaks. Ninety percent of the out-
breaks are attributable to five pathogens (Table 11.1).

However, the reader is cautioned that many foodborne pathogens listed in 
the FDA Bad Bug Book are not usually found in drugs and medical devices as 
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Figure 11.1 Percentage of recalls by product category and the percentage of implication of 
different microorganisms. Source: Data from Sutton and Jimenez (2012).
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they are derived from fecal contamination from animals, humans, and 
untreated water that are not found in GMP facilities; the USP <61> and <62> 
microbial tests may not isolate them due to their physiological or fastidious 
nutritional requirements, and only B. cereus, S. aureus, and perhaps Salmonella 
spp. are common to both the Bad Bug Book list and recent US drug recalls.
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Figure 11.2 Most frequent species implicated in nosocomial outbreaks (expressed in 
percentage).

Table 11.1 Top five pathogens causing domestically acquired foodborne illnesses, United 
States (CDC report).

Pathogen
Estimated annual 
number of illnesses 90% Credible interval

% of all 
cases

Norovirus 5 461 731 3 227 078–8 309 480 58
Salmonella, 
non‐typhoidal

1 027 561 644 786–1 679 667 11

Clostridium perfringens 965 958 192 316–2 483 309 10
Campylobacter spp. 845 024 337 031–1 611 083  9
Staphylococcus aureus 241 148 72 341–529 417  3

Subtotal Cumulative 91
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Table 11.2 summarizes the information about these three microorganisms. It 
should be emphasized that large numbers of the bacteria S. aureus and B. 
cereus are needed to product levels of exotoxins to induce intestinal illness, so 
that low counts of these two bacteria may be present in, for example, a com-
pressed tablet without concern. Bacillus cereus is a ubiquitous microorganism 
that can survive in many types of environments and totally eliminating it from 
non‐aseptic areas is not realistic under actual cleanroom standards. Therefore, 
a particular attention should be paid in the manufacturing process at steps 
where microorganisms originating from the excipients or environment would 
proliferate. For these critical steps, a holding time should be defined from the 
start of a process step where microbial proliferation would occur (e.g. mixing 
in an aqueous diluent at ambient temperature) until a microbial reducing step 
(e.g. heating and drying). The holding time should support that the product or 
intermediate can be left to stand without a microbiological risk in the non‐
sterile product manufacturing process. Microbial controls are detailed in 
Chapter 2.

What is the experience outside of the United States? Recalls for microbial 
contamination of cosmetics from 2008 to 2014 in the European Union were 
analyzed from the Rapid Alert System (RAPEX) database (Neza and Centini 
2016). Of a total of 527 alerts for microbial contaminated and over‐preserved 
cosmetic products, 62 (12%) were contaminated with microorganisms. Thirty‐
five percent of the alerts were for contamination with P. aeruginosa followed in 
descending order unspecified aerobic microorganisms, Klebsiella oxytoca, 
B. cepacia, S. aureus, Escherichia coli, Candida albicans, Enterobacter gergoviae, 
and S. marcescens. Although there are differences in the frequency of the isola-
tion of these different bacterial species, the same organisms appear in each 
recall database reinforcing the designation of these species as objectionable 
microorganisms.

The Burkholderia cepacia Case

Why has the bacterium B. cepacia become prominent among drug product 
recalls? Burkholderia cepacia is a Gram‐negative, oxidase‐positive, rod‐shaped, 
opportunistic pathogen with a reputation of overcoming antimicrobial 
 preservative systems and antiseptics and growing in multiple‐use oral liquids 
and topical products. It is a member of a group of 20 closely related species in 
the B. cepacia complex (BCC) that share a high metabolic versatility and variable 
virulence due in part to their large genomic size, i.e. 8 million base pairs, and 
widespread distribution. BCC causes serious infections in individuals with cystitis 
fibrosis and chronic granulomatous disease. Furthermore, it is an opportunistic 
pathogen in mechanically ventilated patients, the immunosuppressed, surgical 
patients, and those with serious underlying disease.
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Some countries actually cite objectionable microorganisms in their guide-
lines for non‐sterile pharmaceutical drug products. This is the case for instance 
with the Australian Therapeutic Goods Authority (TGA) guidance in 
Section 17.3.2 Objectionable Microorganisms. The regulation states:

In addition to being free from contamination with specified 
 microorganisms, a non‐sterile medicine should also be free from con-
tamination with other microorganisms that might be objectionable in 
the dosage form.

In June 2017, the FDA in response to additional recalls of oral liquid products 
due mainly to BCC issued a warning to non‐sterile drug product manufacturers 
to carry out the following:

 ● Establish procedures designed to prevent objectionable microorganism con-
tamination of non‐sterile drug products, such as procedures to assure ade-
quate quality of incoming materials, sanitary design, maintenance and 
cleaning of equipment, production and storage time limitations, and moni-
toring of environmental conditions.

 ● Use scientifically sound and appropriate acceptance criteria and test pro-
cedures to assure that drug product components (including pharmaceuti-
cal water) and finished drug products conform to appropriate quality 
standards.

 ● Provide appropriate drug product specifications (tests, methods, and accept-
ance criteria) in applications submitted to the FDA for new drug applications 
(NDA) or for abbreviated new drug applications (ANDA). As appropriate, addi-
tional laboratory tests may be needed to determine whether products are 
suitable for release.

 ● Ensure that the methods used to test finished drug products prior to release 
for distribution are appropriately validated, accurate, sensitive, specific, and 
reproducible.

 ● Test in‐process materials during the production process (e.g. at commence-
ment or completion of significant phases, or after storage for long periods) 
using valid in‐process specifications to assure – among other things – that the 
drug product will meet its final specification, including criteria for absence of 
microbial contamination, where appropriate.

 ● Investigate any failure to meet specifications, including other batches of the 
same drug product and other drug products that may have been associated 
with the specific failure or discrepancy, and implement appropriate corrective 
and follow‐up actions to prevent recurrence.

11.2 What Is an Objectionable Microorganism?
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For example, pseudomonad‐type bacteria are considered to be 
 objectionable in aqueous dosage forms that are intended for inhalant, 
cutaneous, nasal, auricular, oromucosal, gingival or vaginal use and in 
transdermal patches. These dosage forms are expected to be free from 
contamination with these types of bacteria.

Drug product specifications for these dosage forms should include an 
absence of pseudomonads in 1 g or 1 mL, or per patch.

Evaluation of the significance of, and risk from, other objectionable 
microorganisms should consider:

 ● The formulation of the medicine,
 ● Its route of administration,
 ● Its method of application, and
 ● The population for which the medicine is intended, including: the 

possibility of
 ● Underlying illness in the user of the medicine and the possible con-

current use of immunosuppressive agents or corticosteroids.

Does Antibiotic Resistance Make a Microorganism Objectionable?

In a clinical setting, the antibiotic resistance pattern is critical information in the 
successful treatment of a microbial infection. The timely selection of the most 
suitable antibiotic will reduce the morbidity and mortality of patients. The ques-
tion can be asked, if any weight should be given to antibiotic resistance in deter-
mining whether a microorganism found in a non‐sterile drug product is 
objectionable or whether the speciation alone is sufficient. Currently, antibiotic 
resistance is not a consideration in terms of the objectionable microorganism 
risk assessment associated with a product release decision. Perhaps in the future 
both strain typing and antibiotic resistance will be a consideration in designat-
ing an isolate objectionable.

If antibiotic resistance were a consideration, what microorganisms would be 
objectionable? Based on an August 2017 press release, the WHO stated that the 
most critical group includes multidrug‐resistant bacteria that pose a particular 
threat in hospitals, nursing homes, and among patients whose care requires 
devices such as ventilators and blood catheters (Table  11.3). They include 
Acinetobacter, Pseudomonas, and various Enterobacteriaceae (including 
Klebsiella, E. coli, Serratia, and Proteus). They can cause severe and often deadly 
infections such as bloodstream infections and pneumonia.

11.2 What Is an Objectionable Microorganism?
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11.3  Screening for Objectionable Microorganisms

To demonstrate that objectionable microorganisms are excluded from non‐
sterile drug products, some type of screening would be necessary. With respect 
to product‐release and shelf life microbial testing of non‐sterile drug products, 
there are four general levels of testing that may be conducted:

1) Microbial enumeration tests
2) Testing for the absence of specified microorganisms
3) Screening for the absence of objectionable microorganisms if a specific risk 

for the product in question has been defined
4) Microbial identification

Microbial enumeration tests and testing for the absence of specified micro-
organisms is detailed in Chapter 5.

11.3.1 Microbial Characterization, Identification, 
and Strain Typing

USP General Informational Chapter <1113> Microbial Characterization, 
Identification, and Strain Typing emphasized the distinction between these 
three levels of microbial characterization, microbial identification, and strain 
typing and makes recommendations as to when they would be used in a 
 pharmaceutical setting. Phenotypic methods based on Gram reaction and 
 patterns of biochemical reactions continue to be reliable in terms of microbial 
identification, e.g. API 20E, Biolog, and Vitek Compact 2. MALDI‐TOF mass 
spectrometric methods, with their rapidly expanding organism databases, are 
rapidly becoming the first‐line identification method, especially in larger 
microbiology laboratories. Nucleic acid base sequencing may be considered 
the gold standard for microbial taxonomy and identification and should be 
used as a referee test when a critical product release decision must be made. 
Keep in mind that all microbial identification technologies and their databases 
have limitations and may not be able to differentiate between closely related 
species.

Experience in food, veterinary, and clinical microbiology shows us that many 
infectious agents are member of a species that contain both pathogenic and 
nonpathogenic strains due to differences in animal vectors, virulence factors, 
and antibiotic resistance patterns. This suggests that more attention should be 
given to strain typing when determining whether a microorganism isolated 
from a drug product would be objectionable. More information on microbio-
logical identification can be read in Chapter 9.
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11.3.2 Screening of Objectionable Microorganisms

Most US pharmaceutical companies include the compendial microbial test 
methods found in USP <61> Microbiological Examination of Non‐sterile 
Products: Microbial Enumeration Tests and <62> Microbiological 
Examination of Non‐sterile Products: Tests for Specified Microorganisms and 
the recommended microbiological requirements found in USP <1111> 
Microbiological Examination of Non‐Sterile Products: Acceptance Criteria 
for Pharmaceutical Preparations and Substances for Pharmaceutical Use in 
their regulatory submissions for non‐sterile drug products. In Europe and 
Japan, they would cite their harmonized counterparts from the European and 
Japanese Pharmacopoeia.

The screening for specified microorganisms for a particular dosage form, e.g. 
absence of S. aureus and P. aeruginosa for topical products, is included in the 
drug product specification. It can be argued that these requirements have been 
counterproductive in excluding objectionable microorganisms, as pharmaceu-
tical microbiologist may mistakenly believe that meeting the absence of speci-
fied microorganism requirements is sufficient to manage risk.

The position of the tripartite pharmacopoeias in evaluating microorganisms 
recovered from non‐sterile products is stated in USP <1111> as follows:

In addition to the microorganisms listed in table 1, the significance of 
other microorganisms recovered should be evaluated in terms of the 
following:

 ● The use of the product: hazard varies according to the route of admin-
istration (eye, nose, respiratory tract).

 ● The nature of the product: does the product support growth? Does it 
have adequate antimicrobial preservation?

 ● The method of application.
 ● The intended recipient: risk may differ for neonates, infants, and the 

debilitated.
 ● Use of immunosuppressive agents, corticosteroids.
 ● The presence of disease, wounds, organ damage.

Where warranted, personnel conduct a risk‐based assessment of the 
relevant factors with specialized training in microbiology and in the 
interpretation of microbiological data. For raw materials, the assess-
ment takes account of the processing to which the product is subjected, 
the current technology of testing, and the availability of materials of the 
desired quality.

Recent podium presentations by FDA microbiologists recommend having a 
BCC risk mitigation strategy especially for oral liquids and nasal sprays, 
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provide test methods and acceptance criteria that demonstrate that drug 
 products are free of BCC, and demonstrate the method suitability of those 
methods (Pfeiler 2017). In addition, pharmaceutical companies have received 
warning letters after inspection and deficiency letters in response to regulatory 
submission related to BCC screening. The author of this chapter supports the 
FDA recommendations.

11.3.3 How Should We Screen Non‐sterile Drug Products 
for Objectionable Microorganisms?

Different schools of thoughts exist:

 ● Modifications to the existing compendial tests to increase their efficacy.
 ● Identifying the representative colonies of microorganisms found on plates 

used for the microbial enumeration.
 ● Streaking out from the general enrichment broth used in the tests for the 

absence of specified microorganisms onto a general microbiological 
growth medium like soybean–casein digest agar, MacConkey agar, or 
blood agar and identifying all bacterial isolates.

 ● This approach would overcome the objection that solely screening for 
BCC by general enrichment and streaking out on selective/diagnostic 
media used in a clinical setting discounts the seriousness of other 
objectionable microorganisms like K. pneumonia, S. marcescens, E. cloacae, 
and B. cereus.

 ● Adding tests for the absence of the most damaging objectionable microor-
ganisms such as BCC.

 ● Another approach suggested by the predominance of Gram‐negative bacte-
ria among objectionable microorganisms is to conduct Gram strains and 
microscopic examination of all colonies isolated during microbial testing 
and identifying only the Gram‐negative rods. This approach, seemingly 
attractive, would not identify Gram‐positive cocci and rods that may be 
objectionable in a specific drug product.

11.3.4 Selectivity of the USP Absence of Specified Microorganism 
Tests with Regards to B. cepacia Complex

It is useful to compare the biochemical and physiological characteristics of 
the three most prominent important opportunistic pathogen from the BBC 
to two related pseudomonads P. aeruginosa and Pseudomonas fluorescens to 
understand their selective isolation (Table  11.4). The data from Bergey’s 
Manual suggest tests that involve enrichment at 42 °C, and selective isola-
tion on MacConkey or Cetrimide agar will have reduced recoveries of BCC 
members (Holt et al. 2000) so that the use of these screening strategies may 
be deficient.
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The limitation of the screening methods found in USP <62> in terms of 
potential BCC detection is discussed more fully in the following section.

 ● Is the USP test for the absence of P. aeruginosa suitable for screening for 
BCC? Not less than 1 g is used to inoculate soybean–casein digest broth, 
which is mixed and incubated at 30–35 °C for 18–24 hours. Subculture on a 
plate of Cetrimide agar, and incubate at 30–35 °C for 18–72 hours. Growth 
on the plate indicates the possible presence of P. aeruginosa. This is con-
firmed by an identification test. According to the description of Cetrimide 
agar published by a leading media manufacturer, the use of cetrimide (cetyl-
trimethylammonium bromide) was recommended by Lowbury (1951); this 
compound largely inhibits the growth of the accompanying microbial flora 
including other related Gram‐negative bacteria and Gram‐positive bacteria. 
According to Lowbury and Collins (1951), a concentration of 0.3 g/l inhibits 
the accompanying organisms satisfactorily and minimizes interference with 
the growth of P. aeruginosa. The pigment production of P. aeruginosa is not 
inhibited when grown on this medium. P. aeruginosa, as well as Pseudomonas 
putida and P. fluorescens are able to grow on Cetrimide agar at 30–35 °C, 
while B. cepacia and Stenotrophomonas maltophilia are inhibited. Reportedly 
B. cepacia is able to grow at an incubation temperature of approximately 
25 °C.

 ● Is the USP test for the absence of E. coli suitable for screening for BCC? 
Not less than 1 g is used to inoculate soybean–casein digest broth, which is 
mixed and incubated at 30–35 °C for 18–24 hours. MacConkey broth is 
inoculated with an aliquot from the soybean–casein digest broth and incu-
bated at 40–42 °C for 24–48 hours. Subculture on a plate of MacConkey agar, 
and incubate at 30–35 °C for 18–72 hours. Growth on the plate indicates the 
possible presence of E. coli. This is confirmed by an identification test. 
Although this test seems more promising in that most B. cepacia strains 
grow on MacConkey agar, the selective enrichment in MacConkey broth at 
42 °C may be too selective for many BCC strains.

 ● Test for the absence of S. aureus, C. albicans, Salmonella species, and 
Clostridium species. All these four tests for the absence of specified micro-
organisms are unsuitable for the detection of BCC members.

 ● Test for the absence of bile‐tolerant Gram‐negative bacteria. The test for 
the absence of bile‐tolerant Gram‐negative bacteria is capable of isolating 
members of the family Enterobacteriaceae, e.g. E. coli and non‐fermenters, 
e.g. P. aeruginosa, so it may be capable of detecting BCC members. Not less 
than 1 g is used to inoculate soybean–casein digest broth, which is mixed 
and incubated at 20–25 °C for time sufficient to resuscitate the bacteria with-
out encouraging the multiplication of the bacteria (usually two hours but not 
more than five hours). Enterobacteria enrichment broth‐Mossel is inocu-
lated with an aliquot from the soybean–casein digest broth and incubated at 
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30–35 °C for 24–48 hours followed by subculture on violet red bile glucose 
agar and incubated at 30–35 °C for 18–24 hours. The product complies with 
the test if there is no growth on the plate.

 ● Test for the absence of BCC (Proposed). The following test for the absence 
of BCC has been proposed by the USP in the September–October 2018 
Pharmacopoeial Forum. Not less than 1 g is used to inoculate soybean–
casein digest broth, which is mixed and incubated at 30–35 °C for 18–24 hours. 
Burkholderia cepacia Selective agar (BCSA), widely used in clinical 
 microbiology laboratories supporting the care of cystitis fibrosis patients, is 
inoculated by streaking on from the broth and incubated at 30–35 °C for 
48–72 hours. The product complies with the test if there is no growth on the 
plate. Colonies on the plate would be identified to determine if they are BCC 
members.

11.3.5 Method Suitability

If one or more of these tests for the absence of specified microorganism are 
used to screen for BCC, then the ability of the test to recover a representative 
BCC strain, e.g. Burkholderia cenocepacia ATCC BAA‐245, should be demon-
strated as outlined in the USP <62> method suitability testing.

11.4  Risk‐Based Microbial Testing of Non‐sterile 
Drug Products

Directing your microbial testing program toward non‐sterile drug products 
with a higher risk of microbial contamination makes sense with respect to both 
economics and patient safety and is defendable from a regulatory point of view. 
Testing recommendations for low‐, moderate, and high‐risk products summa-
rized from the PDA Technical Report No. 67 Exclusion of Objectionable 
Microorganisms from Non‐sterile Pharmaceutical and OTC Drug Products, 
Medical Devices and Cosmetics are given in Sections 11.4.1–11.4.3.

11.4.1 Low‐Risk Products

Low‐risk pharmaceutical drug products may include solid oral dosage forms 
such as compressed tablets and power‐filled and liquid‐filled capsules, lip gels, 
and rectal suppositories.

 ● Products pass the microbial testing if the microorganisms identified in USP 
<1111> and in the relevant product monographs were not isolated and 
 enumeration counts are below the specified limit.
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11.4.2 Moderate Risk Products

Moderate risk pharmaceutical products may include vaginal suppositories, 
ointments and creams, topical lotion, and oral liquids.

 ● Products pass the microbial testing if the microorganisms identified in USP 
<1111> and in the relevant product monographs are not isolated, other 
 colonies observed on selective medium for the absence of specified/objec-
tionable microorganisms and/or soybean–casein digest agar after general 
enrichment are not objectionable (see risk decision tree, Figure 11.3), and 
enumeration counts are below the specification limit.

11.4.3 High‐Risk Products

High‐risk products include nasal sprays, inhalants, otic products, and topical 
products used on broken skin.

 ● Products pass the microbial testing if the microorganisms identified in 
USP <1111> and the relevant product monographs are not isolated, other 
colonies observed on selective medium for the absence of specified/
objectionable microorganisms and one or more nonselective media such 
as soybean–casein digest agar or blood agar after general enrichment are 
not objectionable (see risk decision tree, Figure  11.3), and enumeration 
counts are below the alert limit.

11.5  Sources of Objectionable Microorganisms

Based on the analysis of drug product recalls, the author believes that the ori-
gin of objectionable microorganisms isolated from non‐sterile drug products, 
in descending order, is pharmaceutical ingredients ≥ ingredient water > process 
equipment > manufacturing environment > manufacturing personnel (Cundell 
2005; USP <1115>).

11.5.1 Pharmaceutical Ingredients

Pharmaceutical ingredients, especially excipients with an animal, plant, or 
even mineral origin, may be contaminated with bacteria from fecal matter 
including pathogenic strains of E. coli, Salmonella, and other member of the 
family Enterobacteriaceae as well as fungi and Gram‐positive, spore‐forming 
Bacillus species from the air and soil. Ingredients that are synthetically derived 
or from an animal, plant, or mineral origin that are further processed have a 
lower risk level (see Chapter 2).
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11.5.2 Ingredient Water

The design and operation of pharmaceutical water systems have significantly 
improved over the past decades so that source of risk has receded but not dis-
appeared. However, water systems may be the source of Gram‐negative, non‐
fermentative bacteria known as opportunistic pathogens and for their ability to 
overcome preservative systems in multiple‐dose non‐sterile aqueous drug 
products and grow in the product. Aqueous products have been defined in 
USP <51> Antimicrobial Effectiveness Tests as product with water activities 
greater than 0.6. In practice, these Gram‐negative bacteria will not grow in 
drug products with water activities below 0.9 (Cundell and Fontana 2009).

11.5.3 Manufacturing Personnel

Operators working in non‐sterile drug product manufacturing facilities 
 typically wear gowns, shoe covers, and hairnets. The wearing of makeup and 
jewelry, and food and drink and prohibited. They are excluded from the 
 workplace, if they are sick and have skin infections. Many unit operational 
steps are conducted in closed tanks and equipment. When operators handle 
product directly or take samples, they should wear gloves and facemasks to 
avoid contaminating the product. In general, the recall record does not implicate 
skin‐borne bacteria suggesting current hygiene practices are effective.

11.5.4 Process Equipment

The sanitary design, cleaning, and storage of processing equipment are impor-
tant in terms of preventing both chemical and microbial contamination of 
non‐sterile drug products. Microbial monitoring of product‐contact surfaces 
during cleaning validation studies is highly recommended. Typically, the physi-
cal removal of product residuals will also remove microorganisms but the for-
mation of biofilms especially in valves and piping must be considered.

11.5.5 Manufacturing Environment

Environmental sources of contamination may, for instance, come from the 
dust or soil particles brought into the room either by personnel or material 
flow or via the air ventilation system. Typical representatives are spore‐form-
ing, Gram‐positive rods such as Bacillus spp. and molds. The risk of microbial 
proliferation in the manufacturing environment would more likely be triggered 
by residual water in poorly dried process equipment, and on floor or wall sur-
faces. This is typically the case in equipment washing rooms or waste water 
from sinks or cleaning in place systems that are insufficiently dried. Even if 
microbial contamination of non‐sterile products from the environment to 
unacceptable levels is rare, such events may occur especially when water 
 leakages occur as reported by Roesti (2012).
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11.6  Risk Assessment to Determine if a Microorganism Is 
Objectionable in a Non‐sterile Drug Product
This section summarizes the flowchart from PDA Technical Report No. 67 
Exclusion of Objectionable Microorganisms from Non‐sterile Pharmaceutical 
and OTC Drug Products, Medical Devices and Cosmetics (Figure  11.3). It 
should be noted that the authors of this chapter do not supply a list of objec-
tionable microorganisms, as they will depend on the specific dosage form, 
product formulation, product attributes, intended use, and the target patient 
population. Only the manufacturer has sufficient information to make the 
decision on what microorganism is objectionable in which drug product.

The decision tree is as follows:

Step 1: Does the non‐sterile drug product contain microorganisms of concern? 
If the answer is yes, and the product exceeds the microbial enumeration test 
limit for the dosage form, recommend to the Quality Control Unit that the 
batch be rejected.

Intrinsic or Extrinsic Microbial Contamination?

One of the major challenges of an epidemiological investigation of a microbial 
contamination outbreak with a non‐sterile drug product, cosmetic, or medical 
device is to determine if the product contamination is intrinsic or extrinsic.

Intrinsic contamination, as the term implies, usually occurs during manufacture 
and the contaminating microorganism may grow during the shelf life exceeding 
the product specifications and/or being identified as an objectionable microor-
ganism. In this situation, unopened containers, as well as opened containers of 
the product, will be shown to be contaminated with the microorganism and the 
microorganism may have been found in pharmaceutical ingredients, pharmaceu-
tical water systems, during environmental monitoring, or even in other products 
manufactured at that site.

With multiple‐use products, extrinsic contamination may occur when a user 
or multiple users mishandles and inadvertently contaminates the product or 
the product will enhance the growth of the user’s own microflora at the 
 application site. Strain typing may confirm the single source of intrinsic 
 contamination whereas with extrinsic contamination, although the  contaminant 
may be limited to a single species, will be the result of geographically separated, 
multiple strains of the same species.

Classic examples of extrinsic contamination are toxic shock syndrome associ-
ated with exotoxin‐producing S. aureus growing in high absorbent tampons 
during use in the 1980s (CDC 1990) and Fusarium keratitis caused by the fungal 
contamination of a reformulated contact lens solution in use in the mid‐2000s 
(CDC 2006).
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Step 2: If the batch does not exceed this limit, does the water activity exceed 
0.6. If no, recommend that the batch be accepted for release as the product 
will not support microbial growth. An exception to this recommendation 
would be the presence of Salmonella in the product that can survive at low 
water activities and cause enteric infection with low counts.

Step 3: If yes, it does exceed 0.6, is the water activity sufficient for the growth 
of contaminating microorganism or would the growth be prevented by the 
antimicrobial preservative system in the formulation of the product? If no, 
recommend to the Quality Control Unit the rejection of the product due to 
the presence of an objectionable microorganism. An example would be 
members of the BCC that may have the ability to grow and overcome the 
antimicrobial preservative system.

Step 4: Is the route of administration, a low or high risk to the patient? Based 
on the indications is the target of the drug product a high‐risk patient popu-
lation? For dosage form directed toward infants, the immune‐compromised 
and the elderly, recommend to the Quality Control Unit the rejection of the 
product. An example would be oral syrups containing honey as an ingredi-
ent that may contain low levels of the spore‐forming Clostridium botulinum 
that may cause infant botulism.

Sections 11.6.1–11.6.3 provide additional insights on the points to consider in 
a risk assessment of objectionable microorganisms

11.6.1 Microorganism of Concern

To identify if the isolated microorganisms as microorganisms of concern, i.e. 
potential for classification as objectionable in some dosage forms, the sources 
of information described in Section 11.2 may be used.

This research should be carried out in order to characterize the patient risk 
(e.g. infection and allergy) of the isolate for the intended route of 
administration.

11.6.2 Potential Microbial Proliferation in the Drug Product

Independent of the pathogenicity of the isolated microorganism, the capacity 
of microorganisms to pursue metabolic activity or proliferate in the product is 
a serious concern.

Actually, if the microorganisms survive or grow in product, they may affect 
the chemical, physical, functional, and therapeutic attributes of a pharmaceuti-
cal drug product. The single physical attribute that is most likely to control 
microbial growth is water activity.

Microbial degradation of the active ingredient within a drug product may 
reduce the therapeutic activity and create toxic degradative products, while 
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degradation of nonionic surfactants and thickening agents will affect their 
functionality and preservatives, and their resistance to microbial contamina-
tion (Bloomfield 1990).

The nature of the product influences the survival or growth capability of the 
microorganisms. The most relevant factor is the water activity, not the water 
content. Water activity (aw) is the relative availability of water in the drug prod-
uct. It is defined as the ratio of vapor pressure of water in product to vapor 
pressure of pure water at the same temperature. The USP informational chap-
ter <1112> provides a very good overview of the water activity levels in drug 
products and microbial growth.

Below the aw level of 0.60 microorganisms cannot grow. Additionally, the 
water activity of the product is very important when determining the storage 
conditions, i.e. when there is a high water activity the product risks spoilage 
during its storage and shelf life. In general, bacteria outcompete fungi at high 
water activity, no bacterium encountered in a pharmaceutical setting will grow 
below 0.85 while most fungi grow above 0.75.

The drug products with the lowest risk related to aw are nonaqueous liquids 
or dry solid oral dosage forms because they do not support spore germination 
or microbial growth. The most critical ones are aqueous drug products such as 
nasal sprays, if not preserved.

Some microorganisms are known to be resistant against some preservative 
systems, such as Pseudomonas species more resistant to quaternary ammo-
nium compounds. When a microorganism is isolated in a preserved drug 
product, a challenge test to verify the efficacy of the product’s antimicrobial 
components against the isolate is good practice.

11.6.3 Risk Level in Targeted Patient Populations

Although the microbiological quality requirements in USP <1111>, especially 
the microbial enumeration limits, may be considered suitable for all patient 
populations, the exclusion of objectionable microorganisms will have a dispro-
portionate impact on impaired patient populations. These populations include 
infants, immunologically suppressed patients, transplant recipients receiving 
immune‐suppression drugs, patients recovering from invasive surgical proce-
dures, and the elderly. In the cases of infants and elderly, oral liquids and syrup 
may be prescribed instead of compressed tablets because of the inability to 
swallow a tablet, exposing the patient to a more risk of potential infection. 
Perhaps orally disintegrating tablets are a better solution for these target popu-
lations than multiple‐use oral liquids or syrups that are more susceptible to 
microbial contamination.

As discussed in Chapter 2, patient populations may be broadly classified as 
healthy, moderately impaired, and immunocompromised. The medical status 
of the recipients of a drug product will influence the risks of infection. 
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Surprisingly, the number of immunocompromised patients receiving drug 
products is largely unknown. This lack of information is a detriment when it 
comes to microbial contamination risk analysis. A recent letter to the JAMA 
editors suggested that 4% of US adults self‐reported that they have been told at 
one time by a health professional that they are immune‐suppressed. Of these 
adults surveyed, 2.8% reported current immunosuppression (Harpaz et  al. 
2016). To this microbiologist, the numbers were revealing and must be consid-
ered during objectionable microorganism risk assessments because microbial 
specifications do not make any distinction as to medical status for the recipient 
of a drug product. It is important to know the indications of a drug product and 
the administration and dosage instruction as found in the package insert. The 
default microbiological requirements in USP <1111> have stricter microbial 
enumeration requirement for more invasive drug products and the absence of 
specified microorganism requirement is broken down by dosage form.

Pharmaceutical products specifically directed toward higher risk patient 
population should have stricter objectionable microorganism exclusion 
requirements than product dispensed to healthy individuals.

11.7  Case Histories

11.7.1 Allopurinol Tablets for Cancer Patients

In March 2009, the Hong Kong Board of Health reported that four batches of 
allopurinol tablets manufactured by a local pharmaceutical company were 
found to be grossly contaminated with the fungus Rhizopus microsporus 
(>103 CFU/g). At least five patients at Queen Mary’s Hospital receiving aggres-
sive cancer therapy and treated with anti‐gout drug allopurinol for the com-
mon side effect hyperuricemia contracted intestinal mucomycosis and died 
(Cheng et al. 2009). How could compressed tablets, which are considered hav-
ing a low risk for microbial contamination, be the cause of this fungal outbreak 
and patient deaths?

The tablets were manufactured at the local facility using a wet granulation 
that was dried in a tray dryer oven at 50 °C for 4 hours to a water content of 3%. 
The granulation was then held at 20 °C for up to 14 days prior to tablet com-
pression. A typical formulation is allopurinol, 100 or 300 mg, corn starch, 
FD&C Yellow No. 6 Lake (yellow tablets only), lactose, magnesium stearate, 
and povidone.

A probable source of the mold R. microsporus was the filler corn starch used 
in the tablet manufacture as it was found to contain 2 CFU of Rhizopus/g. 
Although the ascospores of R. microsporus are thermotolerant and would sur-
vive 4 hours at 50 °C during tray drying, it appears less likely that a granulation 
dried to 3% water content and stored at 20 °C for 5–14 days prior to tablet 
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compression would become highly contaminated with R. microsporus. Strain 
typing the fungus found in the drug product and those infecting the cancer 
patients to demonstrate a match would have been helpful.

11.7.2 Laxative Recommended for Infants

On 16 July 2016, the FDA announced voluntary nationwide recall of all non‐
expired lots of oral liquid docusate sodium manufactured by PharmaTech LLC, 
Davie, Florida, in one pint (473 ml) bottles of the laxative and distributed by 
Rugby Laboratories for contamination with B. cepacia and linked to a five state 
outbreak. Laboratory evidence later linked the B. cepacia to the company’s 
purified water system. In a 10 August 2016 update, the CDC confirmed 60 
cases from 8 state outbreaks using molecular typing and recommended that 
clinicians and their patients not use any brand of liquid docusate sodium as a 
stool softener or other medical reason.

11.7.3 Alcohol‐Free Mouthwash in Hospital Settings

There are multiple reports in the clinical literature of nosocomial infections in 
hospitals from use of bacterially contaminated mouthwash. All of these out-
breaks were associated with the use of alcohol‐free mouthwash in intensive 
care units. It is widely acknowledged that the preservative systems used in 
alcohol‐free mouthwash are not as effective. The same mouthwash was often 
used in general medical wards in the same hospital without infection highlight-
ing the higher risks associated with aggressively managed hospital patients in 
intensive care units. From August 1996 through June 1998, 74 patients at 2 
Arizona hospitals that had been on ventilators contracted B. cepacia respira-
tory infections from an intrinsically contaminated alcohol‐free mouthwash 
(CDC 1998). Seven years later, from April through August 2005, 116 patients 
from 22 hospitals in 9 southern states were infected with B. cenocepacia from 
an intrinsically contaminated alcohol‐free mouthwash (Kutty et al. 2007). This 
phenomenon has been reported outside the United States. This included an 
April 2012 report of a cluster of infection of patients undergoing mechanical 
ventilation in an Ecuadorian hospital implicating an alcohol‐free mouthwash 
and a 2012 report of six patients in a German hospital developing ventilator‐
associated pneumonia due to BCC from an intrinsically contaminated alcohol‐
free mouthwash (Winterfield et al. 2012).

11.7.4 Non‐sterile Alcohol Wipes in an Intensive Care Unit

On 5 January 2011, the Triad, the manufacturer of alcohol prep pads, swabs, 
and wipes, recalled multiple products for the Gram‐positive, spore‐forming 
bacterium B. cereus contamination. The previous fall, a Colorado children’s 
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hospital noticed an unusual cluster of bloodstream infections associated with 
the installation of central line catheters in pediatric cancer patients receiving 
chemotherapy. Non‐sterile alcohol wipes were contaminated with the objec-
tionable bacterium B. cereus presumably derived from either the alcohol or the 
textile used to manufacture the wipes (Cundell 2015).

11.7.5 Metformin Hydrochloride Oral Solution

On 24 November 2017, Sun Pharmaceuticals recalled Riomet Oral Solution, 
manufactured by a contract manufacturer, due to contamination with the soil-
borne fungus Scopulariopsis brevicaulis. The recall notification from the FDA 
website stated:

Sun Pharmaceutical Industries is recalling two lots of Riomet (Metformin 
Hydrochloride Oral Solution), which were found to be contaminated 
with Scopulariopsis brevicaulis. Use of the affected Riomet potentially 
could result in a risk of infection, especially in the immune‐compromised 
patient. The most plausible portal of entry of Scopulariopsis brevicaulis 
is the respiratory tract, where it may cause pneumonia, sinusitis and dis-
seminated infections. The contamination was discovered during sample 
preparation for the Antimicrobial Preservative Effectiveness Testing 
being performed as part of the 12‐month stability study interval.

Riomet (Metformin Hydrochloride Oral Solution) is indicated to treat 
type 2 diabetes mellitus in adult and children aged 10 and above. Riomet 
is packaged in 118 mL (4 fl. oz.) and 473 mL (16 fl. oz.) bottles.

Scopulariopsis brevicaulis is best known for non‐dermatophyte nail infections 
and the cause of more limited invasive infection of immune‐compromised 
individuals. The publication by Iwen et al. (2012) reported 32 cases of proven 
invasive Scopulariopsis infections in the clinical literature from 1974 to 2012. 
They recommended ITS region base sequencing for the fungal identification. 
The recall did not mention if the TCYMC exceeded the 100 CFU/ml limit for 
an oral liquid or if the stability sample failed the AET. Presumably the FDA felt 
that the presence of the objectionable microorganism justified a Class II recall. 
If you had an objectionable microorganism list in your company, you may 
include fungi Aspergillus, Fusarium, and perhaps Scedosporium species, but 
would you include Scopulariopsis?

11.7.6 Comforts for Baby Water with Fluoride

On 4 December 2017, the Kroger Company recalled multiple lots of 
Comforts for Baby Purified Water with Fluoride Added in 1‐gal clear plastic 
containers after receiving complaints about mold in the product. The 
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recalled lots have sell‐by dates of 26 April 2018–10 October 2018 so the 
recall may represent six months of production. According to the FDA 
announcement, testing by Kroger identified the mold Talaromyces 
(Penicillium) marneffei. Larone (2011) states that the fungus causes deep‐
seated infections that can be focal or disseminated mainly in immune‐ 
compromised (HIV‐positive) patients who live in Southeast Asia where 
P.  marneffei is endemic. The fungus is thermally dimorphic forming flat, 
powdery, tan colonies on sabouraud dextrose agar (SDA) at 25–30 °C, later 
becoming reddish yellow with a red soluble pigment defusing into the 
medium. At 35–37 °C on SDA, the colonies are soft, white to tan, dry, and 
yeast‐like. Recent reports identify the fungus as an emerging pathogen in 
non‐HIV‐infected children and adults (Chan et al. 2016). The bamboo rat 
and the soil from their burrows are considered important enzootic and envi-
ronmental reservoirs of T. marneffei.

The question must be asked how did this fungus contaminate purified water 
sold expressly for infants? The labeling states that the product distributed by 
Kroger Co., Cincinnati, Ohio, is purified water minerals added for flavor 
(potassium bicarbonate, calcium chloride, and magnesium chloride) plus fluo-
ride processed by steam distillation. The manufacturer’s name does not appear 
on the label. Are they located in China or the South East? Possible contamina-
tion routes are the storage of the purified water, the packaging components, 
minerals, and the filling operation.

11.8  Conclusions

Considering that patient populations are expanding to include many more 
immunosuppressed individuals, aggressively treated surgical patients, infants, 
and the elderly, the importance of excluding objectionable microorganisms 
from non‐sterile drug products has become more critical. This chapter has 
defined the term objectionable microorganism, provided examples from the 
technical literature, and recommended screening strategies and microbial con-
tamination risk assessment tools. If pharmaceutical companies really want to 
mitigate the risk of recipient infection, they must employ broadly trained, 
experienced microbiologists who can communicate with management, under-
stand the limitation of microbial testing, product formulation, manufacturing 
processes, and how products are administered. The objective of excluding 
objectionable microorganisms from non‐sterile drug product, not only is a 
critical GMP requirement and ensures recipient safety but makes business 
sense in terms of maintaining the reputation and economic viability of your 
company.
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12.1  Data Integrity

Decision‐making under cGMP rules is based on information that is truthful, 
accurate, and complete. In the past years, there was a high increase in health 
authority observations and enforcement actions concerning failed compliance 
to data integrity principles (Figure 12.1 data from Platco and Cundell (2017)).

As reported in the PDA TR‐80 (2018), the most common trends in regula-
tory observations on data integrity breaches include:

 ● Failure to perform required testing. Sampling or testing not performed but 
records have been generated as if these have been carried out.

 ● Falsification of data or cGMP records, e.g. reporting failing results as pass-
ing, writing test results in CoAs that were not executed.

 ● Deletion or overwriting of data.

Data Integrity and Microbiological Excursion 
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 ● Deficiency in addressing data manipulation/falsification in excursion 
investigations.

 ● Failure to ensure that laboratory data include complete records such as, e.g. 
unexplained deletion of data records.

 ● Failure to configure computerized systems to meet the requirements for the 
security and control of data.

 ● Failure to document laboratory records contemporaneously and/or deliber-
ate falsification of manual records.

 ● Performing unreported sample test injections.
 ● Failure to validate analytical methods.

The increased concern on data integrity issues has resulted in the publica-
tion of detailed guidelines in the past three years (PIC/S Draft Guidance 2016; 
WHO 2016; FDA 2018; ISPE 2018; MHRA 2018). Based on the actual health 
authority guidelines, data generated electronically or on paper under cGMP 
environments must follow the ALCOA or ALOCA+ principles (Figure 12.2).

As reported in health authority observations, the review paper of Platco and 
Cundell (2017) and the PDA TR‐80, the following breaches in the ALOCA+ 
principles may happen for data generated by microbiological testing:

 ● Attributable:
 – Other analysts than those that performed the experiments sign off the raw 

data worksheet.
 – Different analysts share the same user ID and password.
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Figure 12.1 Graphical representation of the number of FDA warning letters addressing 
data integrity from 2008 to 2016 as well as proportion of countries receiving these warning 
letters in 2016. Source: Data from Platco and Cundell (2017).



Attribu-
table

• Attributable: Data should be attributable to the system or person generating the data. Only the person who performed the task may sign at
  the time of data input.

Legible

• Legible: The information must be precisely and clearly written and readable throughout data life cycle. Any correction made should not render
  the original unreadable.

Contem-
poraneous

• Contemporaneous: Contemporaneous data are data recorded at the time they are generated or observed.

Original

• Original:Original data include the first or source capture of data of information recorded on paper or electronically and should be reviewed.
   Original raw data including printouts as well as true copies preserving the content or meaning of original data must be retained. 

Accurate

• Accurate: Data must be correct, truthful, complete, valid, and reliable. They should be exempt of errors and must reflect the observation or
  action.

+
• Complete: The complete records of data including relevant metadata generated by electronical data must be represent.

+

• Consistent: Data should be created in a repeatable, traceable, and comparable manner. Good Documentation Practices should be applied
   throughout any process, including capturing all changes made to data.

+
• Enduring: Data must be preserved (indelible/durable records) and retrievable during its life cycle.

+

• Available: Records must be available and accessible in a readable format by responsible people for review, release decisions, investigations,
  audits, inspections, etc., at any time during the retention period.

Figure 12.2 Data integrity principles based on the ALCOA+ concept.
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 – Missing date and signature for an action performed.
 – Another device or equipment is documented than the one used.
 – Readout of plates was performed by a different person than the one 

documented.

 ● Legible :
 – Use of correction fluids to correct data.
 – Masking original data by a handwritten correction.
 – Original electronic data not readable following the software update.

 ● Contemporaneous:
 – Backdating or predating data sheets.
 – Documentation of raw data at a later time point.

 ● Original:
 – Original data hand‐copied in new raw data sheets (to improve the reada-

bility) with subsequent discarding of the original raw data sheets.
 – No unique numbering of the raw data sheets.
 – Data are reported on a stand‐alone and uncontrolled computer system.

 ● Accurate:
 – The calculation for the number of microorganisms in 1 g of product did 

not take into account the dilution factor.
 – Wrong calculation of CFU means or log‐reductions.
 – Observations or corrections are not documented in a way that they can be 

understood at a later time point.
 – Modifications to the data are not explained.

 ● Complete:
 – Electronic data deleted without backup to free up hard drive space.
 – Some part of the raw data was thrown away.

 ● Consistent:
 – Raw data template was inaccurately modified by the analyst independently 

of a controlled change process.
 – Raw data order was changed.
 – Attached documents are not in the correct order.

 ● Enduring:
 – Paper raw data records were stored in a room with high humidity level.
 – No indelible ink was used.
 – No copy of printouts on thermal paper.

 ● Available:
 – The requested raw data could not be presented during the audit as it was 

not found.
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The general definitions of original data of the ALCOA+ principles consider 
the reporting of data on paper or electronically and that they remain consist-
ent, enduring, etc. The Petri plates do not fully fill the principles of an original 
data record as per ALCOA principles. Nonetheless, the Petri plates may be 
considered as original data on the day that the method requires that the plates 
are to be read and recorded. After reading, if these same plates are subsequently 
stored, it is not possible to confirm the original results because the microbial 
counts may increase during their storage since even under refrigeration micro-
bial colonies continue to grow but at a slower rate.

The interpretation of test results or the number of colonies tested is prone to 
a certain subjectivity and variability since microbiological methods are classi-
cally performed manually and based on the visual evaluation of an analyst 
performing the test.

Periodic training and qualification of analysts including periodic vision 
check and/or hiring of experienced personnel should limit to an acceptable 
level the variability of microbiological test results caused by analyst handling 
and reading as well as ensure that the defined good documentation practices 
are understood and followed. Re‐qualification of analysts enumerating colo-
nies on plates may include enumeration of exemplary agar plates containing 
different levels of microbial counts and comparing the results obtained with 
either an automated colony counter or the counts of a senior analyst or for 
laboratories with a high amount of personnel the mean counts of all personnel. 
Acceptance criteria should take into account an acceptable difference toler-
ance (e.g. 5 or 10%, mean ±2‐times standard deviation). Analysts who fail re‐
qualification would require retraining on microbial enumeration with focus 
topics such as, for instance, on how to differentiate merging colonies.

To further improve data integrity and reduce subjectivity, alternative meth-
ods for reading of plates such as the use of automated plate readers and/or 
high‐resolution photographs of the plate may be used. These systems have, 
however, inherent challenges such as difficulties to count colonies embedded 
in the agar gel from pour‐plated dishes, satellite colonies may be counted, dif-
ficulty to differentiate overlapping colonies, difficulty to differentiate particles 
from colonies, and interpretation of the photo may vary from one individual to 
another. Automated enumeration methods that actually stack images to cap-
ture the colonies growing in time may overcome some of these challenges (see 
Chapter 13).

It should be noted that contemporaneous recording of actions during execu-
tion of the microbiological testing cannot be followed in all cases in order to 
avoid jeopardizing the aseptic status required during testing. It is acceptable 
that recording of actions takes place immediately after the working session 
upon exiting the laminar flow hood instead of constantly having to go back and 
forth from aseptic to non‐aseptic areas to write down test actions executed.
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It is common practice that the raw data sheet that contains the original data 
as well as the data entry from the raw data sheet to the laboratory information 
management system (LIMS) are reviewed for accuracy and completion by a 
qualified analyst or that has not executed or evaluated the test or the 
supervisor.

The greatest data integrity threat with microbiological testing resides with 
falsification of data and intentional omission of testing. To control this risk, the 
following actions may be taken:

 ● Company culture
 – Defining and applying strict ethical corporate standards and complete 

endorsement by the company leadership has the most significant contri-
bution to eliminating fraud. When these are defied by short‐term overag-
gressive business goals or cultural bad practices, fraud may become the 
rule and not the exception.

 – Companies must have a zero tolerance for intentional fraud as well as 
careless work habits leading to unintentional data integrity breaches. It 
should be noted that not just intentional but also unintentional data integ-
rity violations can lead to jurisdictional consequences.

 – People should be encouraged to openly talk about their own errors made 
during testing as well as on how to improve data integrity issues. Honesty 
and goodwill must be treated fairly by the management and analysts 
should not fear of doing something wrong.

 ● Applying a rigorous quality management system
 – Clear standard operating procedures should describe what is expected in 

terms of good documentation practice and data integrity. These proce-
dures should then be formally trained to all associates. Very important is 
a regular retraining on data integrity especially if there is a frequent 
change within the personnel.

 – Systematic review of the raw data recording sheets or entries in the LIMS 
by specialized personnel.

 – Trending of microbiological data should also consider data integrity risk. 
For instance, unexplained significant lower counts in the trend analysis of 
one analyst as compared to others or from one time period to another 
might indicate under reporting of counts in order to avoid exceeding 
action levels  (thus, falsification).

 – A QA oversight of laboratory activities may be in place to evaluate if the 
rules on data integrity are adequately followed. This may consist of a regu-
lar (e.g. weekly or monthly) and surprise verification of all tests performed 
by the analysts and could include verification that the colonies or absence 
of colonies on the plates are conform to what is reported on the raw data 
worksheets or LIMS and that the sample and material/equipment inven-
tory is correctly reported.
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 – Regular internal audits as well as appropriately certifying and auditing 
third‐party contract laboratories (refer to Chapter 17) or manufacturing 
sites are also key.

For the compendial sterility test that combines criticality of the test and 
higher risk of misinterpretation of results, it is now a standard practice to 
perform a contemporaneous evaluation of the sample for microbial growth 
by a second analyst. Nonetheless, applying uncritically a contemporaneous 
reading by a second analyst (four‐eye principle) for all samples and for all 
microbiological tests is to the author’s opinion unnecessary and will not 
improve data integrity. Indeed, both analysts can agree to falsify results, 
a  second analyst may oversee data integrity mistakes, enumeration of 
many  colonies may vary even among qualified personnel, large amounts 
of  resources are spent by hiring of additional personnel for the manual 
 verifications where in fact these resources could be more wisely used to 
introduce automated reading methods with fully DI‐compliant computer-
ized systems. 

Does It Make Sense to Carry Out a Systematic and Contemporaneous 
Enumeration of Agar Plates by a Second Analyst?

A strict application of the ALCOA+ principles may be interpreted as the neces-
sity to execute a contemporaneous enumeration of agar plates by a second 
analyst and having both analysts reporting their results on the raw data sheet 
(four‐eye principle). Whereas contemporaneous evaluation of sterility test 
growth in turbid media by two analysts is becoming the standard, four‐eye prin-
ciple for enumeration of agar plates is a real challenge:

 ● Precision in counts may vary from one analyst to another (even if they are 
trained and qualified) as colonies may overlap, swarm over media, etc., allow-
ing a certain room for interpretation.

 ● By tolerating no differences in counts, a high amount of noncritical discrepan-
cies will be generated consuming resources unreasonably.

 ● Microbiology is a “logarithmic science,” sample size is statistically weak, and 
testing procedures have an inherent variability; so a difference of 20 or 21 
count has absolutely no relevance.

There are no guidelines which refer to the acceptable difference between 
counts simply because no one can scientifically define this precisely. The differ-
ent pharmacopoeia actually allows recoveries to vary by a factor 2. Therefore, the 
authors do not believe that a systematic and contemporaneous enumeration of 
agar plates by a second analyst significantly improves the level of data integrity 
in microbiological tests performed for non‐sterile products.
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As an alternative to a contemporaneous enumeration, a contemporaneous 
verification by a second person that the testing activity is performed correctly 
may be executed for high‐risk tests with at least the following control points:

 ● The reading of results is correctly executed according to the SOP.
 ● The result on the agar plate is correctly transcribed on the GMP recording 

sheet, i.e. if growth is observed, this is captured in the GMP sheet.
 ● The description of the sample corresponds to the description on the GMP 

recording sheet.

In order to estimate the data integrity risk of microbiological tests and then 
adjusting the level of mitigation actions based on the risk intensity, risk matrix 
tools may be used (PDA TR‐80; Platco and Cundell 2017; Tidswell and Sandle 
2018, or see Chapter 2).

The following risk matrix tool may be used to justify the need to introduce 
contemporaneous verification for microbiological tests (see Table 12.1).

 ● Low risk: no need for contemporaneous verification by a second analyst.
 ● Medium risk: to be defined case by case: contemporaneous verification by a 

second analyst or via QA oversight on a periodic basis or no verification 
required.

 ● High risk: contemporaneous verification of all samples by a second analyst.

In Table 12.2 an example of a risk analysis for tests performed in non‐sterile 
manufacturing is summarized.

In conclusion, data integrity will remain a hot topic for microbiology testing 
laboratories in the next years with a strong focus of potential falsification of test 
data. Many of these microbial test‐specific data integrity challenges can be over-
come by introducing automated plate readers or alternative microbiological test 

Table 12.1 Risk matrix example for microbiological tests.

    
Risk of result misinterpretation and non‐detection 
of failure 

Low Medium High  

Risk on product 
quality and patient 
safety

High Medium risk High risk High risk  
Medium Medium risk Medium risk High risk  
Low Low risk Low risk Medium risk
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methods that use computerized systems that meet the current data integrity and 
computerized systems quality standards. Chapter 13 provides a deeper insight of 
such methods. In the meanwhile, the data integrity risks related to classical 
manual reading and reporting of microbiological tests can be controlled through 
high ethical company culture and a robust cGMP system.

12.2  General Concept for Microbiological Excursion

In microbiological testing, excursions occur when measurements differ from 
the acceptance criteria or normal/expected values. In cGMP environments, an 
excursion requires a thorough investigation, a root cause assessment and 
actions to resolve the excursion, and prevent reoccurrence in the future (FDA 
2006a; EudraLex 2013).

Five types of excursions may occur in microbiological testing:

 ● Out of specification (OOS). Result that does not comply with the deter-
mined specifications (e.g. microbiological examination of non‐sterile prod-
uct test result of 230 CFU/g where the specification is not more than 
100 CFU/g). Specification criteria are correlated to product quality attrib-
utes. If the OOS is confirmed, the product batch cannot be released.

 ● Exceeding the action level. Result that does not comply with the deter-
mined action level (e.g. 173 CFU/m3 with an action level of 100 CFU/m3). 
Action levels are generally defined for monitoring of the environment, utili-
ties, or intermediate product solutions. Exceedance of action levels signals 
an apparent drift from normal operating conditions and requires immediate 
actions by previously defined documented measures. If the action level is 
confirmed, batch release is to be decided case by case as the excursion may 
not directly impact the product’s final quality.

 ● Exceeding the alert or out of expectation (OOE) level. Result that does 
not comply with the determined alert/OOE level (e.g. 78 CFU/m3 with a 
level of 50 CFU/m3). Alert or OOE levels are generally defined for final drug 
product where specifications are given, monitoring of the environment, 
utilities, or intermediate product solutions. Exceedance of alert or OOE lev-
els signals a possible drift from normal operating conditions and requires 
actions by previously defined documented measures. Generally, there is no 
risk for the product and no risk assessment for the batch release is needed.

 ● Out of trend (OOT). In general, several results (or data points) that deviate 
from the expected trend (e.g. increasing number of microorganisms in a 
product that had demonstrated so far excellent results). OOTs may be 
defined for all types of testing and is an early warning of a potential degrada-
tion or loss of control within the environment, the utility, raw material, or 
product tested. If the OOT is confirmed, batch release is to be decided case 
by case as the excursion may not directly impact the product’s final quality.
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Typically, when an excursion occurs, the investigation to determine the root 
cause takes place in two steps (Figure 12.3).

12.2.1 Level 1 Investigation

This step is composed of a laboratory investigation to determine if an analyti-
cal error or contamination of the sample occurred during laboratory testing. It 
is common practice that this step is composed of an identification of the con-
taminants detected as well as an investigation in the lab generally performed by 
a reduced team composed of the laboratory analysts and laboratory head. Level 
1 investigations should be completed as soon as possible (within one week is 
considered standard).

OOS or OOT
result

Level I laboratory
investigation

Level II full-scale
investigation

Root cause  
laboratory error?

Retest (if 
feasible)

Write OOS report 
Introduce CAPAs

Batch disposal

Yes No

On-site investigation with lab, QA, and production SMEs

If justified, carry out additional testing of product, environment, utilities, etc.

Evaluate product impact, extension of contamination 

Root cause:
lab or 

sample or product

Write OOS report
Introduce CAPAs

Figure 12.3 Typical process flow for OOS, OOT, or OOE investigations in the microbiology 
laboratory based on the FDA guidance for industry (FDA 2006b) and MHRA (2017). CAPA, 
corrective and preventive action; OOS, out of specification; OOT, out of trend; QA, quality 
assurance; SME, subject matter expert.
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Checklists may be used for level 1 laboratory investigations. In Table 12.3 an 
example of a generic checklist for microbiological OOS is given.

Table 12.3 Example of microbiology laboratory checklist.

Was the test performed according to the suitable method?
Did the negative and/or positive controls comply?
If several dilutions have been tested, does the dilution ratio make sense?
What is the result of the microbial identification?
Did a similar type of contamination result occur during the working session on other 
independent samples?
Was the sample container integer and correctly identifiable?
Was the sample stored under the appropriate conditions and remained unspoiled prior 
to testing?
Was the right sample taken for the analysis?
Was the sample preparation and weighing correctly executed?
Was the correct growth medium used?
Did the growth medium pass the incoming controls (pH, absence of contamination, and 
growth promotion test)
Was the growth medium stored adequately and remained unspoiled?
Is the shelf life of the growth medium exceeded?
Was the growth medium container integer prior to testing?
Was the laminar flow working correctly during the test session?
Has the laminar flow been cleaned and disinfected according to procedures?
Do the environmental monitoring results of the laminar flow as well as laboratory meet 
the requirements?
Are the water baths cleaned and disinfected according to the procedure?
Are incubators cleaned and disinfected according to the procedure?
Where the correct incubation temperature and time parameters used?
Were laboratory glassware, consumables, and equipment stored, cleaned, and used 
according to the procedure?
Is the analyst trained and qualified for the test?
Has an adverse trend in counts been associated with the analyst that performed the test?
Did the analyst wear the appropriate gowning/gloves?
Has the analyst followed aseptic procedures during the test?
Is there a calculation error?
If duplicate samples were tested, is there a significant difference in counts between the 
two plates?
Was there an error in transcription of raw data in the LIMS system?
Is there a data integrity issue?
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If a genuine laboratory failure is found with supportive evidence, then retests 
may be carried following QA approval, the original deviating result invalidated, 
and the deviation report written with root cause and corresponding actions. If 
no laboratory error can be identified, then the second step of investigation 
begins. In more critical cases (e.g. objectionable microorganism found in final 
product testing) level 2 investigation is started immediately in parallel to the 
level 1 investigation.

12.2.2 Level 2 Investigation

Immediate actions may be required if the product’s quality is potentially 
impacted by the excursion. This may consist, for instance, of putting the batch 
in quarantine and assessing potential impact for the batches produced in the 
same campaign or already released on the market. Level 2 investigations should 
be completed within an acceptable timeframe (within 30 days is standard 
practice).

When carrying out a root cause investigation at this stage, the first step is to 
ensure that the investigation team is composed of the appropriate people. A 
complete investigation team would at minimum be composed of the investiga-
tion lead, subject matter experts or engineers relevant to the process, the 
operators or analysts that executed the process that failed, and quality assur-
ance representatives.

An investigator should go to the area where the excursion occurred and 
interview directly the operators that were involved in the process. It will then 
be easier to understand the process, to ask for further clarification and verify if 
there are incoherencies between the responses of the operators and the pro-
cess. In some cases, it may be more efficient to carry out interviews without the 
presence of direct management so that operators talk more openly. In all cases 
operators should not be considered as “potential culprits” and root cause 
investigation should not be a prosecution practice. In most cases operators 
themselves actually want to help to find the root cause and know the small 
details in the processes far better than management or even some technical 
process experts. A “finger‐pointing” company culture reduces the chances of 
finding the true root cause and effectively eliminating the issue.

The investigation should consider all elements that would help determine 
the root cause including, e.g. monitoring results, additional testing if support-
ive of hypothesis, batch and training records, SOPs, excursions or unplanned 
events that occurred during the deviating result timeframe.

For various reasons (e.g. dominant personality in team, lack of experience, 
time pressure, and complexity of the case) there may be a tendency to make 
assumptions that are contradictory to the facts which would lead to failing to 
find the true assignable cause. Therefore, by complex and sensitive investiga-
tions it may be helpful that an independent facilitator coordinates and struc-
tures the investigation.
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Several root cause investigation tools may be helpful to structure the investi-
gation. The following steps may be followed sequentially:

1) Problem statement. This first step is to name the object and excursion. 
This may sound trivial but if the problem is wrongly stated, the investiga-
tion will be positioned in a wrong direction from the start. The statement 
should be specific and deal with one problem at a time. At this level no 
discussion on the potential causes should arise.

Example: Exceeded action level in purified water from sampling point X1.
2) Gather the facts. This step serves to specify the problem and tighten the 

problem specification. Only factual information should be used and there 
should not be any speculation of causes or opinions at this moment. The 
“Is/Is Not” tool may be used for this step (see Table 12.4).

Example:

3) Define the timelines. This step serves to define the relevant timelines prior 
to, at the time, and after the case. This can be done by verifying logbooks, 
batch records, interviewing personnel, etc. It is important at this step to 
capture changes that occurred during the relevant time period.
Example:

 ● 1 March 2018: Sanitization of the piping system and compounding vessel
 ● 2 March 2018: Water sampling of the point of use; result complies
 ● 6 March 2018: Water sampling of the point of use; exceedance of action 

level

Table 12.4 Example of an “Is/Is Not” tool.

Is Is Not

What? >300 CFU/ml of Sphingomonas 
maltophilia (action level 100 CFU/
ml)

No Staphylococcus species, no 
molds, no Bacillus, no 
Micrococcus

Where? Sampling point near compounding 
box of line 2

Lines 1 and 3 of the same loop 
were also tested and no 
contamination occurred

Number of 
occurrences?

Two exceeded action levels, the first 
on 6 March 2018 and the second on 
the 23 March 2018 with 150 CFU/ml 
of S. maltophilia

 Prior to 6 March 2018 and 
after 24 March 2018 no 
contamination

Are trends ok? Until 6 March, trends are ok Increase in microbial 
contamination levels prior to 
6 March
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 ● 20 March 2018: Investigation, root cause inconclusive as action sanitiza-
tion of the piping system and compounding vessel

 ● 23 March 2018: Water sampling of the point of use; exceedance of action 
level

4) Brainstorming and categorizing root cause assumptions. This step serves 
to identify potential factors causing the excursion to occur. For the brain-
storming session it is important that all relevant team members are present. 
At this step, there should not be any discussion on the relevance of the 
assumption in order to freely list out the highest amount of hypothesis. 
Brainstorming moderators should ensure that all members have the possibil-
ity to freely make hypothesis without being directly judged. Possible causes 
may be categorized using a Fishbone (Ishikawa) diagram, invented by Kaoru 
Ishikawa (e.g. Ishikawa 1989; Van Vliet 2013), as shown in Figure 12.4. In 
order to explore the cause/effect relationships underlying a particular excur-
sion or to drill down general assumptions to single root causes, the “Whys” 
approach may be used as shown in the example below. The “Why” should be 
asked until there is no possibility to further drill down.

Example:
Example of the “Whys” approach:

Problem: Exceeded action level in purified water from sampling point X1.

Question 1: Why was there an exceedance of this sampling point?

Answer 1: Because the sanitization of the sampling point X1 was not long enough.

Question 2: Why was the sanitization not long enough?

Answer 2: Because the operator has performed sanitization for a few seconds only 

Question 3: Why did the operator perform the sanitization shorter?

Answer 3: Because he was not trained on the SOP that describes that sanitization 
should be performed for at least 2 minutes.

Question 4: Why was he not trained on the SOP?

Answer 4: Because this SOP was missing in his overall training program.

Question 5: Why was this SOP missing in his overall training program?

Answer 5: Because there is no clearly defined list of SOPs for operators performing 
the sampling.

CAPA A SOP‐list for each working field will be created.

5) Compare possible causes with the facts. At this step, possible causes are 
systematically verified against facts (e.g. from the “Is/Is Not” table, inter-
views, or batch records). This step enables to eliminate unreasonable causes:



 To much volume 
filtered

 Reduced drain out 
of the sampling ponit 

Environment Methods Machine

 Lab oder laminar 
flow contaminated

 Improper handling of
 the sampling bottle 

 Manual interventions
wrongly executed 

 Compounding room
contaminated

 Wrong test method 
used

 Time of drain 
forgotten

 Rest water in pipes  Analyst or sampler ill

Exceeded 
action level in
purified water
from sampling
point X1

 Contaminated pincettes
 Broken sampling 
valve

 Analyst or sampler 
not trained

 Large dead 
volume

 Bad sanitization of 
the sampling point 

 Unsterilized
filtration system

 Incubator is
contaminated

 Analyst 
contamination 

Contaminated
nutrient medium

 Sampling point
contaminated

 Contaminated filter
material

 Too much personnel
during sampling

 Mix up of samples
 Sampling bottle
contaminated

 Contamination during
sampling (handling) 

Cross contamination
via other sample 

 Non-trained personnel in
sampling area

 Contamination during 
transport in lab

 Pre-rinse did not 
last long enough

 Purified Water Loop
contaminated

Measurements Material Personnel

Figure 12.4 Example of an Ishikawa chart.
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 ● If the facts contradict the root cause hypothesis, the cause is not the real 
root cause and therefore can be excluded.

 ● If the facts do not contradict the root cause, the latter may be kept.
 ● If the root cause requires additional supportive data, then these should be 

retrieved to provide additional facts.

For an example see Table 12.5

6) Confirm root cause and define CAPAs. This final step should define the 
root cause based on the elements determined during the investigation and 
introduce corrective and preventive actions (CAPAs). These will be docu-
mented in a QA‐approved deviation report that will close the excursion.
 The root cause is defined as the fundamental reason or cause for the 
excursion. Contributing factors may be associated to the root cause. 
Contributing factors consist of conditions that would affect the likelihood 
and the intensity or severity of the excursion. Eliminating a contributing 
factor would not eliminate the excursion.

Table 12.5 Example of comparing possible causes with the facts.

Root cause hypothesis Facts

Do the facts 
contradict the 
root cause?

Whole purified water loop 
is contaminated

Other sampling locations of the same 
water loop complied and no 
Sphingomonas maltophilia was detected

Yes, root 
cause not to 
be considered

Contaminated sample 
bottle

Bottle was integer and washing/
sterilization performed according to 
validated procedure

Yes, root 
cause not to 
be considered

On the sampling prior to 
the deviating sample, 
draining was forgotten 
(leads to rest water in the 
pipes of the sampling 
point)

Only this sampling point is affected by the 
excursion. No active blowing in the pipes 
with compressed air, only passive 
draining. Sampler interview confirmed 
that sampler has not performed manual 
draining of sampling points after 
sampling

No

Sanitization of the sampling 
point with hot water not 
long enough

Only this sampling point is affected by the 
excursion. S. maltophilia is heat sensitive. 
Sampler interview confirmed that 
sanitization was not performed according 
to SOP (it should be more than 
two minutes and was done only a few 
seconds)

No
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 Depending on the evidence gathered, the root causes may be classified as 
follows:

 ● True root cause. Direct evidence demonstrates that the excursion is truly 
triggered by the root cause.

 ● Most probable root cause. Indirect evidence that the excursion may be trig-
gered by the root cause. Often the case for microbiological excursions due to 
the limitations of the microbiological testing and monitoring (e.g. single 
contamination event, microbial amounts and populations changed at the 
time of test results, limited sample size and location, monitoring is only a 
snapshot at one moment, the whole volume of sample has been totally used 
in the original test, microbial counts evolve in time within the sample).

 ● Root cause unknown. There is no evidence that supports any hypothesis 
related to the excursion. Not having a clue on what might have caused an 
excursion would increase the risk of recurring contamination events even 
if, for instance, holistic sanitization actions have been accomplished as a 
preventive action.

Different types of actions following investigations may be introduced:

 ● Corrective action. Action to eliminate the cause of the excursion and its 
reoccurrence.

 ● Preventive action. Action to eliminate the cause of potential excursions in 
order to prevent reoccurrence. Preventive actions reduce the probability that 
a potential problem occurs.

To help define CAPAs that are efficient, easy to implement and cost effective, 
and to evaluate the mitigation effect, risk assessment tools such as FMEA may 
be used. Reoccurrence of excursions may demonstrate that systems or proce-
dures may not be under control, may affect significantly product quality or 
company resources, and might cause loss of confidence with health authorities. 
The effectiveness of CAPAs may also be demonstrated with an improvement in 
the microbiological trend. Therefore, in a cGMP environment, it is key to 
evaluate the effectiveness of the CAPAs by, e.g. assessing which excursions are 
recurring, if process variation is under control, or that trends are improving.

Example:

Root cause 
assessment:

The most probable root cause of the microbial contamination is the 
non‐execution of the manual draining of the sampling point on the previous 
sampling which possibly led to residual water in the sampling point pipes in 
which the water microorganism Sphingomonas maltophilia could 
proliferate. A contributing factor was that the hot water sanitization of the 
sampling point pipes was not executed with the minimum duration of 2 
minutes. Missing SOP in the training program of the operator responsible 
for sampling made him uncertain of the exact procedure to follow.
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Product 
assessment:

Batches B5, B6, and B7 of product XY123 were manufactured during the 
time the deviation occurred. All three product batches were 
microbiologically tested and complied with the specifications.
The water from the deviated point of use was not utilized as a product 
excipient and all other sampling points of the water loop met the purified 
water requirements. This point of use was utilized as process water for 
the cleaning/disinfection of the equipment external surfaces (non‐
product contacting) and the floor/walls on the cleanroom. All surfaces 
are disinfected following cleaning. The environmental monitoring results 
of the cleaned/disinfected surfaces met the requirements and no 
microorganism originating from water was identified.
Therefore, batches B5, B6, and B7 can be released from a microbiological 
point of view.

Short‐term 
corrective 
actions:

 ● Extended sanitization of the contaminated water sample point of use.
 ● Include the sampling SOP on the training plan of the operator 

responsible for the excursion.
 ● Training manager to verify that all role profiles have received the 

adequate training.
 ● Training of operator responsible for the excursion on sampling with 

focus on sanitization and draining after sampling.

Short‐term 
preventive 
action:

 ● Retraining of all other operators performing water samples on the 
sampling SOP with focus on sanitization and draining after sampling.

 ● Temporary increase in microbiological monitoring of sample point of 
use.

Long‐term 
preventive 
action:

 ● Install an automatized draining of the sampling point pipes.
 ● Create generic SOP‐list for each work field.

7) QA decision: Finally, the deviation report is reviewed and approved by QA, 
following which the batches under quarantine can be released. During the 
QA review the following points should be considered:

 ● The investigation report was prepared correctly and is complete.
 ● The report is clearly and comprehensibly formulated and documented.
 ● All decision‐relevant actions have been completed.
 ● The investigation is complete and scientifically correct. The cause has 

been found and is scientifically sound. If no root cause was found, all the 
points investigated have been properly documented.

 ● The corrective actions were identified, assigned, and executed or 
scheduled.

 ● Preventive actions have been identified, assigned, and a schedule for their 
execution has been created.

 ● The excursion was correctly classified (in terms of criticality, cause, etc.).
 ● If there was a negative trend, appropriate actions (e.g. QA oversight and 

temporary increased monitoring) have been initiated.
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 ● If appropriate, effectiveness checks were started to prove that the imple-
mented measures led to  the desired result or effectiveness check actions 
were set for mid-term evaluation at a defined date.

 ● If necessary, was a risk assessment written for the release of the products?
 ● If necessary, was the excursion extended to other product batches?
 ● Closure of the excursion by QA.
 ● Decision on the release of the product batches and the room/equipment.

12.3  Considerations for Excursions

12.3.1 Excursion with Environmental Monitoring

Environmental microbiological monitoring controls the quality of the clean-
room over time. In general, monitoring refers to spot checks. Even if settling 
plates are used for four hours, the air volume actually measured is somewhere 
in the per mil of the air quantity in the room (for further details, see 
Chapter  8). Within this context, it is always challenging to establish if an 
environmental monitoring excursion is just a single incident or a general, 
recurring problem.

If  action levels are exceeded, investigations must be carried out immediately 
to evaluate if the environment remains under the state of control defined.

For excursion with environmental monitoring it is advisable to distinguish 
between critical and noncritical excursions. Noncritical excursions are sampling 
points without direct influence on the product quality (e.g. floor, wall, and sur-
faces not in contact with the product and gowning areas). The critical excursions 
are assumed to have a possible impact on product quality (e.g. surfaces in contact 
with the product and air at the filling line with product directly exposed to the 
environment). In both cases, the appropriate deviation process, which is described 
in a SOP, must be initiated. As a rule, a more intensive investigation is carried out 
for action level excursions compared to exceeding the alert level; excursions with 
exceedance of the alert level may consist of verifying if the excursion is a single 
incident or if there is indication of an adverse trend (see Chapters 8 and 10).

After opening the excursion and informing QA and production, the investi-
gation should take into consideration the following aspects:

 ● Identification of the contaminants: depending on the internal strategy or the 
criticality of the room, all or the most frequent isolates are identified. The 
level of identification may go as discriminating as the species (critical sam-
pling points such as filling) or just to the genus or morphological group.

 ● Check for a sampling error (e.g. qualification of sampler, interview, and cor-
rect gowning and handling). A sampling error should be rare.

 ● Transport error: check for secondary contaminations during transport or 
incubation. Be aware that Petri dishes are not microbiologically tight, i.e. 
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there is always the possibility that microbes might enter the Petri dish during 
transportation or incubation.

 ● Check for laboratory error. A checklist such as the one shown in Table 12.3 
can be used to check for errors during lab handling. Specific checks are:

 – Are the plates correctly closed or sealed?
 – Check the microbiological quality of transport boxes.
 – A visual check of the agar plate can also give an indication of a sampling 

error, e.g. if a clear fingerprint or drop is present.
 – Although usually no errors occur during incubation in the laboratory, it 

should be checked (e.g. check the incubator for contamination; was there 
an excessive film of moisture on the plate?).

 ● The original plate should be stored (e.g. at 2–8 °C) until closure of the excur-
sion and/or taking a picture for documentation is advisable.

 ● Trending of historical data: in order to clarify whether this is an individ-
ual incident or a systematic problem, the data from the last samplings 
should be considered. It is recommended to define clear rules for trend-
ing (see Chapters 8 and 10 or Pfohl et  al. 2005a, 2005b; Goverde and 
Roesti 2018).

 ● Resampling: Most excursions require resampling (it is advisable to resample 
the entire room/equipment to see the whole picture). This information is 
needed to check if there is general problem or a single incident. However, 
compliant results should never be used to invalidate the first measurement 
since the room or equipment are not in the same condition (e.g. cleaned 
again) as at first measurement.

 ● Production root cause investigation: It should start as soon as possible by a 
team composed of production, QC, QA, and further persons if needed. As a 
base, a checklist can be used to investigate the most common points 
(Table  12.6). If the root cause or contributing factors are found, then the 
relevant CAPAs should be implemented.

 ● Affected products: In the case of a critical excursion, a risk assessment of the 
products on the market should take place within a defined time period (e.g. 
three days). It is important to define which batches are affected. This must be 
decided on a case‐by‐case basis. For example, all batches since the last com-
pliant sampling plus the batches that have been produced since the excur-
sion can be challenged. In this risk assessment, various points can be 
considered, such as product history, pH, antimicrobial properties, preserva-
tive, water activity, application area, patient population, etc. In certain cases, 
product testing of critical batches is advisable especially if the product is not 
tested batchwise. All batches that are still under the control of the manufac-
turer should be quarantined until the excursion is resolved.

 ● The deviation report is reviewed and approved by QA.

For further reading, see the detailed case in Chapter 8.
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Table 12.6 Example of a checklist for the root cause investigation by the production.

General information on 
the room or equipment, 
such as

 ● Which process is running in the room/on the equipment?
 ● For which product is it used?
 ● What is the criticality of the product (e.g. sterile, inhalation, 

and oral)
 ● Are there other comparable rooms or equipment of this 

type? If Yes, were there also excursion observed?
General investigation by 
production

 ● Interview with operator: Were there some anomalies/
special activities on this day?

 ● Checking the logbook: Were there some anomalies on that 
day or the days before which could explain the excursion?

 ● Were there some other excursions during this time period? 
Might there be a correlation?

 ● Was the material introduced into the controlled room 
according to procedure?

 ● Was there an uncommon material flow?
 ● Where there any risk materials (e.g. cardboard or wooden 

pallets) in the room?
Sampling  ● Was the sampler correctly qualified?

 ● Were there some issues evident during sampling?
 ● Was the sampling performed during special activities (e.g. 

repair, service, or cleaning)?
Cleaning and 
disinfection

 ● Was the cleaning/disinfection correctly performed 
according to the SOP? E.g. cleaning frequency, correct 
product and dilution, within expiry date, correct 
equipment, and correct storage.

 ● Could a recontamination of the cleaned equipment happen 
during transport?

 ● Which quality of water was used for the cleaning? Is the 
water controlled for microbial quality? Where there any 
exceeding microbial levels of the water testing?

 ● Is there any antimicrobial treatment of the equipment (e.g. 
drying at high temperatures)? Or was the sterilization of the 
equipment correctly performed?

 ● Was the contact time of the disinfection followed?
 ● Was the room optically clean and dry?
 ● Are there some obvious leaks (e.g. hose and silicon joints)?

12.3.2 Excursion with Water Testing

Many excursions in water microbiological monitoring come from contamina-
tion during sampling. They generally result from contaminated hoses at the 
sampling point or non‐aseptic manipulation during the sampling step. The 
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greatest concern, however, would be in cases where a biofilm has matured and 
is shedding microorganisms in the whole water loop or at a critical point of use 
(e.g. water used as product excipient).

The investigation of exceed levels for water should take into consideration 
the following aspects:

 ● Identification of the contaminants.
 ● Using a checklist (see Table  12.3) a sampling and/or lab error must be 

evaluated.
 ● Training and qualification status of operator that has taken the sample.
 ● The point of use and sampling points concerned should be checked for 

cleanliness, leak‐proofness and proper use of the sampling equipment (e.g. 
hoses), draining of sampling point, etc. It is also possible to take a swab test 
of the concerned sampling point to check for biofilm formation, for example, 
in the hose used.

 ● If relevant, reanalyze the point of use and sampling points by taking a fresh 
sample as soon as possible and carry out tests for objectionable microorgan-
isms (e.g. test for Pseudomonas aeruginosa or Burkholderia cepacia) in addi-
tion to the total aerobic counts. Alternatively, all bacteria found when 
analyzing the additional samples may be identified. If possible, the additional 
samples should be collected before taking any further measures at the sam-
pling point to confirm the excursion.

Table 12.6 (Continued)

Personnel (operators, 
cleaning staff, and 
visitors)

 ● Are all concerned people correctly qualified and trained?
 ● Were the people correctly gowned (overall, shoes, hood, 

mouth protection, gloves)?
 ● Were the hands correctly disinfected?
 ● Was the personnel flow executed according to the 

procedure?
 ● Did the operator clean the equipment/room beforehand? Is 

she/he experienced?
 ● Were there more people in the room than usual?
 ● Were there technicians or visitors present?
 ● Was there any misbehavior of the people observed?

Disturbance, 
maintenance, technique, 
etc.

 ● Were there some maintenance activities performed?
 ● Were there some disturbances (e.g. temperature, humidity, 

pressures, HVAC, facility alarms HVAC, and air lock)?
 ● Did the HVAC run correctly?
 ● Did the room (air locks, emergency door, and windows) 

remain airtight?

Source: Adopted from Goverde and Roesti (2018).
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 ● Trending of sampling point or entire loop to check for recurring deviations 
or negative trends.

 ● Check where the water is applied and what is the resulting risk of contamina-
tion of equipment or product.

 ● The potential risk for the products prepared with this water has to be assessed 
and products must be kept under the plant’s control until investigation com-
pletion. Further investigations (e.g. determination of the bioburden in prepa-
rations or products containing the quality of water concerned) may be made to 
prove that the microbiological quality of the preparation or product had not 
been compromised. If there is any risk to the product or the patient, respec-
tively, the quality of water concerned may no longer be used without additional 
sanitization measures (e.g. ozone sanitization, filtration and heating).

 ● If an objectionable microorganism or an excessive count of microorganisms 
is confirmed in the water system, it must be assessed which additional sani-
tization measures (e.g. ozone, heating, filtration, mechanical elimination of 
biofilm) are required prior to use of water.

12.3.3 Excursion in the Growth Promotion Test

Growth media are composed of complex raw materials of varying quality as 
they are from natural origin. It is therefore not uncommon that growth promo-
tion tests may fail. Generally, the failure concerns 1–2 microorganisms only 
and only gross errors made in the growth medium preparation could explain 
failed growth promotion tests of all test microorganisms. This is unlikely in a 
cGMP environment.

The investigation of failed growth promotion tests should take into consid-
eration the following aspects:

Lab‐related investigations:

 ● The microbial culture used to inoculate the growth medium should be 
checked. If it is a self‐prepared cryogenized culture, the investigator should 
verify the shelf life. If it is a purchased lyophilized culture (e.g. Bioballs™), the 
suppliers’ certificate of conformance should be checked. Also check if there 
were any abnormalities during transport or storage of the culture.

 ● Ask the analyst if there was an issue during resuspending and if dilution vol-
umes were correct. Especially, the rehydration of lyophilized or cryogenized 
cultures can be tricky for certain species (e.g. Gram‐negative rods).

 ● If possible, the microbial suspension should be retested (with a higher num-
ber of replicates) on another medium lot to verify reoccurrence of failure due 
to the test strain.

 ● Check if the analyst has been appropriately trained and if recurring errors or 
failed growth promotion tests occurred with the same analyst.

 ● Did the analyst clearly understand the procedure and was this procedure 
well described and understandable.
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 ● Check if the pH of the growth medium was correctly measured or if the pH 
meter was adequately calibrated.

 ● Also verify if there has been a potential analytical error such as more than 
50% difference in counts from one duplicate plate as compared to the other.

 ● Check if there were no cross contaminations (e.g. other microbial colonies 
on the plate).

 ● Verify if the incubators functioned correctly and were calibrated at the time 
of testing.

 ● In case of anaerobic incubation verify that the anaerobic jars are integer and 
that anaerobic conditions are fulfilled.

 ● Also, the pipettes used for the dilutions should be verified (calibration status 
and correct volume is pipetted).

Growth medium preparation‐related investigation:

 ● For self‐prepared media was the water quality meeting the purified water 
grade or are there any other issues with the water quality used.

 ● For self‐prepared media was the correct amount of powder used.
 ● Did the decontamination or sterilization cycle function correctly.
 ● Was the glassware used to prepare the medium free of potential growth‐

inhibiting substances?
 ● If dehydrated medium was used, ask the supplier if there were any changes 

on the formulation or if they changed supplier of the raw material.
 ● Visually verify if no evident degradation of the product is visible (e.g. change 

in typical color, riddles on the surface or bubbles in the agar, condensation or 
higher humidity than usual).

 ● Verify if the growth medium pH was in conformance.
 ● Check if previous lots of the same growth medium or other medium types 

from the same supplier failed growth promotion tests, i.e. perform 
trending.

 ● Even if they are above 50%, do other test microorganisms show slightly lower 
recovery in the range 50–70%?

 ● Check the transport and/or storage of the medium (for both, dehydrated 
medium as well as ready‐to‐use medium).

 ● Does a repeat growth promotion test again demonstrate low microbial 
recovery?

If the investigation results in a laboratory error, then the initial growth pro-
motion test may be invalidated and the repeat results considered as the final 
valid one. If it is confirmed that there is a growth medium failure or that the 
root cause is unknown, the growth medium lot is considered out of compliance 
and should not be used and discarded. The growth medium supplier should be 
in this case notified and further clarification initiated. Auditing of the growth 
medium manufacturer may also be part of remediation actions. If for a particu-
lar growth medium supplier recurring quality issues occur or if inappropriate 
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procedures were highlighted during the audit, further utilization of the growth 
media from the supplier in question should be discontinued.

12.3.4 Excursion with Microbiological Examination of Non‐sterile 
Products

These excursions are the most complex to investigate as many factors may 
impact the final microbiological quality of non‐sterile drug products. Another 
aspect is that microorganisms might not be homogeneously distributed in 
product items and when low‐level amounts of objectionable microorganisms 
are found in a final product formulation,  finding a root cause is like looking for 
a needle in a haystack.

One of the key elements for these complex investigations is the setting up of 
the right investigation team members and use of structuring tools (refer to 
Section 12.2). Basically, the investigation should verify if one of the microbial 
controls failed (refer to Chapter 1 for an extensive list of such controls).

To continue the investigation of excursions with microbiological examina-
tion of non‐sterile products, one should take into consideration the following 
aspects:

 ● Was the sampling performed using aseptic techniques, this includes opera-
tor handling, gowning, and sampling utensils?

 ● Using a checklist (see Table  12.3) a sampling and/or lab error must be 
evaluated.

 ● Identification of the contaminants. Especially, for drug products where 
objectionable microorganisms are relevant, the identification should be 
most accurate, although biochemical or proteomic identification is suitable, 
the microbiological expert should carefully analyse the results, and, in some 
cases, genomic identification should be applied.

 ● Gowning and behavior of operators that were involved in the manufacturing. 
Furthermore, an interview with the operators can help to identify special 
situations or unexpected events.

 ● Were the cleaning and disinfection steps of the cleanroom and equipment 
respected? Are cleaning utensils (e.g. buckets) conform?

 ● Trending of microbiological data of the product in question or product 
manufacturing line.

 ● Were the microbial product hold times respected?
 ● In addition to putting the deviating batch under quarantine for the time of 

investigation, potential contamination extent to other batches produced 
during the campaign or before needs to be assessed. It also needs to be 
assessed if product batches already released on the market are affected.

 ● Another key aspect is to generate additional data that would support root 
cause hypotheses. The list below provides some examples of tests that may 
be carried out.
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 – Retest of original sample if material remains or retained sample (not to 
invalidate original result but to provide supportive information). In cer-
tain cases, a sampling of several or even each bag of the batch in question 
might be advisable.

 – Testing of product intermediates such as granulate, coating solutions, 
bulk product prior to packaging, etc. This might include bioburden test-
ing and testing of the water activity of these intermediates.

 – Testing of all individual drums if the bulk product has been held prior to 
further processing.

 – Testing other sample containers from the same container lot.
 – Microbiological quality of drug substances, excipients, and primary pack-

aging used. If frequency testing was applied, lots that were untested but 
used in the deviating product must be tested for microbial contamination.

 – Trend results of the water loop and, if supportive, retest of all water sam-
pling points that are relevant for the manufacturing of the deviating 
product.

 – Environmental monitoring trend results and, if supportive, additional 
testing in the manufacturing area/or on equipment product contacting 
surfaces.

 – For products or product intermediates with a water activity that would 
enable microbial growth, a microbial challenge test with the isolated con-
taminant may be helpful to evaluate of it can grow in the solution of con-
cern and how fast it can grow.

 – Testing of cleaning solutions and utensils (e.g. mops), especially if they 
stay for a long time in a bucket.

 – Additional testing of solutions, material, growth media, and equipment 
used in the lab (refer to Section 12.2 for lab investigation).

 – Verification of the sample container physical integrity (e.g. cracks and 
deformed lid). Recovery of microorganisms from the inner surface of the 
containers (e.g. by aseptically adding buffer in the emptied container and 
testing the buffer with membrane filtration).

 – Further information might be important for the decision of the batch such 
as water activity of the product or the specific batch, the patient popula-
tion for the drug product and its route of administration.

Depending on the outcome of the investigation and if the contamination is a 
genuine product contamination and if the root cause is not limited to the batch 
in question, then a market quality excursion notification to the respective 
health authorities for a recall is to be initiated (FDA 2006b).
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13.1  Introduction

Non‐sterile pharmaceutical preparations, by definition, may contain microor-
ganisms. As such, manufacturers must fully understand the potential impact to 
the product and the recipient of the product to ensure there is a relatively low 
or nonexistent risk for an undesirable outcome.

For example, certain microorganisms may affect the packaging and/or thera-
peutic activity of the product, rendering it inactive, unstable, unsafe, or unable 
to deliver its intended dose and treatment. More importantly, the presence of 
an opportunistic pathogen or objectionable microorganism could result in a 
significant clinical event, such as an infection or death, depending on the 
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ability of the organism to survive or proliferate in the product composition, the 
product’s route of administration, method of application, and the age and/or 
physiological state of the target recipient (e.g. neonates, infants, the elderly, or 
immunocompromised patients).

For these reasons, non‐sterile drug manufacturers are expected to demon-
strate their products are free of microorganisms that could cause harm either 
to the product or to the patient or consumer. Current practices for conducting 
release testing as per compendial requirements (such as USP 61 for a quantita-
tive assessment of non‐sterile drug products and USP 62 for the absence of 
organisms that might be considered objectionable) are usually performed to 
demonstrate products are microbiologically safe for distribution.

Regulatory requirements clearly stipulate these expectations. For example, 
the current Good Manufacturing Practice for finished pharmaceuticals in U.S. 
Code of Federal Regulations section 21 CFR 211.113 requires manufacturers of 
non‐sterile dosage forms to establish and follow written procedures designed 
to prevent objectionable microorganisms in drug products not required to be 
sterile (21 CFR 211.113).

Additionally, 21 CFR 211.84 requires each lot of a component, drug product 
container, or closure with potential for microbiological contamination that is 
objectionable in view of its intended use to be subjected to microbiological 
tests before use (21 CFR 211.84).

Furthermore, 21 CFR 211.165 specifies there shall be appropriate laboratory 
testing, as necessary, of each batch of drug product required to be free of objec-
tionable microorganisms prior to the release of said batches for distribution 
(21 CFR 211.165).

Additional guidance on controlling the bioburden types and levels in non‐
sterile pharmaceutical preparations may be found in USP <1111>, Microbiological 
examination of non‐sterile products: acceptance criteria for pharmaceutical 
preparations and substances for pharmaceutical use; USP <1115>, Bioburden 
control of non‐sterile drug substances and products; and PDA Technical Report 
#67, Exclusion of objectionable microorganisms from non‐sterile pharmaceuti-
cals, medical devices, and cosmetics. These same guidance documents also pro-
vide recommendations for acceptable levels and types of microorganisms in 
non‐sterile products, depending on their composition, route of administration, 
intended use, and patient/consumer population. For example, the risk of micro-
biological contamination is greatest for inhalants and nasal sprays while the 
lowest risk may be considered for oral tablets and powder‐filled capsules. 
Further guidance may be found in Chapters 2 and 11.

Therefore, it is understandable that in addition to testing a non‐sterile fin-
ished product for release, applicable samples upstream of the finished product 
should be considered for microbiological analysis, including, but not limited to, 
incoming materials and components (e.g. active pharmaceutical ingredients, 
excipients, and water), in‐process materials, personnel and the manufacturing 
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environment, equipment, and processes. Accordingly, these assessments should 
effectively determine the numbers of viable microorganisms in each test sample 
and reveal the presence (or absence) of objectionable microorganisms, as 
appropriate for the sample under evaluation.

13.2  The Current State of Microbiology Testing

For most companies, conventional or traditional microbiology testing is per-
formed using growth‐based media. For the analysis of non‐sterile finished 
product, testing according to the pharmacopoeias is usually followed. For 
example, USP <61>, Microbiological examination of non‐sterile products: 
microbial enumeration tests; and USP <62>, Microbiological examination of 
non‐sterile products: tests for specified microorganisms, or similar chapters in 
the European or Japanese Pharmacopoeias, are utilized.

USP <61> provides a quantitative enumeration of mesophilic bacteria and 
fungi that may grow under aerobic conditions. The tests described in the chap-
ter are designed primarily to determine whether a non‐sterile substance or 
preparation complies with an established specification for microbiological 
quality. Established specifications may be derived from the recommendations 
in USP <1111>, other applicable guidance documents, and/or risk assessments 
performed by a company in reference to microbial quality for a particular test 
sample. USP <62> allows for the determination of the absence of, or limited 
occurrence of, specified microorganisms or organisms that might be consid-
ered objectionable.

The methods described in the compendia are predicated on the need for 
viable microorganisms in the test sample to proliferate in a suitable microbio-
logical medium and under specific incubation parameters, such as time and 
temperature. For example, the determination of total aerobic microbial count 
(TAMC), USP <61> requires incubating a portion of the test sample at 30–35 °C 
on soybean–casein digest agar for up to three days (for bacteria) or five days 
(for fungi). Similarly, the determination of total combined yeasts and molds 
count (TYMC) requires the use of sabouraud dextrose agar incubated at 
20–25 °C for up to 5 days.

As can be seen for the incubation parameters described above, the use of 
traditional or conventional microbiological methods presents challenges in 
terms of the time to result. Days are required to allow viable microorganisms 
to sufficiently grow on agar plates while providing visual colony forming units 
(CFU) large enough to be seen by the naked eye.

Additionally, the ability to detect stressed or dormant microorganisms that 
may be present in the test sample might be hampered by the medium and incu-
bation conditions used during these tests. Specifically, microorganisms that 
are stressed due to nutrient deprivation or following exposure to sublethal 
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concentrations of antimicrobial agents, such as preservatives, may not repli-
cate when cultured on artificial media because the medium and incubation 
parameters are not optimal for the resuscitation and subsequent proliferation 
of organisms that may be present.

For these reasons, the modern microbiological laboratory performing test-
ing on non‐sterile products and formulation components should look toward 
developing innovative approaches to the detection, quantification, and identi-
fication of microorganisms. Actually, this is recommended in the compendia 
as both USP <61> and USP <62> state that alternative microbiological proce-
dures, including automated methods, may be used, provided that their equiva-
lence to the Pharmacopoeial method has been demonstrated.

To support this position, the USP, European Pharmacopoeia (Ph. Eur.), and 
Japanese Pharmacopoeia have developed chapters that provide guidance on 
the selection and validation of alternative or rapid microbiological methods 
(RMMs) that may be used in place of the compendial tests for pharmaceutical 
products, including those that are intended to be non‐sterile.

For example, Ph. Eur. chapter 5.1.6, Alternative methods for control of micro-
biological quality, explains that alternative methods for the control of microbio-
logical quality have shown potential for real‐time or near real‐time results with 
the possibility of earlier corrective action. These new methods, if validated and 
adapted for routine use, can also offer significant improvements in the quality of 
testing. The chapter also indicates that alternative methods may be used for 
in‐process samples of pharmaceutical products, particularly for the application 
of process analytical technology (PAT), for environmental monitoring (EM) and 
for industrial utilities, such as the production and distribution of water, thereby 
contributing to the microbiological quality control of these products.

13.3  Rapid Microbiological Methods

Many RMM technologies provide a greater level of sensitivity, accuracy, preci-
sion, and robustness when compared with conventional, growth‐based meth-
ods. Furthermore, RMMs may be fully automated, offer increased sample 
throughput, operate in a continuous data‐collecting mode, provide signifi-
cantly reduced time‐to‐result (e.g. from days or weeks to hours or minutes), 
and for some systems, realize real‐time data acquisition and trending.

Most rapid method technologies can detect the presence of a wide variety of 
microorganisms (e.g. bacteria, yeast, and mold) or a specific microbial species 
(e.g. Pseudomonas aeruginosa vs. Staphylococcus aureus), enumerate the num-
ber of microorganisms present in a sample, and can identify microbial cultures 
to the genus, species, and subspecies or strain levels. The manner in which 
microorganisms are detected, quantified, or identified will be dependent on the 
specific technology, analytical method, instrumentation, and software used.
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For example, growth‐based RMM technologies rely on the measurement 
of biochemical or physiological parameters that reflect the growth of micro-
organisms. These types of systems require the organisms in a sample to 
proliferate, either on a solid or liquid medium, in order to be detected and/
or quantified. Viability‐based systems use fluorescent stains and/or cellular 
markers for the detection and quantification of microorganisms without the 
need for cellular growth. Cellular component‐based technologies rely on 
the analysis of cellular targets (e.g. ATP or endotoxin) or the use of probes 
that are specific for microbial sites of interest. Nucleic acid‐based technolo-
gies may utilize PCR‐DNA amplification, RNA‐based transcription‐ 
mediated amplification (TMA), 16S rRNA typing, gene sequencing 
 techniques, or other novel applications. Spectroscopic methods make use of 
light scattering and other optical techniques to detect, enumerate, and iden-
tify microorganisms. Finally, micro‐electro‐mechanical systems (MEMS), 
such as microarrays, biosensors, and lab‐an‐a‐chip or microfluidic systems 
offer significantly smaller‐sized technology platforms as compared with 
benchtop instrumentation.

In some cases, non-growth‐based detection systems may require an initial 
enrichment phase in order to generate a sufficient level of signal to be detected. 
For example, most ATP bioluminescence methods do not have a level of sensi-
tivity to detect 1 attomole of ATP, which is the level normally expected to be 
found in a single, viable bacterial cell. As such, the test sample may need to be 
“enriched” in a growth medium to generate adequate bacterial growth, which 
would translate to a minimum amount of ATP that can be detected by the 
system at the required level of sensitivity.

13.4  Applications for Non‐sterile Pharmaceutical 
Drug Products

It is fair to state that virtually any microbiological test that is currently used to 
support the development, manufacture, and release of non‐sterile pharmaceu-
tical drug products can be replaced by one or more of the available rapid meth-
ods currently available to the industry.

For example, applications may include, but are not limited to, raw material 
and component testing, in‐process bioburden evaluations, pharmaceutical‐
grade water testing, EM (e.g. viable surface and air testing, as applicable to the 
non‐sterile manufacturing process and facility requirements), finished product 
release testing (e.g. bioburden and presence/absence tests for specified or 
objectionable organisms), microbial identification, and contamination control 
and remediation.

In particular to in‐process testing, rapid methods may be used to support 
forward processing manufacturing decisions in real time or close to real time. 
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For example, in‐process bioburden testing, which is difficult to utilize using 
conventional methods due to the long time to result, may be enhanced by using 
a rapid method in which contaminated processes or unit operations may be 
quickly identified, thereby facilitating a go/no go decision on whether to con-
tinue manufacturing a particular batch of product. This information may also 
provide a greater level of confidence that the final batch will meet the required 
microbial specifications for release. In the event there is a contamination issue, 
the same or a similar rapid method could be used during the investigative pro-
cess to identify the source of contamination as well as to confirm any remedia-
tion steps have been successful before resuming manufacturing. This scenario 
may reduce the overall downtime a facility might experience when dealing with 
such an incident.

Because some rapid methods are considered to be quantitative in nature (i.e. 
these will provide an actual cell count, either as a CFU or some other signal 
specific to the technology or method) while others are qualitative (i.e. the result 
is either a positive or negative outcome, such as a positive response for the pres-
ence of viable microorganisms or a target organism the end user is looking for), 
the end user must decide what output is most relevant to his or her application 
and testing requirements. Specifically, a quantitative method may be required 
when determining whether a test sample meets the compendial requirements 
for an acceptable number of microorganisms in a non‐sterile product at the 
time of release. However, it may be possible to utilize a qualitative method for 
this same purpose, even though an actual cell count may not be attainable.

Let us use the compendial requirement for a bioburden assay as an example. If 
a compendial specification is not more than 1000 CFU, it may be possible to cor-
relate a qualitative result to match this required level of microbiological quality 
by diluting a test sample to this same specification level (i.e. diluting 1 : 1000). If 
the qualitative result is negative (no growth or microbial recovery), the user has 
demonstrated that the number of microorganisms in the original test sample was 
less than 1000, and the compendial specification has been met. I have previously 
designated this strategy as a “dilute‐to‐spec” method (Miller 2012).

However, if the number of microorganisms in the original sample is very close 
to the specification level, this strategy may not be appropriate to use because the 
qualitative result can provide either a positive or a negative result, depending on 
the actual distribution of microorganisms or other factors. Therefore, an under-
standing of the historical bioburden level in the test sample may help to resolve 
this potential issue; otherwise, confirmatory testing may be required. This is 
exactly the approach GSK previously utilized with a qualitative ATP biolumi-
nescence technology to release a non‐sterile nasal spray that had a quantitative 
microbial limits specification. As long as the qualitative result showed no recov-
ery of microorganisms, the lot was accepted and released. However, if a positive 
qualitative result was obtained, the required specification was confirmed using 
the quantitative, compendial assay. Because almost every lot of product had no 
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recoverable microorganisms, this rapid method strategy allowed the company 
to release the nasal spray in one‐half the time required for a final result using the 
compendial assay. It should also be noted that the FDA’s first PAT approval was 
for this rapid method and application. GSK also used the same strategy for test-
ing biological indicators (Dalmaso 2006).

13.5  Technology Review

To help the reader in deciding what rapid methods may be compatible with his 
or her test samples and required applications, the following technology over-
view is provided.

Although it is not possible to describe all of the rapid methods that are com-
mercially available or are currently in development, specific technologies have 
been chosen based on their currently accepted use in the pharmaceutical 
industry as they relate to testing non‐sterile products and formulation compo-
nents. It should be noted, however, that this author is not recommending any 
technology over another, as the most appropriate rapid method to utilize will 
be based on a number of factors, including, but not limited to, the type of 
analysis that will be performed (e.g. qualitative, quantitative, or identification), 
the scope of the application, required level of sensitivity, specificity or range of 
microorganisms to be detected, the number and type of samples to be evalu-
ated, the required time to result or detection, sample size requirements, and 
sample composition and compatibility with test preparation and handling. 
These requirements are usually defined by the intended user and are captured 
in a formal user requirements specification (URS). The URS would describe all 
of the functions the rapid method must meet which will form the basis for 
ultimately selecting a method for validation and routine use. In fact, the URS 
supports the strategies for how the method will be validated via test protocols 
and meeting acceptance criteria.

Separately, a risk assessment should be performed that identifies any poten-
tial issues once the new method is employed for routine use. It would be appro-
priate to perform the risk assessment after developing the URS, as user 
specifications may impact the manner in which the risk assessment is per-
formed. For example, if the URS requires a limit of quantification at the single 
cell or CFU level, the risk assessment should address any impact on product 
quality, GMPs, and/or finished product release decisions if the system is not 
capable of attaining this level of sensitivity. Other examples of risk assessment 
considerations may include the potential for false‐positive or false‐negative 
results, demonstrating equivalence to existing methods or the supplier’s ability 
to support the system during its life cycle.

A risk assessment for a new RMM would be performed no different than risk 
assessments for other new applications. First, identify potential hazards (e.g. 



13 Rapid Microbiological Methods436

the RMM instrumentation does not function or gives incorrect data, computer 
system errors, or the availability of consumables or necessary reagents). Next, 
determine the likelihood of occurrence, the severity of harm, and the ability to 
detect each of the hazards identified. Each risk is then analyzed against prede-
fined quantitative (i.e. a risk score) or qualitative (low/medium/high) criteria. 
The output is a quantitative risk score or a qualitative risk ranking. Any identi-
fied risks that are unacceptable (i.e. above a certain risk score or risk ranking) 
would need to be reduced or controlled to an acceptable level. Once appropri-
ate controls are implemented and during the life cycle of the RMM, it will be 
necessary to ensure that no new risks have been introduced and the controls 
put in place are effective.

To supplement the information provided below, the reader is encouraged 
to  review the case studies presented in PDA’s Encyclopedia of Rapid 
Microbiological Methods (Miller 2005–2012) and the comprehensive index of 
rapid method products at Rapid Micro Methods (2018). The information 
 provided in the subsequent sections of this chapter has been adapted directly 
from the  rapidmicromethods.com website, with the owner’s permission. 
The  reader may also reference the website’s RMM Product Matrix (http://
rapidmicromethods.com/files/matrix.php), which provides comprehensive 
comparison tables with the following information: the name and company of 
the RMM, scientific method, applications, time to result, sample throughput, 
sample size or type compatible with each system, level of sensitivity, organism 
libraries (for microbial identification systems), and testing workflow.

13.5.1 Growth‐Based RMMs

Rapid methods that rely on the growth of microorganisms in liquid or solid 
conventional media can be used for a variety of applications including biobur-
den testing, presence/absence testing, EM, water analysis, and microbial iden-
tification. Most systems will quickly detect growing organisms or enumerate 
microcolonies using specialized scientific principles, such as measuring 
changes in electrical conductivity or impedance, detecting byproducts of res-
piration (e.g. oxygen consumption or carbon dioxide production), utilization 
of carbohydrates and other substrates, or sensing autofluorescence of micro-
colonies following excitation from specific wavelengths of light.

Impedance microbiology is based on the premise that microbial growth 
results in the breakdown of larger, relatively uncharged molecules into smaller, 
highly charged molecules (e.g. proteins into amino acids, fats into fatty acids, 
and polysaccharides/sugars into lactic acid).

Growth may be detected by monitoring the movement of ions between elec-
trodes (conductance), or the storage of charge at an electrode surface (capaci-
tance). Impedance systems can detect changes in measurable electrical 
threshold in liquid media (during microbial growth) when microorganisms 

http://rapidmicromethods.com
http://rapidmicromethods.com/files/matrix.php
http://rapidmicromethods.com/files/matrix.php
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proliferate in containers that include electrodes. Growth may, therefore, be 
detected prior to the liquid media showing any signs of turbidity. Impedance 
systems were utilized as one of the original rapid methods for screening anti-
microbials and formulations containing preservatives in the early 1990s. The 
Sy‐Lab BacTrac system is an example of this technology that is available today. 
Although a quantitative result (i.e. in terms of a CFU or another signal) is not 
possible, the data could be used to estimate the concentration of viable cells in 
the original sample, or simply to determine the presence or absence of 
microorganisms.

Microorganisms, when grown in liquid culture, produce carbon dioxide. In a 
closed container, microbial growth may be detected by monitoring changes in 
the amount of carbon dioxide present. BioMérieux’s BacT/ALERT allows car-
bon dioxide that is generated during microbial growth to diffuse into a liquid 
emulsion sensor and the resulting color change alerts the user that the pres-
ence of microorganisms has been detected. Another example of this type of 
RMM is the Becton Dickinson (BD) Diagnostic Systems BACTEC FX. Because 
both methods are qualitative in nature, the user should determine if these 
methods are appropriate for detecting specific levels of microorganisms in 
non‐sterile test samples.

A number of identification technologies measure the ability of microorgan-
isms to utilize biochemical and carbohydrate substrates dehydrated in a micro-
titer plate format. These types of RMM systems monitor changes in kinetic 
reactions or turbidity, the latter indicating microbial growth. One technology, 
the Biolog Omnilog system, includes a tetrazolium violet dye in the same wells 
that contain a dehydrated carbon source and if a microorganism utilizes that 
carbon source, the well will turn purple. The bioMérieux VITEK 2 uses an 
optical system that monitors changes in each well using different wavelengths 
in the visible spectrum, and detects turbidity (microbial growth) or colored 
products as a result of substrate metabolism. In both systems, the resulting 
data (normally in the form of positive and negative responses) are compared 
with an internal database or reference library for that specific platform and a 
microbial identification is provided. Because it may be necessary to determine 
the microbial identification of isolates recovered from non‐sterile products, 
these methods may be appropriate to use for this purpose. It should be noted, 
however, that isolated colonies (or a pure culture from liquid media) would be 
required in order to use these methods because mixed cultures can provide an 
invalid response or incorrect microbial identification.

Rapid Micro Biosystems’ Growth Direct provides a sensitive digital imaging 
method for detecting microbial growth on agar surfaces. The technology 
detects the yellow‐green fluorescent signal emitted by growing microcolonies 
when illuminated with blue light. Cellular autofluorescence in this spectral 
region is a property of all microbial cells due to the presence of ubiquitous 
fluorescent biomolecules including flavins, riboflavins, and flavoproteins. The 



13 Rapid Microbiological Methods438

system will provide a microcolony count in about half the time it would take for 
the same organisms to grow into a CFU, the size of which is countable by a 
laboratory technician. Because this method is a quantitative assay, the technol-
ogy can be used to provide an actual cell count during bioburden studies. 
Moreover, some in the industry regard this type of technology as an automated 
compendial method, because the system essentially provides a nondestructive, 
countable CFU signal, which is the same as what is recovered in the compen-
dial assays. The method requires the test sample to be filterable; therefore, 
viscous formulations, lotions, and ointments may need to be evaluated with 
more sample‐compatible technologies or a strategy for converting the sample 
into a filterable matrix may need to be developed.

bioMérieux’s EviSight Compact TOTAL VISION system relies on the growth 
of microorganisms on standard Petri plates. Microcolonies are detected and 
counted via high magnification imaging. The image processing software ana-
lyzes information on size and shape and provides a CFU count every 30 minutes. 
Similarly as the Growth Direct system, the EviSight Compact may be regarded as 
a nondestructive and automated alternative assay for bioburden testing.

The Biolumix and Soleris Neogen systems employ a variety of broth media 
that will encourage the growth of target microorganisms. The vials contain 
unique dyes in which microbial growth is detected by changes in color or fluo-
rescence. An optical sensor detects these changes, which are expressed as light 
intensity units. The vials are also constructed with two independent zones: an 
upper incubation zone and a lower reading zone. The two zones eliminate 
masking of the optical pathway by the test sample and/or by microbial turbidity. 
This technology may be used as an alternative to the compendial test for speci-
fied microorganisms, as long as the technology provides consumables and 
media that are specific for the intended target organisms. The current system 
provides assays for the detection of Escherichia coli, Salmonella, Pseudomonas, 
Staphylococcus, and Bacillus cereus, as well as a variety of other organisms.

The Bactest Speedy Breedy is a portable respirometer that monitors pressure 
changes relating to gaseous exchanges within a closed culture vessel as a result 
of microbial respiration. The system provides real‐time analysis of positive and 
negative pressure changes in the vessel headspace, facilitating the detection of 
viable microorganisms. Because this is a qualitative method, the same limita-
tions for obtaining a cell count or estimation of viable cells is the same.

13.5.2 Cellular Component‐Based Technologies

Cellular component‐based RMMs detect specific cellular components or the 
use of probes that are specific for microbial target sites of interest. For example, 
adenosine triphosphate (ATP), fatty acids, surface macromolecules, bacterial 
endotoxin, proteins, and nucleic acids have been used as targets for RMMs for 
the detection, quantification, and identification of microorganisms. Similarly 
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as for growth‐based technologies, a wide range of microbiology applications 
may be realized, including providing a quantitative bioburden assessment and 
the detection or identification of microorganism species.

Bioluminescence is the generation of light by a biological process and is most 
commonly observed in the tails of the American firefly Photinus pyralis. In the 
presence of d‐luciferin and luciferase, bioluminescence occurs when ATP is 
catalyzed into adenosine monophosphate (AMP). One of the reaction byprod-
ucts is light (in the form of photons), which can be detected and measured 
using a luminometer. Because all living cells store energy in the form of ATP, 
cellular ATP has been used as a measure of microorganism viability in a num-
ber of RMM systems. Current bioluminescence technologies use ATP‐releas-
ing agents to extract cellular ATP from microorganisms that may be present in 
a sample, and following the addition of bioluminescent reagents, can detect the 
amount of light emitted from the sample. Depending on the technology, the 
amount of light emitted can indicate the presence of microorganisms, or may 
be correlated with viable cell counts. However, if a sample is expected to con-
tain very low levels of microorganisms, it may be necessary to allow these 
microorganisms to replicate during an enrichment phase (e.g. either in liquid 
culture or on agar medium) in order to increase the amount of ATP that can be 
detected (refer to the prior discussion on ATP levels earlier in this chapter). 
Quantitative and qualitative ATP bioluminescence systems are currently avail-
able; for example, the Millipore Milliflex Rapid system is a quantitative tech-
nology that detects ATP arising from microcolonies that have developed on an 
agar surface while qualitative technologies will provide a measurement of rela-
tive light units indicating the presence of microorganisms in the original sam-
ple. One qualitative system, the Celsis Advance II system, utilizes an additional 
substrate, adenosine diphosphate (ADP), which can be converted to ATP in the 
presence of an enzyme, adenylate kinase; the latter that is extracted from cells 
in addition to cellular ATP. The additional substrate and enzyme reaction helps 
to increase the total amount of ATP in the reaction by 1000 times, thereby 
increasing the sensitivity of the assay. The qualitative ATP method used by 
GSK for the rapid release of its non‐sterile nasal spray was Pall Corporation’s 
Pallchek System. Unfortunately, this handheld ATP system was removed from 
the marketplace a few years ago and is no longer available for purchase.

The analysis of fatty acids recovered from microorganisms is currently being 
used as a rapid microbial identification method. The cellular membrane con-
tains lipid biopolymers, and the fatty acid profiles are unique for different types 
of organisms including bacteria and fungi. In the MIDI Sherlock MIS system, 
fatty acids that are extracted from a microbial culture are analyzed using gas 
chromatography and the resulting peaks compared with an internal library or 
database. Similarly as for the previous growth‐based microbial identification 
systems discussed, cells from an isolated colony or pure culture are required to 
avoid incorrect or invalid results.
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Matrix‐assisted laser desorption ionization, time of flight (MALDI‐TOF) 
mass spectrometry is a recent addition to the RMM toolbox for microbial 
identification. When microorganisms are exposed to an energy source, such 
as a laser, they are disintegrated and generate a variety of charged ions. The 
ions are separated in an electrical field based on their mass‐to‐charge ratio. As 
an analyzer detects the separated ions, molecular weight patterns or spectra 
are generated. These patterns are based on the macromolecules normally 
expressed on the surface of a particular microbial species. The workflow is 
relatively easy to perform: intact cells from a primary culture (e.g. an isolated 
colony from an agar plate) are spotted onto a stainless steel target plate and 
allowed to co‐crystallize with a UV‐absorbing matrix. After drying, the plate 
is placed into a mass spectrometer and exposed to a laser. The matrix absorbs 
energy from the laser, and cellular macromolecules are desorbed, ionized, and 
analyzed. The resulting mass spectra are compared with an internal database 
to provide a microbial identification. Multiple instruments are currently avail-
able to perform this type of analysis to identify bacteria, yeast, mold, and 
mycobacteria. These include the Bruker MALDI Biotyper (the first instru-
ment that was introduced for microbial identification using MALDI) and the 
bioMérieux Vitek MS.

13.5.3 Viability‐Based Technologies

Viability‐based technologies differentiate viable cells from dead cells and can 
target specific microorganisms using nucleic acid, enzymatic, or monoclonal 
antibody probes. In many cases, direct labeling of single cells is possible with 
no cell growth requirement, facilitating time to result in hours or even min-
utes. Because these methods do not require growth, the enumeration of 
stressed, fastidious, dormant, or viable, but non‐culturable organisms may be 
higher than that obtained using conventional, growth‐based methods. 
Applications are fairly broad‐based, including quantitative raw material, in‐
process sample and finished product bioburden testing, water analysis, and 
EM. The same technologies have been validated as alternative sterility tests, 
although this is outside the scope of analyses required for non‐sterile 
pharmaceuticals.

An example of a viability‐based rapid method employs flow cytometry. Cells 
contained within the test sample are labeled with a viability marker and then 
passed through a flow chamber, essentially one cell at a time. Fluorescence and 
light scatter signals are detected and individual cells are counted as they pass 
through a laser beam. The process of labeling and detecting viable cells in these 
systems can be accomplished in as little as a few minutes. Although the sample 
size compatible for flow cytometry systems is generally small (e.g. <1 ml), both 
aqueous and many types of nonaqueous samples are well suited with this 
method. Existing systems provide a quantitative assessment of the test sample; 
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however, although single cell detection is possible, obtaining a single cell quan-
titative result usually cannot be obtained with good accuracy and/or precision. 
For this reason, the commonly accepted limit of quantification for flow cytom-
etry is between 10 and 50 viable cells. Examples of available technologies 
include the BD Diagnostics FACSMicroCount and the bioMérieux Chemunex 
D‐Count and BactiFlow.

Solid‐phase cytometry is similar to flow cytometry except that cells are cap-
tured on a solid surface such as a 0.45 μm filter. The filter is subsequently 
stained with a viability substrate followed by laser excitation, resulting in a 
quantitative result. Single cell enumeration with excellent accuracy and preci-
sion has been demonstrated by a number of companies and for a variety of test 
samples. One limitation of this technology is that the test sample must be fil-
terable and the captured material on the membrane (i.e. microbial cells and 
components of the test sample) will not produce background noise or interfer-
ence that may result in a false‐positive or false‐negative response. However, the 
potential for these types of responses would be determined when validating 
the method for its intended use, particularly when demonstrating method 
suitability.

A common workflow involves passing the test sample through a membrane 
filter and then labeling the filter with a nonfluorescent viability substrate. 
Within the cytoplasm of metabolically active cells, the substrate is enzymati-
cally cleaved to liberate a free fluorochrome. Only viable cells with intact mem-
branes have the ability to perform this cleavage and retain the fluorescent label. 
The entire membrane surface is subsequently laser‐scanned and labeled micro-
organisms are quantified. The process of labeling and detecting viable cells in 
this system can be completed in 10–90 minutes, depending on the technology. 
Examples of solid‐phase cytometry systems include the bioMérieux Chemunex 
ScanRDI and the LumiByte BV MuScan. Because this technology can use fluo-
rescent dyes and microbe‐specific probes, such as antibodies, rRNA, or peptide 
nucleic acid (PNA), simultaneous enumeration and detection of target microor-
ganisms is possible. For example, the LumiByte BV MuScan utilizes DNA 
probes (FISH), PNA‐probes, antibodies, and target specific dyes to detect and 
quantify specific microorganisms within a few hours, in addition to providing 
an accurate cell viable count. Examples of test kits for specific organisms include 
Salmonella spp., Legionella pneumophila, Campylobacter jejuni, Listeria mono-
cytogenes, E. coli, Enterococcus spp., S. aureus, yeast, and fungal spores.

13.5.4 Spectroscopy‐Based Technologies

Optical spectroscopy is an analytical tool that measures the interactions 
between light and the material being studied. Light scattering is a phenomenon 
in which the propagation of light is disturbed by its interaction with particles. 
For example, “Mie scattering” is one form of light scattering in which scattered 
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light is proportional to particle size. Therefore, many particle counters employ 
Mie scattering to detect, count, and size particles in an environment, such as 
those used in cleanrooms and other microbiologically controlled areas.

Mie scattering is also the basis for a number of rapid methods used to detect, 
count, and size viable cells in the air and water. When particles from an air or 
water sample are processed through one of these systems, particles within a 
0.5–20 μm range are sized and counted. At the same time, a UV laser that inter-
sects the particle beam will cause biological material, such as microorganisms, 
to intrinsically auto‐fluoresce, due to the presence of NADH, riboflavin, or 
dipicolinic acid. These types of technologies are highly sensitive, and provide 
viable and nonviable detection and counting results continuously and in real 
time. Additionally, there is no need for reagents, staining, labeling, or cellular 
growth. Examples of technologies that are specifically designed for air sam-
pling include the BioVigilant IMD‐A, Particle Measuring Systems BioLaz, and 
TSI’s BioTrak system. Some of these systems can sample and evaluate up to 
1 m3 of air within 35 minutes. For non‐sterile manufacturers who have imple-
mented EM programs that include active air monitoring, these technologies 
may offer real time and continuous monitoring capabilities while reducing the 
need for resources to perform these time‐consuming and resource‐intensive 
evaluations. Additional uses of these technologies may include the investiga-
tion of EM excursions and to aid in the qualification of controlled or classified 
areas if non‐sterile manufacturing processes require such levels of control.

Optical spectroscopic methods designed for testing pharmaceutical‐grade 
water include the BioVigilant IMD‐W and the Mettler Toledo 7000RMS 
Microbial Detection Analyzer. These operate in a similar fashion as the air 
monitoring systems described above; however, water is introduced into the 
instruments, either as a stand‐alone sample or as an online connection to a 
water distribution system. The potential for these technologies to rapidly and 
continuously alert the user to a potential contamination issue is significant, 
given that the industry routinely uses water to manufacture non‐sterile phar-
maceuticals at risk (i.e. although the water is tested for viable organisms, this 
raw material is generally utilized in manufacturing long before the microbiol-
ogy test results are available). Detecting an out‐of‐specification trend in water 
systems may also indicate suboptimal sanitization practices and/or the devel-
opment of biofilms in distribution loops, storage tanks, or water generation 
unit operations (e.g. activated carbon and ion exchange beds, filtration units).

The use of an intrinsic fluorescence RMM offers multiple benefits including 
some of the fastest times to result, single cell detection, and the elimination of 
consumables, reagents, and media. However, there is a trade‐off between time 
to result and sensitivity level versus the ability to physically recover microor-
ganisms, should they be present. The current technologies, with the exception 
of only one, do not have a practical way in which detected organisms can be 
captured for subsequent analysis, such as microbial identification. Even for the 
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one method that can purportedly capture airborne microorganisms on a gela-
tin filter, there is no guarantee that captured organisms will proliferate on a 
growth medium, given the potential for airborne organisms to be stressed, 
injured, or be in a state of physiological dormancy. In these cases, when excur-
sions or out‐of‐trend findings are realized in real time, more conventional air 
monitoring systems may be utilized to try to capture and recover contaminants 
in the same area, assuming the organisms will be able to grow under the stated 
incubation conditions. Research associated with these types of technologies in 
pharmaceutical environments has already been published (Miller et al. 2009a, 
2009b).

This brings up another consideration. For the reasons stated above, some 
alternative RMM technologies, such as those relying on intrinsic fluorescence 
and light scattering, may detect viable microorganisms when conventional 
methods may not. In this case, prior historical trending data, which were based 
on a CFU, may not be appropriate to use with the new RMM. As such, new 
trending levels independent of the prior CFU counts may be set based on a 
statistical evaluation of the RMM data and where appropriate, new action or 
alert levels scientifically developed. FDA microbiologists have previously 
addressed and supported this strategy in a 2006 publication (Hussong and 
Mello 2006). The authors stated the following: Often, new methods rely on a 
completely different body of information, some may be direct measurements, 
some indirect. In either event, previous acceptance criteria may not be applica-
ble. Therefore, implementation of newly developed, or more rapid, microbiology 
methods may also require the establishment of new acceptance criteria.

Another type of light scattering is Raman, where information about molecu-
lar vibrations and rotations of molecules may be determined. Rapid methods 
based on Raman have been developed for the detection of microorganisms in 
a variety of sample matrices and in air, and because organism has its own 
unique Raman spectrum, this can be used as a fingerprint for identification. 
However, most Raman systems will detect both viable and nonviable cells, 
which would present a challenge for industries (such as non‐sterile pharma-
ceutical manufacturing) in which viability must be confirmed. This scenario is 
different from what was previously discussed above in relation to the detection 
of stressed, injured, or dormant microorganisms. In this case, dead cells may 
be identified as viable, creating a false‐positive situation in which safe drugs 
could be misconstrued as being contaminated. One technology vendor has 
overcome this issue by employing a viability‐staining step prior to conducting 
Raman spectroscopy. The  mibiC GRAMRAYinstrument allows for a Raman 
signature to be generated only from particles that have been determined to be 
viable cells, enabling the simultaneous detection, enumeration, and identifica-
tion of organisms in a sample within minutes. The workflow for this technol-
ogy requires the sample to be spotted on a metal carrier. Viability staining and 
automated image analysis using dark field illumination detects viable particle 
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quantity, shape, and size for particles ranging from 0.5 μm and larger. Raman 
spectroscopy is then performed on each viable particle, and a spectral signa-
ture is provided. The spectral signatures are then statistically correlated to a 
library of known microorganisms. The supplier also purports the method to be 
nondestructive, allowing for further analysis of the recovered microorganisms. 
Raman coupled with viability staining may offer a solution for the quantitation 
and identification of contaminants in filterable samples within a matter of 
minutes.

13.5.5 Nucleic Acid Amplification‐Based Technologies

Nucleic acid amplification‐based rapid technologies utilize a number of gene 
amplification and detection platforms, including polymerase chain reaction 
(PCR), TMA, 16S rRNA typing, and gene sequencing. Most of these methods 
will detect the presence of a target microorganism or generate data that can be 
used to determine the identification of an isolate, from the genus level down to 
the subspecies and/or strain level.

To maintain correct RNA structure and ribosome function, the 16S sequence 
of rRNA is highly conserved at the genus and species level. However, the non‐
conserved fragments within the rRNA operon (the spacer and flanking regions 
of the 16S sequence) can be used to differentiate strains within a particular 
species. One rapid technology makes use of the DNA sequences that encode 
for the rRNA operon for microbial identification and strain differentiation. In 
the Hygiena Riboprinter, restriction enzymes, such as EcoRI or PvuII, are used 
to cut recovered and purified DNA into fragments. The fragments are then 
separated according to size by gel electrophoresis and immobilized on a nylon 
membrane (this is commonly referred to as a Southern Blot technique). The 
double‐stranded DNA is denatured to single‐stranded DNA, and the mem-
brane is subsequently hybridized with a DNA probe (derived from an E. coli 
rRNA operon). Finally, an antibody–enzyme conjugate is bound to the probe 
and a chemiluminescent agent is added. Light emitted by the fragments is cap-
tured, and the image pattern is compared with patterns stored in the system 
database. If the pattern is recognized, a bacterial identification is provided. The 
pattern can also be used to determine if the same strain has been previously 
observed. This may be helpful when investigating the source of an environ-
mental isolate or a contaminated non‐sterile product.

Most nucleic acid amplification technologies that detect a specific or target 
microorganism employ PCR as their fundamental scientific principle. Small 
fragments of DNA (primers) are used to find a specific sequence (target) on a 
sample of DNA. A heat‐stable enzyme (e.g. Taq DNA polymerase) makes mil-
lions of copies of the target sequence, which can then be easily detected and 
used to determine if a specific microorganism was present in the original sam-
ple. A typical workflow is as follows: following the extraction of DNA from 
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microorganisms in a sample, all the reagents necessary for PCR (the specific 
DNA primer, DNA polymerase, and nucleotide bases [A, T, C, G]) plus a fluo-
rescent dye (e.g. SYBR Green, which binds to double‐stranded DNA) are 
hydrated with the DNA sample and processed in a thermocycler. The thermo-
cycler goes through a series of heating and cooling steps to facilitate binding of 
the primer onto the target DNA sequence (if it is present), followed by elonga-
tion of the double‐stranded DNA and then amplification of the DNA frag-
ments. Each amplification cycle results in two copies of DNA. This is repeated 
and the number of copies of DNA per amplification cycle increases exponen-
tially (i.e. 2–4 to 8–16, and so on). Real‐time quantitative PCR can track the 
increase in fluorescence from one complete PCR cycle to the next, indicating 
that the target DNA sequence was present in the test sample because it is being 
replicated and amplified over time. This would indicate the target microorgan-
ism was also present in the original test sample. Additional detection phases 
may also be employed, in which the temperature of the amplified DNA sample 
is raised to the point where the DNA strands separate (denature), releasing the 
fluorescent dye and lowering the signal. This change in fluorescence can be 
plotted against temperature to generate a melting curve. Similar detection 
techniques using different types of probes and dyes (e.g. Taqman or FRET 
probes) are also available, depending on the supplier’s system. Because each 
target organism generates its own specific melting curve related to its endpoint 
fluorescence detection, the system can determine if a specific target organism 
was present in the original sample. A number of systems use PCR as the scien-
tific principle for microbial detection; these include the Hygiena BAX system 
and Pall Corporation’s GeneDisc. The BAX system can detect Salmonella, L. 
monocytogenes, C. jejuni/coli, E. coli O157:H7, Enterobacter sakazakii, S. 
aureus, Vibrio spp., and yeast and mold. The GeneDisc has a USP Specified 
Microorganism assay which can detect the presence of E. coli, Salmonella, P. 
aeruginosa, S. aureus, C. albicans, and Aspergillus brasiliensis. Additional 
GeneDisc assays include STEC, E. coli 0157, Listeria, Legionella, Enterococcus, 
and Cyanobacteria.

Most PCR systems can only detect the presence of a single‐target DNA 
sequence at a time; however, some newer technologies can perform multiplex 
detection assays, meaning they can detect multiple DNA targets simultane-
ously and in some cases, within the same reaction vessel or tube. This is made 
possible by using different primers and probes/dyes at the same time.

Unfortunately, PCR is not without its limitations. Although the time to result 
can be as early as a few hours to detect the presence of a particular organism, 
the potential for false positives is present when the starting material is DNA. 
DNA is ubiquitous in the environment and residual DNA or DNA from nonvi-
able cells could result in a positive assay when that target microorganism was 
never present in the original test sample. Therefore, care must be taken to 
avoid DNA contamination when performing the test. Additionally, the test 
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sample may need to be enriched in media before performing PCR to ensure 
any DNA detected and amplified came from the target organism(s) in the 
original sample under investigation.

To overcome the potential for false positives, a different gene amplification 
technique called TMA has been developed. TMA targets single‐stranded 
RNA, which is less stable in the environment as compared with DNA. TMA 
also uses the enzyme RNA polymerase to produce many more of RNA copies 
per amplification cycle, as compared with only two copies of DNA from a PCR 
cycle, representing up to a 10 billion fold increase of copies in as early as 
15–30 minutes. There are a number of additional advantages when using TMA 
as compared with PCR. For example, PCR requires a series of temperature 
changes to facilitate amplification where TMA is performed at one tempera-
ture (e.g. 41 °C), eliminating the need to use a thermocycler. There is also 
improved amplification reliability and sensitivity because there are usually 
thousands of rRNA copies per cell instead of a single DNA target. A few com-
panies offer TMA and related amplification test kits and instrumentation, 
including the BioFire FilmArray system, which utilizes multiplex PCR, multi-
ple primers and a closed-system pouch that isolates, purifies, amplifies and 
detects either RNA or DNA.

The use of a DNA‐intercalating dye may also be utilized to reduce the poten-
tial for amplifying genetic material from dead microorganisms during PCR. 
Nocker et al. (2007) describes the use of propidium monoazide (PMA; a mem-
brane impermeable dye) to penetrate dead microbial cells whose membranes 
have been compromised. Once the PMA gains access to the cell, it will interca-
late into double‐stranded DNA. This will prevent the DNA from being ampli-
fied during PCR. The authors concluded that performing PCR after PMA 
treatment would only allow the amplification of DNA from viable cells (i.e. 
those with intact cell membranes). A similar study by Kramer et al. (2009) used 
PMA in combination with real‐time PCR or Thermo Fisher’s LIVE/DEAD 
BacLight Bacterial Viability Kit in combination with flow cytometry for the 
determination of viable probiotic bacteria in a lyophilized product containing 
Lactobacillus acidophilus and Bifidobacterium animalis ssp. Lactis. The 
authors demonstrated PMA real‐time PCR and flow cytometry determination 
of viability could complement a standard plate count method; the latter which 
considers only the culturable part of the population.

PCR and TMA have been used for the detection of a specific target microor-
ganism. When microbial identification is required, the industry commonly 
turns to gene sequencing. The use of 16S rDNA is the current standard for taxo-
nomic classification. Therefore, if we can extract DNA from an isolated micro-
bial colony, amplify the DNA using PCR and sequence the first 500 base pairs of 
the 16S rRNA gene, we can compare the sequence to an internal database to 
assist with a microbial identification. Current systems accomplish this task 
using a genetic analyzer and automated workflows. The most commonly used 
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instrument in microbiology labs for this purpose is the Applied Biosystems 
MicroSEQ. The starting material for gene sequencing is usually an isolated 
colony from an agar plate from which a test sample has already been analyzed.

It has also been proposed that gene amplification techniques can be used to 
estimate the number of microorganisms in the test sample based on the number 
of cycles it takes to detect the presence of a target sequence. However, there may 
be too many technical hurdles to overcome to get this to work reliably and repeat-
edly. For example, in order to detect a wide range or microorganisms, multiple 
nucleic acid primers would be required. Next, steps would need to be taken to 
minimize false positives, such as using RNA as the starting material. Third, there 
would need to be some correlation between the number of cycles required to 
detect the amplified copies to a viable cell count. Until these challenges are ade-
quately addressed, nucleic acid amplification technologies may be limited to the 
detection of specific microorganisms and for microbial identification purposes.

13.6  Validating Rapid Microbiological Methods

Validation is the act of demonstrating and documenting that a procedure oper-
ates effectively and repeatedly. Because rapid methods are considered alterna-
tives to existing or compendial microbiology methods, the end user is 
responsible for demonstrating the rapid method is at least equivalent to, or is 
non‐inferior to, the method intended to be replaced. As such, validating a rapid 
method should encompass the entire process that starts with the decision to 
change the non‐sterile product microbiological testing program and continues 
through ongoing routine use of the validated method. Since most rapid method 
technologies consist of equipment, instrumentation, software, communication 
interfaces, and, of course, the actual analytical method that detects microor-
ganisms, the entire system must be appropriately qualified. Therefore, the vali-
dation plan should provide a roadmap for all of the activities that will be 
required to demonstrate that the rapid method system is suitable for its 
intended use.

There are a number of validation documents that provide guidance on 
method development, method suitability testing, equivalency studies, the use 
of statistics, feasibility or proof‐of‐concept studies, training, technology trans-
fer, and the establishment of validation plans. The three most commonly used 
guidance documents are as follows:

 ● PDA Technical Report #33, Evaluation, Validation and Implementation of 
Alternative and Rapid Microbiological Methods (PDA 2013)

 ● USP Chapter <1223>, Validation of Alternative Microbiological Methods
 ● Ph. Eur. chapter 5.1.6, Alternative Methods for Control of Microbiological 

Quality
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Each of the documents provides a review of validation strategies, although 
the 2013 revision to PDA TR33 is considered to be the most comprehensive in 
terms of content. USP <1223> was significantly revised in 2015 and is signifi-
cantly different from its prior version. In some instances, the new USP chapter 
appears to conflict with some of the teachings in PDA TR33 and the very recent 
update to the 2017 revision to Ph. Eur. chapter 5.1.6. For these reasons, the 
reader is encouraged to review recent publications (Miller 2015a, 2015b, 2017a, 
2017b) comparing and contrasting each of the three documents.

Prior to making a commitment in purchasing a specific RMM system, most 
companies will perform feasibility or proof‐of‐concept studies to demonstrate 
product or test samples will be compatible with the technology of interest. This 
also assumes the end user has already developed user requirements and has 
matched the appropriate RMM for his or her application(s). Feasibility or 
proof‐of‐concept studies may be performed in‐house (after renting an instru-
ment or obtaining an instrument on loan) or at the RMM supplier’s facility. 
The purpose of this testing is to determine if the test sample matrix (e.g. the 
finished product, in‐process sample, raw material, or other substance) is 
incompatible with the rapid method or interferes with the outcome of the 
analysis. For example, a test sample that does not contain any viable microor-
ganisms should provide a similar result when introduced into the RMM system 
(i.e. there are no false positives). Similarly, a microorganism challenge intro-
duced into the test sample and subsequently analyzed by the RMM should 
detect, and, when applicable, enumerate the microorganisms at a statistically 
significant level as what was originally inoculated. If it does not, the sample 
matrix may mask the presence of viable microorganisms, resulting in a false‐
negative response. Any sample matrix that presents false‐positive or false‐
negative results should be investigated and resolved before a commitment is 
made to purchase and validate the RMM system.

Concurrent with these activities, the end user should audit or assess the sup-
plier no differently than if they were qualifying a new supplier of raw materials 
or other equipment or services.

Additionally, a risk assessment should be conducted to identify any new risks 
or hazards that may be associated with the implementation of the rapid 
method. A discussion of risk assessments is provided earlier in this chapter.

The next step is to develop the validation master plan (VMP) for all of the 
activities that will be required to demonstrate that the rapid technology is 
validated and suitable for its intended use. The validation plan should identify 
all project deliverables, responsible parties for each phase of test execution, 
review and approval processes, and the documentation required to satisfy the 
expectations of the validation strategy.

A functional design specification (FDS) or similar document should be 
developed that will describe all of the functions and requirements for the RMM 
system and what will be tested to ensure that the system performs as specified 
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in the end user’s original URS. In essence, the FDS is the validation roadmap, 
telling the end user how and where they will assess whether the RMM system 
meets the user requirements (as specified in the URS).

Examples of what the FDS may address and require testing for include, but 
are not limited to, the following list. Note that the end user’s FDS will be based 
on the testing required to demonstrate that the RMM is able to meet the 
requirements as outlined in the related URS.

1) Purpose, scope, and description of the RMM

2) Documentation
a) User manuals
b) Guidelines
c) Standards
d) SOPs

3) Physical specifications
a) Size
b) Electrical power
c) Voltage frequency
d) Operating temperature
e) Environmental requirements
f ) Utility requirements

4) Computer system specifications
a) Processor, hard drive, RAM, and video graphics
b) Network address and connections
c) Operating software
d) Printer ports
e) Software and algorithms
f) Databases

5) Security specifications
a) User ID and password
b) Access to data
c) Record retention
d) Audit trail
e) Administrative control
f ) Data view and print reports
g) Data transfer to a dedicated server
h) 21 CFR Part 11

6) Functional specifications
a) Accuracy
b) Precision (repeatability)
c) Specificity
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d) Limit of detection
e) Limit of quantification
f) Linearity
g) Range
h) Ruggedness (including intermediate precision and reproducibility)
i) Robustness
j) Equivalence

7) Functions that will not be used (or tested)
8) System customization
9) Alarm configuration and error handling

The FDS should also point to specific test scripts where each requirement 
will be evaluated and verified against pre‐established acceptance criteria (e.g. 
what will be performed during the IQ, OQ, and PQ phases of the validation 
plan).

The installation qualification (IQ) establishes the equipment is received as 
designed and specified, that it is properly and safely installed with the correct 
utilities in the selected environment, and that the environment is suitable for 
the operation and use of the equipment. The IQ can be carried out by the 
RMM supplier (during initial commissioning) and/or by the end user, espe-
cially if the end user’s company requires a more extensive IQ program.

The operational qualification (OQ) provides documented verification that 
the equipment performs effectively and reproducibly as intended throughout 
the anticipated or representative operational ranges, defined limits, and toler-
ances. The OQ is the focal point for the majority of the computer system vali-
dation (CSV), including hardware, software, and security testing.

The performance qualification (PQ) provides documented evidence that the 
instrumentation, as installed, consistently performs in accordance with prede-
termined criteria and thereby yields correct and appropriate results. The PQ 
will include validating the method, method suitability for the product or test 
samples to be routinely evaluated, and a demonstration of equivalence to the 
existing method.

Method validation requires the use of a standardized panel of test microor-
ganisms and/or other reference materials that are used to demonstrate an 
appropriate level of accuracy, precision or repeatability, specificity, limit of 
detection or quantification, linearity, range, ruggedness, and robustness. 
Specific testing requirements will depend on whether the rapid method will 
provide a quantitative, qualitative, or identification result. The selection of 
microorganisms to use for this purpose should be relevant to the user require-
ments (e.g. what organisms require to be detected based on the test sample and 
its intended use and patient population) and what might provide the greatest 
challenge to the RMM system (e.g. slow‐growing organisms should be selected 
for growth‐based methods).
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The USP, Ph. Eur., and PDA recommend the following studies to be per-
formed (Tables 13.1–13.3).

Method suitability studies must also be performed and these are very similar 
to what current compendial requirements are for microbiological testing: that 
the presence of a particular product, material, or sample matrix does not 

Table 13.1 Validation criteria for qualitative methods.

Validation criteria USP <1223> Ph. Eur. 5.1.6 PDA TR33

Accuracy a

Specificity ✓ ✓ ✓

Limit of detection ✓ ✓ ✓

Ruggedness ✓ ✓

Robustness ✓ ✓ ✓

Repeatability ✓b

a Accuracy can be used instead of the limit of detection test.
b USP does not provide guidance on this criterion.

Table 13.2 Validation criteria for quantitative methods.

Validation criteria
USP 
<1223> Ph. Eur. 5.1.6 PDA TR33

Accuracy ✓ ✓ ✓

Precision ✓ ✓ ✓

Specificity ✓ ✓ ✓

Limit of detection ✓ a ✓

Limit of 
quantification

✓ ✓ ✓

Linearity ✓ ✓ ✓

Operation (dynamic) 
range

✓ ✓ ✓

Ruggedness ✓ (Addressed as intermediate 
precision)

✓

Robustness ✓ ✓ ✓

Repeatability ✓b (Addressed under 
precision)

(Addressed under 
precision)

a May be needed in some cases.
b This may be covered under Precision, although USP does not provide additional guidance.
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significantly impact the performance of the rapid method, which may include 
background noise, interference, false positives, and/or false negatives. Each of 
the guidance documents provides recommendations on how to perform these 
types of studies.

Finally, equivalence testing will determine how similar the new method test 
results are when compared with the existing method. The new method is run 
in parallel with the existing method for a specified period of time or number of 
product batches or test samples and then the results are statistically compared 
with each other. Practical examples of how to utilize equivalence and non‐infe-
riority statistical models when validating RMMs may be found in one publica-
tion by this author (Miller et al. 2016).

The end user should determine the most appropriate strategy for the dura-
tion and extent of equivalence studies, which may be influenced by the critical 
nature of the test method, the material being analyzed, the statistical methods 
used when interpreting the resulting data, regulatory expectations, and/or 
other quality requirements. However, the three guidance documents are not 
necessarily aligned in terms of whether actual product or test samples should 
be included during equivalency testing. For example, PDA TR33 recommends 
including product while USP <1223> generally infers that product should not 
be used because it is the analytical method of detecting microorganisms that 
must be shown to be equivalent (although one section in the USP chapter 
assumes at least one product should be included during equivalence studies for 
a particular technology, and then only method suitability can be performed for 
subsequent products). Ph. Eur. chapter 5.1.6 is somewhere in‐between, in that 
equivalency can be demonstrated either with or without product. The Ph. Eur. 
actually states alternatively, and in some cases additionally, equivalence testing 
can be carried out by the parallel testing of a predefined number of samples or 
for a predefined period of time. However, Ph. Eur. does not provide any addi-
tional clarity on what this risk assessment should address. The reader is 
encouraged to review the equivalence testing recommendations in each guid-
ance document, as well as in a series of comparative reviews this author has 
previously published (Miller 2015a, 2015b, 2017a, 2017b). Furthermore, dis-
cussions with regulators who will review your validation protocols and/or data 

Table 13.3 Validation criteria for microbial identification methods.

Validation criteria USP <1223> Ph. Eur. 5.1.6 PDA TR33

Accuracy ✓ ✓ ✓

Precision ✓ ✓

Specificity ✓

Robustness ✓
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may provide additional guidance on whether product or test samples should be 
included during equivalence studies.

Companies have utilized the recommendations from one or more of the 
existing validation guidance documents or have developed their own valida-
tion strategies. In any case, firms should discuss their validation plans with the 
relevant regulatory authorities up front to ensure there is agreement on the 
intended testing strategy. Additionally, formal policies exist in which proposed 
validation plans may be submitted to the regulators for review and approval. 
Specifically, comparability protocols may be submitted to the FDA and a post‐
approval change management protocol may be submitted to European 
Medicines Agency (EMA) national authorities as a Type 2 variation. In each, 
the validation testing plan, methods, and acceptance criteria are submitted for 
review. When approved, the end user would conduct the studies (as outlined in 
the submitted and approved proposal) and demonstrate the acceptance criteria 
have been met. In most cases, data does not have to be submitted to FDA 
(except in cases where the method impacts a biologics product or Biologics 
License Application (BLA)). However, data are always submitted to EMA as 
either a Type 1A or 1B variation. Whether the data are submitted as a Type 1A 
or 1B will be determined on the method, affected product, and/or other fac-
tors. For these reasons, it is always suggested to consult with the relevant regu-
latory authority on expectations for these types of activities.

Some rapid technologies may be considered as automated traditional or 
compendial microbiological test methods, especially when the test results are 
presented as a CFU. As such, these technologies may be qualified for their 
intended use without the need for demonstrating certain method validation 
requirements. For example, at least accuracy and precision assessments should 
be performed, in addition to method suitability and equivalence/comparability 
studies. Examples of technologies that may fall into this category include 
methods that provide a CFU count on agar plates or membranes but which do 
so in a more rapid timeframe as compared with the visual detection of micro-
bial colonies. Some of these growth‐based methods were discussed earlier in 
this chapter. As such, a verification that the plate counts from the rapid method 
and the conventional method are statistically the same (or non‐inferior) may 
be sufficient instead of performing a full validation as recommended by USP, 
Ph. Eur., and PDA. In any case, a risk assessment should be performed to sup-
port a reduced validation strategy compared with other RMMs that provide a 
test result that has a signal different from the CFU.

There are a number of publications providing practical examples of how 
RMMs can be used as alternatives to conventional or compendial bioburden 
assays. For example, a 2017 publication by Gordon et al. (2017) demonstrates 
the successful validation of an alternative bioburden testing method based on 
viability staining and the detection of cellular fluorescence from growing 
microorganisms using the Millipore Milliflex Quantum system. All three 
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validation guidance documents (USP, Ph. Eur., and PDA) were considered 
when developing a validation plan comprising Robustness, Ruggedness, 
Repeatability, Specificity, Limit of Detection and Quantification, Accuracy, 
Precision, Linearity, Range, and Equivalence. A panel of 15 microorganisms 
including ATCC strains and facility isolates were utilized in either an unstressed 
or stressed physiological state, the latter representing a worse‐case scenario for 
a growth‐based RMM (i.e. the longest time to grow and be adequately detected/
enumerated). Three product solutions were used during equivalence studies 
and non‐inferiority statistical analyses demonstrated the rapid method was no 
worse than the conventional method.

13.7  Developing a Business Case for Rapid Methods

The initial costs associated with feasibility studies, validation testing, and 
installation activities for a new, rapid method can be significant. However, it is 
unfair to only focus on the up‐front costs when evaluating a new technology, as 
there can be substantial long‐term cost savings or cost avoidances that may be 
realized. Therefore, the end user should develop a comprehensive economic 
analysis to support the decision to purchase, validate, and ultimately imple-
ment a rapid method for routine use.

Financial models, such as return on investment (ROI), payback period, and 
net present value may be used to support the decision to purchase a new rapid 
method. Using one of these models, it is relatively simple to compare the over-
all costs associated with the conventional method and the proposed RMM, 
while taking into account the potential cost savings by implementing the RMM. 
The information obtained should be used to complement the technical and 
quality justifications for qualifying the RMM. Practical examples of how to 
conduct these financial exercises with case study‐calculated ROIs are pre-
sented in publications on this topic (Miller et al. 2009a, 2009b).

Briefly, when performing a financial assessment of this nature, the overall 
costs associated with the conventional method and the proposed RMM are 
compared. These can include direct and indirect costs (e.g. consumables, cost 
of labor, depreciation of equipment, and maintenance programs), potential 
cost savings, and/or cost avoidances associated with the RMM as well as the 
RMM capital, training, and validation costs.

When all of the elements associated with the costs and savings for both the 
conventional method and the RMM have been collated, this information can then 
be used in financial models to calculate whether there is an economic advantage 
for implementing the RMM. Some RMMs may provide a positive ROI while oth-
ers may provide a negative ROI. However, the technical and quality attributes 
afforded by implementing a RMM may outweigh a negative ROI, depending on 
the need for a rapid technology and its impact on patient outcomes.
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13.8  Summary

This chapter provides guidance for how to identify, validate, and implement 
RMMs for a variety of applications associated with the manufacture and 
microbiological testing of non‐sterile pharmaceutical products. Because non‐
sterile products, by definition, may contain microorganisms, testing non‐ster-
ile dosage forms is of significant importance to ensure that objectionable 
organisms will not be passed on to the recipients of said products; namely, the 
patients and consumers who trust our industry in providing safe and effective 
medicines. The continued use of nineteenth‐century microbiological methods 
is counterproductive in our goal of continuously improving our products, pro-
cesses, and understanding of how microorganisms impact pharmaceuticals, 
especially from the perspective of end‐user safety. For these reasons, the indus-
try should consider moving microbiology into the twenty‐first century by 
implementing next‐generation alternative and rapid method technologies.

What would the modern microbiology lab look like? Because each end user 
will have specific needs and testing requirements based on the composition of 
the test sample(s), the required time to result, the compatibility of the test 
sample(s) with the desired technology, and other factors, it is not possible to 
draw conclusions that can be applicable to all laboratories. However, an exam-
ple laboratory would employ the following:

1) Quantitative finished product release testing (e.g. USP 61) will utilize solid‐
phase cytometry, flow cytometry, ATP bioluminescence methods, or rapid 
growth‐based technologies, depending on the desired time to result. Real‐
time or close to real‐time results will require nongrowth‐based systems. 
Similar systems would be used for raw material testing, realizing just in time 
manufacturing capabilities, as the results would be available during the 
same shift.

2) Qualitative finished product release testing (e.g. USP 62) will employ nucleic 
acid amplification technologies, such as PCR or TMA, for the rapid detec-
tion of specified or objectionable organisms. Methods shall be developed 
that eliminate the potential for false positives from dead cells when PCR is 
used. If a longer time to result is acceptable, the lab will utilize rapid growth‐
based methods that can detect the presence of specific microorganisms.

3) Intrinsic fluorescence and light scattering techniques will be used for real‐
time EM and in‐process water testing. If near real‐time results are accepta-
ble, solid‐phase cytometry and flow cytometry can be used.

4) Gene sequencing and MALDI‐TOF mass spectrometry will be the standard 
for microbial identifications.

5) If commercially available, Raman spectroscopy coupled with viability stain-
ing will be used for microorganism detection, enumeration, and identifica-
tion, as long as the sample matrix is compatible with the system workflow.
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6) Automated systems will be used for labs that are required to analyze large 
numbers of samples; however, their use will be dictated by the required time 
to result as many automated systems are growth‐based.

7) As MEMS technologies (e.g. lab‐on‐a‐chip, biosensors, and microarrays) 
evolve for the pharmaceutical QC laboratory, these will be employed for 
multiple applications. However, automation and sample throughput may 
take a back seat when these miniaturized systems are implemented.
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14.1  Introduction

An alternative rapid microbiological test method based on the Celsis Advance 
system according to USP <1223>, Ph. Eur. 5.1.6, and PDA Technical Report 
No. 33 was validated for the microbiological examination of non‐sterile and 
nonfilterable drug products, excipients, and APIs. The alternative test method, 
which for reasons of simplicity will be referred to as Rapid MET throughout 
this book chapter, replaces both quantitative and qualitative microbiological 
testing of non‐sterile products by combining both these requirements in a 
single test.

The current test methods for the microbiological examination of non‐sterile 
products have been harmonized and are described in Ph. Eur. 2.6.12, 2.6.13, 
USP <61>, <62>, and JP <4.05>/I, <4.05>/II. The incubation conditions for the 
microbial enumeration tests (METs) are 30–35 °C for 3–5 days for total aerobic 
microbial count (TAMC), and 20–25 °C for 5–7 days for total yeasts and molds 
count (TYMC). In addition, tests for specified microorganisms composed of 
enrichment and followed by one or two selection steps have to be performed in 
order to demonstrate the absence of specified microorganisms in 1 or 10 g of 
product. In general, these tests last two to three days and in some cases up to 
six days. Therefore, microbiological examination of non‐sterile products may 
take up to a week before a final result is available. Shortening the incubation 
time, however, would enable to align microbiological testing with manufactur-
ing concepts such as LEAN manufacturing. Furthermore, the necessity to per-
form two quantitative (TAMC/TYMC) and several qualitative tests requires a 
multitude of different nutrient media and substantial hands‐on time through 
the subculturing steps.

One of the major difficulties concerning rapid microbiological method appli-
cation to non‐sterile products is that these in general are nonfilterable. Most 
RMM systems on the market enabling precise enumeration are, however, based 
on membrane filtration (Gordon et al. 2011; Miller 2012b). Semiquantitative 
methods or indirect enumeration methods of nonfilterable products via the 
detection of by‐products from microbial metabolism such as CO2 have recently 
been developed (Miller 2012a). However, these methods only provide a rough 
estimation of the microbial count and pharmaceutical products’ quality con-
cepts such as trending or expectation or alert levels may not be applicable.

Another approach would be to perform a direct inoculation of the product 
and instead of providing a microbial count, a presence/absence result for 
microbial growth may be obtained. Because it is a presence/absence test, the 
rapid method should only be implemented for products which have an excel-
lent microbiological quality reflected by a record of usually being negative for 
microbial growth in routine testing with the compendial method. For such 
products, both enumeration and specified microorganisms tests could be com-
bined in one single test; if the absence of microbial growth is demonstrated for 
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1 g product, all specifications are met.1 Thereby, significant reduction of 
hands‐on time could be achieved.

The Celsis Advance System was selected for this purpose, which detects 
microbial growth based on ATP bioluminescence and may also be used for 
nonfilterable products. The reagent kit with which the Celsis Advance is oper-
ated in this case (called AKuScreen) amplifies the ATP bioluminescence reac-
tion by the addition of ADP, which is converted to ATP by the cellular enzyme 
adenylate kinase. Adenylate kinase is present in all known microorganisms, 
and catalyzes conversion of ADP to ATP. Thus, if the enzyme is present in the 
sample, addition of excess ADP leads to formation of more ATP and hence 
amplification of the ATP bioluminescence signal. Detection by ATP biolumi-
nescence requires a much smaller amount of microorganisms than visual 
detection, therefore significantly reducing the necessary incubation times. 
Intensity of ATP bioluminescence is expressed as relative light units (RLU).

14.1.1 Workflow Rapid MET

Different growth conditions were compared during feasibility studies and the 
following test setup for routine was defined based on the obtained results:

 ● 10 g of the product tested is dissolved in 90 ml of dilution buffer. Dilution 
technique and buffer composition as used for the compendial test methods 
may be applied.

 ● 90 ml liquid nutrient medium (TSB supplemented with 4% polysorbate 
80 + 0.5% soy lecithin), ~10 g sterilized glass beads of approximately 1 mm 
diameter, and a sterile magnetic stir bar are added into each of two bottles. 
10 ml of the product dilution (corresponding to 1 g drug product/excipient) 
are transferred into each bottle. These two bottles are the test samples for the 
Rapid MET with the Celsis Advance. Supplemented TSB was selected 
because it has been proven superior in recovering spiked microorganisms in 
a large variety of product‐specific method suitability tests (D. Roesti per-
sonal observation).

 ● One bottle is incubated at 20–25 °C, the other one at 30–35 °C. The incuba-
tion time is at least 72 hours. Studies including a wide variety of different 
stressed in‐house isolates indicated that this incubation time ensures detec-
tion of all relevant strains tested.

1 In case that a product required the absence of Salmonella, either 10 g product had to be used 
for the Rapid MET or the compendial test for the absence of Salmonella had to be performed in 
parallel to the rapid method. In general, the absence of Salmonella is mostly required for 
products from natural origin. It is of note, however, that most of such products are expected to 
have a high bioload and therefore be unsuitable for the Celsis Advance System Rapid MET 
application.
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 ● After the incubation period, the bottles are transferred onto magnetic  stirrers 
and stirred for 20 minutes in order to disperse aggregating micro organisms.2

 ● 50 μl of the samples are measured in duplicate with the Celsis Advance 
System.

14.1.2 Evaluation of Test Results

Microbiological acceptance criteria are based on Ph. Eur. 5.1.4, USP <1111>, 
and JP G.4. The compendial method complies, if the microbial limits of the drug 
product/excipient of interest are not exceeded in the TAMC and TYMC, and if 
the specified microorganisms are not detected. In the Rapid MET, 1 g of prod-
uct is evaluated for microbial growth with the Celsis Advance and if no micro-
bial growth is detected, product may be released for MET and absence of 
specified microorganism in 1 g product (except for Salmonella). In case that 
microbial growth is detected in the Rapid MET with the Celsis Advance, the 
contaminant(s) will be identified in order to exclude specified or objectionable 
microorganisms. Furthermore, compendial MET (TAMC/TYMC) will be per-
formed in order to assess whether the level of contamination is above accept-
ance criteria.

14.2  Method Validation

14.2.1 General Validation Strategy

The aim of the validation was to compare two methodologies (Rapid MET and 
compendial method) and demonstrate equivalence based on defined validation 
parameters. The validation parameters consisted of robustness, ruggedness, 
repeatability, specificity, limit of detection (LOD), accuracy and precision 
(according to Ph. Eur. 5.1.6 and USP <1123>), and equivalence in routine opera-
tions. Demonstration of equivalence between two methodologies was deliber-
ately performed without focusing on a particular type of product. Thus, most 
experiments were performed without using any product (an exception was the 
validation parameter “Equivalence in routine operation”). Suitability of a par-
ticular product for the Rapid MET is assessed in an additional, product‐specific 

2 During the feasibility studies, the in-house isolated mold Penicillium sp. was not reliably 
detectable without such pre-treatment; the mold formed such dense aggregates that several cases 
occurred in which no cell material was by chance pipetted in the assay cuvettes of the Celsis 
Advance instrument. The glass bead treatment enabled sufficient dispersal of the Penicillium sp. 
and detection with the Celsis Advance System within 72 hours. The combination of small beads 
and magnetic stirrer had proven most effective when compared to horizontal shaking, overhead 
shaking, and chemical dispersal through Triton X-100.
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study. By demonstrating that the Rapid MET performs at least equivalent to the 
compendial method and demonstrating that a product in focus for testing with 
the Rapid MET is suitable for application of that method, it can be ensured that 
the ability to assess microbiological quality of that product is not compromised 
by using an alternative to the compendial test method.

Because our application of the method consists of demonstrating the absence 
of culturable microorganisms in 1 g product, low‐level inocula of approxi-
mately 1–5 CFU were applied in most validation experiments. Not only phar-
macopoeial test microorganisms were used but also in‐house isolates. In‐house 
isolates were used in stressed state. Not only does this represent “worst‐case” 
scenarios for detection but it also mimics the actual situation: most contami-
nants in sterile and non‐sterile products are expected to be stressed, e.g. fol-
lowing a treatment with disinfectants, exposition to heat, or dehydration. 
Therefore, the aim of stress‐protocols (e.g. by application of heat or by nutrient 
depletion) is not to kill all the microorganisms, but rather force surviving 
microorganisms into a stressed but still viable state with prolonged lag‐phase. 
Upon start of incubation, these microorganisms can, however, recover from 
their stressed state and return to their normal growth behavior. The used stress 
protocols were published methods (Gray et al. 2010).

14.2.2 Statistical Data Evaluation

14.2.2.1 Fisher’s Exact Test and Chi‐Square Test
Data were evaluated with several statistical methods. Since the Rapid MET 
provides qualitative data (presence/absence), Fisher’s exact test was used for 
most evaluations. Fisher’s exact test determines whether categorical variables 
are independent. In our case, the question to be answered was whether suc-
cessful detection of microorganisms was independent of the test method used 
(rapid method or compendial method). The null hypothesis was that no rela-
tion between the experimental outcome and the used analysis method existed. 
The null hypothesis was rejected when the p‐value was below 0.05 correspond-
ing to a confidence level of 95%. Because Fisher’s test belongs to the class of 
exact tests, it can also be applied for relatively small sample sizes (Fisher 1922). 
However, because of its methodology, the test is basically limited to compari-
son of only two data sets.

If more than two sets of data had to be compared (e.g. for the validation 
parameter “Repeatability,” which required evaluation of results from different 
days and daytimes), the Chi‐Square test was used. Similar to Fisher’s exact test, 
the Chi‐Square test determines whether categorical variables are independent. 
The Chi‐Square statistic quantifies how much the observed distribution of 
positive/negative results varies from the theoretical distribution one would 
expect if no relation between the experimental outcome and the test method 
exists. This procedure is approximate; it only gets accurate with a certain 
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sample size (Pearson 1900). Therefore, it was only used if Fisher’s exact test 
could not be applied and also with a higher sample size.

14.2.2.2 Sample Size and Test Power
One of the most important aspects when designing experiments is the choice of 
an adequate sample size. If sample size is chosen too low, the experimental out-
come may be biased through randomness, which in our context mainly means 
that the ability to detect statistically significant differences is compromised. The 
ability to detect a statistical difference is often expressed through test power. In 
reference to USP <1010>, a test power of ≥0.8 can in general be considered 
acceptable. In our validation, the largest acceptable difference between the rapid 
method and the compendial method was defined as 30% in reference to USP 
<1227>.3 For all experiments, the confidence level was defined as 95%, because 
5% possibility of type I error seemed acceptable (Note: Type I errors represented 
our “risk” of failing a statistical acceptance criterion due to random data fluctua-
tions, although in reality no difference between both methods under examina-
tion existed). In general, test power is dependent on the sample size, the largest 
acceptable difference between the methods under evaluation and the confi-
dence level. Table 14.1 summarizes the impact of these parameters.

Moreover, as can also be inferred from Table 14.1, the sample size dictates 
which observed effect size leads to a significant difference in the statistical test. 
With big sample sizes, even minimal differences in recovery lead to statistical 

3 Two different methodologies must by definition show differences in the obtained results; 
particularly if these are (micro-) biological assays. This is also the case for every traditional test 
method; even such small variables as different operators or nutrient media lots inevitably lead to 
minor differences. Therefore, a boundary in relation to the reference method should be defined, 
above which the alternative method operates in a verified and consistent manner.

Table 14.1 Variables affecting test power.

Variable factor Constant factors Effect on test power

Higher sample size Largest acceptable 
difference, confidence level

Higher test power

Lower sample size Largest acceptable 
difference, confidence level

Lower test power

Higher largest acceptable difference Sample size, confidence level Higher test power
Lower largest acceptable difference Sample size, confidence level Lower test power
Higher confidence level Sample size, largest 

acceptable difference
Lower test power

Lower confidence level Sample size, largest 
acceptable difference

Higher test power
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significance; whereas with small sample sizes also big differences between the 
data sets of interest may not become statistically significant.

For quantitative data, an additional factor impacting test power is the stand-
ard deviation (the higher the standard deviation, the lower the test power). For 
qualitative data, a factor with a similar impact is the overall success rate. 
Regarding a microbiological validation, the success rate would represent the 
overall frequency of microbial detection and is thus dependent on the inocu-
lum used for the validation experiments. The higher the overall success rate, 
the higher the test power. The reason is that with a higher mean inoculum (e.g. 
10 CFU), a negative test result is most probably not due to randomness; 
whereas with very low mean inocula (e.g. 1 CFU), some samples will by chance 
not be inoculated. Thus, with low mean inocula and accordingly low overall 
success rates, it is more difficult to estimate whether a negative test result is 
due to a weakness of the methodology or due to random absence of microor-
ganisms in the inoculation suspension. Consequently, lower overall success 
rates result in a lower test power.

In the present study, we applied low‐level inocula of 1–5 CFU for 16 different 
microbial strains. The use of such low inocula inevitably leads to different 
overall success rates for the different microorganisms represented in the vali-
dation. Because the overall success rate for a specific strain remains unknown 
until the actual validation experiments are performed, it is not possible to give 
more than an estimate for the required sample size prior to generation of the 
validation data. This initial sample size subsequently may have to be increased 
if indicated by the obtained experimental results.

In general, qualitative statistical tests demand for a high number of replicates 
to reach adequate test power. Such high numbers of replicates can well be 
accomplished when allowed to pool results obtained for several microbial strains. 
We have made the experience, however, that evaluations for single microbial 
strains are often required and sole reliance on pooled data not accepted. Because 
we envisioned using 16 different microbial strains for demonstration of specific-
ity alone, the overall sample size of the study would have been overwhelming and 
not justified for our intended application.4 Therefore, we developed a modified 
test power procedure, which acted as a tool to decide whether or not sample size 
should be increased for an individual microbial strain in a particular experiment. 
To that end, we chose 14 replicates as starting sample size for strain‐specific 
evaluations, which was the lowest reasonable value derived from simulations 

4 We believe that the use of a broad microbial spectrum is one of the most important aspects 
when validating an alternative microbiological method. Concentration on only a few strains may 
permit to work with higher sample sizes per strain, but we believe that this diminishes the overall 
weight of the study. Because of the high product volume tested with the Rapid MET as compared 
to the current method, the risk of diminished ability to evaluate product quality was in general 
considered low.
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and applying our modified test power procedure, which is summarized in the 
following paragraphs. If indicated by the obtained experimental data, the sample 
size was increased based on the following definitions:

If the numerical recovery of the rapid method was superior or equivalent to 
the numerical recovery of the compendial reference method (e.g. both meth-
ods detected microbial growth in 12 out of 14 replicates), sample size was not 
increased.

If the numerical recovery of the rapid method was lower than the numerical 
recovery of the reference method (e.g. the rapid method detected microbial 
growth in 12 out of 14 replicates, but the reference method detected growth in 
13 out of 14 replicates), our modified test power calculation was performed. If 
indicated (calculated test power < 0.8), sample size was doubled.

We saw justification to use the lowest value (14 replicates) because of the close-
ness between the rapid and the compendial method and the fact that the 1 g prod-
uct required by the Rapid MET often exceeds the product amount tested with the 
compendial MET. The modified test power calculation took into account the 
largest acceptable difference of 30% as well as the generated data. To that end, the 
success rate of the reference method was used as first proportion and 70% of that 
success rate as second proportion. Furthermore, the confidence level was adjusted 
according to the generated p‐value. This, of course, does not represent a formal 
test power calculation in a strict statistical sense, but rather was used as a tool to 
decide whether additional data should be generated for providing evidence that 
the requirement of at least 70% recovery of the rapid method compared to the 
reference method was fulfilled, while keeping overall sample size at a manageable 
level.5 In applications regarded as more critical, the initial sample size could be 
increased in order to further lower the probability of random sampling error (in 
case of a sterility test, the authors would, for instance, recommend to use at least 
30 replicates per microbial strain as starting sample size).

Table 14.2 shows examples of modified test power calculations with different 
hypothetical data. In these examples, Method A represents the compendial 

5 Our approach based on probability calculations. Briefly, the assumption was made that the 
compendial reference method has 100% recovery and negative test results are only due to 
random spiking with sterile inoculation suspension. Probabilistic evaluations for different 
experimental outcomes were performed, assuming that the alternative method had a recovery of 
70% of the compendial reference method. Probabilities for all experimental outcomes which 
would not trigger an increase in sample size with our definitions outlined above were summed 
up, resulting in a probability which can also be interpreted as an experimental power. Therefore, 
our evaluation was rather based on the numerical values. When assuming Poisson-distributed 
microorganisms, our simulations indicated that the probability to not detect a recovery of less 
than 70% for an individual strain with a mean microbial count of 1.5 CFU was ~20%, which can 
be interpreted as a test power of 0.8 as suggested by USP <1010> (for higher microbial numbers, 
our detection probability increased and was more than 0.9 for mean microbial inocula higher 
than 2.5 CFU). We considered this approach appropriate for our purpose.
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Table 14.2 Examples of our modified test power calculation based on hypothetical data.

Method 
A
+/−
(success 
rate)

Method B
+/−
(success 
rate)

p‐Value 
Fisher’s 
exact 
test

Minimal success 
rate for Method B 
to fulfill 70% 
recovery of 
Method A Test power Evaluation

13/1
(0.93)

9/5
(0.64)

0.16 0.65 (0.93 × 0.7) 0.45 Increase 
sample size

26/2
(0.93)

18/10
(0.64)

0.02 0.65 (0.93 × 0.7) Not necessary 
since significant 
difference

Significant 
difference

13/1
(0.93)

10/4
(0.71)

0.33 0.65 (0.93 × 0.7) 0.71 Increase 
sample size

26/2
(0.93)

20/8
(0.71)

0.08 0.65 (0.93 × 0.7) 0.72 Increase 
sample size

39/2
(0.93)

30/12
(0.71)

0.02 0.65 (0.93 × 0.7) Not necessary 
since significant 
difference

Significant 
difference

13/1
(0.93)

11/3
(0.79)

0.6 0.65 (0.93 × 0.7) 0.78 Increase 
sample size

26/2
(0.93)

22/6
(0.79)

0.25 0.65 (0.93 × 0.7) 0.89 Sufficient test 
power

13/1
(0.93)

12/2
(0.86)

1 0.65 (0.93 × 0.7) 0.88 Sufficient test 
power

7/7
(0.5)

6/8
(0.43)

1 0.35 (0.5 × 0.7) 0.67 Increase 
sample size

14/14
(0.5)

12/16
(0.43)

0.79 0.35 (0.5 × 0.7) 0.83 Sufficient test 
power

5/9
(0.36)

3/11
(0.21)

0.68 0.25 (0.36 × 0.7) 0.54 Increase 
sample size

10/18
(0.36)

6/22
(0.21)

0.38 0.25 (0.36 × 0.7) 0.39 Increase 
sample size

20/36
(0.36)

12/44
(0.21)

0.14 0.25 (0.36 × 0.7) 0.34 Increase 
sample size

35/63
(0.36)

21/77
(0.21)

0.04 0.25 (0.36 × 0.7) Not necessary 
since significant 
difference

Significant 
difference

For all calculations which took into consideration data of more than only one microbial species, 
classical post‐hoc test power calculation was applied.
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reference method, whereas Method B represents an alternative method. The 
largest acceptable difference was defined as 30%. If the test power was not suf-
ficient, sample size was doubled and the ratio of positive and negative results 
was kept constant (e.g. 26 instead of 13 positive test results) in order to simplify 
interpretation of the examples.

14.2.2.3 Equivalence Tests
For some validation parameters demonstration equivalence instead of absence 
of a statistically significant difference had to be provided. While statistical tests 
like the Chi‐Square test evaluate whether a significant difference between dif-
ferent data sets exists, statistical equivalence tests demonstrate the ability of 
the method of interest to operate within a predefined equivalence boundary. In 
our case, this equivalence boundary was one-sided (we did not mind if the 
Rapid MET performed superior to the compendial method), and it was defined 
that the Rapid MET had to reach at least 70% recovery of the compendial refer-
ence method (USP <1227>). We used Fisher’s exact test modified for demon-
strating one‐sided equivalence of success rates (as published by Rasch et al. 
(1998)) for such purposes. The null hypothesis was that the methods did not 
perform equivalent. The null hypothesis was rejected if the p‐value of Fisher’s 
exact test modified for one‐sided equivalence of success rates was lower than 
0.05 (since the test was performed at a confidence level of 95%). Rejection of 
the null hypothesis meant acceptance of the alternative hypothesis and thus 
that the methods performed equivalent regarding the boundary of 70%.

14.2.3 Experimental Conditions for Validation Experiments

Unless justified in the text, the general test conditions for the validation were 
as detailed in Sections 14.2.3.1 and 14.2.3.2.

14.2.3.1 Rapid MET
A low inoculum of the microorganism of interest contained in 10 ml buffer was 
spiked into glass bottles containing 90 ml liquid nutrient medium (TSB sup-
plemented with 4% polysorbate 80 + 0.5% soy lecithin), ~10 g sterilized glass 
beads of ~1 mm diameter, and a sterile magnetic stir bar. The bottles were 
incubated at 30–35 °C (if the microorganism of interest was a bacterium, 
Candida albicans or Aspergillus brasiliensis) or at 20–25 °C (if it was a yeast or 
mold). The incubation time was not more than 72 hours. Following incubation, 
samples were treated for 20 minutes on a magnetic stirrer. Subsequently, sam-
ples were tested for the presence/absence of microorganisms with the Celsis 
Advance (using the AKuScreen kit).

14.2.3.2 Compendial Method
A low inoculum of the microorganisms of interest contained in 1 ml 0.9% NaCl 
solution was transferred into a Petri dish and covered with ~20 ml TSA (if the 
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microorganism of interest was a bacterium, C. albicans or A. brasiliensis) or 
SDA (if it was a yeast or mold). SDA plates were incubated at 20–25 °C for at 
least 7 days, TSA plates at 30–35 °C for at least 5 days. Microbial growth was 
visually evaluated by a qualified analyst.

14.2.4 Method Validation Results

14.2.4.1 Robustness
Robustness describes the reliability of the method in routine use. The applica-
tion of “small but deliberate variations in method parameters” must not lead to 
significantly different results.

Both Ph. Eur. 5.1.6 and USP <1223> state that Robustness/Ruggedness deter-
mination is best suited to be demonstrated by the supplier of the method. 
Robustness was shown by the supplier of the rapid microbiological method and 
submitted in a Drug Master File which was accepted by the FDA in May 2010. A 
selection of robustness parameters covered by the supplier was different reagent 
reconstitution volumes, reagent reconstitution times, reagent temperatures, 
sample volumes, reagent injection volumes, and instrument temperatures. 
Results by the supplier on robustness parameters were reviewed and two addi-
tional robustness parameters were identified and therefore included in the vali-
dation. These two additional robustness parameters were the incubation time 
and the length of the glass bead treatment.

Penicillium sp. and Escherichia coli were chosen as microbial representatives 
for this validation aspect. Stressed Penicillium sp. represented the worst‐case 
microorganism regarding detection with the Celsis Advance due to its slow 
growth rate and tendency to form dense aggregates; E. coli was chosen due to its 
exceptionally fast growth rate. One to five CFU of the test strains were inocu-
lated. Results were evaluated using Fisher’s exact test at a confidence level of 
95%. The results obtained after 72 hours incubation (representing the reference 
incubation time) were compared to results obtained after 66 and 120 hours 
incubation, respectively. No significant differences were observed and the test 
power criterion was passed (Figure 14.1). By demonstrating that also 66 and 
120 hours of incubation did not lead to significantly different results, appropri-
ateness of the target incubation time of 72 hours was further supported.

The glass bead treatment which assists in dispersion of aggregating microor-
ganisms (e.g. Penicillium sp.) was developed in preliminary studies to the 
method validation, which indicated that a treatment time of 15 minutes is 
effective. This duration may, however, also be subject to small variations. The 
results obtained after 15 minutes glass bead treatment (representing the refer-
ence glass bead treatment time) were compared to the results obtained after 10 
and 20 minutes glass bead treatment, respectively (Figure  14.1c). Because  
E. coli does not form aggregates, only Penicillium sp. was used for that valida-
tion aspect. For the comparison of 15 minutes treatment versus 20 minutes 
treatment, no significant differences were detectable and our test power 
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criterion was passed. However, regarding the comparison of 15 minutes treat-
ment versus 10 minutes treatment, the difference was not yet significant, but 
our test power criterion was not passed, indicating that additional data should 
be generated. In the light of the obtained data, we refrained from increasing 
sample size, but concluded that 10 minutes treatment may not be sufficient. 
Therefore, we decided that duration of the glass bead treatment should be 
increased from 15 to 20 minutes for routine use as well as for the remaining 
validation experiments. By performing the glass bead treatment for 20 min-
utes, it is ensured that minor variations from the target treatment time do not 
have an impact, since even 15 minutes treatment was shown to be sufficient. 
Longer treatment times do not have an adverse effect – the treatment is by far 
not harsh enough to lead to destruction of single microbial cells.

Robustness toward different incubation times was therefore successfully 
demonstrated for fast‐growing and slow‐growing aggregate-forming microor-
ganisms. For routine testing, an incubation time of minimum 72 hours will be 
applied for the Rapid MET on basis of the Celsis Advance. Robustness toward 
a variation of minus 6 hours and plus 48 hours was demonstrated.

14.2.4.2 Ruggedness
Ruggedness describes the reproducibility of test results through analysis of 
samples under different routine circumstances (alteration of analysis parame-
ters, which represent unavoidable changes). Ruggedness is normally expressed 
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Figure 14.1 Robustness toward different incubation and glass bead treatment times. 
Robustness toward different incubation times is shown for Penicillium sp. (a) and Escherichia 
coli (b). (c) Robustness toward different glass bead treatment times for Penicillium sp.
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as the lack of influence of operational and environmental variables of the 
microbiological method on the test results. A selection of ruggedness param-
eters covered by the supplier was different instruments, operators, reagent 
lots, and cuvette sizes. These parameters were considered adequate and no 
additional experiments were performed.

14.2.4.3 Repeatability
Repeatability describes the reproducibility of test results through analysis of 
samples under routine circumstances at different daytimes and on different 
days (using the same analyst with the same equipment). Due to its slow growth 
rate and the tendency to form dense aggregates, Penicillium sp. represented 
the worst‐case microorganism regarding repeatability. Thus, by demonstrating 
repeatability for detection of Penicillium sp., repeatable detection of fast‐grow-
ing and/or non‐aggregate-forming microorganisms was warranted.

1–5 CFU inocula of Penicillium sp. were repeatedly applied on different days 
and daytimes and several such data sets evaluated for significant differences 
with Chi‐Square test (Figure 14.2). In total, four test runs (two in the morning 
and two in the afternoon of four different days) each consisting of 20 replicates 
were performed. Repeatability was acceptable despite a challenging test setup 
(low numbers of stressed, slow‐growing aggregate former). Furthermore, the 
ability of the assay to deliver acceptable results when repeatedly performed 
under varying circumstances is shown by each experiment performed during 
validation.

14.2.4.4 Specificity
The specificity of a method was defined as the potential to detect a broad range 
of microorganisms, which for a growth‐based RMM mainly depends on the 
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Figure 14.2 Repeatability on different days and daytimes. Results for repeatability on 
different days and daytimes with Penicillium sp. No significant differences were detectable 
with Chi‐Square test (ns, no significant difference).
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fertility of the nutrient medium used. In our validation, specificity was shown by 
detection of 16 different microorganisms, including Gram‐negative rods, Gram‐
positive sporulating bacteria, Gram‐positive cocci, yeasts, and molds. All speci-
fied microorganisms mentioned in the harmonized method for Microbiological 
Examination of Non‐sterile Drug Products as described in Ph. Eur. 2.6.13 and 
USP <62> were included, except from Clostridium sporogenes (anaerobic micro-
organism that would not grow under the defined test conditions). Furthermore, 
stressed in‐house isolates were used. All test microorganisms were spiked with a 
low inoculum (1–5 CFU) and are summarized in Table 14.3. The 14 replicates 
per strain were generated in two independent test runs each.

Data for each individual strain was evaluated using Fisher’s exact test at a 
confidence level of 95%. Pooled data from all strains were evaluated for a statis-
tical difference using Chi‐Square test at a confidence level of 95%. Furthermore, 
pooled data for all strains were evaluated for statistical equivalence using 
Fisher’s exact test modified for demonstration of equivalence of one‐tailed suc-
cess rates. If the test power was below 0.8 for an individual strain, additional 
data were retrieved (Tables 14.4 and 14.5).

14.2.4.5 Limit of Detection
The LOD is defined as the lowest number of microorganisms that can be 
detected under the stated experimental conditions. Since for the Specificity 
validation a low inoculum of 1–5 CFU was used, a suitable detection limit as 
compared to the compendial MET of the Ph. Eur. 2.6.12 and USP <61> was 
already demonstrated with that series of experiments (see Tables  14.4 and 
14.5). Moreover, in the compendial MET, for typical non‐sterile and nonfilter-
able dosage forms such as nonaqueous preparations for oral use, often a diluted 
product amount may be tested (e.g. 100 mg leading to a maximum detection 
level of <10 CFU/g).

Table 14.3 Strain selection used for validation of specificity.

Yeast/Mold
Sporulating 
bacteria

Gram‐positive 
bacteria

Enterobacteria 
(Gram‐negative)

Waterborne 
Gram‐negative 
bacteria

Candida 
albicans

Bacillus subtilis Staphylococcus 
aureus

Escherichia coli Pseudomonas 
aeruginosa

Aspergillus 
brasiliensis

Bacillus clausii Staphylococcus 
epidermidis

Salmonella 
abony

Burkholderia 
cepacia

Penicillium 
sp.

Bacillus 
licheniformis

Staphylococcus 
warneri

Pseudomonas 
stutzeri

Kocuria 
rhizophila

Stenotrophomonas 
maltophilia
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Table 14.5 Specificity results pooled data from all strains.

Result
Rapid MET
Growth/No 
growth

Result
Traditional 
MET
Growth/No 
growth

p‐Value 
Chi‐
Square 
test

Test power 
Chi‐Square 
test

p‐Value Fisher’s 
exact test 
modified for 
demonstration 
of equivalence 
of one‐tailed 
success rates

Interpretation 
of results

212/54 212/54 1 1 3.11 × 10−10 No significant 
difference.
Statistical 
indication of 
equivalence.

In conclusion, for each individual strain included in the validation a recovery of >70% was 
successfully demonstrated. Taking into account the data generated for all strains, no statistically 
significant difference regarding recovery was detectable with Chi‐Square test. Furthermore, 
through Fisher’s exact test modified for demonstration of equivalence of one‐tailed success rates, 
statistical proof of equivalence against a 70% boundary was provided.

Based on the acceptance criteria defined in Ph. Eur. 5.1.4 and USP <1111>, 
complete absence of specified microorganisms may be required in 1 or 10 g 
product depending on the product’s route of administration (which also is the 
product amount used for Rapid MET). Therefore, for the LOD study all speci-
fied microorganisms mentioned for the growth promotion tests in the 
Microbiological Examination of Non‐sterile Drug Products of the Ph. Eur. 
2.6.13, Ph. Eur. 5.1.4, USP <62> and USP <1111> were included except from C. 
sporogenes (anaerobic microorganism that would not grow under the defined 
test conditions) and Salmonella (absence required in 10 g product and there-
fore most likely out of scope for our Rapid MET application). Penicillium sp. 
was also included in the LOD validation since it represents a worst‐case micro-
organism in terms of detection (low growth rate and strong aggregation). In 
conclusion, the test strains for LOD validation were Pseudomonas aeruginosa, 
Staphylococcus aureus, E. coli, C. albicans, and stressed Penicillium sp. These 
test strains were serially diluted to extinction (~50 CFU, 5 CFU, 0.5 CFU, and 
0.05 CFU per replicate). The Rapid MET was used according to the previously 
described method. For the compendial method, the test was performed accord-
ing to the Ph. Eur. 2.6.13 and USP <62> and consisted of enrichment in liquid 
media followed by selection through selective media. For Penicillium sp., 1 ml 
of test suspension was transferred into a Petri dish and ~20 ml SDA was poured. 
The SDA plate was then incubated for at least seven days.

Two independent test runs with 10 replicates per dilution and microorgan-
ism were performed. From the pattern of replicates, positive or negative for 
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microbial growth, the 95% confidence interval of the MPN was calculated for 
each test run with each microorganism using a MPN‐table. The 95% confi-
dence interval of the MPN of both methods was evaluated for overlapping. 
This approach to determine the LOD is referenced in USP <1223>. The ten‐
replicate MPN‐table was obtained from FDA Bacteriological Analytical 
Manual Appendix 2 (Blodgett 2010).

No significant differences were detectable regarding the LOD (Figure 14.3). 
For additional evidence, the MPN/g results were plotted and statistically com-
pared using paired t‐test. No statistically significant difference between the 
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Figure 14.3 Limit of detection. Results of limit of detection compendial method versus Rapid 
MET. MPN/g as well as the 95% confidence interval of the MPN/g value is indicated. When the 
95% confidence intervals overlap there are no significantly different detection limits.
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Rapid MET and the compendial method was detectable and the mean of the 
obtained MPN/g values was nearly identical for both methods (Figure 14.4).

14.2.4.6 Accuracy and Precision (According to Ph. Eur. 5.1.6)
We decided to insert this validation parameter since the Rapid MET is also 
planned for registration through European authorities, where according to Ph. 
Eur. 5.1.6 Accuracy and Precision is also required for qualitative methods. 
Accuracy and Precision is expressed as the relative rate of false‐positive and 
false‐negative results between the rapid method and the compendial method 
using a standardized, low‐level inoculum. The Rapid MET was further chal-
lenged for false‐negative results by using the microorganisms Penicillium sp. 
and Bacillus clausii. Penicillium sp. represents the worst‐case microorganism 
regarding detection with the Celsis Advance due to its slow growth rate and 
tendency to form dense aggregates. Bacillus clausii was used as endospore. 
Thus, in order to multiply and become detectable, B. clausii first had to enter 
into an active state, which strongly depends on the used nutrient medium and 
incubation conditions. In order to assess the rate of false‐positive test results, 
negative controls were used in which no microorganisms were inoculated.

14.2.4.6.1 Definition of False Negative A false‐negative result arises when a test 
result is negative although the sample has been inoculated. It is of note, 
however, that some samples would have most probably by chance remained 
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Figure 14.4 Comparison of the obtained MPN/g values. Plotting of the MPN/g results 
obtained through the detection limit validation. Individual MPN/g values as well as the 
means are shown.



478 14 Validation of a Rapid Microbiological Method

sterile due to the low inoculum (no microorganisms present in the microbial 
suspension used for inoculation). In order to challenge for false‐negative 
results, samples were inoculated with 1–5 CFU of the test organisms.

14.2.4.6.2 Definition of False Positive A false‐positive result arises when 
microbial growth is detected in a negative control. This may either happen 
because of a microbial contamination or because of an artifact (e.g. ATP‐
contamination). In order to challenge for false‐positive results, samples were 
inoculated with sterile buffer.

No statistically significant differences between the compendial method and 
Rapid MET for false‐positive and false‐negative results were detectable using 
Fisher’s exact test and our test power criterion was passed; thus, comparable 
accuracy and precision was successfully demonstrated and the rates of false‐
positive and false‐negative results were similar. Exemplary data for Penicillium 
sp. and sterile buffer are shown in Table 14.6. No false‐positive results due to 
ATP contamination were observed.

14.2.4.7 Equivalence in Routine Operation
The objective of this test was to demonstrate the equivalence in routine use of 
the Rapid MET with the Celsis Advance system as compared to the compen-
dial method. Since the Rapid MET with Celsis Advance system is a qualitative 
method, only the capacity to detect microbial growth (=presence/absence of 
microorganisms) was evaluated. Thus, the compendial MET was counted as 
positive for microbial growth if either a MET (TAMC and TYMC) or a test for 
specified microorganisms was positive for microbial growth. The experimental 
setup included samples for which rather few positive test results were expected 
as well as samples for which several positive test results were expected. Five 
routine‐relevant products were selected, consisting of hard‐gelatin capsules, 
excipients, and film‐coated tablets. Thirty random samples from different 
batches per product were analyzed in parallel according to the compendial 

Table 14.6 Example statistical significant tests comparing the rate of false‐positive 
and false‐negative results of the compendial versus the rapid MET using Penicillium sp. 
as test strain.

Rapid MET
Growth/No growth

Compendial MET
Growth/No growth p‐Value Fisher’s exact test

False‐negative 
rate

6/14 7/13 1

False‐positive 
rate

0/20 0/20 NA (both methods have no 
positive results)

Ratios were statistically compared using the Fisher’s exact test.
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method described in Ph. Eur. 2.6.12, 2.6.13, USP <61>, <62>, and according to 
the Rapid MET routine test setup described Section 14.1.

The Rapid MET detected microbial contamination more often than the 
compendial MET (Table 14.7). This finding is not surprising considering that 
the rapid method may test a higher amount of product compared to compen-
dial MET since dilution of the product to <1 g is not valid. The p‐value of 
Fisher’s exact test modified for demonstrating one‐tailed equivalence of suc-
cess rates was clearly below 0.05, indicating statistical equivalence regarding 
the boundary of 70% recovery.

14.3  Suitability Test (Product‐Specific Method 
Validation)

Additional testing has to be performed for each drug product/API/excipient 
which is in scope of the Rapid MET in order to demonstrate that the method is 
also suitable for that product. The suitability study includes the sample effects 
study and the suitability of the test method.

14.3.1 Sample Effects Study

The sample effects study determines if the drug product/API/excipient itself 
interferes with the Celsis AKuScreen assay, e.g. by adding turbidity to the sam-
ple which impedes the detection of the bioluminescence reaction or by being 

Table 14.7 Equivalence in routine operation.

Rapid MET
Growth/No growth

Compendial MET
Growth/No growth

Product 1 (hard‐gelatin capsule) 18/12 1/29
Product 2 (excipient) 0/30 1/29
Product 3 (excipient) 30/0 30/0
Product 4 (film‐coated tablet) 0/30 2/28
Product 5 (film‐coated tablet) 20/10 1/29
Total 68/82 35/125

p‐Value Fisher’s exact test modified for 
demonstrating one‐tailed equivalence of 
success rates

<10−15

Interpretation Fisher’s exact test modified for 
demonstrating one‐tailed equivalence of 
success rates

Statistical indication of equivalence
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bioluminescent itself. The procedure for determining sample effects was based 
on the supplier’s recommendation. Briefly, RLU values generated by the prod-
uct are measured to assess bioluminescent background, and a standardized 
amount of ATP is measured with or without product to evaluate whether the 
presence of product significantly diminishes the signal. We regarded a reduc-
tion of the ATP signal through the presence of product by more than 30% as 
significant.

Furthermore, we used the RLU background of the product to determine a 
product‐specific positive/negative discrimination threshold. The results 
obtained through measurement with the Celsis Advance are RLU. The RLU 
values per se do not have significance for the intended application, since the 
system is solely used as a presence/absence method. However, RLU values 
have to be defined above which a sample is to be considered positive for 
microbial growth. The approach used by the system supplier is to consider a 
sample positive for microbial growth if the RLU values are several times higher 
than the negative control. We applied this approach for validation experi-
ments which did not involve the product – in these cases, a sample was con-
sidered positive for microbial growth if RLU values were 10 times higher than 
the negative control.

However, we did not consider this approach optimal when testing products. 
First, different products have very different background RLU levels (e.g. cap-
sules in general create stronger background than tablets). Second, the RLU 
levels of the negative control are prone to a certain extent of variation. In our 
case, the negative control would be nutrient medium, and throughout the 
validation we saw that RLU values of nutrient medium were subject to batch‐
to‐batch variations. With maximum 800 RLU, this variation was rather low in 
our case. However, if a multiple of the RLU value obtained for the negative 
control is used for discriminating whether a test sample is positive or negative 
for microbial growth, variability of this discrimination threshold is much 
higher. Thus, there would be a risk that product background may be above the 
discrimination threshold if RLU values of the negative control would be low; 
or below the discrimination threshold if RLU values of the negative control 
would be high.

For the reasons presented above, we decided to introduce product‐specific 
discrimination thresholds. These are determined in the product‐specific method 
suitability through the sample effects study. With these experiments, lumines-
cent background generation or masking of ATP bioluminescence is assessed. 
The product‐specific discrimination threshold is defined based on the RLU 
background of the product of interest according to the following workflow.

Three product batches are tested to determine the product RLU background. 
The highest obtained result is used for the workflow shown in Figure 14.5 in 
order to mitigate the risk of false‐positive results. If further product dilution is 
indicated, this is achieved through increase of the nutrient medium volume 
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used for incubation, since the Rapid MET does not allow testing of a smaller 
product amount than 1 g. The RLU values of even low‐level contaminations of 
slow‐growing microorganisms are clearly above the maximum discrimination 
threshold of 18,000 RLU (3 × 6,000). For example, the average RLU value of posi-
tive samples of the LOD 0.5 CFU inoculum of Penicillium sp. was 363,031 RLU. 
Thus, there is no risk that low‐level contaminations would lead to false‐negative 
results, due to a too high product‐specific discrimination threshold.

The above‐presented sample effects concept was already applied for a film‐
coated tablet final dosage form which is intended as pilot drug product for the 
registration of the Rapid MET. In that study, we successfully demonstrated that the 
film‐coated tablet did not mask the bioluminescence signal and the average biolu-
minescent background was 218 RLU. Therefore, samples would be regarded as 
being positive for microbial growth if more than 6,000 RLU are measured with the 
Celsis Advance, and the following workflow would then be applied (Figure 14.6).

14.3.2 Suitability of the Test Method

Suitability is shown through detection of a range of microorganisms in the pres-
ence of the product of interest, therefore demonstrating acceptable microbial 
recovery. Ten grams of the product is dissolved in 90 ml of the dilution buffer 
and stirred. Test microorganisms as the ones requested for the compendial 
methods (E. coli ATCC 8739, P. aeruginosa ATCC 9027, S. aureus ATCC 6538, 
Bacillus subtilis ATCC 6633, A. brasiliensis ATCC 16404, and C. albicans ATCC 

RLU background generated
by the product of interest

<2000 RLU

Positive/negative
discrimination threshold is

set to 6000 RLU

Positive/negative
discrimination threshold is

set to 3x the measured
product RLU
background

Background too high,
product has to be further
diluted. Background has
to be reassessed with

higher dilution

2000 –
6000 RLU

>6000 RLU

Figure 14.5 Definition of the product‐specific positive/negative discrimination threshold.



482 14 Validation of a Rapid Microbiological Method

10231) are inoculated individually in the product dilution. Then, 10 ml of the 
product dilution (corresponding to 1 g product) harboring <100 CFU of the test 
microorganism are added to glass bottles containing 90 ml TSB + 4% polysorb-
ate 80 + 0.5% soy lecithin, glass beads, and a magnetic stir bar. The bottles are 
incubated for not more than 72 hours either at 20–25 °C or at 30–35 °C, depend-
ing on the type of microorganism. Following incubation, samples are treated for 
20 minutes on a magnetic stirrer. Subsequently, samples are tested for the pres-
ence/absence of microorganisms with the Celsis Advance (using the AKuScreen 
kit). Three independent test runs are performed and samples are measured in 
duplicates. Acceptance criteria are that all test microorganisms are positively 
detected with the Celsis Advance system and the test microorganism is con-
firmed with an identification of the recovered microorganism.

Microbial growth
detected in the Rapid

MET

Test original sample with
the traditional method for

TAMC and TYMC

No growth Growth

Perform OOS investigation.
If the product contamination
is confirmed, product does

not comply

Counts higher than
TAMC/TYMC

specification limit?

Report counts as less than the
detection level (e.g < 10 CFU/g)

Product complies with the TAMC/TYMC
and absence of specified microorganism
acceptance criteria. Where warranteed,

perform a risk assessment

Yes

Yes

No

No

Specified or
objectionable

microorganism
identified?

Identify contaminants

Figure 14.6 Schematic overview of result evaluation with the Rapid MET if growth occurs 
(OOS, out of specification).
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14.4  Discussion

The Rapid MET was validated according to USP <1223>, Ph. Eur. 5.1.6, and PDA 
Technical Report No. 33. Validation was comprised of the validation parameters 
robustness, ruggedness, repeatability, specificity, LOD, accuracy and precision, 
and equivalence in routine operation. For the validation, a combination of phar-
macopoeial ATCC strains as well as a broad selection of in‐house isolates was 
used. In‐house isolates were used in stressed state. Results of the rapid method 
were statistically compared to the compendial method regarding the USP <1227> 
acceptance criterion of ≥70% recovery. We developed a modified test power cal-
culation as a tool to confirm the appropriateness of the used sample size to detect 
such a difference. Furthermore, equivalence of the rapid method as compared 
to the compendial method was demonstrated in a statistically verified manner. 
The Rapid MET on basis of the Celsis Advance system (using the AkuScreen 
reagent kit) was therefore successfully validated as an alternative method to 
the compendial test for microbiological examination of non‐sterile products.

Whereas one can expect that the overall microbial spectrum isolated may 
slightly differ between two test methods due to factors such as, for instance, 
the use of different growth media or incubation conditions, the extent of this 
difference may be estimated through a thorough validation comparing the 
overall equivalence of the methods based on predefined parameters. Adequate 
recovery of a range of relevant microorganisms provides solid evidence that 
the method of interest represents a suitable alternative to the compendial 
method. Furthermore, it should be verified that the most critical microorgan-
isms (e.g. specified or objectionable microorganisms) that can be isolated with 
the compendial method should also be recovered in the rapid microbiological 
method for product release testing. Statistical approaches can be applied for 
definition of sample sizes and testing of hypotheses with a high probability of 
correctness. While test power calculations are rather straightforward for quan-
titative methods, treatment of qualitative data is more difficult. Furthermore, 
sample sizes for strain‐specific qualitative evaluations should still remain at a 
practical level. We applied a modified test power approach to decide whether 
sample size should be increased based on our obtained validation data.

Calculation of test power often requires specialized software, which may not 
be easily accessible to every firm. Furthermore, advanced statistical knowledge 
may be required. PDA Technical Report No. 33 provides a table which helps 
microbiologists not familiar to test power calculations by suggesting sample 
sizes for quantitative experiments; to the knowledge of the authors similar guid-
ance is not available for qualitative experiments. We are of the opinion that our 
approach to start with a relevant sample size, which may be increased based on 
the obtained results, represents a reasonable compromise between a still practi-
cal sample size and low possibility of experimental bias through random results.
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The Rapid MET allowed reduction of the incubation time from 3 to 7 days 
(TAMC) and 5 to 7 days (TYMC) to 72 hours enabling a faster throughput time 
of product release testing. The incubation time of 72 hours may seem rather 
long; however, it confirms our experience that growth‐based rapid methods 
allow to reduce the incubation time approximately by a factor 2–3 compared to 
the compendial reference method, if a challenging validation approach with 
stressed isolates is used. Furthermore, our 72 hours also include a generous safety 
margin. In addition to the reduced incubation time, the main advantage of our 
use of the Celsis Advance System is that it covers MET and absence of specified 
microorganisms in one single test, allowing for a significant reduction of the 
hands‐on time and growth media storage. Furthermore, the readout is per-
formed by a validated system and therefore there is reduced challenge on data 
integrity as for compendial method when the readout is performed by only one 
person, and there is a possibility for automation and direct data integration into 
a LIMS system. Internal benchmarking has shown that hands‐on time may be 
reduced by up to 20–30%, depending on the number of tests for specified micro-
organisms required by the product. With the Rapid MET, 1 g of drug product is 
always being used by default for testing. Therefore, in case that no microbial 
growth is detected with the Rapid MET, an additional test for specified microor-
ganisms is not necessary since the absence of microbial growth automatically 
excludes the presence of any specified microorganisms in 1 g of drug product. 
The specified microorganisms should, however, be included in the product‐spe-
cific method suitability study. To provide optimal growth conditions for both 
bacteria and yeasts/molds, two different incubation temperatures are tested 
(20–25 and 30–35 °C), although the same medium is used for both tests.

USP <1111> and Ph. Eur. 5.1.4 recommend the absence of bile‐tolerant 
gram‐negative bacteria in some products (e.g. inhalants). Bile‐tolerant gram‐
negative bacteria are currently not a well‐defined homogenous group but 
rather defined only on the capacity to grow in bile‐salt containing media. If 
growth occurs in the Rapid MET test, a microbial identification is not suffi-
cient to determine if the contaminant is a representative of that group of speci-
fied microorganisms. For this reason, the compendial test for bile‐tolerant 
Gram‐negative bacteria has to be performed in parallel. As an alternative, 
rather than performing the test in parallel by default, a retest with the compen-
dial method for the absence of bile‐tolerant Gram‐negative bacteria could be 
performed if growth is observed in the Rapid MET. It is of note that in order to 
also cover the test for the absence of Salmonella, the product‐specific suitabil-
ity test and release testing had to be performed with 10 g product.

Although the Rapid MET with the Celsis Advance will mainly be used for 
nonfilterable products, testing of filterable products may also be achieved 
through direct inoculation or filtration of the product on a 0.22 or 0.45 μm fil-
ter membrane followed by transfer and incubation of the membrane in the 
Rapid MET growth medium.
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One of the reasons why the Rapid MET with the Celsis Advance was pre-
ferred to other existing systems is that the product to be tested can be incubated 
in a large volume of nutrient medium. Indeed, using a higher volume of nutrient 
medium can mitigate antimicrobial activity as well as the background of prod-
ucts. The validation work for the Rapid MET was conducted using 90 ml liquid 
nutrient medium, which now is used as a standard for rapid microbiological 
examination of non‐sterile products. Nevertheless, it was demonstrated that 
also a nutrient medium volume of 190 ml instead of 90 ml could be used without 
negative impact on detection limit of the assay (data not shown). If required, 
even higher volumes may be used, but they would first need to be validated.

One of the main factors affecting microbial recovery and therefore validation 
of a growth‐based alternative method is the nutrient medium. In the Rapid 
MET with the Celsis Advance, TSB supplemented with 4% polysorbate 80 and 
0.5% soy lecithin should be used for routine testing. The use of liquid growth 
medium is mandatory when performing tests with the Celsis Advance. TSB, as 
well as its solid equivalent TSA, is a rich nutrient medium offering good growth 
promotion for a wide variety of microorganisms (Smith et al. 1974; MacFaddin 
1985). We decided not to use sabouraud dextrose broth for the 20–25 °C incu-
bation temperature, since our method requires the use of products with low 
bioload; therefore, selection for yeasts/molds from a diverse microbial spec-
trum is not necessary. Furthermore, TSB can undoubtedly recover a broader 
microbial spectrum than SDB; thus, we saw it as a more suitable nutrient 
medium for a presence/absence test. As a matter of fact, TSB incubated at 
20–25 °C is the pharmacopoeial incubation condition for detecting yeasts and 
molds in the sterility test, further indicating that growth‐promoting properties 
for these types of microorganisms should be appropriate. During method vali-
dation no evidence for inferior recovery of a slow‐growing and stressed mold 
(Penicillium sp.) was observed, and also pharmacopoeial C. albicans as well as 
A. brasiliensis strains were adequately recovered. Some mold species, however, 
have the tendency to form dense aggregates, which may hamper detectability 
with the Celsis Advance because only a small aliquot of the sample is actually 
tested for ATP bioluminescence. We have overcome this problem of aggrega-
tion by adding the glass bead treatment step, which better homogenizes the 
microbial cells and therefore ensures that an adequate number is present in the 
aliquot used for ATP bioluminescence detection.

In case that no microbial growth is detected in the Rapid MET with the 
Celsis Advance, product may be released for TAMC/TYMC and the absence of 
specified microorganism in 1 g product. In case that microbial growth is 
detected in the Rapid MET with the Celsis Advance, the contaminant(s) will be 
identified. With this approach, it can be assured that also a low‐level contami-
nation of specified or objectionable microorganisms would be detected. 
Furthermore, the original sample of the product would be retested with the 
compendial MET in order to assess whether the level of contamination is above 
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acceptance criteria (Figure  14.6). This retest is performed only to provide a 
count estimate to the detected microbial contamination. If the compendial 
MET would not recover any microorganisms, the initial microbial finding from 
the Rapid MET would not be invalidated, but reported as being below the 
detection limit of the compendial MET (e.g. <10 CFU/g). Furthermore, where 
warranted, adequate risk assessment for a low‐level contamination of that 
microorganism would have to be performed.

Nevertheless, additionally performing the compendial test for enumeration is 
time‐consuming if microbial growth is detected frequently; thus, products 
which often exhibit microbial growth may be out of scope for this application. 
For such products, other RMMs allowing for precise enumeration of microor-
ganisms present in nonfilterable products may be more suitable. For instance, 
the use of an automated, rapid MPN methodology, which allows for testing of a 
representative amount of product or enumeration of microcolonies within 
pour‐plated nutrient agar, could represent possible solutions for higher bioload 
products. Alternatively, product solution could be diluted to the specification 
limit and a presence/absence test be applied. Consequently, if growth is 
observed, the limit would be considered exceeded. However, the drawbacks of 
this approach are the need to perform enumeration tests and absence of speci-
fied microorganisms tests in parallel, instead of combining both of these tests in 
one. Likewise, alert or expectation levels are difficult to define and each finding 
is a potential out of specification result. Finally, trend analysis of microbial 
bioload would be challenging and the presence of objectionable microorgan-
isms below the specification level could not be evaluated with such an approach.

14.5  Conclusion

The Rapid MET with the Celsis Advance system was successfully demonstrated 
to be a possible alternative to the compendial method described in Ph. Eur. 2.6.12, 
2.6.13, USP <61>, <62>, and JP 4.05/I and 4.05/II for the microbiological examina-
tion of non‐sterile products. Our statistical evaluation concept allowed for a 
robust and scientifically sound validation approach. We defined a process for the 
product‐specific method suitability as well as determination of a product‐specific 
threshold, which if exceeded points toward microbial growth. The Rapid MET 
using the Celsis Advance can be applied to nonfilterable products of good micro-
biological quality, allowing for a reduced incubation time to 72 hours and a sub-
stantial reduction of hands‐on time and improvement in data integrity.
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15.1  Foods, Drugs, and Quality

A monk in Florence, Italy, first developed standards for pharmaceuticals in 
Western cultures around 1498. This publication, The Nouvo Receptario, 
became the legally authorized standard for local apothecaries (Bender and 
Thom 1999). By comparison, the first United States Pharmacopoeia was pub-
lished in 1820. By then, many other countries had already prepared compen-
dia that established standards for the preparation of medicines. In the 
nineteenth century, drugs were prepared by local pharmacies. Local residents 
knew the pharmacists, and it was likely the pharmacist knew the customers. A 
trust existed in those relationships. Expectations existed locally for most 
foods and medicines, and many goods were prepared within short distances 
reached by horse‐drawn carriage, railroad, or boat. Establishing standards 
for  the preparation of pharmaceuticals around 1820 was very timely since 
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transportation and industrial manufacturing were about to advance rapidly 
(Figure 15.1).

The development of industrialization and distribution infrastructure 
 created needs for testing and standards unlike what existed before the twen-
tieth century. Most drugs were oral or topical, and either dry or as elixirs, 
either of which were preserved by their reduced water activity. These 
 physical properties made the products lower microbiological risk. In the 
1800s, the role of microorganisms in medicine and spoilage were only just 
being recognized. The manufacturing efficiency that evolved with industrial 
advances and improved shipping systems allowed producers to distribute 
goods across great distances. Due to industrialization, foods and drugs were 
prepared and shipped greater distances over longer times on widespread 
transportation systems to meet consumer needs in other cities or states, and 
even countries. Too often, production practices were not adequate to assure 
the needs of the consumers. Toxic colorants, flavorings, and preservatives 
often were added to the consumer goods to add or maintain the appearance 
of quality but to the detriment of the consumer’s health. Many manufactur-
ers simply were unaware of the toxicity of the materials they added to 
 consumables, and some did not care.

Upton Sinclair’s publication of The Jungle in 1904 described unsafe prac-
tices for the processing of foods, and it raised public awareness of the haz-
ards associated with food processors. Such awareness encouraged Harvey 
Wiley of the US Department of Agriculture to direct testing to establish the 
risks of impure foods and the hazards of toxic additives. These tests used 
human volunteers (the “poison squad”) who consumed items containing 
toxic additives. Data from these experiments plus the public concerns from 

Figure 15.1 Illustration of the United States Pharmacopoeia I from 1820 (left). Founding 
Fathers of the USP (right). Artist: Robert Thom. Painting commissioned by USP, 1957. Source: 
Courtesy of USP.
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“The Jungle” formed the basis for the political push to pass the Pure Food 
and Drugs Act of 1906. The Act provided for a Bureau of Chemistry in the 
US Department of Agriculture for testing foods. Eventually, the Bureau of 
Chemistry reorganized to form the Food and Drug Administration shortly 
before the passage of the Food, Drug, and Cosmetic Act of 1938 (Janssen 
1981).

With the emphasis that has been placed on drug product quality in cGMP 
programs, concepts relating to assurance of product quality in the United 
States have developed since the first “modern GMP regulations” were pub-
lished in 1963 (Janssen 1981). These concepts took basic manufacturing 
and laboratory practices, and applied them to buildings, equipment, per-
sonnel, components, master formula and batch records, production and 
control procedures, product containers, packaging and labeling, laboratory 
controls, distributions records, and stability and complaint files. The scope 
of manufacturing practices covered planning, formulating, component 
acceptance, process development, process flow, process monitoring, and 
product acceptance. Records and data management were included as ele-
ments of cGMP. These pretty much covered the basics of industrial phar-
maceutical manufacturing practices integrated with laboratory testing. 
Testing practices in the 1960s were largely intuitive. Quality assessment 
was based on technology of the time and statistical treatments were applied 
as needed.

The improvement of chemistry testing technology since 1906 has been 
dramatic, particularly with the advent of chromatographic methods. 
Concerns about toxic and carcinogenic substances in foods, drugs, and the 
environment grew as the test methods became more sensitive and able to 
detect them. Public awareness and political sensitivity to it resulted in The 
Food Additives Amendment of 1958 (the “Delaney Clause”) that was incorpo-
rated into the Food, Drug, and Cosmetics Act. This amendment prohibited 
the FDA from approving the use of any food additive found to cause cancer 
in animals or humans. There was no tolerance for detectable carcinogens in 
foods and that philosophy was extended to drugs. Some pesticides were 
found to cause cancer in test animals, and often these were used in agricul-
ture and industrial settings. Essentially, most agricultural products had at 
least some trace of these compounds. The Delaney Clause became problem-
atic as chemical assays became more sensitive and could detect pesticides at 
levels considered less than a health risk. This put the Delaney Clause, with its 
“zero‐tolerance” standard, in conflict with the US EPA’s Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA), which permitted the presence of 
these chemicals based on a risk/benefit determination. In 1985, the National 
Academy of Sciences (NAS) undertook study of the conflicting regulations. 
Their report, issued in 1987, recommended consistent standards between 



15 An Ex‐Regulator’s View of the Microbiology QA/QC Functions in the US Pharmaceutical Industries492

agencies based on risk rather than absolutism (Janssen 1981; National 
Research Council 1987).

In the author’s opinion, FDA’s roots in chemistry drove most of FDA’s regu-
latory perspectives. Chemistry standards developed from the “poison squad” 
studies to address risk to the consumer from toxins. Most of the microbiol-
ogy regulatory methods for pharmaceutical quality evolved from hygienic 
testing of food, water, and wastewater. More recent microbiology develop-
ments arose from aerospace contamination control, biodefense, clinical, or 
food methods. Unfortunately, many of the classical microbiology methods in 
cGMP were perceived with an expectation that they would yield results with 
consistency and precision found in chemistry methods. However, there is a 
lack of precision inherent to growth‐based microbiology tests that arise from 
how samples are collected, how microbial populations are dispersed, and 
how microorganisms respond to the various test parameters. These can be 
(and usually are) very different between microbes and chemicals. After all, 
microorganisms are living creatures that are subject to genetic and physio-
logical variations.

15.2  Why Microbes Confound a Census

Microbes grow and survive in a niche that is often unique to an overall mate-
rial or environment. For example, natural waters have highly variable popula-
tions near the surface, near the bottom, at interfaces, and within the water 
column. A great amount of this variability is evident in biofilms, which can 
show population dynamics as competing populations move between their 
planktonic state and the biofilm matrix (Boles and Horswill 2012; Houry 
et al. 2012). Natural and potable water environments tend to foster surface 
interactions that offer greater gas exchange with ambient air, and offer 
opportunities for growth of more respiratory populations. As indicated by 
Palmer et  al. (1976), planktonic bacteria may reside in vertically stratified 
populations and vary by the sizes of particles that microorganisms bind onto. 
Pharmaceutical waters may be generalized as displaying greater shear forces 
due to flow, and reduced residence time for batch production systems. 
Pharmaceutical water does not have a significant amount of particles or 
organic materials when compared to natural waters. However, bacteria will 
employ the same survival strategies regardless of the water systems they 
populate. In many ways, pharmaceutical air systems offer similar environ-
mental variation at vent covers, surfaces, and the air column (Wiens 1976). 
When counting microbial populations, these variables interact to influence 
the results (Postgate 1969).
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Also of importance in population counts is the metabolic state of micro-
organisms relative to the counting method. The adaptive nature of many 
species cause them activate or inactivate systems based on their environ-
ment. Through the 1960s and 1970s, environmental microbiologists pub-
lished observations that bacteria were not forming colonies when transferred 
from water to agar media. Centers for Disease Control (CDC) studied 
Pseudomonas species (now Burkholderia) associated with pulmonary infec-
tions of patients using nebulizers, and found that some strains were killed 
(reduced by as much as two or three logs) when transferred from water to 
trypticase soy broth medium. Survivors would grow and subsequently flour-
ish upon further transfer. Additionally, the authors observed that these 
strains were more readily cultivable if transitioned through dilute media 
before transfer to counting media (Carson et al. 1973). This meant that com-
monly grown microorganisms might not be detected from their natural 
environments unless laboratory media incorporated transitioning steps 
before counting.

More recently, the portion of resident microorganisms detected by com-
monly used sampling and cultivation methods was shown to be a small subset 
of the total cleanroom population. Surveys of cleanrooms conducted using 
media with low nutrient content detected more microorganisms by one or two 
orders of magnitude (Nagarkar et al. 2001). Traditional environmental moni-
toring methods have not adapted to these cultivation methods for oligophilic 
bacteria, possibly in large part because cultivation of oligophilic bacteria can 
take weeks.

For the environmental monitoring program and the quality unit, this means 
that environmental counts from commonly used methods are only a represen-
tation or indicator of the microbial state of the cleanroom. Due to the time 
necessary to incubate samples using growth‐dependent monitoring methods, 
any data will represent the environment several days or even a week before. 
These growth‐based data are to be viewed as a “snapshot” of what may have 
been the microbiological state of control when the samples were collected. As 
a result, investigating environmental anomalies will be challenged by the likeli-
hood that the area was cleaned since sampling.

Other sampling influences are shown in the sample collection methods. 
One example showed that contact plate samples detect only a portion of the 
resident surface flora, and up to five consecutive samplings of the same loca-
tion yields about 80% of the cultivable population (Tidswell et al. 2005). Favero 
et  al. (1968) studied methods to sample surface‐borne microorganisms 
and concluded that no single method will reliably provide a full estimate of 
the  microbial population: it is the nature of the surface (size, shape, and 
 composition) that determines whether a method is suitable at all (Niskanen 
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and Pohja 1977). Additionally, Lemmen et  al. (2001) noted that surface 
 sampling  methods (swab vs. contact plates) yielded different recovery 
 frequency rates for gram‐negative versus gram‐positive cells. Such innate 
variability  confounds the precision of microbiological population measures 
using cultivation‐based methods.

The quality unit needs to be aware of the difficulties of making judgments 
about the state of the cleanroom or process controls when the majority of the 
microbial population is not detectable. For this reason, just like finished prod-
uct testing, failure to detect microorganisms does not mean they are not 
 present – it is absence of evidence and not evidence of absence. The quality 
managers cannot rely on data showing low counts (or no counts) as a reason to 
become too relaxed in other areas of process vigilance.

15.3  Microbiological QA Decisions

As pharmaceutical therapies evolved and formulations became more com-
plex, processing requirements increased as well. Injection products as well as 
ophthalmic and surgical products have manufacturing standards relating to 
microbiological characteristics (e.g. sterility and pyrogenicity). As discussed, 
methods to assess the chemical quality of parenteral drugs evolved since the 
FD&C Act. Airborne particle measurement technologies (sizing and count-
ing) and particle control methods have developed out of the radioactive dust 
control needed for the Manhattan Project (which developed the atomic bomb) 
and NASA space flight research. Some of these environmental management 
concepts translated well to manufacturing controls for parenteral products 
and electronics manufacturing. However, testing and metrics for these con-
trols offer certain philosophical dilemmas, especially for manufacturing par-
enteral drugs.

Microbiological control and cleanroom particle control are related – but not 
directly related. HEPA filters offer great levels of efficiency for their intended 
purpose, the removal of particles. Since particle measures are physical meth-
ods, they are not subject to biological variability. Only systems that exclude 
personnel and other environmental inputs can rely exclusively on HVAC con-
trols for particulate and microbial quality assurance. For the product attribute 
“sterile,” which is an absolute microbiological condition, there is no adequate 
measure: the compendial sterility test has weaknesses, as do all other tests. 
Product measures of sterility are indirect and statistically limiting. For exam-
ple, the compendial sterility assay relies on visible turbidity to detect the growth 
of microbial contaminants. There is no guarantee that contaminating microor-
ganisms will grow under the chosen conditions (medium, temperature, time, 
and physiological state of the cells). For these reasons, the compendial sterility 
tests are indirect and subjective measures. When non‐sterile products are 
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manufactured, microbiological controls and product tests are subject to the 
same constraints but using different methods.

A microbiological quality assurance risk exists at every step of the manufac-
turing process: source materials, facility controls, formulation, processing, fin-
ished product testing, and shelf life (stability) tests. These risks arise from all the 
factors described above. Since microbiological quality attributes are a small 
component of a drug’s specification, it is unsurprising that professionals with a 
chemistry degree rather than a microbiology degree lead most QC and QA 
departments. As such, the chemistry perspective is foremost in decision‐mak-
ing that is important in QA activities related to microbiology. Biology is chem-
istry with a “twist.” Chemistry is physics with a “twist.” Physics is math with a 
“twist.” These philosophies arise from math, which is precise and unforgivingly 
devoid of “twists” or art. There is very little “art” in chemistry, whereas about 
half of microbiology is “art.” Therein is the dilemma for data interpretation in 
microbiology.

15.4  Who Has Responsibility for Quality?

It was common to use the terms “Quality Control” (QC)  and “Quality 
Assurance” (QA) interchangeably, especially within the context of small com-
panies several decades ago. However, QC and QA departments are part of an 
overall “quality management” program, and smaller organizations may find the 
overlap creates difficulty when defining authorities. The terminology grew 
from environmental studies spurred by Super Fund research sponsored by the 
US EPA (Cross‐Smiecinski 2002). However, these responsibilities must not 
create conflicts in decision‐making (which this author observed in the early 
years of the generic drug industry in the United States). The distinction 
between QC and QA is important, but in the drug cGMP regulations, 21 CFR 
211.22 uses nonspecific terminology under the catch‐all heading, 
“Responsibilities of the quality control unit.”

A chemist from the National Bureau of Standards, John K. Taylor (not to be 
confused with John M. Taylor, a previous FDA Associate Commissioner for 
Regulatory Affairs) offered clarity in the distinctive roles of QA and QC. Dr. 
Taylor defined Quality Assurance as A system of activities whose purpose is to 
provide to the producer or user of a product or service the assurance that it meets 
defined standards of quality with a stated level of confidence. He defined 
Quality Control as The overall system of activities whose purpose is to control the 
quality of a product or service so that it meets the needs of the users. The aim is 
to provide product of quality that is satisfactory, adequate, dependable, and eco-
nomic. In summary, Dr. Taylor asserted that Quality Assessment is composed 
of The overall system of activities whose purpose is to provide assurance that the 
overall quality control job is being done effectively. It involves a continuing 
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evaluation of the products produced and the performance of the production sys-
tem (Taylor 1987).

It is common to view “quality” as a system associated with release of a fin-
ished product: something was made and testing shows that it meets estab-
lished criteria. However, the notion of quality since the era of Deming1 in 
recent years has become a lifecycle activity based on the “Plan, Do, Study, Act” 
(PDSA) principles. These are the same as Shewhart’s2 “control circle/cycle/
wheel” and many other terms to describe a continuous system of actions to 
improve processes until the product is no longer manufactured. This holistic 
philosophy engages the entirety of those involved in the processes associated 
with a product or service throughout its lifecycle. As a lifecycle function, no 
individual has ownership of a product’s quality, but when a problem arises, the 
quality assurance director bears the weight of resolving the issue. When the 
question or complaint is microbiological in nature, the entire team must work 
together to help the QA Director, but that team will need the training and 
experience of a microbiologist to investigate the nature of the problem and 
recommend corrective actions.

Since the industrial revolution, industrial manufacturing has become a 
complex structure that rarely occurs between sunrise and sunset of a given 
day. For sterile manufacturing, the preparation of materials and equipment 
requires organizing all components of the process, testing, and approving 
them. Then, they must be stored and protected to remain suitable for use in a 
sterile process. Skilled and practiced operators are entrusted to assemble the 
needed items and operate the system while other personnel prepare records 
that confirm the proper performance of each activity. This requires planning 
and integration of the disciplines necessary for sterile product manufacturing, 
and for that matter, similar planning is needed for most other microbiologi-
cally sensitive products.

15.5  Product and Process Planning

Pharmaceutical manufacturing is a significant undertaking. There is signifi-
cant risk and great potential benefit associated with a drug product. When a 
pharmacist prepares a dose, the patient receives something that is supposed 
to mitigate a medical issue. When a batch of drug is prepared, the product is 
intended help a large population. The risks of manufacturing error are mag-
nified by the increased number of users (scale) and the greater amount of 
time to distribute and consume the product (shelf life). When the product 

1 William Edwards Deming (14 October 1900 to 20 December 1993).
2 Walter Andrew Shewhart (pronounced like “shoe-heart,” 18 March 1891 to 11 March 1967).
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requires the attribute of sterility, the microbiological controls can be very 
demanding and appropriately so considering a failure could be catastrophic 
for the patient.

Sterility of a finished product may be necessary for several reasons. In the 
food industry, sterilization is performed as a preservation method, particularly 
in canning processes. For pharmaceutical manufacturing, sterility is generally 
necessary to protect the user from exposure to infectious agents. For non‐ster-
ile drug products, microbial control is generally accomplished by good manu-
facturing practice (GMP), low water activity of the formulation, and/or 
antimicrobial preservatives. Similar philosophies are employed during food 
production; however, refrigeration and pasteurization are more common 
microbial control strategies for foods (Pflug 2010).

To assure the safety and effectiveness of a therapeutic product, carefully 
designed studies are performed and evaluated. Chemists, physicians, toxicol-
ogists, and statisticians are the typical leads in early drug developmental stud-
ies. As the development of a drug product approaches the point of 
commercialization, the transition from experimental development to indus-
trial production creates novel challenges and opportunities. The PDSA model 
begins with establishing the industrial objectives that include determination 
of the optimal formulation and product presentation. The US FDA expects 
sterility of drug products for injection and those applied to or near the eye. It 
is desirable that products applied to open wounds are sterile, but this is not a 
requirement (FDA 2006).

All products whether intended as sterile or non‐sterile need to be prepared 
with adequate controls to avoid “filth” and “insanitary conditions.” While 
microorganisms may be present in non‐sterile products, there should not be 
too many microorganisms or the wrong species. FDA regulations for nonster-
ile drug products reflect these concerns in batch release testing (21 CFR 
211.165), component (21 CFR 211.94), and facility and equipment require-
ments (21 CFR 211.113). Raw material and packaging requirements are 
intended to assure the use of suitable materials that are free of adulteration that 
could degrade the product or harm the patient.

While some microbiological latitude should be expected when manufactur-
ing non‐sterile products, some common sense in microbiology and engineer-
ing remains important. For example, fresh salad will have a microbial load of 
about 106 CFU/gram. The number of microorganisms in salad is an indicator 
of its origins and freshness. Clean and sterile are different and should not be 
confused. The greater health risk comes from the presence of the wrong 
microorganisms. Refrigeration and storage time will control  general spoil-
age of food, but the source and handling are necessary controls to prevent the 
presence of pathogens. Similar concerns are reflected in the regulatory expec-
tations that require adequate written procedures designed to prevent objec-
tionable microorganisms in drug products. The compendia recommend 
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criteria for many non‐sterile drug products. In USP, these criteria are in USP 
Chapter <1111>, an informational chapter. There are numerical limits for the 
microbial load of non‐sterile products (assuring the absence of adulteration 
indicated too many microorganisms), and test methods are found in USP 
Chapter <61> (Microbial Enumeration Tests). The criteria offered for finished 
products are small numbers, and small numbers are problematic for micro-
biological data. General Chapter <1111> discusses expected variability for 
counting populations when the raw data are small numbers to acknowledge 
that counts can actually reflect a range of results from the same population. A 
twofold variance from the criteria is a tolerable test result range for the single 
result. The analyst should consider trends and consistency of counts rather 
than data from singlicate tests.

There is no practical way to offer lists of species that would meet the expec-
tations of the regulation relating to “objectionable microorganisms.” However, 
the compendial tests for specified microorganisms are provided in USP 
Chapter <62> (Tests for Specified Microorganisms). This chapter offers test 
methods for organisms that indicate potential adulteration from types of con-
tamination or generally insanitary conditions. USP Chapter <1111> recom-
mends criteria that includes the absence of:

is an indicator of touch contamination and is capable of causing 
infections.

is an indicator of poor water quality contact and is a pathogen when deliv-
ered by certain pathways.

is an indicator of generally poor hygienic practices or adulterated 
materials.

is an indicator of adulteration that would be unacceptable for vaginal prod-
ucts and possibly others.

Salmonella species are enteric pathogens representing very poor hygienic 
conditions.

Bile‐tolerant Gram‐negative bacteria in certain inhalation products: 
Included among these are  Escherichia coli, Salmonella, many of the 
pseudomonads and Enterobacteriaceae.

Again, while these are hardly an exhaustive list, they do provide a starting 
point to consider when materials or products might contain microbial flora   
from unacceptable sources or poor processing. Additionally, other microorgan-
isms may present a risk for certain routes of administration or formulations. 
The manufacturer remains responsible for having appropriate procedures for 
preventing objectionable microorganisms, but good‐quality materials and clean 
processes meet the expectations of the regulation. Chapter 11 provides a deep 
insight on objectionable microorganisms. The freedom from these specified 
organisms (and other outright pathogens mentioned in regulatory documents 
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or monographs) represent an adequate starting point for microbiological qual-
ity attributes of non‐sterile products.

Other microorganisms are problematic to certain product types. Products 
of biologic origin may include mycoplasmas. Test methods for mycoplasma 
are provided in USP Chapter <63>. Aqueous products often need antimicro-
bial preservatives to prevent the growth of microorganisms in non‐sterile 
products. As noted in USP General Chapter <1231> (Water for 
Pharmaceutical Purposes), various species of “pseudomonads” can resist 
antimicrobial agents and are common to water systems. USP <62> offers 
test methods for P. aeruginosa (which is a potential pathogen that can flour-
ish in water systems), but specific tests for other of the “pseudomonads” had 
not been in the compendia. Certain Burkholderia species (previously part of 
the Pseudomonas genus) are pathogenic for some patient groups, and some 
Burkholderia species can even metabolize benzalkonium chloride preserva-
tives (Ahn et  al. 2016). Recently, FDA advised drug manufacturers that 
Burkholderia cepacia complex (Bcc) poses a contamination risk in non‐ster-
ile, water‐based drug products (Torbeck et  al. 2011; FDA 2017). Even if 
regulators have requested that the absence of B. cepacia complex be part of 
the specification for some products, no compendial methods existed for 
detecting these bacteria. USP undertook to provide test methods for 
Bcc  organisms and proposed they become General Chapter <60>. There 
are  other of these “pseudomonads” that have been shown to overcome 
 preservatives. For example, Borowicz et  al. (1995) reported survival of 
Stenotrophomonas maltophilia in a buffer solution containing 1% sodium 
azide. However, S. maltophilia are less invasive and less commonly reported 
as the etiology of infections.

15.6  Quality and Documentation in Drug 
Manufacturing

Some production activities are very direct and uncomplicated. For pharmaceu-
ticals, the range of activities is very diverse and planning becomes essential. 
FDA regulations continuously restate that these procedures must be estab-
lished and followed. The individual steps in the procedures are checked and 
confirmed, and a “responsible person” verifies their performance with a signa-
ture. Similarly, investigations and corrective procedures are undertaken and 
then signed as the actions are completed. These must be executed and closed 
in a timely fashion with no deviations in the signature order and timing. Too 
often, an incomplete signature block or an investigation that has not been 
closed becomes the start of a cascade of inspectional observations, and micro-
biology deviations can remain open for a long time and become forgotten. 
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Open investigations can suggest a quality culture weakness that causes the 
investigator to look deeper into the quality systems and their documentation.

15.7  Summary

Quality is a system owned by no one group or person in a manufacturing set-
ting. The entirety of the manufacturing organization bears responsibility for 
product quality. It is, however, directed and ultimately the responsibility of the 
quality assurance director.

Quality means that the product meets the needs of the consumer. The role of 
the regulator is to protect the consumer, while the producer provides for the 
consumer. For pharmaceuticals, many elements interplay in this dynamic: 
medicine, pharmacology, chemistry, engineering, microbiology, and then there 
are business aspects like storage and distribution.

The role of microbiology within this much larger context of quality illus-
trates some unique elements that contribute to pharmaceutical manufactur-
ing. In all aspects of these disciplines there are risks associated with the use of 
medications. Manufacturing risks can be minimized by manufacturing design 
and vigilance in the practices of manufacturing. However, minimizing will not 
eliminate all risk. Especially in microbiology, a perspective of risk must be con-
sidered whether taking a solid oral tablet like a compressed tablet or eating 
salad for dinner.

Even the injection of a drug that is labeled “sterile” has risks imposed by drug 
preparation and administration. “Sterile” cannot be measured by testing, and 
while process validation measures only the responses within a defined range, it 
relies on projections farther into the unmeasurable regions of the absolute 
state called “sterile.”

The quality unit can only address the measurable and move from there 
using risk‐based perspectives from the PDSA principles or Shewhart’s 
 “control circle/cycle/wheel.” This vigilant observation of process data and 
reaction to deviations are needed because microbiological inputs will con-
tinuously change. Environmental deviations should be expected and care-
fully sought. When deviations are detected, they should be assessed for risk 
and appropriate corrections made. With the realization that microbiological 
environmental data reflect events from several days before, and are a “snap 
shot” of only portion of the resident flora, assigning specific causes to data 
deviations are sometimes not possible even after weeks or months. Increased 
monitoring provides some evidence as part of increased vigilance, but future 
monitoring will not identify an event in the past. Only continuous quality 
activity can offer a reasonable expectation of microbiological product 
quality.
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16.1  Introduction

Testing for microbiological purity is an essential part of quality control of drugs 
as well as medical devices. The highest requirements apply to sterile products, as 
they must be free from microorganisms, which must be demonstrated by the 
sterility test. However, even non‐sterile drugs are subject to stringent require
ments, as the presence of certain microorganisms in a drug may attenuate or 
inactivate the therapeutic activity of the drug while also endangering the patient’s 
health. Therefore, the lowest possible microbial burden must be ensured in the 
production, storage, and placing on the market of pharmaceutical preparations 
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by applying the GMP guidelines (EudraLex 2015, Part I and its Annexes; ICH 
2005, 2008; PIC/S 2018; WHO 2011, 2014; ZLG 2010).

However, this is only possible if appropriate quality requirements are already 
taken into account for the starting materials (active substances and excipients),  
the process equipment as well as the hygiene concept (hygiene regulations for 
environment and staff ).

16.2  General Requirements

The microbiological purity requirements are laid down in the pharmacopoeias 
for non‐sterile pharmaceutical preparations and pharmaceutical substances in 
Ph. Eur. chapters 5.1.4 and 5.1.8.

Testing methods to be used to control the microbiological quality are also 
described in the pharmacopoeia in Ph. Eur. chapters 2.6.12, 2.6.13, and 2.6.31.

Both the requirements and the test methods were the subject of interna
tional harmonization. The aim of the harmonization is to assert the same test
ing methods and requirements in the USP, the Japanese, and the European 
pharmacopoeia.

In addition, relevant documents for medical devices are published and can 
only be attained with a sufficient degree of assurance if:

a) The product‐specific risk for a microbiological contamination is already 
systematically investigated during the development phase of a drug.

b) The specifications, test methods, the sampling and the test frequency for 
drug products, devices, active pharmaceutical ingredients (API), excipients, 
and primary packaging materials are established according to the product‐
specific and process‐related risk as well as the nature and the mode of appli
cation of the relevant material.

c) A concept exists to monitor the personal hygiene, the premises, the equip
ment, the manufacturing process, and process media which supplements 
the product‐related quality assurance measures.

As far as testing is concerned, a variety of product‐related and facility, per
sonal, and process‐related microbiological tests have to be carried out to 
ensure the microbiological quality of pharmaceutical drug products or medical 
devices (Table 16.1).

Since a microbiological control area is an essential element of a comprehen
sive and well‐established Quality Control Unit, all activities are more responsi
ble for reviewing, approving elements, and collecting raw data in compliance 
with GMP requirements.

Therefore, it should be considered a principle and a matter of course to carry 
out activities of a microbiological control laboratory as an integral part of 
audits and self‐inspections in a company also for the production of non‐sterile 
drug substances (API’s), excipients, and finished products.
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Table 16.1 Product‐related activities for non‐sterile products.

Test activities Requirements

Holding and standing time If non‐sterile aqueous intermediate solutions and 
suspensions (e.g. coating solutions) have to be stored for a 
prolonged period of time, the maximum permissible 
holding period of these has to be determined by means of a 
microbiological challenge test.

Antimicrobial effectiveness 
test (AET)

For all liquid and semisolid drug products (DP) the 
question arises whether the whole contents of a container 
is used in a single dose or whether the drug product is 
presented in a container for multiple use.
The AET is performed in the development phase and also 
during the stability testing studies in order to show that the 
antimicrobial efficacy is granted up to the end of shelf life.
The AET is not performed during follow‐up stability and is 
not a routine release test.

Manufacturing/release 
testing (routine testing 
activities)

Whether the microbiological release testing has to be 
carried out and depends on the applications, antimicrobial 
or growth promotion properties, and the historical data of 
the drug substance (API), excipients, or DP.

Microbiological process 
controls (source of 
contamination)

If a non‐sterile drug substance (API), excipient or DP is 
microbiologically contaminated (OOS result or OOE 
result), the root cause has to be disclosed and eliminated. 
For this purpose, microbiological step‐by‐step checks 
during the manufacturing process may be necessary.

Microbiological process 
controls (step‐by‐step 
controls)

All manufacturing steps in a non‐sterile liquid drug 
substance (API) or DP and production steps in solid DP 
dealing with aqueous solution or suspension must be 
carefully evaluated and kept under control.

Test for microbial counts Non‐sterile drug substance (API), excipients, and DP have 
to fulfill microbiological purity requirements laid down by 
the harmonized text of the Pharmacopoeias. Furthermore, 
internal microbiological limits for primary packaging need 
to be established.

Cleanroom concept (room 
classification)

Description for production of non‐sterile drug substance 
(API) and DP. It defines the requirements for each 
cleanliness zone regarding design, construction, 
qualification and operational requirements as well as 
requirements for personal and sanitization.

Microbiological 
monitoring in terms of 
cleanroom concept (air, 
surfaces, and personnel)

Based on the definition of cleanliness zone for non‐sterile 
products and based on a risk assessment

(Continued)
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16.3  Audit Assessment Tools of a Microbiological 
Laboratory

16.3.1 General Overview

This chapter provides guidance on the use of process and system assessment 
tools in preparing for and performing audits and self‐inspections in microbio
logical laboratories. An assessment tool is designed to provide guidance and 
regulatory references to enable the auditor to identify common elements that 
are applicable to the specific audit and will focus the auditor on the critical 
elements of the process.

Table 16.1 (Continued)

Test activities Requirements

Microbiological cleaning 
validation

The efficacy of cleaning and disinfection of product‐
contacting surfaces needs to be validated in terms of the 
hygienic cleanliness.
The microbiological cleaning validation deals with the 
efficacy of the applied disinfectants, the storage, and the 
respective environmental conditions for non‐sterile 
products.

Evaluation and monitoring 
of disinfectants and 
detergents

Detergents and disinfectants, ready to use, have to be 
monitored for possible microbiological contaminations.

Monitoring of gases Microbiological examination of compressed gases (e.g. air, 
carbon dioxide, and nitrogen) is done for initial 
qualification of gas distribution systems installed in 
manufacturing areas and a routine monitoring program 
should be implemented.

Water for pharmaceutical 
use

Water in various qualities is used in a variety of 
pharmaceutical processes; water is susceptible to microbial 
contamination.
Therefore, the proper design of a treatment and 
distribution system for water for pharmaceutical use is of 
utmost importance, and the chemical, biological, and 
microbiological quality has to be constantly supervised. 
Minimum purity requirements adapted to the water 
quality have to be applied, including testing frequencies, 
sample strategies and procedures, interpretation of results, 
and handling of deviations/out‐of‐specification results. A 
detailed sampling plan should be part of the system‐
specific SOP.
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They provide the auditor with an instructional guide and enhance consist
ency by assuring that critical systems,  subsystems,  processes and elements are 
addressed consistently and thoroughly during the audit/assessment 
(Figure 16.1).

16.3.2 Organization and Personnel

 ● Request and review organization charts of the microbiological department.
 ● Review the functionality and responsibilities for key positions  –  job 

description.
 ● Determine if facility/business unit operates under a corporate quality 

policy.
 ● Verify that the responsibilities and procedures applicable to the quality con

trol unit are defined in a written procedure.
 ● Is there a new employee orientation and training program that also includes 

cGMP training sessions?
 ● Is there a continuous training program implemented?
 ● Written training records available and traceable documented?
 ● Trainers are qualified to provide training sessions.
 ● If consultants are hired to advise any activities in the microbiological labora

tories, verify evidence of their education, training, and experience.
 ● Medical checks should be on a regular basis.

References: EudraLex 2015, chapters 2.8, 2.9, 2.10, 2.11, 2.16, 2.20, 2.23.

Microbiological
laboratory

Equipment
3.8

Media
3.4

Trends
3.5

Documentation
3.3

Reference 
cultures 3.9

Facilities
3.7

Organization 
and personnel

3.2

Microbiological
methods 3.6

Figure 16.1 Overview of critical success factors for the inspection of microbiological 
laboratories.
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16.3.3 Documentation

Normal principles of good documentation practice apply and are implemented, 
because testing can be reported on log sheets, data sheets, logbooks, etc.

Attention: Most microbiological tests are extremely manual with little 
automation.

Take in consideration that most documentation in microbiology is simple, 
voluminous, repetitive, and laborious for review.
Parts to consider regarding documentation evidence are:

 ● SOPs for each test/activity existing.
 ● Test documentation available.
 ● Documentation for media preparation present.
 ● Charts, temperature printouts, and equipment log books available.
 ● Documents and raw data present for equipment qualification, maintenance, 

and calibration procedures.
 ● Availability of testing monographs.
 ● Method suitability of protocols and reports.
 ● SOPs for handling reference microorganisms, temperature monitoring sys

tems for incubators present.
 ● A SOP covering safety and environmental issues (i.e. handling of cytotoxic or 

highly active substances).
 ● Environmental monitoring program for the microbiological laboratory is 

present and raw data are available.
 ● Continuously water testing program for water used for media preparation 

present.
 ● SOPs for sampling procedures for microbiological environment and per

sonal monitoring and water testing program are implemented.
 ● SOPs for evaluation of cleaning and disinfection agents are available.
 ● SOPs for cleaning and disinfection are available.

References: EudraLex 2015, chapters 4.1–4.9, 4.18, 4.28, 4.29, 4.30, 4.31, 6.16, 6.17.

16.3.4 Culture Media

 ● The kind of culture media in use is defined in the pharmacopoeia (e.g. Ph. 
Eur. 2.6).

 ● What types of culture media are used? E.g. ready‐to‐use or as dehydrated 
powder for in‐house manufacturing?

 ● All culture media should be subjected to appropriate controls to ensure fer
tility and growth promotion and, as appropriate, inhibitory and indicative 
properties.

 ● All culture media should be traceable with respect to when and where they 
are used.
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 ● If ready‐to‐use media are used, the points to consider should be:
 – Each incoming batch tested for sterility and growth promotion (reference 

organisms and in‐house flora).
 – Correct storage, following “First Expiry and First Out” (FEFO) principle 

and expiry date.

 ● If dehydrated powder for in‐house manufactured culture media is used, the 
points to consider should be:

 – Each incoming batch to be tested for growth promotion (extended release 
test).

 – Each batch manufactured according to defined procedures and specified 
by the manufacturer with documentation.

 – Sterilization process validated and controlled.
 – Each manufactured batch with defined batch number is tested for growth 

promotion (reduced release test) and as appropriate inhibitory and indic
ative properties.

 – Full batch number traceability system is present.

References:

 ● EudraLex 2015, chapters 4.14, 4.22, 4.25, 4.26, 6.19
 ● Ph. Eur. 2.6, chapter 2.6.1
 ● PIC/S 2018, chapters 5.2–5.5, PI 012‐3 chapter 11.3.2, 11.3.3
 ● Rieth 2012

16.3.5 Trends

In general, and in this context, microbiology is not an exact science because 
every test is destructive; it is not possible to repeat a test exactly on the same 
sample. Microbiological data derived from a single monitoring event represent 
not more than a snapshot of the environmental bioburden, which is subject to 
spatial–temporal variation. Therefore, reviewing microbiological trends is 
often more useful than individual results.

Points to consider should be in this case:

 ● In principle, requirements for trend analysis in the context of quality assur
ance is available and implemented.

 ● Regarding action, alert limits, and out‐of‐trending (OOT), there are clear 
definitions of procedures when limits are exceeded present.

 ● Are clear specifications available in which period of time trending is to be 
documented? (Weekly, monthly, quarterly, etc.)

 ● Existing trending program also include the evaluation of the in‐house flora?

References: EudraLex 2015, chapters 6.9, 6.29, 6.32.
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16.3.6 Microbiological Methods

In general, most microbiological methods used are described in the Pharmacopoeia, 
e.g. bioburden testing of raw materials, water, detection of objectionable microor
ganisms, e.g. Escherichia coli, Pseudomonas aeruginosa, Salmonella spp., endo
toxin for purified and highly purified water, and preservative efficacy testing.

The focus should therefore be on the review of applied microbiological test 
methods as:

 ● The reported test method is detailed in the form as reported in the 
Pharmacopoeia (i.e. which method is used).

 ● Specifications of active substances, excipients, and drug products are correct 
and detailed in the statement of microbiological purity.

 ● Microbiological tests are carried out in accordance with written require
ments (SOPs) and/or according to the guidelines of Pharmacopoeias.

 ● Verification of raw data consistency with data integrity and full traceability.
 ● Review and evaluate possible suitability test documents for microbiological 

test methods. Note: A strict approach regarding to linearity, specificity, pre
cision, etc., are not appropriate for method suitability test. Hence, a strict 
case‐by‐case approach is appropriate.

 ● Bioburden testing under microbial‐controlled environmental requirements.
 ● Validation of sample preparation expected (i.e. recovery) according to 

bioburden testing.
 ● In general, repeated testing should follow predetermined, modified OOS‐ 

procedures.
 ● Points to consider for enumeration test by filtration, plate count, or most 

probably number (MPN) method according to total viable aerobic count:
 – Clean bench is state of the art
 – Flame must be near exposed surface if no laminar flow cabin is used
 – No open doors during test

 ● Suitability of microbial enumeration test is adequate in that the recovery rate 
must be more than 50% of the inoculum.

References:

 ● Ph. Eur. 2.6, chapter 2.6.16
 ● EudraLex 2015, chapters 1.2ii, 1.3viii, 1.3x, 1.4iii, 1.4iv
 ● PIC/S 2018, PI 041‐1

16.3.7 Facilities

Microbiological laboratories should be designed to avoid:

 ● Change contamination of tests; false‐positive test results
 ● Cross contamination between tests
 ● Escape of hazardous organisms
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 ● Infection of operators

A clear clean zone concept should be implemented and with regard to the 
classification of rooms, they should be suitable for use. An adequate environ
mental monitoring program with clear requirements for personal hygiene, 
cleaning and disinfection should be present.

Material and personal flow should minimize the risk of cross contamination 
in that:

 ● Removal (and decontamination) of waste containers and sharps bins.
 ● Removal (and decontamination) of bottles with contaminated solutions.
 ● Clear requirements of entering clean areas and leaving dirty areas.
 ● Appropriate staff live culture work and qualified for the work with living 

microorganisms.
 ● Presence of non‐sterile items in clean area; sanitization of working areas 

after use.
 ● Incubation of agar in clean area.

References: EudraLex 2015, chapters 3.1, 3.26, 3.27, 3.29, 5.20, 6.5, 6.6.

16.3.8 Equipment

Generally, most microbiological equipment is essentially simple, so qualifica
tion requirements need not to be implemented. However, with the use of auto
mated analysis equipment, and/or the use of rapid microbiological methods 
(RMMs), a requirement for qualification and validation that should not be 
underestimated must be taken into account. It is advisable in this connection 
to create a detailed validation master plan (VMP) for the microbiological 
laboratory.

Typical equipment in microbiological laboratory is:

 ● Autoclaves and incubators
 ● Laminar flow cabinets
 ● High‐tech equipment like isolators, systems for identification of microor

ganisms like DNA sequencer, and automated systems
 ● Equipment for environmental sampling
 ● Temperature‐controlled areas like refrigerators and cold storage rooms

Points to consider should be in this case:

 ● Basic principle of equipment qualification (DQ → IQ → OQ → PQ) applied.
 ● Equipment and relevant IT‐systems in the microbiological laboratory that 

should be qualified are part of the VMP.
 ● An adequate and detailed calibration and maintenance plan of each neces

sary equipment is present (e.g. water bath, air sampler).
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Review and evaluate the qualification documentation of an autoclave in that:

 ● Heat distribution and heat penetration is adequate.
 ● All loading possibilities are qualified regard to regulatory requirements incl. 

biological indicators.
 ● Temperature and pressure registration for routine sterilization is present.
 ● Clear requirements for revalidation is present (number of runs per load; fre

quency for revalidation).
 ● Clear requirements for recalibration of temperature probes and pressure 

transmitter (recommendation twice per year).
 ● Performance of steam quality tests and installed HEPA filters.
 ● User management is defined and if necessary, an audit trial is implemented.

References: EudraLex 2015, chapter 6.5, Annex 15.

16.3.9 Reference Cultures

Most biological tests require the use of reference cultures for positive controls 
and growth promotion testing. What should usually be considered within a 
microbiological laboratory area?

 ● Reference cultures should normally be traceable to the appropriate culture 
collection, i.e. ATCC, NCTC; not more than five passages are allowed after 
being cultivated from a lyophilized or cryo culture (i.e. if Reference cultures 
from the first generation is received).

 ● In general, the Pharmacopoeia provides details of which strains to be used 
for which tests. Is this implemented and respected?

 ● In principle, propagation of reference cultures must be under controlled 
conditions to ensure they remain fit for purpose.

 ● Reference organisms will usually be used in low numbers to ensure test sen
sitivity [typically 10–100 CFU (colony forming units) per test]. Correctly 
implemented and documented?

 ● Determinations and characterization of the in‐house flora derived from con
taminants are isolated from environmental and product samples. Require
ments implemented and documented in SOPs?

 ● Carefully controlled storage areas and maintenance procedure for each ref
erence culture.

References: EudraLex 2015, chapters 6.21–6.24, 6.19.

16.4  Regulatory Audits in the Microbiology Department

To ensure the quality and effectiveness for each pharmaceutical product, 
depending on its dosage form, microbiology is an important and essential part 
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of an established quality control. Microbiology is a science that deals with 
immense number of subjects. As a result, a microbiological control laboratory 
is an integral part of official inspections by agencies and should therefore be 
routinely checked for compliance with requirements, even in self‐inspections.

Typical findings during the evaluation of a microbiological laboratory 
(Figure 16.2):

1) There is no link between the sterilization of media batches and the subse
quent growth promotion testing. There is no systematic release of media 
batches.

2) The pH of agar plates was not measured due to the lack of appropriate 
equipment.

3) Not all loading plans in use were part of the initial performance qualifica
tion of the autoclave.

4) No clear personal and material flow in classified working areas was defined 
in the microbiological laboratory. Serious cross contamination issues.

5) Water contamination issues.
6) Environmental monitoring issues like:

 ● No detailed corrective actions with OOS results
 ● Absence of monitoring for critical work
 ● No inactivating agent in contact plates and swabs used for environmen

tal monitoring
7) The autoclave sterilization cycle for media is not charted (temperature and 

pressure of the cycle).
8) The pH of microbiological media after sterilization is not measured.

0 5 10 15 20 25

Training, qualification

Trending programs

Facilities, clean zone concept

Cleaning/disinfection

Validation

Qualification, calibration, maintenance

Monitoring program

Deviation, change control

Procedures/documentation

Percentages of observations 

Values

Figure 16.2 Overview of observations in specific areas within the microbiological 
laboratory in the last five years based on regulatory inspections.
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9) In the microbiological laboratory there is no incubator for 20–25 °C. Room 
temperature incubation is performed in the noncontrolled laboratory 
environment.

10) No trending is performed for environmental data.
11) The points of use designated for sampling are not referenced by a unique 

identification code (mapped on the distribution loops diagram).
12) The process of deviation handling is not adequately described in a SOP 

regarding classification of deviations and no time limit for the closure of 
each CAPA.

13) It cannot be assured that the justification for a change is sufficiently docu
mented or that change control activities are fully considered and 
documented.

14) There are no work zones and defined, classified conditions for the work on 
the open product or on test approaches.

15) For the autoclave, which is used for sterilization, no qualification docu
ments could be provided.

16) During the preparation of the culture media, a check of the growth char
acteristics by means of control microorganisms is not carried out 
systematically.

17) The work instruction for the enumeration for total aerobic microbial 
counts and specific microorganisms does not consistently meet the 
requirements of the Pharmacopoeia.

 ● Changes in methods are not described and their suitability or equiva
lence to the Pharmacopoeia is not proven.

18) Poor traceability of test records. Attended documents do not contain all 
necessary data to guarantee a complete traceability, i.e. missing time infor
mation for the evaluation, number of approaches, passages, missing infor
mation about the filter type.

19) Lack of traceability of the reference microorganisms to an official stand
ard. Purchased reference cultures (ATCC strains) and the stock cultures 
produced from them (max. four passages) were not traceable to a certified 
standard by available documentation. It was also unclear whether the cul
tures obtained were from a corresponding accredited institution (supplier 
qualification program).

16.5  Conclusions

In addition to effectiveness, safety and quality are the most important require
ments for a drug. Testing for microbiological purity is an essential part of qual
ity control of medicinal products. The highest requirements apply to sterile 
preparations, but also non‐sterile drugs are subject to strict requirements. For 
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non‐sterile pharmaceutical preparations, the European Pharmacopoeia pre
scribes different requirements for the total number of microorganisms and the 
absence of certain types of microorganisms, depending on the type and location 
of application. This also includes starting materials and active ingredients.

But how to recognize microbial and other impurities in the product at a rea
sonable cost? Statistical principles in sampling are just a few of the important 
issues discussed in analytical quality control and pharmaceutical microbiology. 
Examples of risk assessments for laboratory and manufacturing microbiologi
cal activities should be implemented as a central element of microbiological 
quality assurance. Practical hygiene plans, information on nutrient media pro
duction as well as specifications and evidence for the validation of microbio
logical test procedures, and the qualification of essential equipment complete 
this consideration.

The current experience with official GMP inspections still shows an increasing 
focus on the field of quality control, where apart from physicochemical and ana
lytic analytics, more and more pharmaceutical microbiology is being examined.
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17.1  Introduction

Nowadays, the production and release of medications is so complex and time‐
consuming to monitor that hardly any manufacturer can produce efficiently, 
cost‐effectively, and successfully without the support of service providers. This 

Which Microbiological Tests Can Better 
Be Performed In‐house and What Can Be Easily 
Outsourced
Thomas Meindl and Ingo Grimm

Labor LS, Bad Bocklet, Germany

CONTENTS

17.1 Introduction, 519
17.2 Advantages and Disadvantages of Outsourcing, 522
17.2.1 Specialization and Know‐How in Analytical Testing, 522
17.2.2 Challenges for Outsourcing, 523
17.3 Business Case and Hidden Costs, 524
17.3.1 The New Challenges in Pharmaceutical Environment, 524
17.3.2 Outsourcing to Strengthen the Core Business, 525
17.3.3 Which Testing May Be Outsourced, 526
17.3.4 Sample Hold Time and Transport, 527
17.4 Hidden Costs, 528
17.5  Quality Agreement Between the Contract Laboratory and the 

Requesting Company, 529
17.5.1 Regulatory Environment, 529
17.5.2 Regulatory Aspects and Contents of a Modern Quality Agreement, 529
17.6 Auditing Contract Laboratories, 532
17.7 A Case History, 532
17.7.1  Example 1: Implementation of a New Technology – Qualification and 

Validation, 532
17.7.2  Example 2: System Suitability Test, Setup of Test for Microbiological Quality, 533
17.7.3 Example 3: Setup Environmental Monitoring for Microbial Contamination, 534
17.8 Conclusions, 535

Bibliography, 536



520 17 Which Microbiological Tests Can Better Be Performed In‐house

trend even goes so far that “cloud companies” exist that are solely responsible for 
identifying new leads, handling regulatory processes, and supervising supply 
chain management. Such companies operate completely without their own pro-
duction and testing equipment. This of course gives these forms of organization 
a great deal of flexibility in terms of resource management, but on the other hand 
they are 100% dependent on the delivery and reliability of their partners.

In the chapters of this book, various aspects of microbiological testing are 
presented. At first glance, the microbiological tests described in the various 
pharmacopoeias appear reasonably clear (at least when compared to the 
incredible amount of chemical and physical analytics and the resulting mono-
graphs). However, the microbiological tests are no less challenging.

The challenge in microbiology is that the described procedures are only 
described for a single matrix. Anyone who knows the complexity of the prod-
ucts on the pharmaceutical market quickly concludes that it is a great challenge 
to establish and finally validate suitable microbiological processes that do jus-
tice to the respective matrix of the product or preparation. In this context, the 
question naturally arises as to whether this know‐how must be built up and 
expanded, trained and maintained in all pharmaceutical companies, or whether 
an organization can purchase this knowledge.

As in other disciplines along the value chain, considerations are made as to 
which test procedures remain in the company and which are placed with a 
service provider. In the range of possible services, the outsourcing of release‐
relevant testing involves the highest risk in economic terms, but also the high-
est savings potential. Once the tests have been validated, testing the end 
products in routine testing always follows the same test plan and thus offers a 
high potential of rationalization.

It is of course extremely important to find the right partner for outsourc-
ing testing services, because incorrect tests can have an impact on patient 
safety. But also the reputation of the company toward health authorities and 
patient groups can be on stake. This risk can be divided into two groups. For 
example, the risk of testing non‐sterile samples is usually significantly lower 
than for testing sterile samples, although it may economically make sense to 
outsource sterile samples because the quality control processes take place in 
significantly higher, very expensive cleanroom classes or maintenance‐
intensive isolators.

Which microbiological tests should therefore be given preference in this 
controversial area? The question is not easy to answer, because further consid-
erations are necessary to make the right decision.

Thus, in addition to the type of test, there is always the question of the time 
frame within which certain results must be available. Various process steps 
require that results must be available very promptly, e.g. due to the lack of 
stability of the samples or the influence of room conditions on the growth of 
microorganisms. Should such factors play a role, suitable validation measures 
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such as transport validation must be carried out. Such studies can then be used 
to determine the time frames within which the test must be conducted.

It does not make sense to outsource the collection of measurement data 
directly in the process. This means when so‐called in‐line or end‐line measur-
ing methods must be the method of choice. Or, when it comes to extremely 
time‐critical in‐process controls, the results of which have to be delivered ad 
hoc in order to be able to enter the next production step. However, in‐line or 
end‐line measurement methods have not yet become widely accepted in phar-
maceutical operations. An exception is here the production of biopharmaceu-
ticals, where in‐line, atline, and end‐line measurement methods, respectively, 
are becoming more and more popular. There are various technologies that can 
be used to support these ideas. However, the qualification of such procedures, 
the assurance of the safety of the test results, and the data integrity of the gen-
erated results require a high level of know‐how and effort (see Chapter 13).

Another aspect for deciding whether a particular test should be transferred to a 
contract laboratory is the question of how often a particular test will be carried 
out. If there are only very few samples for a certain test in production operation, 
it is usually not very useful to establish the necessary test method. Because setting 
up the necessary laboratory, the required equipment, the costs for qualifying the 
equipment and premises, the personnel costs, the expenses for ongoing training 
operations, and the necessary costs for a backup solution in the event of illness or 
vacation do not make the establishment of an own laboratory reasonable.

This maybe illustrated by a practical example, such as an antimicrobial effec-
tiveness test (AET, USP chapter <51>, Ph. Eur. chapter 5.1.3). This test is based 
on a study concept by which the antimicrobial potency of a preservative system 
or of the sample matrix in general is investigated. In general, a selection of 
microorganisms is inoculated in the sample and at defined intervals the sam-
ples are investigated for microbial growth. If a preservative system is to be 
challenged, the goal of the study is to design a system with the minimal concen-
tration of the preservative system sufficient to control the growth of the 
selected panel of microorganisms either by their destruction or inhibition of 
microbial proliferation. In order to achieve meaningful results appropriate for 
the requirements of the respective site, it is highly recommended to implement 
in addition to the standard microbial species microbes which were collected 
during microbial monitoring. Especially, these microbes are the critical ones 
which can be expected to occur at the production site. To be able to perform an 
efficient AET study, a well‐equipped and experienced microbiological labora-
tory is required. This laboratory needs to be able to cultivate a broad variety of 
microorganisms as well as to provide the expertise to maintain a broad stem 
collection of microbes. In addition, it is often required to have the expertise 
and equipment to be able to prepare more or less “exotic” media to cultivate 
some organisms, since these media are often not available at least not in small 
amounts at the usual suppliers.
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In summary, these investments may be justifiable if they will be used for rou-
tine laboratory services. But studies such as an AET are nothing less than routine 
experiments. This also addresses the human resource factor. For these studies, 
experts are required, whose skills need to be kept at the required level by con-
tinuous training although the tests will only be performed on an irregular basis.

There are many other examples for these irregular “once a year” laboratory 
services. One other example is the validation of disinfectant measures by test-
ing a disinfectant against environmental microbial isolates collected during 
hygiene monitoring on the present surfaces using the protocols (SOPs) 
installed.

In addition, we live in times in which demography is affecting all branches of 
industry, including the pharmaceutical industry. Well‐trained technicians with 
sound good manufacturing practice (GMP) knowledge are hardly available on 
the laboratory market. Each company must decide how it can make the most 
efficient use of its personnel capacities.

17.2  Advantages and Disadvantages of Outsourcing

17.2.1 Specialization and Know‐How in Analytical Testing

The question of whether there are technically simple tests that can be out-
sourced with comparatively little effort depends largely on the matrix of the 
sample. A very good example of this is endotoxin testing. The validation of this 
test was carried out in a very simple procedure for many years. For example, it 
was required that the positive endotoxin spike should be added to the matrix 
only after it was extracted from the sample. This positive product control had 
to be recovered. Recently, however, the regulatory requirements, especially in 
the European Pharmacopoeia, have changed with regard to these issues. It is 
now requested from health authorities that the stability of endotoxins in prod-
uct matrices and the sample containers during storage must be evaluated. 
Sample hold time studies are executed to provide experimental data and con-
sist of spiking product matrices with endotoxins and assessing if the endotox-
ins remain detectable after a certain storage period.

Of course, endotoxin challenges are not really relevant for non‐sterile matri-
ces. Here, in recent years the topic of so‐called objectionable microorganisms 
became relevant. The “objectionables syndrome” is well addressed by the FDA 
in 21 CFR 211.113: Appropriate written procedures, designed to prevent objec-
tionable microorganisms in drug products not required to be sterile, shall be 
established and followed. Following this requirement, a high demand of micro-
biological expertise is required especially since exact definitions of the term 
objectionables are still missing. Common features of objectionables are that 
they grow in the product and can adversely affect the properties of the product. 
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In addition, objectionables are expected to have the potential to cause infec-
tions due to the number and their pathogenicity (for further details see 
Chapter 11).

The objectionables topic finds recently more attraction because it is in a 
strong focus of the FDA due to several findings. Although objectionables may 
cause great financial and health damage, the topic is often addressed only after 
a caused accident and not in advance through a risk assessment. This may be 
due to the high demand of microbiological skills required for cultivation of 
some typical objectionables such as the most prominent objectionable 
Burkholderia cepacia complex (BCC). Wild‐type isolates of this microorgan-
ism should be preferred in studies due to adaptation to the specific product.

Regarding this topic, it would be advisable to carry out, e.g. an AET study 
including objectionables directly in the process of product development, espe-
cially for non‐sterile highly water‐containing products. In these study histori-
cal bioburden results should be included as well as a stability program in order 
to confirm the absence of BCC. For samples with complex matrices such as oily 
preparations, proteins, glycopeptides, etc., testing is much more difficult and 
complex to validate than for simple samples such as ultrapure water. Thus, a 
meaningful outsourcing decision will no longer depend solely on the type of 
test, but on the matrix of the product.

If different matrices are to be investigated in the company, the various test 
methods would have to be established, qualified, and ready for use. In contrast 
to classical microbiology, such rapid methods are always associated with high 
investment costs for equipment, qualification costs, service and maintenance 
contracts, and costs for the development of know‐how. Such methods hardly 
pay off for a manufacturing company with a small‐ or medium‐sized microbio-
logical laboratory, as these costs multiply by the number of matrices produced. 
On the other hand, a laboratory service provider can more easily serve the 
range of different technologies with regard to different matrix requirements, 
because of the bundling of market requirements and own know‐how results in 
positive scaling effects.

Experience in microbiological testing of a broad variety of sample matrices is 
key to be able to design successful test strategies also for non‐sterile products; 
especially semisolids, gels, and emulsions can be a challenge since in these 
matrices a lot of active moieties are present which can interact with microbes 
leading to difficulties in quantitative detection of these.

17.2.2 Challenges for Outsourcing

Of course, there is also the question of what disadvantages result from the out-
sourcing of microbiological tests. In principle, a manufacturing company is 
dependent on a service provider and its testing capability. This trust can only 
be strengthened by continuous relationship management, regular audits, and 
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the reputation of the respective service provider. Furthermore, the requesting 
party has only indirect influence on the processes in the service laboratory and 
a failure of the service provider has a direct influence on the production and 
release processes and the delivery capability of the requesting party.

In pharmaceutical manufacturing according to GMP requirements quality 
oversight covering all critical processes is mandatory. To set up efficient and 
sustainable systems in the own facilities is a big challenge. To set up or control 
such systems at an external site is much more complicated. In this respect, 
audits by the manufacturing company at the contract research organization 
(CRO) site must have at least the same depth as an internal audit. For example, 
deviation and change managements have to include the interaction of the 
manufacturing company and the CRO in a way, that the manufacturing com-
pany is always and in time informed about any items with a potency to have an 
impact on the ordered tests. Of course, external quality oversight can never 
reach the same level as the internal processes.

As a necessary basis of an efficient cooperation between a pharmaceutical 
manufacturing site and an outsourcing laboratory partner, the test capacities 
of the laboratory have to be described fair and correctly including buffers for 
nonroutine extra samples or tests planed on short notice at nonroutine days 
such as weekends or bank holidays. These buffer capacities are part of the 
investment in such an outsourcing constellation. Another question is, whether 
samples can be tested by the outsourcing partner in the required time frame? 
For example, microbiology quality tests on water samples have usually to be 
performed in 24 hours after sampling. In addition, any putative impacts due to 
the transport of the samples to the testing laboratory have to be taken into 
account. To cover this issue, the outsourcing partner should offer a service to 
validate the transport. Ideally, the outsourcing partner should be equipped 
with transport facilities able to control and document temperature and humid-
ity as required for specific samples.

17.3  Business Case and Hidden Costs

17.3.1 The New Challenges in Pharmaceutical Environment

The environment in the pharmaceutical industry has changed significantly in 
the last 10 years. In addition to the tightening of national and international 
regulatory requirements, ever‐increasing demands with regard to patient 
safety, consumer protection, and international liability risks, the supply chain 
in the pharmaceutical business is also becoming increasingly complex.

Only a negligible small proportion of pharmaceutical companies still cover 
the entire process chain from the development of new active ingredients, sup-
port of clinical approval phases, market authorization for various markets, 
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production of the medications, their packaging/filling, and marketing all by 
themselves. On the contrary, the competence of the individual market partici-
pants is purchased in an established supplier network. On the one hand, the 
constantly increasing complexity of the processes in each work step requires 
special expertise, which lies in the core business of the respective supplier. On 
the other hand, significant synergy effects will ultimately be reflected in the 
efficient design of the entire value chain and keep production costs, including 
quality control costs, competitively low.

17.3.2 Outsourcing to Strengthen the Core Business

Numerous processes that do not serve to strengthen the core business of the 
pharmaceutical company are outsourced to specialized suppliers with adequate 
quality standards and excellent process know‐how. The internal process com-
petence of work that does not directly add value will probably be reduced in the 
future, either for cost reasons or due to a lack of qualified personnel. Conversely, 
however, more is invested in the competence to accompany, monitor, and con-
trol these externally assigned processes through a sustainable professionaliza-
tion of supply chain and external quality management.

Due to the expiration of patents, the efforts of health insurance companies to 
take over the lower costs of generics, and the lack of innovative products in the 
development pipeline, the pressure to innovate, especially in the area of non‐
sterile products, is increasing. This pressure requires more financial resources 
in the research area than before, and these financial resources must be secured 
through the leanest possible internal processes.

Furthermore, low‐bioburden products require other and significantly more 
complex production lines that are closely related to aseptic production pro-
cesses. This change in production requires high investments in materials and 
personnel, which must be generated via the return on investment (ROI). The 
installation of these new production lines in clean room classes ≥ D including 
the necessary supply of ultrapure media requires high personnel qualification 
capacities. These plants require a much more closely coordinated concept of 
environmental monitoring and a significant expansion of in‐process controls. 
It should be borne in mind here that according to the formulated will of the 
corresponding guidelines, e.g. in the WHO Good practices for pharmaceutical 
microbiology laboratories guide (WHO 2010) that non‐sterile tests shall also 
be carried out in at least cleanroom class D in the long term; it will probably no 
longer be possible to conduct such tests in a merely “controlled test environ-
ment” in the long term.

Furthermore, demographic developments in Europe shall result in the lim-
ited availability of competent testing staff. The shortage of skilled workers will 
force the awarding of testing services in the future.
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On the one hand, following the financial crisis and the subsequent zero inter-
est rate phase, high investments in property, plant, and equipment were made 
in production facilities; on the other hand, these investments were usually 
approved by management with a defined headcount cap. Conversely, this 
means that internal capacities are not built up and extensive testing and ana-
lytical processes must be transferred to external service providers, since the 
operation of the plants and the indispensable QC processes cannot be covered 
by internal capacities.

17.3.3 Which Testing May Be Outsourced

Inevitably, customers of testing institutes will try to establish their internal 
processes with the supplier. In the future, this will mean that this demand can 
only be met satisfactorily by service providers who are able to establish cus-
tomer‐specific processes and which also have the capacity (headcount as well 
as lab space) to deliver in the desired GMP quality grade. The individualized 
and harmonized dedicated service solutions will be a major guarantee of suc-
cess for a functioning supply chain in the future.

The challenges described so far will place higher demands on the selection of 
laboratory service providers in the medium term and, in addition to scientific 
expertise, other success‐critical factors will also have to be examined when 
selecting suppliers.

In the field of microbiological quality control, many fields of testing can be 
outsourced to external service providers. The portfolio ranges from microbio-
logical incoming tests on, e.g. raw materials, active ingredients and excipients, 
nutrient media, single‐use devices to microbiological tests as part of environ-
mental monitoring, microbiological testing of ultrapure media, operational 
and personnel hygiene, and microbiological tests as part of a batch release.

Priority must be given to whether the projects are temporary projects, e.g. 
qualification of rooms or facilities, a backup solution for a busy company labo-
ratory, or a complete and long‐term outsourcing to an external supplier. In 
addition, it should already be clear in the project conception phase of the out-
sourcing which fields are to be assigned to an external service provider, so that 
the scope of the project becomes transparent for both sides and it is ensured 
that the partner also has the appropriate core competencies, matrix experi-
ence, and testing capacities.

The most fundamental decision is certain: whether tests of “high through-
put” samples usually tested by a small selection of routine protocols should be 
transferred that are rather easy to process from a scientific point of view, but 
require high personnel and laboratory capacities (e.g. room, air, ultrapure 
steam, water, and personnel monitoring) by means of the number of test sam-
ples alone, or whether specialized tests should be transferred that require a 
high level of know‐how on the part of the testing personnel and the test 
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environment at a low sample throughput and must be extensively validated 
before routine use.

Regardless of the scope of the project and testing, however, it is important to 
name the persons responsible for the project and to define the responsibilities 
for the individual aspects of the project. In the case of extensive projects or a 
significant relocation of routine tests, both the laboratory managers and strate-
gic purchasing are required on the part of the outsourcing company; on the part 
of the contract laboratory, the scientifically active persons and sales are required 
to act. In this constellation, all individual requirements for testing services can 
be discussed, assembled, and converted into a cost‐transparent overall solution. 
The appointment of special contact persons (single person of contact, SPOC) 
has proven to be useful. The highest level of efficient support in this respect is 
achieved, if the contact person is a proven specialist in the respective field.

In practice, especially in microbiology, throughput times play an important 
role. The throughput times are logically related to the available capacities at the 
service provider, considering the limited incubation times.

When integrating service laboratories into these tests, the requesting party 
and client must reach agreements on the utilization and availability of labora-
tory capacities and personnel resources in order to ensure compliance with the 
timelines required by the requesting party through sufficient transparency.

In the context of the qualification of new suppliers in the GMP environment 
and during regular audits of an existing supplier relationship, it makes sense to 
check during the audit to what extent the test reliability of the order laboratory 
is given. In addition to the classical audit topics and the examination of techni-
cal, infrastructural easy‐to‐visualize backup solutions and redundant systems, 
the requesting party should also explain the employee structure, the training 
program, and the concepts for recruiting and for securing know‐how and staff-
ing. A staffing level that is too thin jeopardizes the testing capability of an 
external provider, even if the infrastructure is excellent. To be able to cover up 
this audit approach, in an optimal setup the audit team consists of a compli-
ance expert as well as a test specialist to assess both GMP and scientific aspects.

17.3.4 Sample Hold Time and Transport

In addition to the pure execution of the tests, the service orientation of the 
contract laboratory is very important, which is why the business hours, which 
are especially necessary for microbiological tests on weekends and holidays, 
the basic availability and reaction time of the testing institute, the contact data 
of direct contact persons, individual annual meetings, the ability to innovate, 
automated reporting channels and status reports, and bidirectional interfaces 
between the LIMS systems of both companies are inherently important points 
that should be considered and discussed when setting up a sustainable out-
sourcing concept.
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Ideally, a holistic service concept also includes the service provider not only 
taking over the testing of the products but also establishing and organizing 
sample logistics. Special attention must be paid to temperature‐sensitive and 
mechanically unstable test samples.

As described before, the tests of purified water are time and temperature 
sensitive and thus a critical test for an outsourcing approach. Clearly defined 
requirements cannot be derived in the present European Pharmacopoeia, 
whereas in chapter <1231> of the current USP it is recommended to perform 
the tests within 2 hours of collection or in a window of 24 hours if refrigerated. 
This is already a recommendation based on which such an outsourcing project 
can be organized. Therefore, it is scientifically more profound to have an 
approach by which the outsourced test is started only after a validation study 
of the transport has been successfully performed. Such a study should be 
designed based on a risk assessment covering the conditions relevant for the 
project and at least include the microorganisms known to be critical. Critical 
are organisms which are difficult to detect or cultivate, stressed organisms and 
organisms known by the customer as environmental isolates. As a basis for a 
transport study, Bomblies (2011) claimed that the kinetic behavior of a particu-
lar microorganism under cooled storage conditions should be investigated in 
order to be able to define the appropriate individual transport conditions. By 
collecting this information, the risk of outsourcing can be minimized.

The solution to this problem lies in adapted and controlled, tracked logistics, 
so that the sample is not affected by the dispatch to the test laboratory and is 
therefore no longer representative.

17.4  Hidden Costs

As with all other outsourcing projects, the outsourcing companies expect busi-
ness benefits from the relocation of microbiological testing services. These 
advantages can only be presented transparently if the costs of the purchased 
tests are clear. When comparing offers, various hidden costs must be consid-
ered. The outsourcing company is very well advised to check the following 
aspects with regard to cost transparency:

 ● Are there any internal costs for any necessary reregistration with registration 
authorities?

 ● Are the costs for any necessary validation or the costs for a method transfer 
described sufficiently transparent?

 ● Are surcharges levied for diversified quality standards such as tests within 
the scope of an accreditation, in the GMP environment or in the cGMP area?

 ● Are the costs for additional work steps such as complex sample preparation, 
hazardous material surcharges, disposal surcharges, and surcharges for the 
use of special nutrient media included?
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 ● Are the costs for the investigation of OOS results sufficiently transparent?
 ● Are there any additional costs for the initial or regular audit of the supplier?
 ● Are costs for archiving the raw data included in the offer and are the neces-

sary consulting services also included?
 ● Are regular throughput times mentioned in the offer or do express sur-

charges arise?
 ● What are the surcharges for weekend and holiday work?
 ● Does the supplier have shut down phases (e.g. during bank holiday). This 

question is particularly important if routine checks in the sense of a backup 
solution are to be relocated?

17.5  Quality Agreement Between the Contract Laboratory 
and the Requesting Company

17.5.1 Regulatory Environment

Quality agreements, wage inspection and responsibility delimitation contracts 
are defined by statutory regulations. These include the AMWHV (chapter 2, § 9), 
as well as various ICH guidelines (e.g. Q10 chapter 2.7) and the EU‐GMP guide-
lines (e.g. Part I, chapter 7). Here you will find the specifications where quality‐
relevant parameters are to be defined and how.

Such a contract specifies in writing how compliance with the requirements 
of good manufacturing practice GMP is to be observed. The contract labora-
tory and the manufacturer can also define additional aspects outside GMP that 
are necessary for the regulation of cooperation. This frequently includes ques-
tions such as standard lead times of test samples, how results are communi-
cated, connection of communication interfaces, aspects of sample logistics, 
reaction times, etc.

A well‐designed contract can support the cooperation between requesting 
party and client very efficiently, because the framework of the cooperation is 
proactively stipulated and the division of responsibilities is clearly defined.

17.5.2 Regulatory Aspects and Contents of a Modern Quality 
Agreement

Once the contracting parties have been clearly defined in the first step, a short 
preamble should describe in which context the contract is concluded, what the 
specific subject matter of the contract is, and who is the requesting party, and 
who is the client (Figure 17.1). Since it concerns the regulation of quality‐rele-
vant aspects, the quality assurance system of the ordering party and the quality 
standard of the client should be described; furthermore, it makes sense to 
mention the responsible surveillance authorities.
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Figure 17.1 Overview of outsourcing workflow. The organization of an outsourcing project 
requires a set of formal processes and document exchanges between customer and CRO.
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In order to regulate the respective responsibilities within the framework of 
the cooperation, both the duties of the client as well as those of the requesting 
party within the framework of the cooperation must be defined transparently 
(Figure 17.2). In the case of complex constructs, it makes sense to display them 
in table form.

In order that the requesting party can fulfill his audit obligation and that the 
audit planning is designed as efficiently as possible in advance, it makes sense 
to record the conditions applicable to audits, the duration, the number of par-
ticipants, and the desired regularity.

Since sensitive data are always at stake in the quality context, a mutual obli-
gation to secrecy should also be incorporated into the contract. Furthermore, 
the effective date of the contract, the written form requirements for changes, 
and the notice periods must be made transparent. As a rule, a severability 
clause and a reference to corresponding commercial agreements makes sense, 
as these regulate the aspects of rectification of defective service, warranty 
claims, liability claims and limitation of liability, place of jurisdiction, and pay-
ment terms.

In addition, a modern quality agreement includes various systems that spec-
ify the following points:

 ● Who are the responsible contact persons of the requesting party and the 
client?

 ● Which products of the requesting party and which tests of the client are part 
of the contract?

 ● Which products of the requesting party are subject to the supervision of the 
US‐American health authority?

Supplier (raw
materials,
packaging, 
etc.)

Customer
(Project 
owner)

Regulatory body

CRO (Production
and or
documentation
(QA))

CRO (QC)

Application for release

Approval of release

Contracts: QA, MSA

Performance of tests; 
routine and studies

Audit Audit

Contracts: QA, MSA

Contracts: QA, MSA

Audit

Project-specific 
inspection

General
inspection/Project-
specific inspection

General responsibilities

Figure 17.2 Overview of outsourcing responsibilities.
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 ● If tests are commissioned within the framework of stability studies.
 ● Presence of the GMP certificate of the client.

17.6  Auditing Contract Laboratories

The requesting party must carry out an on‐site audit at the suppliers at regular 
intervals. Self‐disclosure questionnaires completed by the supplier can at best 
be supportive, but in no way replace a physical on‐site audit. In addition, such 
an audit is also required by the regulatory authorities in principle; furthermore, 
a personal audit is also a confidence‐building measure.

In cooperation, the auditing party obtains in‐depth knowledge of the sup-
plier’s processes; the testing process can thus be sustainably optimized in close 
coordination between both parties. Audits carried out by a third party are 
much more formal. In such system audits, however, the formal parameters 
such as general documentation, data management, the training and education 
system, and deviation management can be examined. However, the direct test-
ing process on the product is usually left out of such audits.

The determination of the appropriate audit frequency is an important factor 
for checking whether necessary actions resulting from findings have been pro-
cessed satisfactorily. In addition, it can be determined whether the supplier is 
developing further in the sense of a continuous improvement process.

17.7  A Case History

17.7.1 Example 1: Implementation of a New Technology – Qualification 
and Validation

In the last decade more and more technical equipment has been developed by 
suppliers, specialized in the high‐tech instrument market. These technologies 
are designed in order to improve traditional classic test procedures and meth-
ods. In this respect, microbiological assays are paradigms for old fashioned 
methods with an endless history of successful applications. Examples here are 
microbial detection and analysis on specific media using, e.g. microscope and 
plate counting. All these methods are described as standard methods in the 
relevant Pharmacopoeias. Thus, they can be implemented without a broad‐
scale validation approach. Nevertheless, relevant authorities are very support-
ive for these methods which are also addressed in the Pharmacopoeias, where 
it is stated that alternative methods instead of classic compendial methods can 
be used as long as it is demonstrated by the applicant, that the selected method 
and equipment delivers results at least in the same quality. Regulators from 
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relevant authorities support the switch from classic, manual methods to instru-
ment based, mostly digital methods but request a meaningful so‐called valida-
tion and equivalence study.

Whereas the use of such a new state‐of‐the‐art equipment after validation 
offers the chance to gain efficiency due to at least partly automated steps espe-
cially for data management, the performance of an equivalence study requires 
both, manpower and expertise. Since the implementation of such equipment is 
not a routine process, the costs for human resources as well in certain cases for 
the equipment are usually high. Therefore, it can be advantageous time wise 
and financial wise if an outsourcing partner for these studies can be identified.

Handling also of nonroutine, difficult cultivation conditions requiring organ-
isms has to be well established at an outsourcing partner’s side as well as pro-
found expertise in validating computerized systems according to cGMP 
guidelines since nearly all of these methods are based on the use of IT systems.

Since these systems usually require a substantial investment in several 
aspects, they are not performed on a regular basis. On account of this, they are 
not performed on a regular schedule. In addition, regarding microbiological 
know‐how, there is more required for this studies than later on when the new 
method is used for routine processes.

An outsourcing partner who is specialized and well trained in the setup of 
this kind of technologies and in the implementation of the required test proto-
cols should be able to perform the above‐mentioned studies on a highly effi-
cient level.

The outsourcing company should nevertheless keep in mind that during 
such a validation and equivalence study the performing lab is gaining a high 
amount of expertise in the specific experimental setup. This is up to a certain 
level a profitable investment in future routine analysis. If the study is out-
sourced, this way of intensive training will not take place. Whether it will be 
required for the routine testing has to be decided case by case, keeping in mind, 
that customer friendly computerized systems are nowadays usually designed 
for generally trained technicians and not for specialized experts as long as rou-
tine analysis is considered to be performed.

17.7.2 Example 2: System Suitability Test, Setup of Test 
for Microbiological Quality

Analogous to Example 1, a high level of experience is also required, if a manda-
tory system suitability test needs to be set up for the test of microbiological 
quality according to Ph. Eur. chapters 2.6.12 and 2.6.13 and very recently, 
according to the new chapters 2.6.36 and 2.6.38 and the monograph 
04/2019:3053, describing the microbiological examination of live biotherapeu-
tic products. Live biotherapeutic products as a matrix for these tests are 
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considered to be the trickiest ones. In the framework of setting up the system 
suitability test, e.g. rare culture media which are challenging to prepare and 
“exotic” growth conditions need to be used or developed. Once these parame-
ters are established and shown to be used for valid testing, the method can be 
transferred to a routine laboratory. If the specifically required laboratory 
equipment is established there, the routine protocols should be usable for a 
generally trained technician. As mentioned before, if the routine assays need to 
be performed on a regular basis with a minimal frequency of at least once every 
month, the laboratory expertise can be kept on a level required to fulfill GMP 
standards.

17.7.3 Example 3: Setup Environmental Monitoring for Microbial 
Contamination

An efficient environmental monitoring setup is a critical requirement for 
hygienically safe pharmaceutical production. A basic requirement for this is a 
risk assessment, which can be set up, for example, by a failure mode and effects 
analysis (FMEA) study. In such a procedure the planned processes in the pre-
sent environment are analyzed and evaluated regarding their risk potential. 
Important factors of this risk potential evaluation are possible impacts regard-
ing microbial contaminations. Knowing the critical steps and the specific room 
and equipment conditions of the respective working area enables to define the 
ideal monitoring spots as well as to define the frequency of this process.

Besides this, it is also possible to implement new state‐of‐the‐art measure-
ment technologies such as continuous measurement of viable particles.

In general, sampling for monitoring has to be well performed in order to 
avoid contaminations due to false behavior during sampling. Thus, an excellent 
training for the sampling staff is required.

After the setup of the initial monitoring procedure, the routine monitoring 
process can be streamlined based on the results gained through the establish-
ment of the project. To be able to conduct such a streamlining process, some 
experience in this kind of projects is required in order to keep the monitoring 
level at the required quality.

Finally, the routine monitoring may then be performed by the own trained 
technicians as long as the training is well performed.

Furthermore, the frequency of the monitoring process has to be considered. 
If the outcome of the risk assessment is that the monitoring has to be per-
formed only in intervals of some weeks, a complete outsourcing of the moni-
toring should be considered since the sampling may never become a routine 
procedure. In addition, it should be considered, that, while the internal staff is 
performing the monitoring procedure, these technicians will not be here avail-
able to perform the key laboratory processes required to produce the own 
products. In this situation a cost‐value calculation is highly advisable.
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17.8  Conclusions

These days, pharmaceutical production is a complex, multilayer process chal-
lenged by constantly increasing regulatory requirements and contradicted by the 
perpetual demand of cost reduction or at least improvement of cost efficacy.

One of the most important cost factors in pharmaceutical production is the 
costs for human resources. This is becoming more and more precarious since 
less and less qualified personnel are available on the market. Thus, for every 
enterprise it is a compulsory task to use the available capacities in order to 
push the proprietary protocols and finally fulfill the strategic goals. As a conse-
quence of this situation, the management is challenged to determine a priority 
list of tasks. In this list, it can be defined, which processes need to be kept 
proprietary and thus in‐house, and which ones can be considered to be out-
sourced. It may be helpful for organization of the list to score the impact of 
each of the tasks. The impact is first of all triggered by the possible risks con-
nected to the individual procedure. The higher the risk is, the greater the expe-
rience and skills of the putative laboratory need to be. In addition, the obligatory 
audit in case of outsourcing to check for compliance in highly skilled tasks 
requires auditors who understand the technical procedures and thus are able 
to discuss with the performing laboratory on the required expert level.

A second important factor is the frequency of the considered microbiological 
tests. Each test requires a certain amount of effort for setup and maintenance. 
This comprises the required laboratory space, the equipment, the material 
including consumables, and finally, most important, the people selected to per-
form the test. Every element of this non‐exhaustive enumeration necessitates 
initial and ongoing qualification in line with appropriate documentation and 
quality oversight. These nonproductive but essential elements of GMP analytics 
become more cost efficient the more often a certain test needs to be performed. 
Thus, the prize for a certain analytical test including all of these listed nonpro-
ductive GMP essentials may even be lower in case of outsourcing. On that 
account, the producing company is always well advised to quantify the demand 
of a specific assay in order to be able to deliberate about whether it may be more 
preferable to set up a technology in‐house or to outsource.

So, what is the final conclusion or advice? The good news is, nearly every 
microbiological test can be outsourced since none requires an extraordinary 
invest in innovative development for each single product matrix. Thus, micro-
biological tests are usually no unique and proprietary key competencies for phar-
maceutical companies at least if these tests are compared to the challenge of the 
setup of a cell‐based biochemical potency assay, which is usually very much 
individual for each active cell or protein‐based product. Nevertheless, due to the 
fact that microbiological as well as biological assays usually tend to be more 
imponderable than chemical physical assays, a solid fundamental of experimen-
tal expertise covering a broad spectrum of matrices is a key prerequisite for a 
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smooth and successful in time setup of an assay. This leads to the reasoning that 
the outsourcing arrangement with the putative partner has to be set up in a wise 
and hence efficient way. The investment is only worth, if the service can be 
offered in a sustainable manner. So, an essential aspect to build a sustainable 
partnership is the capacity of the performing laboratory to implement matrix‐
specific methods highly efficient and thus cost effective and to guarantee to offer 
the specifically established test designs for a sustainable period of time. If the 
latter cannot be assured, the risk of the ordering company is quite high to be 
forced to invest a second time in method transfer or a new validation. This has 
also an impact on regulatory issues. Any change in this respect has to be docu-
mented and when indicated, inspected and accepted by the responsive 
authorities.

Thus, well‐managed outsourcing projects in microbiology can be an impor-
tant part of a highly effective supply chain management.
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