Eighth Edition

Collins & Lyne'’s

Mi iological
crofiolgaiga

C.H. Collins, PM. Lyne, I1M. Grange & 1.0, Falkinham III




Collins and Lyne’s

Microbiological Methods
Eighth Edition



This page intentionally left blank



Collins and Lyne’s

Microbiological Methods
Eighth Edition

C. H. Collins, MBE, MA, DSc, FRCPath, FIBiol, FIBMS
The Ashes, Hadlow, Kent, UK

Patricia M. Lyne, CBiol, MiBiol
The Ashes, Hadlow, Kent, UK

J. M. Grange, MD, MSc

Visiting Professor, Centre for Infectious Diseases and International Health,
Royal Free and University College Medical School,

Windeyer Institute for Medical Sciences, London, UK

J. O. Falkinham III, phD
Professor, Fralin Biotechnology Center, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia, USA

A

ARNOLD

A member of the Hodder Headline Group
LONDON



First published in 1964 by Butterworth-Heinemann
Reprinted 1966

Second edition 1967
Reprinted 1970

Third edition 1970

Fourth edition 1976
Reprinted with additions 1979
Fifth edition 1984

Revised reprint 1985
Reprinted 1987

Sixth edition 1989

Revised reprint 1991

Seventh edition 1995
Reprinted 1997, 1998

This edition published in 2004 by
Arnold, a member of the Hodder Headline Group,
338 Euston Road, London NW1 3BH

http://www.arnoldpublishers.com

Distributed in the United States of America by

Oxford University Press Inc.,

198 Madison Avenue, New York, NY10016

Oxford is a registered trademark of Oxford University Press

© 2004 Arnold

All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any
means, electronically or mechanically, including photocopying, recording or any information storage or
retrieval system, without either prior permission in writing from the publisher or a licence permitting
restricted copying. In the United Kingdom such licences are issued by the Copyright Licensing Agency:
90 Tottenham Court Road, London W1T 4LP.

Whilst the advice and information in this book are believed to be true and accurate at the date of going to
press, neither the authors nor the publisher can accept any legal responsibility or liability for any errors or
omissions that may be made. In particular (but without limiting the generality of the preceding disclaimer)
every effort has been made to check drug dosages; however it is still possible that errors have been missed.
Furthermore, dosage schedules are constantly being revised and new side-effects recognized. For these
reasons the reader is strongly urged to consult the drug companies’ printed instructions before administering
any of the drugs recommended in this book.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

ISBN 0 340 80896 9
12345678910

Commissioning Editor: Serena Bureau
Development Editor: Layla Vandenbergh
Project Editor: Anke Ueberberg
Production Controller: Deborah Smith
Cover Design: Stewart Larking

Typeset in 10 on 13 pt Sabon by Phoenix Photosetting, Chatham, Kent
Printed and bound in the UK by Butler & Tanner Ltd

What do you think about this book? Or any other Arnold title?
Please send your comments to feedback.arnold@hodder.co.uk



http://www.arnoldpublishers.com

24
25
26
27

List of contributors
Preface to the eighth edition

Safety in microbiology

Quality assurance

Laboratory equipment

Sterilization, disinfection and the decontamination of
infected material

Culture media

Cultural methods

Identification methods

Automated methods

Mycological methods

Estimating microbial numbers

Clinical material

Antimicrobial susceptibility tests

Food poisoning and food-borne disease

Food microbiology: general principles

Meat and poultry

Fresh, preserved and extended shelf-life foods

Fresh fish, shellfish and crustaceans

Milk, dairy produce, eggs and ice-cream

Environmental microbiology

Water microbiology

Key to common aerobic, non-sporing, Gram-negative bacilli
Pseudomonas and Burkholderia and other pseudomonads
Acinetobacter, Alcaligenes, Flavobacterium, Chromobacterium
and Janthinobacterium, and acetic acid bacteria

Vibrio, Plesiomonas and Aeromonas

Key to the enterobacteria

Escherichia, Citrobacter, Klebsiella and Enterobacter
Edwardsiella, Hafnia and Serratia

vii
viii

12
20

45
61
81
89
110
129
144
156
168
187
194
205
214
229
233
245
251
260
262

269
274
282
284
290



vi

Contents

28
29
30

31
32
33
34

35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Salmonella and Shigella

Proteus, Providencia and Morganella

Key to some miscellaneous aerobic, non-sporing, Gram-negative
bacilli of medical importance

Brucella, Bordetella and Moraxella

Haemophilus, Gardnerella and Streptobacillus
Campylobacter and Helicobacter

Actinobacillus, Pasteurella, Yersinia, Cardiobacterium and
Francisella

Legionella and Mycoplasma

Staphylococcus and Micrococcus

Streptococcus, Enterococcus, Lactococcus, Aerococcus,
Leuconostoc and Pediococcus

Lactobacillus and Erysipelothrix

Corynebacteria

Listeria and Brochothrix

Neisseria

Bacillus

Gram-negative anaerobic bacilli and cocci

Clostridium

Mycobacterium

Nocardia, Actinomadura, Streptomyces and Rhodococcus
Actinomyces, Propionibacterium, Bifidobacterium and Tropheryma
Bartonella and Mobiluncus

Spirochaetes

Yeasts

Common moulds

Pathogenic moulds

Appendix: Regulatory safety issues that affect work with
micro-organisms in the UK
Index

292
301

303
304
310
314

317
322
329

334
346
350
356
359
362
367
370
379
401
404
408
410
413
418
426

435
445



List of contributors

L. Berg, Bsc, cLs, West Hills Hospital and Medical
Center, West Hills, California, USA

J. S. Brazier, Msc, PhD, CBiol, MiBiol, FIBMS,
Anaerobe Reference Laboratory, National
Public Health Service of Wales, University
Hospital of Wales, Cardiff, UK

E. Y. Bridson, MPhil, PhD, CBiol, FIBiol, FIBMS,
Camberley, Surrey, UK

C. K. Campbell, Msc, PhD, Mycology Reference
Laboratory and National Collection of
Pathogenic Fungi, Health Protection Agency,
Specialist and Reference Microbiology
Division, South West HPA, Bristol, UK

C. H. Collins, MBE, MA, DSc, FRCPath, FIBiol, FIBMS,
Hadlow, Kent, UK

Janet E. L. Corry, BSc, MSc, PhD, CBiol, MIBiol, FIST,
Division of Farm Animal Food Science,
Department of Clinical Veterinary Medicine,
University of Bristol, Bristol, UK

Kate Davy, Msc, FIBMS, Mycology Reference
Laboratory and National Collection of
Pathogenic Fungi, Health Protection Agency,
Specialist and Reference Microbiology
Division, South West HPA, Bristol, UK

T. J. Donovan, PhD, CBiol, FiBiol, FIBMS, Ashford,
Kent, UK

J. O. Falkinham III, phD, Fralin Biotechnology
Center, Virginia Polytechnic and State
University, Blacksburg, Virginia, USA

J- M. Grange, MD, Msc, Centre for Infectious
Diseases and International Health, Royal
Free and University College Medical School,
Windeyer Institute for Medical Sciences,
London, UK

Elizabeth Johnson, BSc, PhD, Mycology Reference
Laboratory and National Collection of
Pathogenic Fungi, Health Protection Agency,
Specialist and Reference Microbiology
Division, South West HPA, Bristol, UK

D. A. Kennedy, MA, PhD, CBiol, MiBiol, FIOSH,
Surbiton, Surrey, UK

S. F. Kinghorn-Perry, Bsc, Php, Health and Safety
Executive, Biological Agents Unit, Bootle,
Merseyside, UK

Christine L. Little, BSc, LLM, PhD, MIFST, Health
Protection Agency, Environmental
Surveillance Unit, Communicable Diseases
Surveillance Centre, London, UK

Patricia M. Lyne, CBiol, MiBiol, The Ashes,
Hadlow, Kent, UK

M. O. Moss, FLS, BSc, PhD, DIC, ARCS, School of
Biomedical and Molecular Sciences,
University of Surrey, Guildford, Surrey, UK

I. Ogden, HND, Department of Medical
Microbiology, University of Aberdeen,
Aberdeen, UK

D. N. Petts, Msc, PhD, CBiol, MIBiol, FIBMS,
Microbiology Department, Basildon
Hospital, Basildon, Essex, UK

T. L. Pitt, Mphil, PhD, Laboratory of Health Care
and Associated Services, Health Protection
Agency, London, UK

P. Silley, Bsc, PhD, CBiol, FIBiol, Don Whitley
Scientific Ltd, Shipley, West Yorkshire, UK

P. Taylor, BTech, MSc, MPhil, FIBMS, Department of
Microbiology, Royal Brompton and
Harefield NHS Trust, London, UK




Preface to the

eighth edition

Forty years have passed since this book was first
published and during its seven previous editions
there have been many changes, not the least being
its evolution from single authorship to multiple
contributors and editors. Nevertheless, no single
contributor is responsible for any one of the chap-
ters. The system of peer review and revision has
been adopted. Although the newer, automated and
‘kit’ methods have been accommodated, the basic
techniques, essential to good practice in microbiol-
ogy, have been retained and
improved. These are still applicable in areas where
automation is not yet possible and, we think, nec-
essary for both teaching and research. One impor-
tant change is the omission of the many formulae
for the preparation of culture media. Very few lab-
oratories, anywhere in the world, now make their
own media because excellent, quality-controlled
materials are now generally available.

In some cases

Changes in nomenclature are inevitable but in
some cases the older terminology, in addition to the
latest, has been retained, on the ‘custom and usage’
principle.

We are indebted to our contributors for both their
specialist knowledge and their general observa-
tions, as well as for allowing us to retain the style
and format of the earlier editions, which appears to
have been appreciated by readers and those who
use the volume as a ‘bench book’.

We also acknowledge the help that we have
received from Topley and Wilson’s Microbiology
and Microbial Infections and Cowan and Steel’s
Manual for the Identification of Medical Bacteria.

C. H. Collins

Patricia M. Lyne Collins
J. M. Grange

J. O. Falkinham



Safety in microbiology

During the twentieth century some 4000 labora-
tory workers became infected with micro-organ-
isms in the course of their work and some of them
died. Unfortunately, laboratory-acquired infections
still occur, although most of them are clearly pre-
ventable (see Collins and Kennedy, 1999).

To avoid becoming infected, therefore, laboratory
workers should:

® be aware of the potential hazards of the
materials and organisms they handle,
especially those containing blood and those
received from tropical and subtropical
countries

® Dbe aware of the routes by which pathogenic
micro-organisms can enter the human body
and cause infections

® receive proper instruction and thereafter
practise good microbiological technique
(GMT), which effectively ‘contains’ micro-
organisms so that they do not have access to
those routes.

CLASSIFICATION OF MICRO-
ORGANISMS ON THE BASIS
OF RISK

Micro-organisms vary in their ability to infect indi-
viduals and cause disease. Some are harmless, some
may be responsible for disease with mild symp-
toms, others can cause serious illnesses, and a few
have the potential for spreading in the community
and causing serious epidemic disease. Experience
and research into laboratory-acquired infections
enabled investigators to classify micro-organisms

and viruses into four categories, also known as
‘Classes’, ‘Risk Groups’ or ‘Hazard Groups’ (in this
book the last term is used). These are numbered
1-4 on the basis of the hazards that they present to
laboratory workers and to the community should
they ‘escape’ from the laboratory. These categories
take into account the seriousness of the associated
disease, the availability of prophylactic and thera-
peutic agents, the routes of infection and the
history of laboratory infections caused by the
organisms.

A number of classifications have been devised
since the 1970s. They all agree in principle and are
summarized in Table 1.1, although there are slight
differences in wording and emphasis. These classi-
fications originally applied to laboratory workers,
but the increasing use of biological agents and
materials in industry has led to their application to
other workers (termed ‘employees’ in the most
recent official publications).

Lists of organisms in Hazard Groups 2, 3 and 4
have been compiled by a number of states and
organizations. There will inevitably be variations
between countries according to their geography,
reflecting differences in the incidence of the micro-
organisms, their vectors, the associated diseases
concerned and levels of hygiene. A comparison of
these variations was made by the European
Federation of Biotechnology (Frommer et al.,
1989), but they are under continual revision.
Readers should therefore consult their current
national lists.

In this book, the UK lists (Advisory Committee on
Dangerous Pathogens or ACDP, 2001) are used.
The differences between these and those in the USA
reflect the variations noted above. Most of the
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Table 1.1 Summary of classifications of micro-organisms on the basis of hazard

Hazard Group | Hazard Group 2

Hazard Group 3 Hazard Group 4

LOW RISK -
Low to individual and to Moderate to individual, low

community to community

- HIGH RISK
High to individual, low to Very high to individual

community and to community

organisms are in Hazard Groups 1 and 2.
Cautions, in bold italic type, are given for those in
Hazard Group 3. No Hazard Group 4 agents
(which are all viruses) are discussed in the text. In
the USA the lists are published by the Centers for
Disease Control and Prevention (CDC, 1999) and
the American Society for Microbiology (Fleming et
al., 1995). These publications, and also that of
Collins and Kennedy (1999), also give ‘agent sum-
mary statements’ which provide information about
the organisms and their histories in relation to lab-
oratory-acquired infections.

ROUTES OF INFECTION

There are at least four routes by which micro-
organisms may enter the human body.

Through the lungs

Aerosols, i.e. very small droplets (< 0.5-5.0 um)
containing  micro-organisms, are frequently
released during normal microbiological manipula-
tions such as work with loops and syringes, pipet-
ting, centrifuging, blending, and
homogenizing, pouring, and opening culture tubes
and dishes. Inhalation of these has probably caused
the largest number of laboratory-acquired infec-

mixing

tions.

Through the mouth

Biological agents may be ingested during mouth
pipetting and if they are transferred to the mouth

by contaminated fingers or articles, such as food,
cigarettes and pencils, that have been in contact
with areas or objects contaminated by spills,
splashes or settled droplets.

Through the skin

The skin of hands, etc. is rarely free from (often
minute) cuts and abrasions, through which organ-
isms can enter the bloodstream. Infections may also
arise as a result of accidental inoculation with
infected hypodermic needles, broken glass and
other sharp objects.

Through the eyes

Splashes of infected material into the eyes and
transfer of organisms on contaminated fingers to
the eyes are not uncommon routes of infection.

LEVELS OF CONTAINMENT

The Hazard Group number allocated to an
organism indicates the appropriate Containment
Level (CL) in the UK or Biosafety Level (BSL) in
the USA, i.e. the necessary accommodation,
equipment, techniques and precautions. Thus,
there are four of these levels (Table 1.2). In the
World Health Organization’s (WHO’s) classifica-
tion the Basic Laboratory equates with Levels 1
and 2, Containment Laboratory with Level 3 and
the Maximum Containment Laboratory with
Level 4.

The bold italic type ‘Caution’ at the head of sec-



Table 1.2 Summary of biosafety/containment levels

Levels of containment 3

Level Facilities Laboratory practice Safety equipment

| Basic GMT None. Open bench

2 Basic GMT plus protective clothing. Open bench + safety cabinet for
Biohazard signs aerosol potential

3 Containment Level 2 + special clothing and Safety cabinet for all activities
controlled access

4 Maximum containment Level 3 plus air lock entry, shower Class lll safety cabinet, pressure

exit, special waste disposal

gradient, double-ended autoclave

GMT, good microbiological technique

tions dealing with Group 3 organisms indicates the
appropriate containment level and any additional
precautions.

Full details are given by the WHO (1993), the
CDC (1999), Fleming et al. (1995), the ACDP
(2001) and HSAC (2003). A summary is presented
here and in Table 1.2. More detailed measures are
given in Table 1.3.

Levels | and 2: the Basic laboratories

These are intended for work with organisms in
Hazard Groups 1 and 2. Ample space should be
provided. Walls, ceilings and floors should be
smooth, non-absorbent, easy to clean and disin-
fect, and resistant to the chemicals that are likely
to be used. Floors should also be slip resistant.
Lighting and heating should be adequate. Hand
basins, other than laboratory sinks, are essential.
Bench tops should be wide, the correct height for
work at a comfortable sitting position, smooth,
easy to clean and disinfect, and resistant to chemi-
cals. Adequate storage facilities should be pro-
vided.

If agents in Hazard Group 2 are handled, e.g. in
clinical laboratories, a microbiological safety
cabinet (see Chapter 3) should be provided.
Access should be restricted to authorized
individuals.

Level 3: the Containment laboratory

This is intended for work with organisms in
Hazard Group 3. All the features of the Basic labo-
ratory should be incorporated, plus the following:

® The room should be physically separated
from other rooms, with no communication
(e.g. by pipe ducts, false ceilings) with other
areas, apart from the door, which should be
lockable, and transfer grilles for ventilation
(see below).

® Ventilation should be one way, achieved by
having a lower pressure in the Containment
laboratory than in other, adjacent rooms and
areas. Air should be removed to atmosphere
(total dump, not recirculated to other parts of
the building) by an exhaust system coupled to
a microbiological safety cabinet (see p. 30) so
that, during working hours, air is continually
extracted by the cabinet or directly from the
room and airborne particles cannot be moved
around the building. Replacement air enters
through transfer grilles.

® Internal windows should be provided, e.g. in
the door, with internal mirrors if necessary in
case of accidents to the occupants.

® Access should be strictly regulated. The
international biohazard warning sign, with
appropriate wording, should be fixed to the
door (Figure 1.1).



4 Safety in microbiology

Table 1.3 Summary of safety measures for work at containment levels 2, 3 and 4*

Surfaces impermeable to water and cleaning agents

Surfaces impermeable to acids, bases, solvents and disinfectants

Laboratories maintained at negative pressure relative to
atmosphere

HEPA filtration of intake and extract air
Airlock access to laboratories

Room sealable for decontamination
Separate effluent treatment

Two-way intercom system
Laboratories to have own dedicated equipment
Microbiological safety cabinets

Autoclaves

Centrifuges

Operational measures

Initial and annual tests for containment capability
Biohazard sign displayed

Authorized access

Validated disinfection and disposal methods
Emergency plans for spillages of infectious material
Safe storage of biological agents

Effective rodent and other vector control
Protective clothing to be worn

Gloves to be worn

Medical supervision
Immunization

Base line sera

Accident reporting

Two-person rule

Supervision of maintenance and service personnel

Technical procedures
Work with infectious materials

Centrifugation

Use of ‘sharps’

All work surfaces

Recommended
Not necessary

Not necessary
Not necessary
Not necessary
Not necessary

Not necessary

Not necessary

If indicated by risk
assessment

In building

Awvailable

Not necessary

On all doors

Yes

Yes

Yes

Yes

Yes

Standard overalls

If indicated by risk
assessment

By occupational
health service

As for general public

Not necessary
Yes
Not necessary
Yes

On open bench
except if aerosol
release is possible

In closed containers

As authorized

All work surfaces and
floors

Yes

Yes

Extract air
Recommended
Yes

If indicated by risk
assessment

Yes
Yes
Classes | and/or I

In room

In room

Yes

On all doors

Limited

Yes

Yes

In Level 3 room only
Yes

Standard overalls
Yes

By unit physician

As for general public
and for agents used

Recommended

Yes

Recommended

Accompanied by staff
member

In Class | or I
microbiological safety
cabinent

In sealable safety
buckets

Avoid

Level 2 Level 3 Level 4
Sites, buildings, engineering and facilities
Laboratories separated from other activities in same building  If justified by risk Yes Yes, preferably
assessment separate building

External windows Closed during work  Lockable Sealed, watertight and

unbreakable
Internal windows so that occupants may be observed Not necessary Recommended Yes
Handbasins Yes In each room In each room
Showers Not necessary Recommended Yes

All exposed surfaces

Yes
With gradient

Intake and extract air
Yes
Yes
Yes

Yes
Yes
Class Il

Pass-through, double
ended
In room

Yes

On all doors

Strictly limited

Yes

Yes

In Level 4 room only
Yes

Full protection

Yes

By unit physician

As for general public
and for agents used

Yes

Yes

Yes

Accompanied by staff
member, after
decontamination of
room

In Class [ll micro-
biological safety
cabinet

In sealable safety
buckets

Banned except when
especially authorised

See also HSAC (2003).

*From Collins and Kennedy (1999). Sources: Frommer et al. (1989), WHO (1993), ACDP (1995a). Health Canada (1996), CDC/NIH (1999).




Figure 1.1
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International biohazard sign

Level 4: the Maximum Containment
laboratory

This is required for work with Hazard Group 4
materials and is outside the scope of this book.
Construction and use generally require government
licence or supervision.

PREVENTION OF LABORATORY-
ACQUIRED INFECTIONS: A CODE
OF PRACTICE

The principles of containment involve good micro-
biological technique, with which this book is par-
ticularly concerned, and the provision of:

1.

2.

primary barriers around the organisms to
prevent their dispersal into the laboratory
secondary barriers around the worker to act
as a safety net should the primary barriers be
breached

tertiary barriers to prevent the escape into the
community of any organisms that are not
contained by the primary and secondary
barriers.

This code of practice draws very largely on the

requirements and recommendations published in
other works (CDC, 1999; WHO, 1993, 1997;
ACDP, 1995a, 1998, 2001; Fleming et al., 1995;
Collins and Kennedy, 1999; HSE, 2002; HSAC,

2003). (See also Approved Codes of Practice in the
Appendix to this book.)

Primary barriers

These are techniques and equipment designed to
contain micro-organisms and prevent their direct
access to the worker and their dispersal as aerosols:

All body fluids and pathological material
should be regarded as potentially infected.
‘High Risk’ specimens, i.e. those that may
contain agents in Hazard Group 3 or
originate from patients in the AIDS and
hepatitis risk categories, should be so labelled
(see below).

Mouth pipetting should be banned in all
circumstances. Pipetting devices (see p. 38)
should be provided.

No article should be placed in or at the mouth,
including mouthpieces of rubber tubing
attached to pipettes, pens, pencils, labels,
smoking materials, fingers, food and drink.
The use of hypodermic needles should be
restricted. Cannulas are safer.

Sharp glass Pasteur pipettes should be
replaced by soft plastic varieties (see p. 38).
Cracked and chipped glassware should be
replaced.

Centrifuge tubes should be filled only to
within 2 ¢m of the lip. On centrifugation in
fixed angle centrifuges, the liquid level is
perpendicular to the direction of the forces.
All Hazard Group 3 materials should be
centrifuged in sealed centrifuge buckets (see
p. 28).

Bacteriological loops should be completely
closed, with a diameter not more than 3 mm
and a shank not more than 5 cm, and be held
in metal, not glass, handles.

Homogenizers should be inspected regularly
for defects that might disperse aerosols (see
p- 39). Only the safest models should be used.
Glass Griffith’s tubes and tissue homogenizers
should be held in a pad of wadding in a
gloved hand when operated.
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e All Hazard Group 3 materials should be
processed in a Containment laboratory (see
“Tertiary barriers’ below) and in a
microbiological safety cabinet (see p. 30)
unless exempted by agreed national
regulations.

® A supply of suitable disinfectant (see p. 50) at
the use dilution should be available at every
work station.

® Benches and work surfaces should be
disinfected regularly and after spillage of
potentially infected material.

® Discard jars for small objects and re-usable
pipettes should be provided at each work
station. They should be emptied,
decontaminated and refilled with freshly
prepared disinfectant daily (see p. 56).

® Discard bins or bags supported in bins should be
placed near to each work station. They should
be removed and autoclaved daily (see p. 56).

® Broken culture vessels, e.g. after accidents,
should be covered with a cloth, Suitable
disinfectant should be poured over the cloth
and the whole left for 30 min. The debris
should then be cleared up into a suitable
container (tray or dustpan) and autoclaved.
The hands should be gloved and stiff
cardboard used to clear up the debris.

® Infectious and pathological material to be sent
through the post or by airmail should be
packed in accordance with government, post
office and airline regulations, obtainable from
those authorities. Full instructions are also
given on p. 9.

® Specimen containers should be robust and
leak proof.

® Discarded infectious material should not leave
the laboratory until it has been sterilized or
otherwise made safe (see p. 53).

Secondary barriers

These are intended to protect the worker should
the primary barriers fail. They should, however, be
observed as strictly as the latter:

® Proper overalls and/or laboratory coats
should be worn at all times and fastened.
They should be kept apart from outdoor and
other clothing. When agents in Hazard Group
3 containing, or material containing or
suspected of containing, hepatitis B or the
AIDS virus are handled, plastic aprons should
be worn over the normal protective clothing.
Surgeons’ gloves should also be worn.

® Laboratory protective clothing should be
removed when the worker leaves the
laboratory and not worn in any other areas
such as canteens and rest rooms.

® Hands should be washed after handling
infectious material and always before leaving
the laboratory.

® Any obvious cuts, scratches and abrasions on
exposed parts of the worker’s body should be
covered with waterproof dressings.

® There should be medical supervision in
laboratories where pathogens are handled.

e All illnesses should be reported to the medical
or occupational health supervisors. They may
be laboratory associated. Pregnancy should
also be reported, because it is inadvisable to
work with certain micro-organisms during
pregnancy.

® Any member of the staff who is receiving
steroids or immunosuppressive drugs should
report this to the medical supervisor.

® Where possible, and subject to medical
advice, workers should be immunized against
likely infections (Wright, 1988; WHO, 1993;
Collins and Kennedy, 1999; HSAC, 2003).

® In laboratories where tuberculous materials
are handled the staff should have received
BCG or have evidence of a positive skin
reaction before starting work. They should
have a pre-employment chest radiograph
(Wright, 1988).

Tertiary barriers

These are intended to offer additional protection
to the worker and to prevent escape into the com-
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munity of micro-organisms that are under investi-
gation in the laboratory.

They concern the provision of accommodation
and facilities at the Biosafety/Containment levels
appropriate for the organisms handled, and of
microbiological safety cabinets.

For more information on laboratory design, see
British Occupational Hygiene Society (BOHS,
1992) and Collins and Kennedy (1999).

PRECAUTIONS AGAINST
INFECTION WITH HEPATITIS B
(HBV), THE HUMAN
IMMUNODEFICIENCY VIRUS (HIV)
AND OTHER BLOOD-BORNE
PATHOGENS

Laboratory workers who may be exposed to these
viruses in clinical material are advised to follow the
special precautions described by one or more of the
following: ACDP (1990, 1995b, 2001);
Occupational Health and Safety Agency (OHSA,
1991); WHO (1991); Fleming et al. (1995); Collins
and Kennedy (1997), HSAC (2003).

PRECAUTIONS IN LABORATORIES
WORKING WITH RECOMBINANT
MICRO-ORGANISMS

It seems generally to be agreed that the potential
risks associated with recombinant micro-organisms
are of the same order as those offered by naturally
occurring micro-organisms — with reference, of
course, to the hazard groups of the hosts and
inserts (Organization for Economic Co-operation
and Development or OECD, 1986; Frommer et al.,
1989; WHO, 1993).

Nevertheless, work of this nature is closely regu-
lated. As it is outside the scope of this book, read-
ers are referred to the following: Collins and Beale
(1992); National Institutes of Health (NTH, 1994);
Advisory Committee on Genetic Modification
(ACGM, 1997).

PLANT PATHOGENS

Very few, if any, plant pathogens can cause dis-
ease in humans. Laboratory precautions and con-
tainment are therefore aimed at preventing the
escape of these agents to the environment. The
subject has received little attention, however,
except from the FEuropean Federation of
Biotechnology (Frommer et al., 1992). In the USA,
laboratories must obtain permission from the US
Department of Agriculture before they work on
plant pathogens.

THE SAFE COLLECTION, RECEIPT
AND TRANSPORT OF
DIAGNOSTIC SPECIMENS AND
‘INFECTIOUS SUBSTANCES’

Fears are sometimes expressed that micro-organ-
isms might, as a result of poor packaging or acci-
dental damage, ‘escape’ from specimens and
cultures while they are being transported to or
between laboratories. There are no recorded cases,
however, of illness arising from such an ‘escape’
(WHO, 2003).

A distinction is drawn between diagnostic speci-
mens and ‘infectious substances’ largely on the
basis of risk assessment.

Diagnostic specimens

A diagnostic specimen is defined (WHO, 2003) as:

. .. any human or animal material, including but
not limited to excreta, blood and its components,
tissue or tissue fluids, collected for the purpose of
diagnosis but excluding live animals.

As a general rule, such specimens do not offer
much risk, but if they are collected during an out-
break of an infectious disease of unknown aetiol-
ogy they should be regarded as ‘infectious
substances’ — see below.
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Specimen containers

These containers should be robust, preferably
screw capped, and unlikely to leak. Plastic bags
should be provided to receive the container after
the specimen has been collected. Request forms
should not be placed in the same plastic bag as
the specimen. Unless the source and laboratory
are in the same premises, robust outer containers
with adequate absorbent material should be pro-
vided. Various packages
mercially.

are available com-

Transport within hospitals and institutions

Leak-proof trays or boxes should be provided for
the transport of diagnostic specimens from wards
to the laboratory. These should be able to with-
stand autoclaving or overnight exposure to disin-
fectant. Suitable trays and boxes are readily
available. Some are known as kitchen ‘tidies’ or
‘tidy boxes’, and are sold cheaply by chain stores,
hardware and tool shops for cutlery, kitchen uten-
sils, shoe-cleaning equipment and handyman’s
tools. Ordinary hospital ward or surgical trays are
also widely used. Some purpose-made containers
are made of stainless steel, others of propylene eth-
ylene co-polymer. They should be deep enough for
specimens to be carried upright to avoid leakage
and spillage. These trays and boxes should not be
used for any other purposes.

Organs in glass jars or plastic buckets, and 24-h
urines in 2-litre screw-capped bottles or the stan-
dard plastic carboys should be placed in disposable
plastic (or paper) bags for transport for both
hygienic and aesthetic reasons.

Surface transport between and to hospitals

Diagnostic specimens are frequently conveyed from
one hospital to another because of the centraliza-
tion of laboratory services. The usual means of
transport is by hospital van or hospital car, i.e. the
vehicle is under the control of the hospital authori-
ties. Similarly, specimens are transported from
local authority offices or clinics to laboratories by
the authorities’ own vehicles. Rarely, such material

may be carried by taxi cabs or by messengers on
public service vehicles.

The UK Health Services Advisory Committee
(HSAC, 2003) recommends that secure transport
boxes with lids be used. These must be capable of
withstanding autoclaving and prolonged exposure
to disinfectants. Such boxes are in common use
among food inspectors for conveying food, milk
and water samples to public analysts and public
health laboratories. Suitable boxes, used by some
laboratories, included those that can be fitted to
the carriers of motor cycles and scooters, and the
plastic ‘Coolkeepers’ or ‘Chilly Bins’ used by
motorists for picnics. The boxes should be
marked quite clearly with the name and address
of the laboratory that owns them. In case they are
lost or the vehicle is involved in an accident, they
should also carry warning labels ‘Danger of
Infection, do not open’ as well as the interna-
tional biohazard sign, the meaning of which is
rarely clear to laypeople. The Ilabels should
request the finder to call the nearest hospital or
police station. The boxes should be inspected
daily for evidence of spillage, and should be
decontaminated and then washed out at least
weekly. Again, the drivers or messengers should
be warned that the material in the boxes may be
infectious. If the boxes are suitable for the job
and are packed with care, the hazards are mini-
mal and there should be no need for disinfectants
to be carried.

Some authorities send specimens to laboratories
by hand on public service vehicles. The same type
of boxes should be used, but it may be advisable to
label them less explicitly or transport employees
and other passengers may be alarmed.

Inland mail

Within state boundaries the usual requirements are
that the specimen is in a leak-proof primary con-
tainer, securely cocooned in absorbent material
and packed in a robust outer container, which is
labelled ‘Pathological Specimen’ or ‘Diagnostic
Specimen’.

Specimens for mailing across a frontier/border
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should be packaged as described below for infec-
tious substances

Infectious substances

An infectious substance (WHO, 2003) is:

... a substance containing a viable micro-organism
such as a bacterium, virus, rickettsia, parasite or
fungus that is known or reasonably believed to
cause disease in humans or animals.

Airmailing infectious substances

Until recently there have been problems here,
because several different organizations are involved
(Collins and Kennedy, 1999). These have now been
resolved by international agreement and the WHO
has issued an excellent guidance document (WHO,
2003).

The internationally agreed ‘triple packaging sys-
tem’ must be used. This must meet the requirements

Absorbent packing material

Plain lid

Screw-on cap )
/

Customs label —___

Air mail label ——

Outer container, screw-capped —

of the UN class 2 specifications and packaging
instruction PI(602) (UN, 1996) which impose strict
tests, including surviving, undamaged, a 9-metre
drop on to a hard surface, as well as puncture tests.

1. The material is placed in a watertight, leak-
proof receptacle — the ‘primary container’.
This is wrapped in enough absorbent material
to absorb all fluid in case of breakage.

The primary container is then packed in a
watertight ‘secondary container’ with enough
absorbent material to cushion the primary
container.

3. The secondary container is placed in an outer
shipping package that protects its contents
from damage during transit.

An example of a triple package that satisfies the
requirements of the UN packaging instruction is
shown in Figure 1.2

A certain amount of documentation must accom-
pany the package. This is explained in detail by the
WHO (2003).

Primary culture container

Secondary container, to be
sealed with waterproof tape

Description and quantity label
— Sender name and address

Absorbent, shockproof
packing between the
two containers

Infectious perishable
biological substances label

Address label
— (addressee and sender)

Figure 1.2 Packing infectious substances for the overseas post (airmail)
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RECEIPT OF SPECIMENS IN THE
LABORATORY

Specimens from local sources, i.e. within state
boundaries, may be unpacked only by trained
reception staff who wear laboratory protective
clothing. The specimens should be left in their plas-
tic bags pending examination. Specimens from
across frontiers/borders, which may contain exotic
biological agents, should always be unpacked only
by trained laboratory staff under appropriate con-
tainment conditions.

Instruction in safety

This instruction should be part of the general train-
ing given to all microbiological laboratory workers
and should be included in what is known as good
microbiological technique. In general, methods
that protect cultures from contamination also pro-
tect workers from infection, but this should not be
taken for granted. Personal protection can be
achieved only by good training and careful work.
Programmes for training in safety in microbiology
have been published (International Association of
Medical Technology or TAMLS, 1991; WHO,
1993; Collins and Kennedy, 1999).

Bioterrorism

We consider that it would be inappropriate to sug-
gest that ‘routine’ laboratories (the target of the
book) should test samples for agents of bioterror-
ism. Such samples should be submitted to a
national laboratory that has the necessary expert-
ise. States that do not have one should negotiate
with, for example, the UK, the USA and Russia,
who have the necessary facilities. See also the
Appendix to this book.

For a review of the history, incidence, causes and
prevention of laboratory-acquired infection see
Fleming et al. (1995) and Collins and Kennedy
(1999).
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Quality assurance

The information given in this chapter is intended to
provide users with sufficient information to imple-
ment a quality assurance programme. For a com-
prehensive treatise of the subject see Snell er al.
(1999). Three terms require definition: quality
assurance, quality control and quality assessment.
Quality assurance is the total process that guaran-
tees the quality of laboratory results and encom-
passes both quality control and quality assessment.
The quality of a microbiological service is assured
by quality control, i.e. a continual monitoring of
working practices, equipment and reagents.
Quality assessment is a system by which specimens
of known but undisclosed content are introduced
into the laboratory and examined by routine proce-
dures. Quality control and quality assessment are
therefore complementary activities and one should
not be used as a substitute for the other (European
Committee for Clinical Laboratory Standards or
ECCLS, 1985). Essentially, with a quality system,
we are seeking to ensure that we are doing the right
things, for the right people, at the right time and
doing them right every time (Crook, 2002).

THE NEED FOR QUALITY

There is increasing reliance on the quality of labo-
ratory results and confidence in them is essential to
the organization of the laboratory. Quality control
of laboratory tests cannot be considered in isola-
tion: the choice, collection, labelling and transport
of specimens are all subject to error and require
regular monitoring for quality and suitability.
Additional recognition of the fact that the quality
of microbiology results is only a component within

the chain of patient care (Figure 2.1) is demon-
strated by the introduction of policies in the UK
that are aimed at embedding continuous quality
improvement (CQI) at all levels and across all parts
of the National Health Service (NHS) (Heard et al.,
2001). The key goal of these policies is to achieve
changes in practice, thereby improving patient out-
comes. The term ‘clinical governance’ is used to
describe the links between clinical and organiza-
tional responsibility for the quality of care. Clinical
governance is a system through which NHS organ-
izations are accountable for continuously improv-
ing the quality of their services and safeguarding
high standards of care by creating an environment
in which excellence in clinical care will flourish
(Campbell et al., 2002).

Cost-effectiveness is increasingly relevant in all
areas of microbiology. In the health services, speed
of response may affect the outcome of health care
and the length and cost of a patient’s stay in hospi-
tal, and it is therefore as much an element of qual-
ity as the accuracy of the test result.

An important contributory factor to high stan-
dards of quality is the competence and motivation
of staff. These aspects can be achieved and main-
tained by continued education and, above all, by
communication within and between laboratories
and with those using the services.

PRACTICAL QUALITY CONTROL
WITHIN THE LABORATORY

Practical, realistic and economic quality control
programmes should be applied to all procedures,
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¥°Sick patient
¥°Clinician orders test
¥*Collection of specimen
¥Transport of specimen
¥°Clerical work

¥Analysis § Under direct

. . . | laboratory control
¥’Interpretation by pathologist Y

¥°Report to clinician
¥’Interpretation by clinician

¥°Diagnosis and treatment

Figure 2.1 Chain of patient care

irrespective of the size of the laboratory. Schedules
should be based on the known stability of each
item and its importance to the accuracy of the
investigation as a whole. It is unnecessary to moni-
tor all reagents and methods on every working day:
the frequency of monitoring should be in direct
proportion to the frequency with which errors are
discovered. Nevertheless, to ensure success all the
components of a quality programme must be in
place and operating before good quality laboratory
results can be produced.

Each laboratory must develop its own programme
because the time spent on quality control will vary
according to the size of the laboratory and the
range of investigations. For its success, a senior
member of staff should supervise the programme
throughout the laboratory. This supervisory role
has indeed been formalized by the fact that it is a
requirement of the UK Clinical Pathology
Accreditation (CPA) and the American Society of
Clinical Pathologists (ASCP) that a quality man-
ager be appointed. This person will act as a focal
point for all quality issues within the laboratory
and be responsible for ensuring that the quality
management system (QMS) works.

Internal quality control can be divided into four
main areas: collection of specimens; preventive
monitoring and maintenance of equipment (see
Chapter 3); manual procedures; and monitoring of
media and reagents.

Collection of specimens

In clinical microbiology, results of studies on spec-
imens taken from sites containing indigenous or
colonizing bacteria, e.g. from clinical sites, or those
likely to be contaminated during collection, are
often difficult to interpret. Paradoxically, speci-
mens containing the largest numbers of microbial
species, with consequent high laboratory cost, are
less likely to provide useful results than those yield-
ing fewer types of organisms. Guidelines for the
evaluation of the quality of specimens and the
appropriateness of requests should be established
by the medical and laboratory staff (Bartlett et al.,
1978). The usefulness of rapid reporting of prelim-
inary results should also be assessed (Bartlett,
1982) (see also Chapter 11).

A revolution is occurring in the detection, identifi-
cation and characterization of pathogens
(Borriello, 1999), such that the scenario of taking a
clinical sample and, within an hour, knowing
whether a pathogen is present and its susceptibility
to antimicrobial agents may soon be a reality. Such
developments, particularly with regard to near
patient testing, will have important implications
for the delivery of health care. Although there are
several advantages of near patient testing, there are
also disadvantages, not least of which is the
reduced ability for internal and external quality
assurance, which in turn may lead to misdiagnosis.
To establish widespread use of such methodolo-
gies, there must be confidence in the operators as
well as in the kits. Those responsible for health care
must be confident that the correct specimen was
obtained, the kit was used appropriately by prop-
erly qualified individuals, the result was interpreted
correctly, and any machine used in the process has
been appropriately maintained and used.
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Preventive monitoring and
maintenance of equipment

This is vitally important because many investiga-
tions are conducted with complex automated
equipment. Regular monitoring and maintenance
avoid costly repairs and long periods when the
equipment is out of action (‘down time’).
Prevention of down time is particularly important
when an uninterrupted 24-h service is being pro-
vided. Unique preventive maintenance systems,
which are adaptable to the needs of an individual
laboratory, have been described (Wilcox et al.,
1978). The following components belong to all
preventive maintenance programmes.

Routine service tasks

The tasks needed to keep each item of equipment
calibrated, running and clean should be defined in
the standard operating procedures manual (see
below).

Interval of service

The frequency with which defined tasks are per-
formed is assessed according to the type of equip-
ment and its usage. Although regularly used
equipment will require more frequent cleaning and
servicing than that used infrequently, minimum
standards of preventive maintenance must be
defined for the latter. In some areas service repre-
sentatives will call annually to perform routine
service and calibration work on instruments (e.g.
balances and centrifuges) if there are enough of
them on the same site.

Accountability

The concept of accountability must be introduced,
and members of staff should be assigned specific
responsibilities for maintenance tasks.

Staff

A list of trained people who are readily available
for trouble-shooting, verification tasks and repairs
should be compiled. Although laboratory staff may
perform minor uncomplicated maintenance work,

advice with respect to complex equipment and pro-
cedures must be sought from the manufacturer’s
service department. The cost of a service contract
must be weighed against the possibility of even
more expensive repair costs and the consequences
of prolonged ‘down time’.

Implementation

Equipment maintenance is not a ‘one-off’ affair.
Once tasks have been defined, and staff trained, the
programme should continue regularly and uninter-
rupted (see also Chapter 3).

Documentation

A system of recording is essential and may be
adapted to the specific needs of a laboratory, e.g.
index cards or a computerized system. Computer
records are ideal because they may easily be
updated and made available.

Standard operating procedures
manual

The standard operating procedures (SOP) manual
is the most important document for the improve-
ment and maintenance of the quality of the service.
Such a manual can be in an electronic format and
therefore more readily available and less likely to
be misplaced. An out-of-date manual or one from
another laboratory may be used as a guide to writ-
ing but, as each laboratory is unique, site-specific
manuals must be developed. If there are no written
methods and new staff members are taught by
‘word of mouth’, techniques will soon ‘drift’. The
headings standard to any SOP manual are listed
and discussed by Fox et al. (1992).

Authoritative

A senior member of staff who has practical experi-
ence of the methods must write the manual.

Realistic

The manual should avoid theoretical ideals and
provide clear, concise and explicit descriptions of
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procedures. Unnecessarily complicated procedures
will quickly lead to loss of respect and to the possi-
bility of staff introducing unofficial short cuts. A
well-structured manual, organized and indexed,
will allow a microbiologist from one laboratory to
perform any of the tests described in another.

Up to date

The updating of manuals is vital and should be a
continuous and formal process. The manual should
be revised annually and amended when necessary.
An electronic manual is therefore ideal. Only desig-
nated individuals should be permitted to modify a
procedure, and no new or modified procedure
should be used until approval has been obtained
from the quality manager.

Awvailability

The manual must be freely available to all relevant
personnel. It is the responsibility of senior staff to
ensure that it is used and strictly adhered to. If it is
not in electronic format it need not be a bulky
bound item; loose-leaf systems have the advantage
that sections may be separated and kept on relevant
benches. Each section should have a unique and
clear code number for identification and for cross-
referencing.

Culture media and reagents

Most laboratories now use dehydrated media,
which, if purchased from a reputable manufac-
turer, will have undergone extensive quality con-
trol testing before sale. Repetition of these tests
should be unnecessary but, as dehydrated media
will have to be reconstituted, heated and possibly
supplemented with additives during preparation, it
is essential to control the effect of these processes.
Overheating of these additives may reduce their
effectiveness and/or release toxic substances. These
are good arguments for using media preparators, in
which temperatures are strictly controlled instead
of autoclaves (see Chapters 3, 4 and 5). Media
must fulfil four main parameters: sterility; support

of bacterial growth; selective inhibition of growth,
in some cases; and appropriate response of bio-
chemical indicators.

All batches of media must be tested for sterility.
Methods are usually a compromise because the
sterility of every plate or tube of medium cannot be
ensured without incubation of the whole batch,
with the concomitant risk of deterioration of its
ability to support microbial growth. A representa-
tive portion of each new batch should be incubated
overnight to check for sterility before use. For
batches of 100 ml or less, a 3-5% minimum sam-
ple should be tested; for larger batches, 10 plates or
tubes taken randomly will suffice (Nicholls, 1999).
After overnight incubation, media should be left at
room temperature or in a refrigerator for a further
24 h as a check for contamination by psychro-
philes. Low-level surface contamination of plates
may not be detected on the controls but is usually
recognizable during use by, for example, the obser-
vation of growth part way through a streaked pop-
ulation.

Selective media, being inhibitory to many organ-
isms, pose particular problems: even gross contam-
ination may not be detected by the above methods
but inoculation of a few millilitres of the final prod-
uct into 10 times its volume of sterile broth (to
dilute inhibitory substances) will permit detection
of heavy contamination.

Tests for performance of media

The ability of each batch of new medium to sup-
port growth and exhibit the required differential
and selective qualities should be determined before
use. This may be done by the efficiency of plating
technique described in Chapter 5.

The organisms used should be stock strains from
a recognized culture collection such as the National
Collection of Type Cultures (NCTC) or American
Type Cultures (ATCC). As characteristics of bacte-
ria may alter when maintained by serial subculture,
it is preferable to use stock strains stored at —70°C,
freeze-dried or in gelatin discs (see Chapter 6).
Selected media are tested with organisms expected
to grow and those expected to be inhibited.
Biochemical indicator media are tested with two or
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more organisms to demonstrate positive and nega-
tive reactions. A practical approach based on a
minimum number of strains has been described
(Westwell, 1999) (see also Chapters 5 and 6 of this
book).

Reagents

Most pure chemicals and stains have greater stabil-
ity than biological reagents. All reagents must be
labelled as to contents, concentration, date of
preparation and expiry date or shelf-life. They
must be stored according to manufacturers’
instructions and discarded when out of date.
Freshly prepared reagents must be subjected to
quality control before use; working solutions of
stains are tested weekly and infrequently used
reagents and stains are tested for their required
purpose Chemical reagents, e.g.
Kovac’s reagent, should be checked for perform-
ance against new batches of media. Some chemicals
deteriorate unless stored correctly, e.g. certain
stains are light sensitive. Storage should therefore
be in accordance with the manufacturers’ data

before use.

sheets.

QUALITY ASSESSMENT

The concepts and statistical methods for the imple-
mentation of quality assessment were largely pio-
neered in clinical biochemistry laboratories.
Schemes in microbiology laboratories are less easily
organized because of the complexity, expense and
labour intensity of the work. The diversity of
microbiological investigations makes it difficult to
produce control materials that cover all areas, and
several technical difficulties have to be overcome in
the preparation of quality assessment specimens
(DeMello and Snell, 1985).

Quality assessment may be organized locally
within one laboratory (internal quality assessment)
(Gray et al., 1995) or on a wider geographical basis
(external quality assessment) (World Health
Organization or WHO, 1994). A senior member of
staff within the laboratory should organize an
internal scheme to follow which arrangements are

made so that examinations of specimens or samples
are repeated, thereby enabling direct comparisons
with previously obtained results. An obvious
advantage with this approach is that the specimens
or samples are real, rather than simulated, ones.
False identifications may be given to repeated spec-
imens so that staff — unaware that they are quality
control specimens — do not give them special atten-
tion. Care should be taken with the use of stored
materials because deterioration may prevent the
reproduction of previous results.

A central laboratory, often on a national basis,
usually organizes an external quality assessment
scheme, as, for example, that of the ASCP.
Simulated samples of known but undisclosed con-
tent are dispatched to participants who examine
them and report their findings to the organizing
laboratory. The organizer compares the results
from all participating laboratories and sends an
analysis to each participant (Figure 2.2), thereby
enabling them to gain an insight into their routine
capabilities. If internal quality control procedures
are functioning correctly, external assessment
should reveal few unpleasant surprises.

Organization

Participation in the UK quality assessment scheme
is voluntary and strictly confidential. Con-
fidentiality is achieved by allocating each labora-
tory a unique identification number known only to
the organizer and participant. This number is used

Organizing laboratory Participants

Prepare QA specimens —— Examine specimens

Analyse results «————————— Report results

Prepare report » Evaluate

Figure 2.2 External quality assessment scheme



in all routine transactions and individual partici-
pant’s results are not revealed to other parties
except under previously agreed and strictly defined
circumstances.

Difficulties arise in the organization of external
schemes in countries where the size and function of
participant laboratories vary widely. There may
also be differences in the type of laboratory report
issued, particularly in the field of clinical microbi-
ology. Thus some laboratories report only the
results of tests whereas others edit and interpret the
results. External quality assessment schemes must
take account of these differences by offering basic
and comprehensive options (Gavan, 1974). Other
schemes reflect the philosophy that, although there
may be differences in the types of laboratories, the
same standards should be applied to their assess-
ment. Although international schemes do exist,
their aims differ from those of national schemes
because they are principally used to assess selected
national laboratories in developing countries as
part of a wider support programme. International
schemes may be used to compare the standards of
major laboratories in different countries. These
laboratories can then use the expertise and knowl-
edge gained to initiate their own national schemes
(Snell and Hawkins, 1991).

Specimens

External quality assessment specimens should
resemble, as closely as possible, materials usually
examined by the participant laboratories. In some
instances this is easily achieved, as with specimens
for assay of antibodies in serum. In other cases, suf-
ficient quantities of natural material may not be
available and it is necessary to produce artificial
specimens. As external quality assessment should
test a laboratory’s routine capabilities, specimens
must to a great extent reflect the routine workload.
Thus, as most specimens examined in a clinical lab-
oratory do not yield pathogenic organisms, some of
the simulated specimens should contain only non-
pathogens. Commonly isolated organisms must be
represented in quality assessment specimens but, as
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most laboratories experience little difficulty in iso-
lating and identifying, e.g. Staphylococcus aureus,
there is little to be learned from the inclusion of too
many such specimens. Less frequently encountered
organisms, such as Corynebacterium diphtheriae,
must also be distributed because they play an
important role in the education of junior members
of staff.

To gain and maintain credibility, participants
must have full confidence in the specimens being
distributed. The homogeneity and stability of
specimens must be established and controlled to
ensure their comparability. Specimens designed to
test isolation procedures must have the same
number of organisms in each vial; this is most
easily achieved by freeze-drying (DeMello and
Snell, 1985). Specimens prepared for the detection
of antigen or antibody must react in a normal and
predictable manner in a full range of commonly
used assays. If participants are to evaluate their
performance, they need to know if their results
are incorrect. Thus, in general, specimens should
yield clear-cut results. In reality, this can be quite
difficult, e.g. it is not easy to select strains of bac-
teria that are unequivocally susceptible or resist-
ant to a range of relevant antibiotics. The use of
strains giving ‘borderline’ results may, however,
highlight the failure of laboratories to use optimal
methods.

Microbial susceptibility tests

Quality control is vital here (see Chapter 12).

Benefits of quality assessment

The success of a quality assessment scheme is
judged ultimately by its usefulness, the extent of
which is primarily determined by the attitude of the
participant. Quality assessment is a management
tool and information gained from the scheme will
be rendered ineffective if not used correctly. The
whole philosophy of quality assessment is based on
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the assumption that the results obtained should
reflect what is happening in day-to-day practice.
For this to be true, quality assessment specimens
must be examined by the same staff and with the
same methods and reagents as specimens in the
normal workload.

Expenditure of extra effort on quality assessment
specimens, as a conscious attempt to ‘cheat’ or as a
subconscious desire to excel in a challenge of abil-
ity (La Motte et al., 1977), negates the usefulness of
the assessment and fails to reveal any unsuspected
problems. Pressures on laboratory staff to perform
well in quality assessment schemes, especially if
success is seen as contributing to the economic via-
bility of the laboratory by providing proof of excel-
lence to customers, are understandable but should
be resisted.

Accreditation

Accreditation is a valuable component of quality
assurance in clinical microbiology (Batstone,
1992). The purpose is simple: the audit by an
external agency of an applicant’s organizational
and quality assurance programme to see that cer-
tain defined standards are met. An accreditation
scheme should be comprehensive, covering all
aspects of the laboratory, including organization
and administration, staff development and educa-
tion, facilities and equipment, and policies and pro-
cedures. Participation in all relevant quality
assessment schemes is a requirement for accredita-
tion. There are several accreditation schemes avail-
able and before a laboratory embarks on the
process consideration should be given to the appro-
priateness of the various schemes.
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Laboratory equipment

BASIC PRINCIPLES OF EQUIPMENT
MANAGEMENT

Without equipment, there can be no microbiologi-
cal methods and no practical microbiology.
Experience has shown that, to be effective, equip-
ment has to be properly managed. Such manage-
ment should be an important part of the
laboratory’s overall quality assurance (QA) system.
Equipment management is therefore an important

topic for the microbiologist (see Chapter 2).

LABORATORY EQUIPMENT IN A
MODERN LABORATORY

Taking a large modern clinical microbiology labo-
ratory as an example, the range of capital equip-
ment to be found in use would include the
following;:

Microscopes of different types
Centrifuges of different types
Incubators of different types
Water baths and heating blocks
Refrigerators and freezers
Autoclaves

Microbiological safety cabinets
Laminar flow clean air cabinets
Colony counters.

Freeze-drying apparatus
Shakers and mixers
Multi-point inoculators
Micro-organism detection and identification
systems

® Automatic pipettors

Antimicrobial susceptibility test instruments
Disc dispensers

Anaerobic work stations and anaerobic jars
pH meters

Glassware washers

Drying cabinets

Plate pouring and other culture preparation
systems.

In addition to this there are the basic tools and
consumables:

® Inoculating loops, wires and spreaders

® Glassware items that are intended to be

recycled, such as slides, bottles, tubes, Petri

dishes and pipettes

Pipetting devices and pipette tips

Petri dish and pipette drums

Racks and baskets for tubes and bottles

Disposable plastic items, including Petri

dishes, pipette tips

® Specimen and sample containers of glass or
plastic.

IN VITRO DIAGNOSTIC MEDICAL
DEVICES

By far the largest proportion of the workload of a
clinical and public health laboratory is the exami-
nation of human samples and the provision of
results that are intended to help in making clinical
diagnoses or in clinical management. Accordingly,
these laboratories will be using some equipment,
together with dedicated consumable items, that
falls within the coverage of the European Union’s



Directive on in vitro diagnostic medical devices
(IVDs) (EU, 1998).

According to the Directive ‘in vitro diagnostic med-
ical device’ means any medical device that is a
reagent, reagent product, calibrator, control mate-
rial, kit, instrument, apparatus, equipment or sys-
tem, whether used alone or in combination, intended
by the manufacturer to be used iz vitro for the exam-
ination of specimens, including blood, solely or prin-
cipally for the purpose of providing information:

® concerning a physiological or pathological
state
concerning a congenital abnormality
to determine the safety and compatibility with
potential recipients

® to monitor therapeutic measures.

The first of these includes the identification of a
cause of infection. Monitoring therapeutic meas-
ures, e.g. an antimicrobial susceptibility test or an
antibiotic assay, are everyday activities for clinical
microbiology laboratories.

It is important to note that the Directive indicates
that specimen containers, if specifically intended by
their manufacturers for the primary containment
and preservation of specimens derived from the
human body for the purposes of iz vitro diagnostic
examination, are considered to be IVDs. However,
the Directive emphasizes that items of general
laboratory equipment are not IVDs unless their
manufacturer specifically intends them to be used
for in vitro diagnostic examination.

After 7 December 2003, manufacturers of IVDs
must comply with national legislation that imple-
ments the requirements of the Directive, i.e. before
they can be marketed IVDs must meet the relevant
essential requirements that are laid down in the
Directive. These focus on design and manufactur-
ing requirements aimed at ensuring reliable results
and safety in use.

When satisfied that essential requirements are
met, after 7 December 2003, the manufacturer has
to affix to the product the CE mark of conformity.
However, distributors of IVDs may continue to sell
until 7 December 2005 products that are not CE
marked, but which are still in the supply chain.
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CE marking involves different levels of regulatory
control of different IVDs. The level of control
reflects the risk category of the type of IVD. The
most highly regulated IVDs include tests for mark-
ers of HIV-1 and -2, HTLV-I and -II, and hepatitis
B virus (HBV), HCV and HDV.

Member states of the EU are required by the
Directive to take all necessary steps to ensure that
IVDs may be placed on the market and/or put into
service only if they comply with the requirements
of the Directive when duly supplied and properly
installed, maintained and used in accordance with
their intended purpose. This raises an additional
important point, i.e. users clearly have a role to
play in the proper use of an IVD if it can be
expected to produce reliable results. Indeed, under
the UK’s In Vitro Diagnostic Medical Device
Regulations (Statutory Instrument, 2000), if a user
reassigns the intended use of a CE-marked IVD or
modifies the instructions for use, without the agree-
ment of the manufacturer, he or she becomes liable
for any resulting performance failure that arises
from such use of the product.

Against this background, with reference to the
manufacturer’s intended application, e.g. as stated
in advertisements, sales literature and on packaging
and labelling, examples of IVDs that might be of
interest to a clinical microbiology laboratory
would include dedicated equipment for antimicro-
bial sensitivity testing, blood culture, HIV and
HBYV testing, and specimen containers intended for
blood, urine and faeces. On the other hand, a labo-
ratory centrifuge, microscope, mixing machine,
pipette or test tube that is not marketed for a spe-
cific application would not fall within the scope of
the IVD Directive.

Finally, a hospital laboratory may be responsible
for the management of IVDs that are used outside
the laboratory by nursing or medical staff to pro-
vide on-the-spot results, i.e. in a situation that is
known, among other things, as point of care testing
(POCT). Other terms used to describe POCT are
near patient testing, bedside testing, extra-labora-
tory testing and disseminated laboratory testing.

Examples that may be relevant to the clinical
microbiology laboratory are rapid test systems for
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infectious disease markers and urinalysis. Some
issues in the general management of IVDs and
point of care testing [VDs are dealt with below.

PRINCIPLES OF EQUIPMENT
MANAGEMENT

The equipment management principles outlined in
this chapter are based on guidance that has been
issued by the UK Department of Health’s Medical
Devices Agency (MDA) and its predecessor the
Medical Devices Directorate (MDD, 1991). The
purpose is to ensure, in a cost-effective manner,
that equipment:

® s suitable for its intended purpose

® s understood by the users

® s in a safe and serviceable condition

® meets current safety and quality requirements

® where relevant, has a data output that is
compatible with the laboratory’s existing or
envisaged data management system.

The essential features of equipment management
are:

justification of need

selection

acceptance upon delivery

training in use

maintenance, repair and modification
replacement (if necessary) and disposal.

Justification of need

It is recommended that the laboratory have a pro-
cedure in place that requires the purchaser to make
out a case in support of the need for the equipment.
Where the equipment has never been used before in
the laboratory, the case should indicate the job of
work to be done by the new item and, where a
replacement for an existing item of equipment is
being sought, the need for replacement should be
justified. The justification of need should take into
account the current work pattern and likely future

trends, including possible changes in workload and
availability of trained staff.

Selection

Experience has shown that, unless good quality
equipment is purchased in the first place, no subse-
quent activity will effect improvement. It is there-
fore of the utmost importance that there are
arrangements for providing expert advice when
needed and for carrying out all the necessary pre-
purchasing investigations. In the UK, expert advice
is available from the MDA, which organizes an
evaluation programme and publishes reports on
IVDs and other items used in the laboratory. This
provided independent third party assessment of
performance, sometimes carried out as compara-
tive evaluation between different products with the
same intended purpose. The MDA operated a vol-
untary adverse incident reporting programme and
published safety notices that are of interest to those
involved in the purchase of laboratory equipment.
On 1 April 2003, however, the MDA merged with
the Medicines Control Agency to form the
Medicines and Health Care Products Regulatory
Agency, and it is not clear what kind of advice this
new body will provide.

In any case, before new equipment is purchased, it
is always advisable to obtain the personal advice of
microbiologists who have had experience in its use.
It is bad policy to rely entirely on advertisements,
catalogues, extravagant claims of representatives,
and the opinions of purchasing officers who are
mainly concerned with balancing budgets. The best
is not always the most expensive, but it is rarely the
cheapest.

A detailed specification should be drawn up for
the equipment. This should itemize the perform-
ance requirements with reference to its intended
immediate use. Although care should be taken not
to specify a performance better than needed, the
longer-term use of the equipment in the light of
possible future test requirements should be taken
into account. Especially when the purchase of
expensive capital that is available from more than



one supplier is contemplated, there is a need for an
objective demonstration of how the specification is
met by each of them. The emphasis should be on
safety and quality, the latter being defined as fitness
for purpose. Furthermore, the equipment should
have been designed specifically for use in microbio-
logical laboratories. That designed for other disci-
plines or other purposes is rarely satisfactory.

Although nowadays it is unlikely that laboratory
equipment offered for sale will not meet the current
safety requirements, especially if it is manufactured
for the European or American markets, neverthe-
less compliance with safety standards should be
investigated. Fortunately, if an item of equipment
from a reputable manufacturer carries the European
CE marking or claims of compliance with a rele-
vant standard are made, a reasonable presumption
can be made that the relevant safety standards are
likely to be met. Nevertheless, it is advisable to
include safety checks as part of the acceptance pro-
cedure (see below). A list of British Standards (BS
and BS EN) for laboratory equipment is given in
the Addendum to this chapter (see p. 43).

Although the EU Directive applies only to states
within the EU and the MDA operates only in the
UK, the principle of both could be adopted, with
advantage, in other countries.

Other factors to consider when selecting equip-
ment are the availability, throughout the planned
life of the equipment, of adequate maintenance and
repair facilities, availability of spare parts and con-
sumables, and training for staff. The overall cost of
equipment is a highly significant factor when mak-
ing a purchasing decision. In assessing the cost of
equipment, the whole life figure should be consid-
ered rather than simply the initial capital expendi-
ture. Over the lifetime of the equipment, recurring
revenue costs can often amount to more than the
initial purchase price. Indeed, manufacturers often
rely on the recurring sale of consumables for their
profits. Other revenue costs include those for main-
tenance and repair, spare parts, installation and
training.

It is recommended that, wherever possible, the
selection process should be a team effort, the aim
being that the final purchasing decision is a consen-
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sus following consultation with the intended users
and with full consideration being given to their
Views.

Given that they will have to work with the equip-
ment that is chosen, perhaps for a significant part
of a working day, if there is a choice of more than
one supplier at the end of the line, it is probably
best that the deciding vote should go to the users.
Some fields of investigation that might be pursued
are set out below.

Acceptance procedure

A formal acceptance procedure is needed to ensure
that the entry of all equipment into service is prop-
erly controlled. This procedure will include the fol-
lowing:

® an initial inspection with safety checks for
electrical equipment

® incorporation into the equipment
management record system

e formal commissioning.

Initial inspection

On receipt of a new acquisition, an initial inspec-
tion should be carried out to ensure that the equip-
ment is complete with all the accessories and users’
operating manuals, and that it is undamaged and in
proper working order.

Records

It is recommended that a record be maintained
and kept at all times with the equipment. This
record should contain brief descriptions of all
inspections, maintenance, repair and any modifi-
cation. The first entry should be of the acceptance
of the equipment into service. The record should
be used to note minor faults that are found during
normal use so that they can be brought to the
attention of the service technician at the next
scheduled planned preventive maintenance visit
(see below). Periods of time that the equipment is
out of service because of breakdown should also
be noted in the record.
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Commissioning

Some types of equipment, e.g. autoclaves and bio-
logical safety cabinets, will require, after installa-
tion, a formal commissioning procedure against
objective test criteria to demonstrate that they are
functioning safely and effectively before routine
use. This will need to be recorded.

Staff training

No new laboratory equipment should be allowed
to enter service until potential users have had ade-
quate training in its use, user servicing and emer-
gency action in the event of malfunction. It is
recommended that those unfamiliar with the equip-
ment should be forbidden to operate it unless
supervised or until they are considered competent
in its use.

The content of the training and who delivers the
training will depend on the complexity of the
equipment, but as a general rule it is recommended
that, if a supplier offers a training course for a new
item of equipment, this should be taken up. It is
important that the members of staff who attend the
course will be the ones who will actually use it.
Furthermore, it should be recognized that trained
staff will move on to other posts and their places
may be taken by those who may not have seen or
operated the equipment. Reliance should not be
placed on them being able to pick up how to oper-
ate equipment from established operators; this
approach often perpetuates bad habits and danger-
ous short-cuts. It is important that replacement
staff receive full and systematic training according
to a syllabus. Those for centrifuges and microbio-
logical safety cabinets are given on pp. 29 and 35,
respectively.

This is particularly important where user servic-
ing is concerned because experience has shown that
operational malfunctions and dangerous occur-
rences, such as fires or explosions, have sometimes
occurred immediately after faulty user servicing
(see below).

Maintenance, repair and modification

If equipment is to remain safe, serviceable and reli-
able throughout its working life, planned con-
trolled maintenance is essential. In addition,
arrangements should be in place to ensure that
emergency repairs and any modifications that have
to be carried out to improve the performance or
safety of equipment are carried out promptly and
effectively.

Decontamination

Equipment that has to be inspected, maintained,
repaired, modified or scrapped (see below) should
be in a condition that makes it safe to be handled
by all those who may come into contact with it dur-
ing transit or subsequent handling (MDA, 1998).
Before any such work is done on microbiology lab-
oratory equipment, to reduce the risk of transmis-
sion of infection, or fear of infection, it must be
cleaned and decontaminated in accordance with the
manufacturer’s specific instructions, if provided. In
the absence of specific instructions for decontami-
nation, the manufacturer should be consulted about
compatibility with intended agents to ensure, as far
as possible, that they are compatible with the equip-
ment and do not damage it (see under
Microbiological safety cabinets and Chapter 4).

If the equipment is to be sent out of the laboratory
for the work to be done, e.g. it is to be sent to the
manufacturer’s factory, or the work is to be carried
out on site by staff other than those employed by
the laboratory, such as by a visiting engineer, a
decontamination certificate should be issued under
the authority of the head of the laboratory.

Maintenance

There are two levels of maintenance to consider:

1. Basic scheduled maintenance, i.e. user
servicing, which the manufacturer intends
should be carried out by the actual user of the
equipment; sometimes this amounts to
nothing more than the laboratory equivalent
of good housekeeping, e.g. cleaning and
simple adjustments,



2. Planned preventive maintenance (PPM),
which the manufacturer intends should be
carried out to ensure long-term reliable
performance in accordance with his
specification. This often involves
comprehensive inspection, changing
components and subassemblies that require
regular replacement, calibration, performance
tests and a final safety check. This amounts to
the laboratory equivalent of car servicing.

Responsibility for day-to-day supervision of user
servicing should rest with the head of the labora-
tory who may wish to delegate this function to a
senior member of the staff. It is essential that the
work is done only by trained staff strictly in accor-
dance with a written schedule, and that complete
and up-to-date records are kept. A daily checklist
will usually suffice.

Although contract PPM will usually be available
from the manufacturer or an appointed agent, it
may also be available from a third-party commer-
cial source or though an in-house maintenance
scheme, e.g. as is sometimes operated by hospital
engineering departments in the UK. Setting aside
economic considerations, the head of the laboratory
will need to ensure that whoever carries out the PPM
can demonstrate that they have readily available:

® sufficient technical information and spare
parts
sufficient trained staff, including supervisors
necessary tools and test equipment.

Repair

If user servicing and PPM are being carried out
properly and in accordance with the manufac-
turer’s schedule, breakdowns should be minimized.
However, random failures can occur even with
well-maintained equipment, and the head of the
laboratory should ensure that arrangements are in
place so that repairs can be effected speedily. In
addition to the requirements detailed for the provi-
sion of PPM, whoever is given the responsibility of
attending to a request for a repair should be able to
provide a guarantee that they can respond within
an agreed timescale.
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Modification

Uncontrolled modification of laboratory equipment
can adversely affect performance and can be dan-
gerous. Modification should be carried out only if
formal authorization has been given by the head of
the laboratory or a senior member of staff to whom
authority has been delegated. It is preferable that
modification be carried out by the manufacturer in
order to ensure that essential safety features are not
impaired. Manufacturers under contract for the
provision of PPM will sometimes offer modifica-
tions that have been developed to improve the
safety or performance of their equipment. One of
the disadvantages of third-party contract or in-
house provision of PPM is that the availability of
such modifications may not become apparent.

Replacement and disposal

In due course, equipment may have to be replaced
for one or more of the following reasons. The fol-
lowing can happen to the equipment:

It may be worn out beyond economic repair.
It may be damaged beyond economic repair.
It may be unreliable.

Results produced are clinically obsolete or the
methodology for producing them is
technologically obsolete.

® Spare parts are no longer available.

® Consumables are no longer available.

® More cost-effective equipment is available.

It is good practice to keep all existing equipment
under review so that an item of equipment that will
need replacement can be identified in good time,
thereby facilitating the necessary financial and sys-
tematic procurement arrangements for replace-
ment. In particular, the head of the laboratory
should resist any drive that would lead to the hur-
ried or unstructured purchase of replacement
equipment at the end of a financial year because of
fear that ‘the money will be lost otherwise’. Such
activity has often been associated with poor value
for money or the purchase of equipment that is not
really needed.
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However unwanted equipment is disposed of,
even if it is destined for the scrapyard, it should
never pass out of the control of the laboratory
without it being cleaned and decontaminated and
accompanied by a signed decontamination certifi-
cate.

MANAGEMENT OF IVDS

Purchasers of IVDs will need to be aware that the
essential requirements of the IVD Directive are that
products must achieve the claims that are made for
them by manufacturers in terms of analytical sensi-
tivity, diagnostic sensitivity, analytical specificity,
diagnostic specificity, accuracy, repeatability and
reproducibility, including control of known rele-
vant interference and limits of detection.
Furthermore, the manufacturer must be able to
demonstrate with data that the performance claims
have been met. The Directive also states that the
product must not compromise the health or safety
of users.

In short, this means that a customer who pur-
chases a CE-marked product from a reputable
manufacturer should be able to have a high degree
of confidence that it is capable of working properly
if used as specified, and will be safe to use.
However, it is important to emphasize that the
Directive does not require a manufacturer to
demonstrate clinical utility as a condition of plac-
ing an IVD on the market. This means that the
onus is on the purchaser to assess whether the
product is suitable for the use to which the results
will be put in the clinical management of patients.

Another aspect to consider is that the IVD
Directive exists to remove technical barriers to
trade within the EU. Thus, it can be expected that
manufacturers from across the expanding EU will
be offering IVDs that, although they may have been
developed originally for a specific home market,
will be widely exported. This may necessitate trans-
lations of the original instructions. Good clear
instructions have a crucial role in the safe and effec-
tive use of IVDs. In the light of these points, the
laboratory is advised to ensure (MDA, 2002a) that:

® The users of IVDs and the clinicians who will
use the results produced by them should be
consulted when making purchasing decisions.

® DPerformance claims made by manufacturers
and arrangements for provision of training
and maintenance and the compatibility of a
candidate system’s output with the
laboratory’s data management system should
be considered at the selection stage.

® Before an IVD is introduced into routine use,
it should be subjected to a thorough
evaluation in the hands of the laboratory
staff, as a means of validation.

® The evaluation should include an
investigation to establish whether existing
specimen collection devices, e.g. blood sample
tubes and bacteriological swabs, can adversely
affect the results produced by the TVD.

® The instructions for use must be
understandable by all the intended users — this
is especially important when the instructions
that have been issued are translations.

® Adequate levels of staff training are
maintained.

® Arrangements are in place for maintenance
and repair.

Point of care testing IVDs

Although today’s POCT IVDs are generally more
reliable and less prone to error than those of previ-
ous generations, the successful implementation of
POCT service is still dependent on the effective
organization and management of staff.

Users of IVDs for POCT should have a sound
understanding of the relevant analytical principles,
the importance of QA and the interpretation of test
results. It is therefore important that the users of
POCT IVDs have access to clear guidance on these
issues. In the light of these points, the laboratory
that is responsible for providing the clinical micro-
biology service for the place where a POCT IVD is
to be used is advised (MDA, 2002b) to ensure that
1t:



® s involved at the earliest opportunity in all
aspects of the provision of a POCT service
involving a microbiological test

® oversees all training, updating and monitoring
of all staff involved in the POCT service, and
should be prepared to act as an initial
‘trouble-shooter’ for all problems involving
POCT IVDs

® oversees the preparation of all standard
operating procedures involving the POCT
service

® oversees the integration of the POCT service
into its overall quality system.
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Equipment for which there are British Standards

are marked with an asterisk(*) (see the Addendum
to this chapter on p. 43).

Microscopes

Laboratory workers should, of course, be familiar
with the general mechanical and optical principles
of microscopes but a detailed knowledge of either
is unnecessary and, apart from superficial cleaning,
maintenance should be left to the manufacturers,
who will arrange for periodic visits by their techni-
cians. Most manufacturers publish handbooks con-
taining useful explanations and information.

Wide-field compensating eyepieces should be fit-
ted; they are less tiring than other eyepieces and are
more convenient for spectacle wearers. For low-
power work, x 5 and x 10 objectives are most useful
and, for high-power (oil immersion) microscopy,
x 50 and x 100 objectives are desirable.

Careful attention to critical illumination, centring
and the position of diaphragms is essential for ade-
quate microscopy.

Low-power microscopes

Low-power, binocular, dissecting microscopes are
better than hand lenses for examining colony mor-
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phology. Experience in their use may save much
time and expense in pursuing unnecessary tests (see
p. 85). They also facilitate the subculture of small
colonies from crowded Petri dishes, thus avoiding
mixed cultures.

Incubators

Incubators are available in various sizes. In general,
it is best to obtain the largest possible models that
can be accommodated, although this may create
space problems in laboratories where several differ-
ent incubation temperatures are employed. The
smaller incubators suffer wider fluctuations in tem-
perature when their doors are opened than the
larger models, and most laboratory workers find
that incubator space, like refrigerator space, is sub-
ject to ‘Parkinson’s law’.

Although incubators rarely develop faults, it is
advisable, before choosing one, to ascertain that
service facilities are available. The circuits are not
complex but their repair requires expert technical
knowledge. Transporting incubators back to the
manufacturers is most inconvenient.

In medical and veterinary laboratories, incubators
are usually operated only at 35-37°C. The food or
industrial laboratory usually requires incubators
operated at 15-20°C, 28-32°C and 55°C. For tem-
peratures above ambient there are no problems,
but lower temperatures may need a cooling as well
as a heating device.

CO, incubators

Incubation in an atmosphere of 5-8% CO, is
preferable for the cultivation of many bacteria of
medical importance. Incubators that provide auto-
matic control of CO, and humidity are now avail-
able.

Water used to maintain humidity may become
contaminated with fungi, especially aspergilli,
causing problems with cultures that require pro-
longed incubation.
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Cooled incubators

For incubation at temperatures below the ambient,
incubators must be fitted with modified refrigera-
tion systems with heating and cooling controls.
These need to be correctly balanced.

Automatic temperature changes

These are necessary when cultures are to be incu-
bated at different temperatures for varying lengths
of time, as in the examination of water by mem-
brane filtration, and when it is not convenient to
move them from one incubator to another. Two
thermostats are required, wired in parallel, and a
time switch wired to control the thermostat set at
the higher temperature. These are now built in to
some models.

Portable incubators

These are useful in field work, e.g. environmental
microbiology and water examination (see p. 258).

Incubator rooms

These should be installed by specialist suppliers.
Metal shelving is preferable to wood: if the humid-
ity in these rooms is high the growth of mould
fungi may be encouraged by wood. Solid shelving
should be avoided and space left at the rear of the
shelves to allow for the circulation of air.

If, on the other hand, low humidity is a problem
cultures may be prevented from drying out by plac-
ing them along with pieces of wet filter paper in
plastic boxes such as those sold for the storage of

food.

Centrifuges™

Over the years there have been a number of acci-
dents involving centrifuges. Some of these involved
the ejection into the laboratory of centrifuge buck-
ets and other parts. Although some of these acci-
dents were caused by faulty components, others
were the result of misuse (Kennedy, 1988). The
high kinetic energy of parts ejected from a cen-
trifuge poses a serious risk of injury. In addition, if

an accident occurs while bodily fluids are being
centrifuged, an infection risk arises from micro-
bially contaminated environmental surfaces and
aerosols (Collins and Kennedy, 1999).

Mechanical, electrical and microbiological safety
are important considerations in the purchase and
use of centrifuges. They should conform to
national and international standards, e.g. those
listed in the Addendum (see p. 43), and also the
International Federation of Clinical Chemistry
(IFCC, 1990) and the International Electrical
Commission (IEC, 1990).

Although modern centrifuges are designed to
meet high safety standards (including those of BS
EN, 1995, see Addendum) and are less likely to
lend themselves to misuse, it is strongly recom-
mended that all potential users of a centrifuge are
trained in its safe use before they are permitted to
start using it. It is important that users receive
training in every type of centrifuge that they will be
using, including operations involving sealed buck-
ets if these are to be used. A model set of instruc-
tions and precautions for the safe use of centrifuges
are offered below.

The ordinary laboratory centrifuge is capable of
exerting a force of up to 3000 g and this is the force
necessary to deposit bacteria within a reasonable
time.

For general microbiology, a centrifuge capable of
holding 15-ml and 50-ml buckets and working at a
maximum speed of 4000 rev./min is adequate. The
swing-out head is safer than the angle head because
it is less likely to distribute aerosols if uncapped
tubes are used (Collins and Kennedy, 1999).

For maximum microbiological safety, sealed
buckets should be fitted. These confine aerosols if
breakage occurs and are safer than sealed rotors.
Several companies supply sealed buckets (‘safety
cups’). Windshields offer no protection. There
should be an electrically operated safety catch so
that the lid cannot be opened when the rotors are
spinning.

Centrifuge buckets are usually made of stainless
steel and are fitted with rubber buffers. They are
paired and their weight is engraved on them. They
are always used in pairs, opposite to one another,



and it is convenient to paint each pair with differ-
ent coloured patches so as to facilitate recognition.
If the buckets fit in the centrifuge head on trun-
nions, these are also paired.

Centrifuge tubes to fit the buckets are made of
glass, plastic, nylon or spun aluminium. Conical
and round-bottomed tubes are made. Although the
conical tubes concentrate the deposit into a small
button, they break much more readily than the
round-bottomed tubes. When the supernatant
fluid, not the deposit, is required, round-bottomed
tubes should be used.

Instructions for using the centrifuge

1. Select two centrifuge tubes of identical lengths
and thickness. Place liquid to be centrifuged
in one tube and water in the other to within
about 2 cm of the top.

2. Place the tubes in paired centrifuge buckets
and place the buckets on the pans of the
centrifuge balance. This can be made by
boring holes large enough to take the buckets
in small blocks of hard wood, and fitting
them on the pans of a simple balance.

3. Balance the tubes and buckets by adding 70%
alcohol to the lightest bucket. Use a Pasteur
pipette and allow the alcohol to run down
between the tube and the bucket.

4. Place the paired buckets and tubes in
diametrically opposite positions in the
centrifuge head.

5. Close the centrifuge lid and make sure that
the speed control is at zero before switching
on the current. (Many machines are fitted
with a ‘no-volt’ release to prevent the machine
starting unless this is done.)

6. Move the speed control slowly until the speed
indicator shows the required number of
revolutions per minute.

Precautions

1. Make sure that the rubber buffers are in the
buckets, otherwise the tubes will break.

2. Check the balancing carefully. Improperly
balanced tubes will cause ‘head wobble’ and
spin-off accidents, and wear out the bearings.
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3. Check that the balanced tubes are really
opposite one another in multi-bucket
machines.

4. Check that the buckets are properly located

on the centrifuge head.

Never start or stop the machine with a jerk.

6. Observe the manufacturer’s instructions about
the speed limits for the various loads.

7. Load and open sealed centrifuge buckets in a
microbiological safety cabinet.

9]

Maintenance

The manufacturers will, by contract, arrange peri-
odic visits for inspection and maintenance in the
interests of safety and efficiency.

Water baths

The contents of a test tube placed in a water bath
are raised to the required temperature much more
rapidly than in an incubator. These instruments are
therefore used for short-term incubation. If the
level of water in the bath comes to one-half to two-
thirds of the way up that of the column of liquid in
the tube, convection currents are caused, which
keep the contents of the tube well mixed and hasten
reactions such as agglutination.

All modern water baths are equipped with electri-
cal stirrers and in some the heater, thermostat and
stirrer are in one unit, easily detached from the
bath for use elsewhere or for servicing. Water-
baths must also be lagged to prevent heat loss
through the walls. A bath that has not been lagged
by the manufacturers may be insulated with slabs
of expanded polystyrene.

Water-baths should be fitted with lids in order to
prevent heat loss and evaporation. These lids must
slope so that condensation water does not drip on
the contents. To avoid chalky deposits on tubes
and internal surfaces, only distilled water should be
used, except, of course, in those baths that operate
at or around ambient temperature, which are con-
nected to the cold water supply and fitted with a
constant level and overflow device.
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This kind of bath offers the same problems as the
low-temperature incubators unless the water is sup-
plied ata much lower temperature than that required
in the water bath. In premises that have an indirect
cold water supply from a tank in the roof, the water
temperature in summer may be near or even above
the required water bath temperature, giving the ther-
mostat no leeway to operate. In this case, unless it
is possible to make direct connection with the rising
main, the water supply to the bath must be passed
through a refrigerating coil. Alternatively, the water
bath may be placed in a refrigerator and its elec-
tricity supply adapted from the refrigerator light or
brought in through a purpose-made hole in the cab-
inet. The problem is best overcome by fitting labo-
ratory refrigeration units designed for this purpose.

Metal block heaters

These give better temperature control than water
baths and do not dry out, but they can be used only
for tubes and thin glass bottles that must fit neatly
into the holes in the steel or aluminium blocks.

It is advisable to use these blocks for work with
tubes containing Group 3 agents that might leak
into and contaminate the water in water baths.

Refrigerators and freezers

Although domestic appliances are usually satisfac-
tory for laboratory work they may pose a hazard if
they have unsealed electrical contacts and if chemi-
cals with flammable or explosive vapours are
stored in them. If there is a need to store such mate-
rial in a domestic-type refrigerator, it should be a
small amount in a sound container with a leak-
proof closure and preferably packaged inside a
larger container.

Ideally all sources of ignition, e.g. thermostat con-
tacts and light switch mechanisms, should be out-
side the refrigeration chamber. Intrinsically safe
refrigerators are available commercially but they
are expensive.

Refrigerators and freezers that are not intended
for the storage of flammable liquids should be
labelled as such (Kennedy, 1988).

Sterilization equipment

For details about this equipment, see Chapter 4.

Microbiological safety cabinets*

Microbiological safety cabinets (MSCs), which are
also known as biological safety cabinets (BSCs), are
intended to capture and retain infected airborne
particles released in the course of certain manipula-
tions and to protect the laboratory worker from
infection that may arise from inhaling them.

There are three kinds: Classes I, II and III. In
Europe Class I and Class II cabinets are used in
diagnostic, Level 2 and Containment, Level 3 labo-
ratories for work with Hazard Group 3 organisms.
Class III cabinets are used for Hazard Group 4
viruses. Some other countries use only Class II and
Class III cabinets.

A Class I cabinet is shown in Figure 3.1. The
operator sits at the cabinet, works with the hands
inside, and sees what he or she is doing through the
glass screen. Any aerosols released from the cul-
tures are retained because a current of air passes in
at the front of the cabinet. This sweeps the aerosols
up through the filters, which remove all or most of
the organisms. The clean air then passes through
the fan, which maintains the airflow, and is

T To extract fan

O Airflow
indicator

e HEPA
Hiadlile

HRD AR 1HRE I filter

Primary
filter

Window

e ——

Clean air
=== Contaminated air

Figure 3.1 Class | microbiological safety cabinet



exhausted to atmosphere, where any particles or
organisms that have not been retained on the filter
are so diluted that they are no longer likely to cause
infection if inhaled. An airflow of between 0.7 and
1.0 m/s must be maintained through the front of
the cabinet, and modern cabinets have airflow indi-
cators and warning devices. The filters must be
changed when the airflow falls below this level.

The Class II cabinet (Figure 3.2) is more compli-
cated and is sometimes called a laminar flow cabi-
net, but as this term is also used for clean air
cabinets that do not protect the worker it should be
avoided (see p. 37). In the Class II cabinet about
70% of the air is recirculated through filters, so
that the working area is bathed in clean (almost
sterile) air. This entrains any aerosols produced in
the course of the work, which are removed by the
filters. Some of the air (about 30%) is exhausted to
atmosphere and is replaced by a ‘curtain’ of room
air, which enters at the working face. This prevents
the escape of any particles or aerosols released in
the cabinet.

There are other types of Class II cabinets, with
different airflows and exhaust systems, which may
also be used for toxic chemicals and volatile chem-
icals. Manufacturers should be consulted.

Class TIT cabinets are totally enclosed and are

20-30% air extracted
HEPA filter T

Primary filter —{
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Clean air
— ——— Contaminated air

Figure 3.2 Class Il microbiological safety cabinet
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tested under pressure to ensure that no particles
can leak from them into the room. The operator
works with gloves that are an integral part of the
cabinet. Air enters through a filter and is exhausted

to atmosphere through one or two more filters
(Figure 3.3).

T To extract fan

HEPA filter

e’} Ly
e

i
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Pressure indicator

Primary filter

HEPA
inlet filter

Window

Clean air
—-——=— Contaminated air

Figure 3.3 Class Il microbiological safety cabinet

Purchasing standards for safety cabinets

Safety cabinets should comply with national stan-
dards, e.g. British Standards Institution (see
Addendum, p. 43) and the (US) National
Sanitation Foundation (NSF, 1992).

Use of safety cabinets

These cabinets are intended to protect the worker
from airborne infection. They will not protect the
worker from spillage and the consequences of poor
techniques. The cabinet should not be loaded with
unnecessary equipment or it will not do its job
properly. Work should be done in the middle to the
rear of the cabinet, not near the front, and the
worker should avoid bringing hands and arms out
of the cabinet while working. After each set of
manipulations and before withdrawing the hands,
the worker should wait for 2-3 min to allow any
aerosols to be swept into the filters. The hands and
arms may be contaminated and should be washed
immediately after ceasing work. Bunsen burner
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burners and even micro-incinerators should not be
used because they disturb the airflow. Disposable
plastic loops (see p. 37) are recommended.

Siting

The efficiency of a safety cabinet depends on cor-
rect siting and proper maintenance. Possible sites
for cabinets in a room are shown in Figure 3.4. Site
A is a poor site, because it is near to the door and
airflow into the cabinet will be disturbed every time
the door is opened and someone walks into the
room and past the cabinet. Site B is not much bet-
ter, because it is in almost a direct line between the
door and window, although no one is likely to
walk past it. Its left side is also close to the wall and
airflow into it on that side may be affected by the
‘skin effect’, i.e. the slowing down of air when it
passes parallel and close to a surface. Air passing
across the window may be cooled, and will meet
warm air from the rest of the room at the cabinet
face, when turbulence may result.

Window
4‘ . ¢ 1 —i
B
C
A
D
ig ——— |

Figure 3.4 Possible sites for safety cabinets in relation to cross
draughts from door and window and movement of staff. A is bad;
B is poor; C is better; D is best

Site C is better and site D is best of all. If two cab-
inets are required in the same room, sites C and D
would be satisfactory, but they should not be too
close together, or one may disturb the airflow of
the other. We remember a laboratory where a Class
I cabinet was placed next to a Class II cabinet.
When the former was in use it extracted air from
the latter and rendered that cabinet quite ineffec-
tive.

Care must also be taken in siting any other equip-
ment that might generate air currents, e.g. fans and
heaters. Mechanical room ventilation may be a
problem if it is efficient, but this can be overcome
by linking it to the electric circuits of the cabinets
so that either, but not both, is extracting air from
the room at any one time. Alternatively, baffles
may be fitted to air inlets and outlets to avoid con-
flicting air currents near to the cabinet. Tests with
smoke generators (see below) will establish the
directions of air currents in rooms.

None of these considerations needs to apply to
Class III cabinets, which are in any case usually
operated in more controlled environments.

Testing airflows

The presence and direction of air currents and
draughts are determined with ‘smoke’. This may be
generated from burning material in a device such as
that used by bee keepers, but is usually a chemical
that produces a dense, visible vapour. Titanium
tetrachloride is commonly used. If a cottonwool-
tipped stick, e.g. a throat swab, is dipped into this
liquid and then waved in the air, a white cloud is
formed which responds to quite small air move-
ments.

Commercial airflow testers are more convenient.
They are small glass tubes, sealed at each end. Both
ends are broken off with the gadget provided and a
rubber bulb fitted to one end. Pressing the bulb to
pass air through the tube causes it to emit white
smoke. These methods are suitable for ascertaining
air movements indoors.

To measure airflow an anemometer is required.
Small vane anemometers, timed by a stopwatch,
are useful for occasional work but for serious activ-
ities electronic models, with a direct reading scale,



are essential. The electronic vane type has a diame-
ter of about 10 cm. It has a satisfactory time con-
stant and responds rapidly enough to show the
changes in velocity that are constantly occurring
when air is passing into a Class I safety cabinet.
Hot wire or thermistor anemometers may be used
but they may show very rapid fluctuations and
need damping. Both can be connected to recorders.

It is necessary to measure the airflow into a Class
I cabinet in at least five places in the plane of the
working face (Figure 3.5). At all points this should
be between 0.7 and 1.0 m’/s. No individual meas-
urement should differ from the mean by more than
20%. If there is such a difference there will be tur-
bulence within the cabinet. Usually some piece of
equipment, inside or outside the cabinet, or the
operator, is influencing the airflow.

Window

Open front of cabinet

Figure 3.5 Testing airflow into a Class | safety cabinet. Anemo-
meter readings should be taken at five places, marked with an X,
in the plane of the working face with no-one working at the
cabinet

Although airflows into Class I cabinets are usually
much the same at all points on the working face,
this is not true for Class II cabinets, where the flow
is greater at the bottom than at the top. The aver-
age inward flow can be calculated by measuring the
velocity of air leaving the exhaust and the area of
the exhaust vent. From this the volume per minute
is found and this is also the amount entering the
cabinet. The average velocity is obtained by divid-
ing this volume by the area of the working face. A
rough and ready way, suitable for day-to-day use,
requires a sheet of plywood or metal that can be fit-
ted over the working face. In the centre of this an
aperture is made which is 2 x 2.5 cm. The inward

Capital equipment 33

velocity of air through this is measured and the
average velocity over the whole face calculated
from this figure and the area of the working face.
The inflow at the working face should be not less
than 0.4 m/s. A check should also be made with
smoke to ensure that air is in fact entering the cab-
inet all the way round its perimeter and not just at
the lower edge.

The downward velocity of air in a Class II cabinet
should be measured with an anemometer at 18
points in the horizontal plane 10 cm above the top
edge of the working face (Figure 3.6). The mean
downflow should be between 0.25 and 0.5 m/s and
no individual reading should differ from the mean
by more than 20%.

Figure 3.6 Testing the vertical airflow in a Class Il safety
cabinet. Anemometer readings should be taken at points marked
X on an imaginary grid 6 inches within the cabinet walls and just
above the level of the bottom of the glass window

It is usual, when testing airflows with an
anemometer, to observe or record the readings at
each position for several minutes, because of possi-
ble fluctuations.

To measure the airflow through a Class III cabinet
the gloves should be removed and readings taken at
each glove port. Measurements should also be
taken at the inlet filter face when the gloves are
attached.
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Decontamination

As safety cabinets are used to contain aerosols,
which may be released, during work with Hazard
Group 3 micro-organisms, the inside surfaces and
the filters will become contaminated. The working
surface and the walls may be decontaminated on a
day-to-day basis by swabbing them with disinfec-
tant. Glutaraldehyde is probably the best disinfec-
tant for this purpose because phenolics may leave
sticky residues and hypochlorites may, in time, cor-
rode the metal (Caution — see below).

Glutaraldebyde vapour is a cause of occupa-
tional asthma, irritation of the eyes, nose and
throat. It is also a skin sensitizer and may cause
allergic dermatitis. In the UK the Health and
Safety Executive sets a maximum exposure limit
of 0.05 ppm.

For thorough decontamination, however, and
before filters are changed, formaldehyde (Caution
— see below) should be used and precautions should
be taken before use. The installation should be
checked to ensure that none of the gas can escape
into the room or other rooms. The front closure
(night door) of the cabinet should seal properly on
to the carcase, or masking tape should be available
to seal it. Any service holes in the carcase should be
sealed and the high efficiency particulate air (HEPA)
filter seating examined to ensure that there are no
leaks. If the filters are to be changed and the primary
or roughing filter is accessible from inside the cabi-
net, it should be removed and left in the working
area. The supply filter on a Class III cabinet should
be sealed with plastic film.

Formaldehyde is severely irritating to the eyes and
the respiratory tract. Inhalation may cause lung
oedema. It is possibly carcinogenic to humans. The
International Labour Organization advises an
occupational exposure limit of 0.3 ppm. Mixtures
of 7.75% (vlv) formaldebyde and dry air are explo-
sive: the ignition point is 430°C.

Formaldehyde is generated by:

® Dboiling formalin, which is a 40% solution of
the gas in water

® heating paraformaldehyde, which is its solid
polymer.

Boiling formalin

The volume used is important. Too little will be
ineffective; too much leads to deposits of the poly-
mer, which is persistent and may contribute to the
natural blocking of the filters. The British Standard
(BS, 1992 — see Addendum, p. 43) specifies a con-
centration of 50 mg/m’. To achieve this 60 ml
formalin, mixed with 60 ml water, is required for
each cubic metre of cabinet volume (this volume is
specified by the manufacturer).

The formalin may be boiled in several ways. Some
cabinets have built-in devices in which the liquid is
dripped on to a hot-plate. Other manufacturers
supply small boilers. A laboratory hot-plate, con-
nected to a timing clock, is adequate. The correct
amount of formalin and water is placed in a flask.

Heating paraformaldehyde

Tablets (1 g) are available from chemical manufac-
turers. Three or four tablets are adequate for an
average size cabinet. They may be heated on an
electric frying pan connected to a time clock, or
placed in a dish and heated by an electric hair
drier.

Exposure time

It is convenient to start decontamination in the late
afternoon and let the gas act overnight. In the
morning the fan should be switched on and the
front closure ‘cracked’ open very slightly to allow
air to enter and purge the cabinet. Some new cabi-
nets have a hole in the front closure, fitted with a
stopper that can be removed for this purpose. With
Class III cabinets the plastic film is taken off the
supply filter to allow air to enter the cabinet and
purge it of formaldehyde. After several minutes the
gloves may be removed. The fan is then allowed to
run for about 30 min, which should remove all
formaldehyde.

Summary of decontamination procedure

The prefilter should be removed from inside the
cabinet (where possible) and placed on the work-
ing surface. It is usually pushed or clipped into
place and is easily removed, but as it is likely to be



contaminated gloves should be worn. Formalin
60 ml plus water 60 ml, per cubic metre of cabinet
volume, should be placed in its container on the
heater in the cabinet or the reservoir. The front
closure is then put in place and sealed if necessary.
The heater is switched on and the formalin boiled
away. After switching off the heater the cabinet is
left closed overnight. The next morning the cabi-
net fan is switched on, and the front closure is
opened very slightly to allow air to pass in and
purge the cabinet of formaldehyde. After several
minutes the front closure is removed and the cabi-
net fan allowed to run for about 30 min. Any
obvious moisture remaining on the cabinet walls
and floor may then be wiped away and the filters
changed.

Changing the filters and maintenance

The cabinet must be decontaminated before filters
are changed and any work is done on the motor
and fans. If these are to be done by an outside con-
tractor, e.g. the manufacturer’s service engineer,
the front closure should be sealed on again after the
initial purging of the gas and a notice — Cabinet
decontaminated but not to be used — placed on it
awaiting the engineer’s arrival. He or she will also
require a certificate stating that the cabinet has
been decontaminated.

The primary, or prefilters, should be changed
when the cabinet airflow approaches its agreed
local minimum. Used filters should be placed in
plastic or tough paper bags, which are then sealed
and burned. If the airflow is not restored to at least
the middle of the range, then arrangements should
be made to replace the HEPA filter. This is usually
done by the service engineer, but may be done by
laboratory staff if they have received instruction.
Unskilled operators often place the new filter in
upside down or fail to set it securely and evenly in
its place. Used filters should be placed in plastic
bags, which are then sealed for disposal. They are
not combustible. Some manufacturers accept used
filters and recover the cases, but this is not usually
a commercial practice — no refund is given. When
manufacturers replace HEPA filters they may offer
a testing service.
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Training operators

We recommend that all potential users of microbi-
ological safety cabinets be trained in the proper use
of every type of cabinet that they are likely to use,
especially in the following:

® (lassification

® Appropriate and inappropriate use

Mode of operation and function of all
controls and indicators

Limitations of performance

How to work safely with them

How to decontaminate them after use
Principles of airflow and operator protection
tests (see below).

Testing: further information

This is beyond the scope of this book and the
reader is referred to national standards and other
publications (Kuhne et al. 1995; Collins and
Kennedy, 1999; CDC/NIH, 2000).

Although a cabinet may be designed and con-
structed satisfactorily and be capable in the factory
of meeting the performance claims made for it,
unless it is properly installed in the laboratory it
may not provide adequate operator protection.
It was for this reason that BS 5726: Part 3, 1992
specified that an operator protection factor test,
among other performance tests, must be carried
out after installation. This is a very sensitive test
that actually measures the ability of a cabinet to
retain an aerosol. Unfortunately, the European
Standard (designated BS EN 12469:2000 in the
UK) that has replaced BS 5726:1992 does not
mandate an operator protection factor test (which
it calls a retention test) after installation, but
makes it an option. It is recommended that an
operator protection factor test is included in the
commissioning procedure.

Autoclaves

For information about autoclaves, see Chapter 4.
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Anaerobic work stations and
anaerobic jars

For information about these, see Chapter 6.

Freeze-drying apparatus

For information about this, see Chapter 6.

Blenders and shakers

These range from instruments suitable for grinding
and emulsifying large samples, e.g. food, to glass
and plastic devices for homogenizing small pieces
of tissue (see ‘Tissue grinders and homogenizers’,
below). Most are electrically driven (see BS EN,
1996 in the Addendum). They suffer from the dis-
advantage of requiring a fresh, sterile cup for each
sample. These cups are expensive and it takes time
to clean and re-sterilize them.

Some of the devices may release aerosols during
operation and when they are opened. A heavy
Perspex or metal cover should be placed over them
during use. This should be decontaminated after use.
All blenders, etc. should be opened in a micro-
biological safety cabinet because the contents will
be warm and under pressure, and aerosols will be
released.

The Stomacher Lab-Blender overcomes these
problems. Samples are emulsified in heavy-duty
sterile plastic bags by the action of paddles. This is
an efficient machine, capable of processing large
numbers of samples in a short time without pauses
for washing and re-sterilizing. There is little risk of
aerosol dispersal. The bags are automatically
sealed while the machine is working.

Vortex mixers are useful for mixing the contents
of single bottles, e.g. emulsifying sputum, but
should always be operated in a microbiological
safety cabinet.

Shaking machines

Conventional shaking machines are sold by almost
all laboratory suppliers. They are useful for mixing
and shaking cultures and for serological tests, but
should be fitted with racks, preferably of
polypropylene, which hold the bottles or tubes
firmly. These machines should be covered with a
stout Perspex box when in use to prevent the dis-
persal of aerosols from containers that might leak.
Alternatively, or in addition, we believe that all
bottles that contain infected material and are
shaken in any machine should be placed inside
individual self-sealing or heat-sealed plastic bags,
in order to minimize the dispersal of infected air-
borne particles.

The better models allow bottles, flasks, etc. to be
rotated at varying speeds as well as for shaking in
two dimensions.

Spiral platers

For information about these, see Chapter 6.

Micro-organism detection and
identification systems

For information about these, see Chapter 6.

Antimicrobial susceptibility test
instruments

For information about these, see Chapters 8 and
12.

Disc dispensers

These allow antimicrobial sensitivity and other
paper discs to be easily and rapidly dispensed,
singly or in sets on media in Petri dishes.



Glassware washing machines

These are useful in large laboratories that use
enough of any one size of tube or bottle to give an
economic load.

Glassware drying cabinets

A busy wash-up room requires a drying cabinet
with wire-rack shelves and a 3-kW electric heater
in the base, operated through a three-heat con-
trol. An extractor fan on the top is a refinement;
otherwise the sides near the top should be
louvered.

Laminar flow, clean air work stations

These cabinets are designed to protect the work
from the environment and are most useful for asep-
tic distribution of certain media and plate pouring.
A stream of sterile (filtered) air is directed over the
working area, either horizontally into the room or
vertically downwards when it is usually re-circu-
lated. They are particularly useful for preventing
contamination when distributing sterile fluids and
hand pouring into Petri dishes.

Laminar flow clean air work stations are NOT
microbiological safety cabinets and must NOT
used for manipulations with micro-organisms or
tissue culture cells. The effluent air, which may be
contaminated, is blown into the face of the opera-
tor.

BENCH EQUIPMENT, GLASSWARE
AND PLASTICS

Equipment for which there are British Standards

are marked with an asterisk(*) (see Addendum,
p- 43).
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Bunsen burner burners and loop
incinerators

The usual Bunsen burner with a bypass is satisfac-
tory for most work, but for material that may spat-
ter or that is highly infectious a hooded Bunsen
burner should be used. There are several versions
of these, but we recommend the Kampff and
Bactiburner types, which enclose the flame in a
borosilicate tube.

‘Electric Bunsen burners’ or electric incinerator
burners are available (e.g. the Bacti-Cinerator,
made by Oxford Labware, St Louis, MO, USA). A
loop or inoculating wire (see below) is inserted into
the heated ceramic tube and after about 6 seconds
organic material is incinerated and sterilized at a
temperature of about 815°C. Any spatter is con-
tained within the heated tube. These devices are
suitable for use in Class I and Class II MSCs, pro-
vided that the cabinets are free of any flammable
material.

Inoculating loops and wires

These are usually made of 25 SWG Nicrome wire,
although this is more springy than platinum irid-
ium. They should be short (not more than 5 cm
long) in order to minimize vibration and therefore
involuntary discharge of contents. Loops should be
small (not more than 3 mm in diameter). Large
loops are also inclined to empty spontaneously and
scatter infected airborne particles. They should be
completely closed, otherwise they will not hold
fluid cultures. This can be achieved by twisting the
end of the wire round the shank, or by taking a
piece of wire 12 cm long, bending the centre round
a nail or rod of appropriate diameter, and twisting
the ends together in a drill chuck. Ready-made
loops of this kind are available.

Loops and wires should not be fused into glass
rods because these may shatter in a Bunsen burner
flame. Aluminium holders are sold by most labora-
tory suppliers.

Plastic disposable loops are excellent. There are
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two sizes — 1 and 10 ul — and both are useful. They
are sold sealed in packs of about 235, sterilized
ready for use. Pointed plastic rods, for use in place
of ‘straight wire’, for subculturing are now avail-
able but some are too coarse for picking up very
small colonies.

Spreaders

Many workers prefer these to loops for inoculating
Petri dishes with more than one loopful of material.
To make them, cut a glass rod of 3-4 mm diameter
into 180-mm lengths and round off the cut ends in
a flame. Hold each length horizontally across a
bat’s wing flame so that it is heated and bends
under its own weight, approximately 36 mm from
one end, and an L shape is obtained. Plastic spread-
ers are on the market, sterilized ready for use.

Microscope slides and cover glasses

Unless permanent preparations are required, the
cheaper microscope slides are satisfactory. Slides
with ground and polished edges are much more
expensive. Most microscope slides are sold in
boxes of 100 slides. They should not be washed
and reused but discarded.

Cover glasses are sold in several thicknesses and
sizes. Those of thickness grade No. 1, 16 mm
square, are the most convenient. They are sold in
boxes containing about 100 glasses. Plastic cover
glasses are available.

Pasteur pipettes*

Glass Pasteur pipettes are probably the most dan-
gerous pieces of laboratory equipment in unskilled
hands. They are used, with rubber teats, to transfer
liquid cultures, serum dilutions, etc.

Very few laboratories make their own Pasteur
pipettes nowadays; they are obtainable, sterile and
ready for use, from most laboratory suppliers and

are best purchased in bulk. Long and short forms
are available and most are made of 6-7 mm diam-
eter glass tubing. Some are supplied.

Safer Pasteur pipettes with integral teats, made of
low-density polypropylene, are now available and
are supplied ready sterilized.

Pasteur pipettes are used once only. Attempts to
recycle them may result in cuts and pricks to
fingers. There is a British Standard for glass dis-
posable Pasteur pipettes (BS 5732:1985 - see
Addendum).

Graduated pipettes

Straight-sided blow-out pipettes, 1-10 ml capacity
are used. They must be plugged with cottonwool at
the suction end to prevent bacteria entering from
the pipettor or teat and contaminating the material
in the pipette. These plugs must be tight enough to
stay where they are during pipetting, but not so
tight that they cannot be removed during cleaning.
About 25 mm of non-absorbent cottonwool is
pushed into the end with a piece of wire. The ends
are then passed through a Bunsen burner flame to
tidy them. Wisps of cottonwool that get between
the glass and the pipettor or teat may permit air to
enter and the contents to leak.

Pipettes are sterilized in the hot air oven in square-
section aluminium containers, similar to those used
for Pasteur pipettes (square-section containers that
do not roll have supplanted the time-honoured
round-section boxes). A wad of glass wool at the
bottom of the container prevents damage to the tips.

Disposable 1-ml and 10-ml pipettes are available.
Some firms supply them already plugged, wrapped
and sterilized.

Pipetting aids

‘Mouth pipetting’ is, properly, banned in all
microbiological  laboratories  that  handle
pathogens or potential pathogens.



Rubber teats and pipetting devices provide alter-
natives to mouth pipetting.

Rubber teats

Choose teats with a capacity greater than that of
the pipettes for which they are intended, i.e. a 1-ml
teat for Pasteur pipettes, a 2-ml teat for a 1-ml
pipette; otherwise the teat must be used fully com-
pressed, which is tiring. Most beginners compress
the teat completely, then suck up the liquid and try
to hold it at the mark while transferring it. This is
unsatisfactory and leads to spilling and inaccuracy.
Compress the teat just enough to suck the liquid a
little way past the mark on the pipette. Withdraw
the pipette from the liquid, press the teat slightly to
bring the fluid to the mark and then release it. The
correct volume is now held in the pipette without
tiring the thumb and without risking loss. To dis-
charge the pipette, press the teat slowly and gently,
and then release it in the same way. Violent opera-
tion usually fails to eject all the liquid; bubbles are
sucked back and aerosols are formed.

‘Pipettors’

A large number of devices that are more sophisti-
cated than simple rubber teats are now available.
Broadly speaking there are four kinds:

1. Rubber bulbs with valves that control suction
and dispensing

2. Syringe-like machines that hold pipettes more
rigidly than rubber bulbs and have a plunger
operated by a rack and pinion or a lever

3. Electrically operated pumps fitted with
flexible tubes in which pipettes can be inserted

4. Mechanical plunger devices that take small
plastic pipette tips and are capable of
repeatedly delivering very small volumes with
great accuracy.

It is extremely difficult to give advice on the rela-
tive merits of the various devices. That which suits
one operator, or is best for one purpose, may not
be suitable for others. The choice should be made
by the operators, not by managers or administra-
tors who will not use them. None of those in cate-
gories 1, 2 and 4 above is expensive, and it should
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be possible for several different models to be avail-
able. What is necessary is some system of instruc-
tion in their use and in their maintenance. None
should be expected to last forever.

In the USA, a number of manufacturers offer
cleaning and calibration services at a reasonable
cost.

Tissue grinders and homogenizers

Hand-held devices are used for work with small
pieces of tissue or other material. They are avail-
able in several sizes. A heavy glass tube is con-
stricted near to its closed end and a pestle, usually
made of glass covered with polyfluorotetraethylene
(PTFE) or of stainless steel, is ground into the con-
striction. With the pestle in place, the tissue and
some fluid are put into the tube. The pestle is
rotated by hand. The tissue is ground through the
constriction and the emulsion collects in the bot-
tom of the tube.

These grinders present some hazards. The tubes,
even though they are made of borosilicate glass,
may break and disperse infected material. They
should be used inside a microbiological safety cab-
inet and be held in the gloved hand in a wad of
absorbent material.

Recently, single-use, plastic, disposable tissue
grinders have become available. Although they are
less likely to break than the glass models, they do
have a minor disadvantage that small shards of
sharp-edged plastic end up in the ground tissue,
although these are easily identifiable.

Small pieces of soft tissue, e.g. curettings, may be
emulsified by shaking in a screw-capped bottle with
a few glass beads and 1 or 2 ml broth on a vortex
mixer.

Glassware and plastics™

For ordinary bacteriological work, soda-glass tubes
and bottles are satisfactory. In assay work, the
more expensive borosilicate glass might be justi-
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fied. An important consideration is whether glass-
ware should be washed or discarded. Purchasing
cheaper glassware in bulk and using plastic dispos-
able Petri dishes and culture tubes may, in some cir-
cumstances, be more economical than employing
labour to clean them. Plastics fall into two cate-
gories:

1. Disposable items, such as Petri dishes,
specimen containers and plastic loops, which
are destroyed when autoclaved and cannot be
sterilized by ordinary laboratory methods (but
see Chapter 4)

2. Recoverable material, which must be sterilized
in the autoclave.

Non-autoclavable plastics

These include polyethylene, styrene, acrylonitrile,
polystyrene and rigid polyvinyl chloride.

Autoclavable plastics

These withstand a temperature of 121°C and
include polypropylene, polycarbonate, nylon,
PTFE (polytetrafluororethylene or Teflon), polyal-
lomer, TPX (methylpentene polymer), Viken and
vinyl tubing.

It is best to purchase plastic apparatus from spe-
cialist firms who will give advice on the suitability
of their products for specific purposes. Most recov-
erable plastics used in microbiology can be washed
in the same way as glassware. Some plastics soften
during autoclaving and may become distorted
unless packed carefully.

Petri dishes*

Disposable plastic Petri dishes (see BS 1990 in the
Addendum) are now used in most laboratories in
developed countries. They are supplied already
sterilized and packed in batches in polythene bags.
They can be stored indefinitely, are cheap when
purchased in bulk, and are well made and easy to
handle. Two kinds are available: vented and
unvented. Vented dishes have one or two nibs that
raise the top slightly from the bottom and are to be

preferred for anaerobic and carbon dioxide cul-
tures.

Glass Petri dishes are, however, still popular in
some areas. In general, two qualities are obtain-
able. The thin blown dishes, usually made of
borosilicate glass, are pleasant to handle, their tops
and bottoms are flat and they stack safely. They do
not become etched through continued use but are
fragile, must be washed with care and are expen-
sive. The thick pressed glass dishes are often con-
vex, cannot always be stacked safely, and are easily
etched and scratched with use and washing. On the
other hand, they are cheap and not fragile.
Aluminium, stainless steel and plastic ‘lids’ are
available, which doubles the number of glass
dishes.

Glass Petri dishes are usually placed in aluminium
drums and sterilized by hot air.

Test tubes and bottles, plugs, caps
and stoppers

Culture media may be distributed in either test
tubes or small bottles. Apart from personal choice,
test tubes are easier to handle in busy laboratories
and take up less space in storage receptacles and
incubators, although bottles are more convenient
in the smaller workroom where media are kept for
longer periods before use. Media in test tubes may
dry up during storage. Screw-capped test tubes are
available.

The most convenient sizes of test tube are:
127 x 12.5 mm, holding 4 ml of medium;
152 x 16 mm, holding 5-10 ml; 152 x 19 mm,
holding 10-15 ml; and 178 x 25 mm, holding
20 ml. Rimless test tubes of heavy quality are made
for bacteriological work. The lipped, thin, glass
chemical test tubes are useless and hazardous.

Cottonwool plugs have been used for many years
to stopper test-tube cultures, but have largely been
replaced by metal or plastic caps, or in some labo-
ratories by soft, synthetic, sponge bungs.

Aluminium test-tube caps were introduced some
years ago but they have a limited tolerance and, in



spite of alleged standard specifications of test tubes,
a laboratory very soon accumulates many tubes
that will not fit the caps. Caps that are too loose are
useless. These caps are cheap, last a long time,
available in many colours, and save a great deal of
time and labour. Those held in place by a small
spring have a wider tolerance and fit most tubes.
Polypropylene caps in several sizes and colours and
which stand up to repeated autoclaving can also be
obtained. Rubber stoppers of the orthodox shape
are useless because they are blown out of the tubes
in the autoclave, although synthetic sponge rubber
stops remain in situ. Temporary closures can be
made from kitchen aluminium foil.

Aluminium capped test tubes are sterilized in the
hot air oven in baskets. Polypropylene capped
tubes must be autoclaved.

Several sizes of small culture bottles are made for
microbiological work. Some of these bottles are of
strong construction and are intended for reuse.
Others, although tough enough for safe handling,
are disposable. The most useful sizes are: those
holding 7, 14 and 28 ml; and the ‘Universal
Container’, 28 ml, which has a larger neck than the
others and is also used as a specimen container.
These bottles usually have aluminium screw caps
with rubber liners. The liners should be made of
black rubber; some red rubbers are thought to give
off bactericidal substances. Polypropylene caps are
also used; they need no liners but in our experience
they may loosen spontaneously during long incuba-
tion or storage. The medium dries up. They are sat-
isfactory in the short term

All of these bottles
autoclaving.

can be sterilized by

Media storage bottles™

‘Medical flats’ or ‘rounds’ with screw caps are
made in sizes from 60 ml upwards. The most con-
venient sizes are 110 ml, holding 50-100 ml of
medium, and 560 ml, for storing 250-500 ml. The
flat bottles are easiest to handle and store but the
round ones are more robust.
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Specimen containers

The screw-capped glass or plastic ‘Universal
Containers’, which hold about 28 ml, are the most
popular. There are many other containers, mostly
made of plastic. There are too many different con-
tainers, many of plastic: some are satisfactory, oth-
ers not; some leak easily and others do not stand up
to handling by patients. Only screw-capped con-
tainers with more than one-and-a-half threads on
their necks should be used. Those with ‘push-in’ or
‘pop-up’ stoppers are dangerous. They generate
aerosols when opened. Waxed paper pots should
not be used because they invariably leak. For larger
specimens, there is a variety of strong screw-capped
jars.

Before any containers are purchased in bulk, it is
advisable to test samples by filling them with
coloured water and standing them upside down on
blotting paper for several days after screwing the
caps on moderately well. Patients and nurses may
not screw caps on as tightly as possible. Similar
bottles should be sent through the post, wrapped in
absorbent material in accordance with postal regu-
lations (see p. 8). Leakage will be evident by the
staining of the blotting paper or wrapping. More
severe tests include filling the containers with
coloured water and centrifuging them upside down
on a wad of blotting paper. Specimen container
problems and tests are reviewed by Collins and
Kennedy (1999).

Sample jars and containers

Containers for food samples, water, milk, etc.
should conform to local or national requirements.
In general, large screw-capped jars are suitable but
are rather heavy if many samples are taken, and
should not be used in food factories. Plastic con-
tainers may be used because leakage and spillage
are not such a problem as with pathological mate-
rials. Strong plastic bags are useful, particularly if
they are of the self-sealing type. Otherwise ‘quick-
ties’ may be used.
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Racks and baskets

Test-tube and culture bottle racks should be made
of polypropylene or of metal covered with
polypropylene or nylon so that they can be auto-
claved. These racks also minimize breakage, which
is not uncommon when metal racks are used.
Wooden racks are unhygienic. Some metal racks
may rust and should not be used in water baths.

Aluminium trays for holding from 10 to 100 bot-
tles, according to size, are widely employed in the
UK. They can be autoclaved and are easily taken
apart for cleaning.

The traditional wire baskets are unsafe for hold-
ing test tubes. They contribute to breakage hazards
and do not retain spilled fluids. For non-infective
work, those baskets in which the wire is covered
with polypropylene or nylon are satisfactory, but
autoclavable plastic boxes of various sizes are safer
for use with cultures.

Other bench equipment

A hand magnifier, forceps and a knife or scalpel
should be provided, and also a supply of tissues for
mopping up spilled material and general cleaning.
Swab sticks, usually made of wood and about
6 inches (15 cm) long, are useful for handling some
specimens, and wooden throat spatulas are useful
for food samples. These can be sterilized in large
test tubes or in the aluminium boxes used for
Pasteur pipettes.

Some form of bench ‘tidy’ or rack is desirable to
keep loops and other small articles together.

Discard jars and disinfectant pots are considered
in Chapter 4.
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ADDENDUM: BRITISH STANDARDS
FOR LABORATORY EQUIPMENT

Autoclaves, sterilizers and disinfectors

BS EN 61010-1:1993. Safety requirements for electrical
equipment for measurement, control and
laboratory use. General requirements.

BS EN 61010-2-041:1997. Safety requirements for
electrical equipment for measurement, control
and laboratory use. Particular requirements
for autoclaves using steam of the treatment
of medical materials and for laboratory
processes.

BS EN 61010-2-042:1997. Safety requirements for
electrical equipment for measurement, control and
laboratory use. Particular requirements for
autoclaves and sterilizers using toxic gas for the
treatment of medical materials and for laboratory
processes.

BS EN 61010-2-043:1998. Safety requirements for
electrical equipment for measurement, control and
laboratory use. Particular requirements for dry
heat sterilizers using either hot air or hot inert gas
for the treatment of medical materials and for
laboratory processes.

BS EN 61010-2-045:2001. Safety requirements for
electrical equipment for measurement, control and
laboratory use. Particular requirements for washer
disinfectors used in medical, pharmaceutical,
veterinary and laboratory fields.

BS 2646-2:1990 [1996]. Autoclaves for sterilization
in laboratories. Guide to planning and
installation.

BS 2646-4:1991 [1998]. Autoclaves for sterilization in
laboratories. Guide to maintenance.

BS 2646-1:1993 [2000]. Autoclaves for sterilization in
laboratories. Specification for design, construction,
safety and performance.

BS 2646-3:1993 [2000]. Autoclaves for sterilization
in laboratories. Guide to safe use and
maintenance.

BS 2646-5:1993 [2000]. Autoclaves for sterilization in
laboratories. Methods of test for function and

performance.

Cell disruptors

BS EN 12884:1999. Biotechnology. Performance
criteria for cell disruptors.

Centrifuges

BS EN 61010-2-020:19935. Safety requirements for
electrical equipment for measurement, control and
laboratory use. Particular requirements for
laboratory centrifuges.

BS EN 12884:1994. Biotechnology. Performance
criteria for centrifuges.

Drying ovens

BS 2648:1955 [2000]. Performance requirements for

electrically-heated laboratory drying ovens.

Glassware

BS EN ISO 4796-1:2001. Laboratory glassware. Screw-
neck bottles.

BS EN ISO 4796-2:2001. Laboratory glassware.
Conical-neck bottles.

BS EN ISO 4796-3:2001. Laboratory glassware.
Aspirator bottles.

BS ISO 4798:1997. Laboratory glassware. Filter funnels.

BS ISO 4800:1998. Laboratory glassware. Separating
funnels and dropping bottles.

BS 5732:1985 [1997]. Specification for glass disposable
Pasteur pipettes.

Microbiologicial safety cabinets

BS EN 12469:2000. Biotechnology. Performance
criteria for microbiological safety cabinets.

BS 5726:Part 1:1992. Microbiological safety cabinets.
Part 1. Specification for design, construction and

performance prior to installation.
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BS 5726:Part 2:1992. Microbiological safety cabinets.
Part 2. Recommendations for information to be
exchanged between purchaser, vendor and installer
and recommendations for installation.

BS 5726:Part 3:1992. Microbiological safety cabinets.
Part 3. Specification for performance after
installation.

BS 5726:Part 4:1992. Microbiological safety cabinets.
Part 4. Recommendations for selection use and

maintenance.

Mixers and stirrers

BS EN 61010-2-051:1996. Safety requirements for
electrical equipment for measurement, control and
laboratory use. Particular requirements for laboratory
equipment for mechanical mixing and stirring.

pH meters

BS 3145:1978 [1999]. Specification for laboratory pH

meters.

Plastics ware

BS 5404-1: 1976 [1994]. Plastics laboratory ware.
Beakers.

BS 5404-2:1977 [1994]. Plastics laboratory ware.
Graduated measuring cylinders.

BS 5404-3:1977 [1994]. Plastics laboratory ware. Filter
funnels.

BS 5404-4:1977 [1994]. Plastics laboratory ware. Wash
bottles.

BS 611-2:1990. Specification for plastics Petri dishes
for single use.
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Sterilization, disinfection and the
decontamination of infected material

DEFINITION OF TERMS

Red heat

Sterilization implies the complete destruction
of all micro-organisms, including spores. It is
accomplished by physical methods.
Disinfection implies the destruction of
vegetative organisms that might cause disease
or, in the context of the food industries, that
might cause spoilage. It usually employs
chemicals and does not necessarily kill
spores.

These two terms are not synonymous.

Decontamination is the preferred term in
microbiological laboratories for rendering
materials safe for use or disposal.

STERILIZATION

The methods commonly used in microbiological
laboratories are:

red heat (flaming)

dry heat (hot air)

steam under pressure (autoclaving)
steam not under pressure (tyndallization)
filtration

inspissation.

Incineration is also a method of sterilization but

as it is applied, usually outside the laboratory, for
the ultimate disposal of laboratory waste, it is con-
sidered separately (see p. 59).

Instruments such as inoculating wires and loops are
sterilized by holding them in a Bunsen flame until
they are red hot. Hooded Bunsens (see p. 37) are
recommended for sterilizing inoculating wires con-
taminated with highly infectious material (e.g.
tuberculous sputum) to avoid the risk of spluttering
contaminated particles over the surrounding areas.

Micro-incinerators, electrically operated and
intended to replace Bunsens, are becoming increas-
ingly popular.

Dry heat

This is applied in electrically heated ovens, also
known as dry-heat sterilizers, which are thermo-
statically controlled and fitted with a large circulat-
ing fans to ensure even temperatures in all parts of
the load. Modern equipment has electronic con-
trols which can be set to raise the temperature to
the required level, hold it there for a prearranged
time and then switch off the current. A solenoid
lock is incorporated in some models to prevent the
oven being opened before the cycle is complete.
This safeguards sterility and protects the staff from
accidental burns. There is a British Standard (BS
26438) for these appliances (see p. 43).

Materials that can be sterilized by this method
include glass Petri dishes, flasks, pipettes and
metal objects. Various metal canisters and drums
that conveniently hold glassware during steriliza-
tion and keep it sterile during storage are available

from laboratory suppliers. Some laboratory
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workers still prefer the time-honoured method of
wrapping pipettes, etc. individually in brown
(Kraft) paper.

Loading

Air is not a good conductor of heat so oven loads
must be loosely arranged, with plenty of space to
allow the hot air to circulate.

Holding times and temperatures

When calculating processing times for hot air ster-
ilizing equipment, there are three time periods that
must be considered:

1. The beating-up period, which is the time
taken for the entire load to reach the
sterilization temperature; this may take about
1h.

2. The holding periods at different sterilization
temperatures recommended in the UK are
160°C for 2 h or 180°C for 30 min (British
Pharmacopoeia, 1993; Russell, 1999).

3. The cooling-down period, which is carried
out gradually to prevent glassware from
cracking as a result of a too rapid fall in
temperature; this period may take up to 2 h.

Control of hot air sterilizers

Tests for electrically operated fan ovens are
described in the British Standard (BSI, 1998).

Hot air sterilization equipment should be cali-
brated with thermocouples when the apparatus is
first installed and checked with thermocouples
afterwards when necessary.

Ordinary routine control can be effected simply
with commercial chemical indicator tubes.

Steam under pressure: the autoclave

The temperature of saturated steam at atmospheric
pressure is approximately 100°C. Temperature
increases with pressure, e.g. at 1 bar (about
15 Ib/in* — some older autoclaves use Imperial
units) it is 121°C. Bacteria are killed by autoclaving
at this temperature for 15-20 min. Air has an

important influence on the efficiency of autoclav-
ing. The above relationship holds well only if no air
is present. If about 50% of the air remains in the
autoclave the temperature of the steam/air mixture
will be only 112°C. If air is present in the autoclave
load, it will also adversely affect penetration by the
steam.

All the air that surrounds and permeates the load
must first be removed before sterilization can com-
mence. In some autoclaves this is done by vacuum
pumps.

Loads in autoclaves

As successful autoclaving depends on the removal
of all the air from the chamber and the load, the
materials to be sterilized should be packed loosely.
‘Clean’ articles may be placed in wire baskets, but
contaminated material (e.g. discarded cultures)
should be in solid-bottomed containers not more
than 20 cm deep (see ‘Disposal of infected waste’
below). Large air spaces should be left around each
container and none should be covered. If large vol-
umes of fluid are to be sterilized, then the time
should be lengthened to ensure that this reaches the
appropriate temperature.

Types of autoclave

Only autoclaves designed for laboratory work and
capable of dealing with a ‘mixed load’ should be
used. ‘Porous load” and ‘bottled fluid sterilizers’ are
rarely satisfactory for laboratory work. There are
two varieties of laboratory autoclave:

1. pressure cooker types
2. gravity displacement models with automatic
air and condensate discharge.

Laboratory bench autoclaves

These, as domestic pressure cookers, are still in use
in many parts of the world. The more modern type
has a metal chamber with a strong metal lid that
can be fastened and sealed with a rubber gasket. It
has an air and steam discharge tap, pressure gauge
and safety valve. There is an electric immersion
heater in the bottom of the chamber (Figure 4.1).
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Figure 4.1 ‘Pressure cooker’ laboratory autoclave

Operating instructions

There must be sufficient water inside the chamber.
The autoclave is loaded and the lid is fastened
down with the discharge tap open. The safety valve
is then adjusted to the required temperature and
the heat is turned on.

When the water boils, the steam will issue from the
discharge tap and carry the air from the chamber
with it. The steam and air should be allowed to
escape freely until all the air has been removed. This
may be tested by attaching one end of a length of
rubber tubing to the discharge tap and inserting the
other end into a bucket or similar large container of
water. Steam condenses in the water and the air rises
as bubbles to the surface; when all of the air has been
removed from the chamber, bubbling in the bucket
will cease. When this stage has been reached, the
air-steam discharge tap is closed and the rubber tub-
ing removed. The steam pressure then rises in the
chamber until the desired pressure and temperature
are reached and steam issues from the safety valve.

When the load has reached the required tempera-
ture (see ‘Testing autoclaves’ below), the pressure is
held for 15 min. At the end of the sterilizing period,
the heater is turned off and the autoclave is allowed
to cool.

The air and steam discharge tap is opened very slowly
after the pressure gauge has reached zero (atmospheric
pressure). If the tap is opened too soon, while the auto-
clave is still under pressure, any fluid inside (liquid
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media, etc.) will boil explosively and bottles contain-
ing liquids may even burst. The contents are allowed
to cool. Depending on the nature of the materials being
sterilized, the cooling (or ‘run-down’) period needed
may be several hours for large bottles of agar to cool
to 80°C, when they are safe to handle.

Gravity displacement autoclaves

These may be relatively simple in their construction
and operation, as shown diagrammatically in
Figure 4.2, or extremely sophisticated pieces of
engineering in which air and, finally, steam are
removed by vacuum pumps and in which the whole
sterilization cycle may be programmed.

The jacket surrounding the autoclave consists of
an outer wall enclosing a narrow space around the
chamber, which is filled with steam under pressure
to keep the chamber wall warm. The steam enters
the jacket from the mains supply, which is at high
pressure, through a valve that reduces this pressure
to the working level. The working pressure is meas-
ured on a separate pressure gauge fitted to the
jacket. This jacket also has a separate drain for air
and condensate to pass through.

The steam enters the chamber from the same
source that supplies steam to the jacket. It is intro-
duced in such a way that it is deflected upwards
and fills the chamber from the top downwards,
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gauge valve
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thus forcing the air and condensate to flow out of
the drain at the base of the chamber by gravity dis-
placement. The drain is fitted with strainers to pre-
vent blockage by debris. The drain discharges into
a closed container (not shown in the diagram) so
that there is a complete air break that prevents
backflow. There is also a filter to ensure that
aerosols are not released into the room.

The automatic steam trap or ‘near-to-steam’ trap
is designed to ensure that only saturated steam is
retained inside the chamber, and that air and con-
densate, which are at a lower temperature than sat-
urated steam, are automatically discharged. It is
called a ‘near-to-steam’ trap because it opens if the
temperature falls to about 2°C below that of satu-
rated steam and closes within 2°C or nearer to the
saturated steam temperature. The trap operates by
the expansion and contraction of a metal bellows
that operates a valve.

There may be a thermometer probe in the drain
but, as this registers the temperature of steam at
that point and not that in the load within the cham-
ber, this may be misleading, e.g. the temperature in
the drain may reach 121°C whereas that in the load
is only 50°C (Collins and Kennedy, 1999).

In modern autoclaves flexible thermocouple
probes are fitted in the chamber so that tempera-
tures in various parts of the load may be recorded.
In older models the thin thermocouple leads may
be safely taken in through the door seals.

There are usually interlocking devices that pre-
vent the opening of the door before the tempera-
ture in the chamber has fallen to 80°C. This does
not imply that the temperature in the load has also
fallen to a safe level. In large, sealed bottles it may
still be over 100°C, when the contents will be at a
high pressure. Sudden cooling may cause the bot-
tles to explode. The autoclave should not be
opened until the temperature in the load has fallen
to 80°C or below. This may take a very long time,
and in some autoclaves there are locks that permit
the door to be opened only fractionally to cool the
load further before it is finally released. This is a
good reason for not using these autoclaves for the
preparation and melting of culture media (see
Chapter 5).

Operation of a gravity displacement
autoclave

If the autoclave is jacketed, the jacket must first be
brought to the operating temperature. The chamber
is loaded, the door is closed and the steam valve is
opened, allowing steam to enter the top of the cham-
ber. Air and condensate flow out through the drain
at the bottom (Figure 4.2). When the drain ther-
mometer reaches the required temperature a further
period must be allowed for the load to reach the tem-
perature. This should be determined initially and peri-
odically for each autoclave as described below. Unless
this is done the load is unlikely to be sterilized. The
autoclave cycle is then continued for the holding time.
When it is completed the steam valves are closed and
the autoclave allowed to cool until the temperature
dial reads less than 80°C. Not until then is the auto-
clave safe to open. It should first be ‘cracked’ or
opened very slightly and left in that position for sev-
eral minutes to allow steam to escape and the load to
cool further (see ‘Protection of the operator’ below).

Time/temperature cycles

For most purposes the time/temperature cycles in
Table 4.1 will ensure sterilization of a properly
packed load (see p. 46) (MDA, 1993/1996).

These are the holding times at temperature (HTAT),
determined as described below. The usual HTAT in
microbiology laboratories is 15 min at 121°C.

Material containing, or suspected of containing,
the agents of spongiform encephalopathies should,
however, be autoclaved for 18 min or for six con-
secutive cycles of 3 min at 134°C (Advisory Com-
mittee on Dangerous Pathogens or ACDP, 1994).

Table 4.1 Time/temperature cycles

Temperature (°C) Holding period (min)

121-124 15
134-138 3

Testing autoclaves

The time/temperature cycles should be tested under
‘worst load’ conditions, e.g. a container filled with



5 ml screw-capped bottles. This should be placed in
the centre of the chamber and, if space is available,
other loaded containers may be placed around it.
Thermocouple leads are placed in the middle of the
load and at other places. The cycle is then started
and timed.

There are three periods:

1. Warming up, until the temperature in the
middle of the load is 121°C.

2. Sterilization, i.e. HTAT, in which the
temperature in the load is maintained at
121°C for 15 min.

3. Cooling down, after the steam valve has been
closed and the temperature in the load has
fallen to 80°C.

If the autoclave is to be operated manually these
times should be noted and displayed. Automated
autoclaves may be programmed.

Monitoring

During daily use or from time to time the recording
thermometers may be supplemented with indica-
tors. There are three types. Two give immediate
results, the other is retrospective:

1. Bowie-Dick autoclave tape (Bowie et al.,
1963): this is tape impregnated with a
chemical and placed in the load. The colour
changes if there is adequate steam
penetration. These tapes should be reserved
for vacuum-type autoclaves.

2. Cbhemical indicators: these are usually in
sealed tubes or sachets, and change colour if
the correct time and temperature combination
has been achieved.

3. Biological indicators. Spores of two organisms
are used: Bacillus stearothermophilus (NCTC
1007, ATCC 7935) and Clostridium
sporogenes (NTCC 8596, ATCC 7955). They
are used as suspensions or absorbed on
carriers such as filter paper strips. Laboratory
preparations may be unreliable because the
heat resistance of the spores depends on the
culture media used. It is best to purchase
commercial products. Strips are placed at
various locations in the load and, after
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autoclaving, are added to tubes of broth,
which are then incubated. Turbidity indicates
unsuccessful processing.

There are British Standards for the design, instal-
lation, maintenance and testing of laboratory auto-
claves (BSI, 1997a, 1997b, 1996, 1998, 2000a,
2000b, 2000c — see Addendum to Chapter 3).

For further information on autoclaving see
Kennedy (1988), Gardner-Abbate (1998) and
Russell et al. (1999).

Protection of the operator

Serious accidents, including burns and scalds to
the face and hands have occurred when autoclaves
have been opened, even when the temperature
gauge is read below 80°C and the door lock has
allowed the door to be opened. Liquids in bottles
may still be over 100°C and under considerable
pressure. The bottles may explode on contact with
air at room temperature.

When autoclaves are being unloaded operators
should wear full-face visors of the kind that cover
the skin under the chin and throat. They should
also wear thermal protective gloves (see Kennedy,
1988).

Steam at 100°C (‘tyndallization’)

This process, named after the Irish physicist cum
bacteriologist John Tyndall, employs a Koch or
Arnold steamer, which is a metal box in the bottom
of which water is boiled by a gas burner, electric
heater or steam coil. The articles to be processed
are placed so that they rest on a perforated rack
just above the water level. The lid is conical so that
the condensation runs down the sides instead of
dripping on the contents. A small hole in the top of
the lid allows air and steam to escape.

This method is used to sterilize culture media that
might be spoiled by exposure to higher tempera-
tures, e.g. media containing easily hydrolysed car-
bohydrates or gelatin. These are steamed for
30-45 min on each of 3 successive days. On the
first occasion, vegetative bacteria are killed; any
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spores that survive will germinate in the nutrient
medium overnight, producing vegetative forms that
are killed by the second or third steaming.

Filtration

Micro-organisms may be removed from liquids by
passing them through filters with very small pores
that trap bacteria but, in general, not mycoplasmas
or viruses. The method is used for sterilizing serum
for laboratory use, antibiotic solutions and special
culture media that would be damaged by heat. It is
also used for separating the soluble products of
bacterial growth (e.g. toxins) in fluid culture media.

Filters of historical interest, now rarely used,
include the Berkefeld (made of Kieselguhr), the
Chamberland (unglazed porcelain), the Seitz
(asbestos) and sintered glass. Details of these may
be found in older bacteriology textbooks. They
have been superseded by membrane filters.

Membrane filters

These filters are made from cellulose esters (cellu-
lose acetate, cellulose nitrate, collodion, etc.). A
range of pore sizes is available. Bacterial filters have
a pore size of less than 0.75 um. The membranes
and the devices that hold them for use may be ster-
ilized by autoclaving.

For use, a sterile membrane is mounted, using
aseptic precautions, on a perforated platform, usu-
ally made of stainless steel, which is sealed together
between the upper and lower funnels. Filtration is
achieved by applying either a positive pressure to
the entrance side of the filter or a negative pressure
to the exit side.

Small filter units for filtering small volumes of
fluid (e.g. 1-5 ml) are available. The fluid passes
through the filter by gravitational force in a cen-
trifuge or is forced through a small filter from a
syringe.

Membrane filters and filter holders to suit differ-
ent purposes are obtainable and several manufac-
turers publish useful booklets or leaflets about their
products.

CHEMICAL DISINFECTION

Some disinfectants present health hazards (Table
4.2). It is advisable to wear eye and hand protec-
tion when making dilutions.

Many different chemicals may be used and they are
collectively described as disinfectants or (micro)bio-
cides. The former term is used in this book. Some
are ordinary reagents and others are special formu-
lations, marketed under trade names. Disinfectants
should not be used to ‘sterilize” materials or when
physical methods are available. In some circum-
stances, e.g. in food establishments, cleaning with
detergents is better. The effects of time, tempera-
ture, pH, and the chemical and physical nature of
the article to be disinfected and of the organic mat-
ter present are often not fully appreciated.

Types and laboratory uses
of disinfectants

There is an approximate spectrum of susceptibility
of micro-organisms to disinfectants. The most
susceptible are vegetative bacteria, fungi and lipid-
containing viruses. Mycobacteria and non-lipid-
containing viruses are less susceptible and spores
are generally resistant.

Consideration should be given to the toxicity of
disinfectants and any harmful effects that they may
have on the skin, eyes and respiratory tract.

Only those disinfectants that have a laboratory
application are considered here. For further infor-
mation and other applications, see Gardner-Abbate
(1998),Russell ez al. (1999) and Ayliffe et al. (1999).

The most commonly used disinfectants in labora-
tory work are clear phenolics and hypochlorites.
Aldehydes have amore limited application, and alco-
holand alcohol mixtures are less popular but deserve
greater attention. lodophors and quaternary ammo-
nium compounds (QACs) are more popular in the
USA than in the UK, whereas mercurial compounds
are the least used. The properties of these disinfec-
tants are summarized below and in Table 4.2. Other
substances, such as ethylene oxide and propiolac-
tone, are used commercially in the preparation of



Table 4.2 Properties of some disinfectants

Active against Inactivated by Toxicity
Fungi Bacteria Myco- Spores Lipid Non-  Protein Natural Synthetic Hard Deter- Skin Eyes Lungs
G+ G- bacteria viruses  lipid materials materials water gent
viruses

Phenolics +4++ +++ +++ 44+ - + v + ++ ++ + C + + -
Hypochlorites  + +++ +++ + ++ + + +++ + + + C + + +
Alcohols - +++ +++ +++ - + v + + + + - + -
Formaldehyde +++ +++ +++ +4++ +++ + + + + + + - + + +
Glutaraldehyde +++ +++ +++ +++ +++° + + NA + + + - + + +
lodophors +++ +4++  +++ +++ + + + +++ + + + A + + -
QAGs + +++  ++ — - - - +++ ++ +++ +++ A(C) + + —
From Collins and Kennedy (1999)
+ + +, good; + +, fair; +, slight; —, nil; v, depends on virus; * > 40°C; ® > 20°C; C, cationic; A, anionic; NA, not applicable; QACs, quarternary ammonium compounds.
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sterile equipment for hospital and laboratory use.
They are not normally used in laboratories but are
used in some hospitals for medical equipment.
Commercial equipment is available for this purpose.

Clear phenolics

These compounds are effective against vegetative
bacteria (including mycobacteria) and fungi. They
are inactive against spores and non-lipid-containing
viruses. Most phenolics are active in the presence of
considerable amounts of protein but are inactivated
to some extent by rubber, wood and plastics. They
are not compatible with cationic detergents.
Laboratory uses include discard jars and disinfec-
tion of surfaces. Clear phenolics should be used at
the highest concentration recommended by the man-
ufacturers for ‘dirty situations’, i.e. where they will
encounter relatively large amounts of organic mat-
ter. This is usually 2-5%, as opposed to 1% for
‘clean’ situations where they will notencounter much
protein. Dilutions should be prepared daily and
diluted phenolics should not be stored for labora-
tory use for more than 24 h, although many diluted
clear phenolics may be effective for more than 7 days.
Skin and eyes should be protected.

Hypochlorites

The activity is caused by chlorine, which is very
effective against vegetative bacteria (excluding
mycobacteria), spores and fungi. Hypochlorites are
considerably inactivated by protein and to some
extent by natural non-protein material and plastics,
and they are not compatible with cationic deter-
gents. Their uses include discard jars and surface
disinfection, but as they corrode some metal care is
necessary. They should not be used on the metal
parts of centrifuges and other machines that are
subjected to stress when in use.

The hypochlorites sold for industrial and labora-
tory use in the UK contain 100 000 ppm available
chlorine. They should be diluted as follows:

® Reasonably clean surfaces 1:100 giving

1000 ppm
® DPipette and discard jars 1 :40 giving 2500 ppm
® Blood spillage 1: 10 giving 10 000 ppm

Some household hypochlorites (e.g. those used for
babies’ feeding bottles) contain 10000 ppm and
should be diluted accordingly. Household
‘bleaches’ in the UK and the USA contain
50000 ppm available chlorine and dilutions of
1:20 and 1: 5 are appropriate.

Hypochlorites decay rapidly in use, although the
products as supplied are stable. Diluted solutions
should be replaced after 24 h. The colouring matter
added to some commercial hypochlorites is intended
to identify them: it is not an indicator of activity.

Hypochlorites may cause irritation of skin, eyes
and lungs.

Sodium dichloroisocyanate (NaDCC) is a solid
chlorine-releasing agent. The tablets are useful for
preparing bench discard jars and the powder for
dealing with spillages, especially of blood.

Aldehydes

Formaldehyde (gas) and glutaraldehyde (liquid) are
good disinfectants. They are active against vegeta-
tive bacteria (including mycobacteria), spores and
fungi. They are active in the presence of protein
and not very much inactivated by natural or syn-
thetic materials, or detergents.

Formaldehyde is not very active at temperatures
below 20°C and requires a relative humidity of at
least 70%. It is not supplied as a gas, but as a solid
polymer, paraformaldehyde, and a liquid, formalin,
which contains 37-40% formaldehyde. Both forms
are heated to liberate the gas, which is used for disin-
fecting enclosed spaces such as safety cabinets and
rooms. Formalin diluted 1:10, to give a solution
containing 4% formaldehyde, is used for disinfecting
surfaces and, in some circumstances, cultures. Solid,
formaldehyde-releasing compounds are now on the
market and these may have laboratory applications
although they have not yet been evaluated for this
purpose. Formaldehyde is used mainly for decontam-
inating safety cabinets (see p. 34) and rooms.

Some glutaraldehyde formulations need an activa-
tor, which is supplied with the bulk liquid. Most acti-
vators contain a dye so that the user can be sure that
the disinfectant has been activated. Effectiveness and
stability after activation vary with the product and
the manufacturer’s literature should be consulted.



Aldebydes are toxic. Formaldebyde is particu-
larly unpleasant because it affects the eyes and
causes respiratory distress. Special precautions are
required (see below).

Glutaraldebyde is moderately toxic and is also
an irritant, especially to eyes, skin and the upper
respiratory tract.

Alcohol and alcohol mixtures

Ethanol and propanol, at concentrations of about
70-80% in water, are effective, albeit slowly,
against vegetative bacteria. They are not effective
against spores or fungi. Protein and other mate-
rial or detergents do not especially inactivate
them.

Effectiveness is enhanced by the addition of
formaldehyde, e.g. a mixture of 10% formalin in
70% alcohol, or hypochlorite to give 2000 ppm of
available chlorine.

Alcohols and alcohol mixtures are useful for
disinfecting surfaces and, with the exception of
alcohol-hypochlorite mixtures, balancing
centrifuge buckets.

They are relatively harmless to skin but may cause
eye irritation.

for

Quaternary ammonium compounds

These are cationic detergents known as QACs or
quats, and are effective against vegetative bacteria
and some fungi, but not against mycobacteria or
spores. They are inactivated by protein, by a vari-
ety of natural and plastic materials, and by anionic
detergents and soap. Their laboratory uses are
therefore limited, although they have the distinct
advantages of being stable and not corroding met-
als. They are usually employed at 1-2% dilution
for cleaning surfaces, and are very popular in food
hygiene laboratories because of their detergent
nature.

QAC:s are not toxic and are harmless to the skin
and eyes.

lodophors

As with chlorine compounds these iodines are
effective against vegetative bacteria (including
mycobacteria), spores, fungi, and both lipid-con-
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taining and non-lipid-containing viruses. They are
rapidly inactivated by protein and to a certain
extent by natural and plastic substances, and they
are not compatible with anionic detergents. For use
in discard jars and for disinfecting surfaces they
should be diluted to give 75-150 ppm iodine but,
for hand-washing or as a sporicide, diluted in 50%
alcohol to give 1600 ppm iodine. As sold,
iodophors usually contain a detergent and they
have a built-in indicator: they are active as long as
they remain brown or yellow. They stain the skin
and surfaces but stains may be removed with
sodium thiosulphate solution.

Iodophors relatively harmless to
although some eye irritation may be experienced.

are skin

Mercurial compounds

Activity against vegetative bacteria is poor and
mercurials are not effective against spores. They do
have an action on viruses at concentrations of
1:500 to 1:1000 and a limited use, as saturated
solutions, for safely making microscopic prepara-
tions of mycobacteria.

Their limited usefulness and highly poisonous
nature make mercurials unsuitable for general lab-
oratory use.

Precautions in the use of disinfectants

As indicated above, some disinfectants have
undesirable effects on the skin, eyes and respira-
tory tract. Disposable gloves and safety specta-
cles, goggles or a visor should be worn by anyone
who is bandling strong disinfectants, e.g. when
pouring from stock and preparing dilutions for
use.

Testing disinfectants

Several countries and organizations have ‘official’
tests for disinfectants. They are used by manufac-
turers and have no place in clinical or public health
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laboratories that might use them only occasionally,
because reproducibility is then a problem. Some,
e.g. the Rideal-Walker and the Chick—Martin tests,
have fallen into disrepute because they have been
used to compare unlikes. Those that use Salmonella
typhi, even strains that are claimed to be avirulent,
should be abandoned altogether. Details of current
‘official’ tests will not, therefore, be given here —
only the principle.

Suspensions containing known numbers of
colony-forming units (cfu)/millilitre of Staphylo-
coccus aureus and/or Pseudomonas aeruginosa are
prepared and added to various dilutions of the test
product. After predetermined contact times, a
known volume of the mixture is removed to a neu-
tralizing fluid that deactivates the disinfectant. The
number of surviving colony-forming units is then
counted. A satisfactory disinfectant might be
expected to reduce the number of colony-forming
units by 5 log units within an hour.

Laboratory tests

Although the standard or official tests are best left
to manufacturers, there is one, the ‘in use’ test, that
is simple and useful.

The ‘in-use’ test

Samples of liquid disinfectants are taken from such
sources as laboratory discard jars, floor-mop buck-
ets, mop wringings, disinfectant liquids in which
cleaning materials or lavatory brushes are stored,
disinfectants in central sterile supply departments,
used instrument containers and stock solutions of
diluted disinfectants. The object is to determine
whether the fluids contain living bacteria, and in
The test (Maurer, 1972) is
described here in detail for use in any laboratory,
because meaningful results can be obtained only in
the light of local circumstances.

what numbers.

1. Take a 1-ml sample of the disinfectant
solution from each pot or bucket with
separate sterile pipettes.

2. Add to each sample 9 ml diluent in a sterile
universal container or a 25-ml screw-capped
bottle and mix well. Select the diluent

according to the group to which the
disinfectant belongs (Table 4.3).

3. Within 4 h use separate Pasteur pipettes to
withdraw small volumes of the
disinfectant/diluent and to place 10 drops,
separately, on the surface of each of two,
well-dried, nutrient agar plates.

4. Incubate one plate at 32 or 37°C for 3 days
and the other at room temperature for 7 days.
The optimum temperature for most
pathogenic bacteria is 37°C but those that
have been damaged by disinfectants often
recover more readily at 32°C.

5. After incubation, examine the plates.

The growth of bacterial colonies on one or both of
a pair of plates is evidence of the survival of bacte-
ria in the particular pot from which the sample is
taken. One or two colonies on a plate may be ignored
—a disinfectant is not a sterilant and the presence of
a few live bacteria in a pot is to be expected.

The growth of five or more colonies on one
plate should arouse suspicion that all is not well.
The relationship between the number of colonies
on the plate and the number of live bacteria in the
pot may easily be calculated, because the disinfec-
tant sample is diluted 1 in 10 and the 50-drop
pipette delivers 50 drops/ml. If five colonies are
grown from ten drops of disinfectant/diluent, then
five live bacteria were present in one drop of dis-
infectant and 250 live bacteria were present in
1 ml disinfectant.

Table 4.3 ‘In-use’ test neutralizing diluents

Diluent Disinfectant group
Nutrient broth Alcohols
Aldehydes

Hypochlorites

Phenolics
Nutrient broth +
Tween 80, 3% wlv

Hypochlorites +
detergent

lodophors

Phenolics + detergent
QAGCs

QAGC:s, quarternary ammonium compounds
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DECONTAMINATION AND
DISPOSAL OF INFECTED MATERIALS

It is a cardinal rule that no infected material shall
leave the laboratory.

This principle (Collins et al., 1974) still holds
well. Laboratory waste that contains micro-organ-
isms is technically clinical waste (Health Services
Advisory Committee or HSAC, 1999). It is clearly
the responsibility of the laboratory management to
ensure that no waste containing viable micro-
organisms leaves the laboratory premises, when it
may offer hazards to other people. The waste
should therefore be made safe on site before final
disposal. The best way of doing this is to autoclave
it. This procedure offers no problems in properly
equipped and well-managed laboratories.

Disinfectants alone should not be used. We have
always believed that disinfection is a first-line
defence, and for, discarded bench equipment, for
example, it is a temporary measure, to be followed
as soon as possible by autoclaving.

Table 4.4, adapted from Collins and Kennedy
(1993), lists items that should be regarded as infec-
tious and should therefore be autoclaved. (If incin-
eration is contemplated, see p. 59.)

Containers for discarded infected
material

In the laboratory there should be five important
types of receptacles for discarded infected materials:

1. Colour-coded discard bins or plastic bags for
specimens and cultures

2. Discard jars to receive slides, Pasteur pipettes
and small disposable items

3. Pipette jars for graduated (recoverable) pipettes

4. Colour-coded plastic bags for combustibles
such as specimen boxes and wrappers that
might be contaminated

5. Colour-coded ‘sharps’ containers for
hypodermic needles and syringes.

Table 4.4 Proposed classification of clinical and biomedical laboratory waste

Disposables other than sharps

Biologicals, standards and quality control materials

Disposable gloves and gowns
Sharps

Glass Pasteur pipettes; slides and cover glasses
Broken glass, ampoules and vials

Tissues and animal carcases

Bedding from animal cages

Specimens or their remains (in their containers) submitted for tests: containing blood, faeces, sputum, urine,
secretions, exudates, transudates, other normal or morbid fluids but not tissues

All cultures made from these specimens, directly or indirectly

All other stocks of micro-organisms that are no longer required

Used diagnostic kits (which may contain glass, plastics, chemicals and biologicals)

Used disposable transfer loops, rods, plastic Pasteur pipettes

Disposable cuvettes and containers used in chemical analyses

Food samples submitted for examination in outbreaks of food poisoning

Paper towels and tissues used to wipe benches and equipment and to dry hands

Hypodermic needles (with syringes attached if custom so requires)
Disposable knives, scalpels, blades, scissors, forceps, probes

Adapted from Collins and Kennedy (1993)
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Recommended colours in the UK (HSAC, 1999)
are:

® Yellow: for incineration

® Light blue or transparent with blue
inscription: for autoclaving (but may
subsequently be incinerated)

® Black: normal household waste — local
authority refuse collection

o  White or clear plastic: soiled linen (e.g.
laboratory overalls).

Discard bins and bags

Discard bins should have solid bottoms that should
not leak, otherwise contaminated materials may
escape. To overcome steam penetration problems,
these containers should be shallow, not more than
20 cm deep and as wide as will fit loosely into the
autoclave. They should never be completely filled.
Suitable plastic (polypropylene) containers are
available commercially, although not specifically
designed for this purpose. Some authorities prefer
stainless steel bins.

Plastic bags are popular but only those made for
this purpose should be used. They should be sup-
ported in buckets or discard bins. Even the most
reliable may burst if roughly handled. It is possible
that, under new EU legislation, rigid containers will
supersede plastic bags.

For safe transmission to the preparation room,
the bins may require lids and the bags may be fas-
tened with wire ties.

Discard bins and bags should be colour coded, i.e.
marked in a distinctive way so that all workers rec-
ognize them as containing infected material.

Discard jars

The jars or pots of disinfectant that sit on the
laboratory bench and into which used slides,

Pasteur pipettes and other rubbish are dumped
have a long history of neglect and abuse. In all too
many laboratories these jars are filled infrequently
with unknown dilutions of disinfectants, are over-
loaded with protein and articles that float, and are
infrequently emptied. The contents are rarely prop-
erly disinfected.

Choice of container

Old jam jars and instant coffee jars are not suitable.
Glass jars are easily broken and broken glass is an
unnecessary laboratory hazard, especially if it is likely
to be contaminated. Discard jars should be robust
and autoclavable and the most serviceable articles are
1-litre polypropylene beakers or screw-capped
polypropylene jars. These are deep enough to hold
submerged most of the things that are likely to be dis-
carded, are quite unbreakable and survive many auto-
clave cycles. They go dark brown in time, but this
does not affect their use. Screw-capped polypropy-
lene jars are better because they can be capped after
use and inverted to ensure that the contents are all
wetted by the disinfectants, and air bubbles that might
protect objects from the fluid are removed.

Correct dilution
A 1-litre discard jar should hold 750 ml of diluted

disinfectant and leave space for displacement with-
out overflow or the risk of spillage when it is moved.
A mark should be made at 750 ml on each jar, prefer-
ably with paint (grease pencil and felt-pen marks are
less permanent). The correct volume of neat disin-
fectant to be added to water to make up this volume
for ‘dirty situations’ can be calculated from the man-
ufacturers’ instructions. This volume is then marked
on a small measuring jug, e.g. of enamelled iron, or
a plastic dispenser is locked to deliver it from a bulk
container. The disinfectant is added to the beaker
and water added to the 750-ml mark.

Sensible use

Laboratory supervisors should ensure that inap-
propriate articles are not placed in discard jars.
There is a reasonable limit to the amount of paper
or tissues that such a jar will hold, and articles that
float are unsuitable for disinfectant jars, unless
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these can be capped and inverted from time to time
to wet all the contents.

Large volumes of liquids should never be added
to dilute disinfectants. Discard jars, containing the
usual volume of neat disinfectant, can be pro-
vided for fluids such as centrifuge supernatants,
which should be poured in through a funnel that
fits into the top of the beaker. This prevents
splashing and aerosol dispersal. At the end of the
day water can be added to the 750-ml mark and
the mixture left overnight. Material containing
large amounts of protein should not be added to
disinfectants but should be autoclaved or inciner-
ated.

Regular emptying

No material should be left in disinfectant in discard
jars for more than 24 h, or surviving bacteria may
grow. All discard jars should therefore be emptied
once daily, but whether this is at the end of the day
or the following morning is a matter for local
choice. Even jars that have received little or nothing
during that time should be emptied.

‘Dry discard jars’

Instead of jars containing disinfectants there is a
place in some laboratories for the plastic containers
used for discarded disposable syringes and their
needles. These will accommodate Pasteur pipettes,
slides, etc. and can be autoclaved or incinerated.

Pipette jars

Jars for recoverable pipettes should be made of
polypropylene or rubber. These are safer than
glass. The jars should be tall enough to allow
pipettes to be completely submerged without the
disinfectant overflowing. A compatible detergent
should be added to the disinfectant to facilitate
cleaning the pipettes at a later stage. Tall jars are
inconvenient for short people, who tend to place
them on the floor. This is hazardous. The square-

based rubber jars may be inclined in a box or on a
rack that is convenient and safer.

Plastic bags for combustibles

These should be colour coded (yellow in the UK,
see p. 56).

Treatment and disposal procedures

There are three practical methods for the treatment
of contaminated, discarded laboratory materials
and waste:

1. Autoclaving
2. Chemical disinfection
3. Incineration.

The choice is determined by the nature of the mate-
rial: if it is disposable or recoverable; if the latter, if
it is affected by heat. With certain exceptions none
of the methods excludes the others. Disinfection
alone is advisable only for graduated, recoverable
pipettes. It will be seen from Figure 4.2 that incin-
eration alone is advised only if the incinerator is
under the control of the laboratory staff.

Organization of treatment

The design features of a preparation room for deal-
ing with discarded laboratory materials should
include autoclaves, a sluice, a waste disposal unit
plumbed to the public sewer, deep sinks, glassware
washing machines, drying ovens, sterilizing ovens
and large benches.

These should be arranged to preclude any possi-
ble mixing of contaminated and decontaminated
materials. The designers should therefore work to a
flow, or critical pathway chart, provided by a pro-
fessional microbiologist.

Such a chart is shown in Figure 4.3. The contam-
inated materials arrive in colour-coded containers
onto a bench or into an area designated and used
for that purpose only. They are then sorted accord-
ing to their colour codes and dispatched to the
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Waste disposal
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Figure 4.3 Design of preparation (utility) rooms. Flow chart for the disposal of infected laboratory waste and re-usable materials

incinerator or loaded into the autoclave. Nothing
bypasses this area. After autoclaving, the contain-
ers are taken to the sorting bench where the con-
tents are separated:

® Waste for incineration, which is put into
colour-coded containers

® Waste for the rubbish tip, which is also put
into different colour-coded containers

® Waste suitable for the sluice or waste disposal
unit

® Recoverable material which is passed to the
next section or room for washing and re-
sterilizing. This room should have a separate
autoclave. Contaminated waste and materials
for re-use or re-issue should not be processed
in the same autoclave.

Procedures for various items

Before being autoclaved the lids of discard bins
should be removed and then included in the auto-
clave load in such a way that they do not interfere
with steam penetration. Plastic bags should have
the ties removed and the bags opened fully in the
bins or buckets that support them.

Contaminated glassware

After autoclaving, culture media may be poured
away or scraped out, and the tubes and bottles, etc.
washed by hand or mechanically with a suitable

detergent. The washing liquid or powder used will
depend on the hardness of the water supply and the
method of washing. The advice of several labora-
tory detergent manufacturers should be sought.

Busy laboratories require glassware washing
purchasing these
machines, it is best to consider several and to ask
other laboratories which models they have found
satisfactory. A prerequisite is a good supply of dis-
tilled or deionized water.

If re-usable articles are washed by hand double
sinks, for washing and then rinsing, are necessary,
plus plastic or stainless steel bowls for final rinsing
in distilled or deionized water. Distilled water from
stripper stills, off the steam line, is rarely satisfac-
tory for bacteriological work.

Rubber liners should be removed from screw caps
and the liners and caps washed separately and
reassembled. Colanders or sieves made of
polypropylene are useful for this procedure.

New glassware, except that made of borosilicate
or similar material, may require neutralization.
When fluids are autoclaved in new soda-glass tubes
or bottles, alkali may be released and alter the pH.
Soaking for several hours in 2-3% hydrochloric
acid is usually sufficient, but it is advisable to test a
sample by filling with neutral water plus a few
drops of suitable indicator and autoclaving.

machines. Before one of

Discard jars

After standing overnight to allow the disinfectant
to act, the contents of the jars should be poured



carefully through a polypropylene colander and
flushed down the sluice sink. The colander and its
contents are then placed in a discard bin and auto-
claved. Rubber gloves should be worn for these
operations. The empty discard jars should be auto-
claved before they are returned to the laboratory
for further use. There may be residual contamina-
tion.

Re-usable pipettes

After total immersion overnight in disinfectant (e.g.
hypochlorite, 2500 ppm available chlorine — an
anionic detergent may be added), the pipettes
should be removed with gloved hands.

Before they are washed, the cottonwool plugs
must be removed. This can be carried out by insert-
ing the tip into a piece of rubber tubing attached to
a water tap. Difficult plugs can be removed with a
small crochet hook. Several excellent pipette wash-
ing machines are manufactured that rely on water
pressure and/or a siphoning action, but the final
rinse should be in distilled or deionized water.

24-hour urines

Although rare in microbiology laboratories other
pathology departments may send them for disposal
on the grounds that they may contain pathogens.
Ideally they should be processed in the department
concerned as follows.

Sufficient disinfectant, e.g. hypochlorite, should
be added to the urine to give the use dilution. After
standing overnight the urine should be poured
carefully down the sink or sluice to join similar
material in the public sewer. The containers, which
are usually plastic, may then be placed in colour-
coded bags for incineration.

Incineration

The problems with this method of disposal of
infected waste that has not been autoclaved are in
ensuring that the waste actually reaches the incin-
erator, and that if it does it is effectively sterilized
and none escapes, either as unburned material or
up the flue. Incinerators are rarely under the con-
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trol of laboratory staff. Sometimes they are not
even under the control of the staff of the hospital or
institution, but are some distance away, and con-
taminated and infectious material has to be sent to
them on the public highway. Some older incinera-
tors are inefficient.

Unburned material may be found among the ash
and, from its appearance, it may be deduced that it
may not have been heated enough to kill micro-
organisms. We have recovered unconsumed animal
debris, including fur and feathers and entrails, from
a laboratory incinerator. The updraught of air may
carry micro-organisms up the flue and into the
atmosphere if the load is too large or badly distrib-
uted.

In the UK there are strict regulations about the
incineration of clinical waste, which includes
infected laboratory waste (see Collins and
Kennedy, 1999) and inefficient incinerators are
being phased out. The ACDP (1995) states that all
waste must be made safe before disposal or
removal to the incinerator but the HSAC (1991)
permits it to be transported to an incinerator pro-
vided that ‘it is securely packaged’ and the inciner-
ator is ‘under the supervision of an operator who is
fully conversant with appropriate safe working
procedures for handling contaminated waste’. As
infected laboratory waste, especially discarded cul-
tures, is the most hazardous of all clinical waste,
and as all reputable microbiological laboratories
possess autoclaves, this practice should be resisted
and the material made safe by autoclaving it before
it leaves the laboratory (Collins et al., 1974; Collins
and Kennedy, 1993, 1999; Collins, 1994; ACDP,
1995).

There is a British Standards Institution Code of
Practice (BS 3316) for the incineration of hospital
waste.
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5

Culture

media

In developed countries it is unusual for medical
microbiology laboratories to make their own cul-
ture media from raw materials. Furthermore, even
the reconstitution of dehydrated media takes place
less and less in the individual laboratory as bottles,
tubes and plates of ready-to-use media become
available from central suppliers and/or commercial
sources.

Although this loss of skill in the preparation of
media may be regretted, the growing weight of in
vitro diagnostics legislation makes independent lab-
oratory manufacture a legal minefield. For every per-
sonmakinga product, two more staff will be required
to check activity, labels, instructions for use, shelf-
life limits and safety precautions in use. One effect
of centralization of supplies is an inevitable reduc-
tion in the variety of media formulations available.
Commercial manufacturers annually review their list
of media and monitor the sales of each medium.
They may decide to cease manufacture when sales
fall below specified figures. Central non-commercial
suppliers will operate from a limited list of consen-
sus decisions about the variety of media that can be
supplied to the receiving laboratories. This means
thatthe days havelong gone since Sir Graham Wilson
once stated that a UK microbiologist would rather
borrow a colleague’s toothbrush than use his or her
particular culture medium.

Nevertheless, there will always be culture media
for special purposes that are not available commer-
cially. Formulae and methods for those that are
mentioned in this book are therefore included (see
p. 72). Laboratory workers who do decide to make
their own media can find the formulae, etc. in the
commercial catalogues and handbooks and in older
editions of this book.

All culture media must now display labels describ-
ing the formulation, with the amounts of the indi-
vidual constituents present, normally expressed as
grams per litre. The labels of the same medium
from different suppliers will appear to be identical
but each label will also state that some variation in
formulation may be made to meet performance
standards. This caveat allows formula manipula-
tion to accommodate variation in the raw materials
used to achieve standard performance results.
Some culture media have commercially protected
names and, although such media may have the
same formulation between different manufactur-
ers; others cannot use the protected name.

Further details about the formulation and per-
formance of culture media may be found in the fol-
lowing: MacFaddin (1985), Baird et al. (1987),
Barrow and Feltham (1993) and Bridson (1994).
Also the current editions of BBL, Difco, LabM and
Oxoid manuals and catalogues are useful sources
of information.

IN VITRO CULTIVATION OF
BACTERIA

The work of Pasteur (Gieson, 1955) and his col-
leagues in France, together with that of Robert
Koch (Brock, 1988) and his team in Germany, pro-
vided the foundation of in witro cultivation of
micro-organisms in the second half of the nine-
teenth century. Cultivation was essential because,
apart from the morphology of individual cells,
these extremely small units of life could not be sep-
arately studied to determine their metabolism and
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biochemistry, and to classify their separate identi-
ties, without using millions of cells — a situation
that, despite advances in molecular biology, still
largely prevails today. It was this essential ground-
work that provided the proof of the causation of
infectious disease.

All the organisms of importance in medical micro-
biology are described as chemo-organotrophs
because they obtain energy from organic mole-
cules. The constituents of early culture media for
their cultivation were undefined, complex, organic
mixtures. This is another characteristic of medical
microbiology that remains to this day. Pasteur
started with simple organic solutions and then
moved on to urine and blood, finally using live ani-
mals. Koch started with a meat stew (meat extract)
for the isolation of his first pathogenic organism —
Bacillus anthracis. He did not consider this to be a
universal culture medium and he also experimented
with blood, serum and egg. Koch and his col-
leagues in Berlin then went on to isolate and iden-
tify the bacterial causes of all the major infectious
diseases in Europe. This work was completed over
a period of 20 years — 1880-1900.

This great achievement came about because of
two important developments. First, Koch created a
solid culture medium format from his meat extract
solution, the ‘Poured Plate’, using at first gelatin
and later agar as the solidifying agent. He estab-
lished the principle of one cell forming one colony
of identical cells, which was a great improvement
over Pasteur’s dilution to extinction method using
fluid cultures. Second, his colleague Loeffler sup-
plemented Koch’s meat extract with peptone
(hydrolysed protein). The full significance of this
supplement only became apparent in the closing
years of the twentieth century.

The major work in microbiology in the first half
of the twentieth century was the study of the
metabolism in prokaryote cells: the catabolic chem-
ical pathways producing energy and the anabolic
pathways of biosynthesis consuming it. At the same
time, study of the dynamics of bacterial growth
revealed the lag, exponential growth, and the sta-
tionary and decline phases of growth that are typi-
cal in any closed system of bacterial cultivation. In

the second half of the twentieth century, antibiotics
were developed and the DNA/RNA genetic code
was cracked to reveal the complexities of the
molecular control of life.

THE COMMON COMPONENTS OF
CULTURE MEDIA FOR MEDICAL
MICROBIOLOGY

An examination of the formulae of culture media
commonly shows a few key nutrient ingredients,
and several other components added for the selec-
tion and/or identification of separate groups or
species of bacteria.

All life is dependent on the presence of water and
all the nutrients from which micro-organisms syn-
thesize cell material and obtain energy must be dis-
solved in water. Simple chemical analysis of
bacterial cells reveals 11 macroelements — C, H, O,
N, S, P, K, Na, Ca, Mg, Fe — and many trace ele-
ments that are often found as impurities in the
macroelements, e.g. Mn, Mb, Zn, Cu, Co, Ni, V, B,
Se, Si, W. This simple analysis is not very helpful in
the construction of specific culture media and it is
better to divide the constituents into one or more
functional parts.

Amino-nitrogen nutrients

Protein hydrolysates (peptones) infusions or
extracts: these nutrients often contain sufficient
energy-rich molecules and trace elements to
become the sole ingredient necessary for the
growth of common medical bacteria.

Energy source

This is usually glucose but other easily used carbo-
hydrates may be substituted. Peptones can also
provide carbon energy, especially those derived
from plants.

Growth factors

Some more fastidious organisms appear to require
heat-labile supplements to stimulate growth, e.g.
blood, serum and vitamin complexes. Further work
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has shown that, with Bordetella, Neisseria,
Campylobacter and Legionella species, the essen-
tial role of blood is to act as a protective agent
against toxic oxygen radicals rather than act as a

supplementary nutrient.
pPp Yy

Buffer salts

Soluble sodium or magnesium phosphate, acetate
or citrate salts are commonly added to culture
media containing carbohydrates, to maintain pH
stability when fermentative organisms are growing.
These buffer salts, however, can chelate essential
metals, especially Fe* ions (Munro, 1968). Some
growth factors are toxic (e.g. fatty acids) and must
be added in a form or composition (e.g. with albu-
min or as a detergent) to permit growth and sur-
vival.

Mineral salts and metals

Supplements of salts and metals are normally
restricted to synthetic (defined) culture media.
Undefined media should provide an adequate sup-
ply unless extra is required to overcome a chelating
substance in the formulation or an excess of NaCl
is added to select halophilic organisms.

Selective agents

Toxic chemicals, antibiotics and inhibitory dyes
have been used separately or in combination in cul-
ture media. It is essential that the selective agents
are at the correct strength for the particular
medium formulation and the selected organism.
There is an element of compromise for all selective
media, i.e. not all unwanted organisms will be
inhibited and not all desired organisms will grow
(Miller and Banwart, 1965; Bridson, 1978). The
active concentration of an antibacterial agent (e.g.
Hg™, antibiotic) may be influenced by the compo-
nents of the medium (e.g. by albumin).

Indicator dyes

Dyes such as phenol red, neutral red and bromocre-
sol purple are added to culture media to indicate
changes in pH value, during and after growth.
Some dyes are colourless (e.g. triphenyltetrazolium
chloride) and act as electron acceptors, and their

reduced forms (e.g. triphenylformazan) are pig-
mented (red) and insoluble, resulting in dye deposi-
tion around colonies in agar medium or red colour
in broths as an indication of growth. Fermentative
carbohydrates are normally added to the formula-
tion. The dyes used can be toxic to sensitive or
stressed cells and this fact needs to be kept in mind,
if growth is absent.

Gelling agents

Agar is the most common gelling agent used in cul-
ture media because it has natural advantages over
gelatin and alginate. It is not an inert constituent of
culture media; it can contribute metals, minerals,
sulphate and pyruvate. Agar can also bind water
and inhibit growth of organisms (see ‘Poured
plates’, p. 69).

DEFINED (SYNTHETIC) VERSUS
UNDEFINED (COMPLEX) CULTURE
MEDIA

The great success of Koch and his colleagues in the
last 20 years of the nineteenth century was based
on totally undefined and (as we now know) highly
complex soups and stews made in the laboratory
kitchen. With the exception of Mycobacterium
tuberculosis, a wide variety of pathogenic organ-
isms isolated with the same nutrient
broth/agar medium first described by Koch and
Loeffler. With small modifications, this formula
has continued to serve bacteriologists to the present
day. There was a period, however, when microbi-
ologists became ashamed of their apparent culinary
art. In the 1950s, the biochemical neighbours of
bacteriologists began to surge ahead with new
knowledge of energy-yielding and synthetic path-
ways of metabolism, which they combined with
rapid, automated, microanalytical techniques.
Bacteriologists became aware that, if Koch or
Pasteur were to enter the average clinical bacteriol-
ogy laboratory, it would soon feel like home to
them. Thus began a 25-year search for defined
(synthetic) culture media to replace the soup and

were
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stew. There were two sound reasons for the devel-
opment of defined media at that time:

1. Existing (largely manufactured by individual
laboratories) undefined media could give
widely variable results between and within
laboratories.

2. Increasing exploration of microbial
metabolism, using defined media, suggested
that reproducible results could come only
from synthetic culture media.

Over the next 25 vyears, active research was
reported in a large number of published papers,
which mostly demonstrated hope rather than real-
ity. Nutrient agar/broth can grow practically all the
genera of clinically important organisms and with
one or two supplements will grow most of the oth-
ers. This includes all the species and subvariants of
the genera. None of the synthetic media formula-
tions published could meet this standard. Most
workers started with the Synthetic Mineral-Salts
Medium of Davis and Mingioli (1950). This con-
tained:

Carbon source 2g
K,HPO, 7¢g
KH,PO, 3g
MgSO,- 7H,0 0.1g
(NH4),SO, l g
Na citrate-3H,O 05¢g
Woater | litre
(Agar) (15g)
pH 7.0

This formula allowed the growth of Escherichia
coli from a generous inoculum. To grow more
demanding organisms supplementation with amino
acids, nucleotides, vitamins, trace metals, etc. was
necessary The list of supplements increased consid-
erably for organisms such as pathogenic neisserias.
One such defined medium for Neisseria gonor-
rhoeae required 10 multi-component stock solu-
tions plus 5 separated components, a total of 50
components. Catlin’s (1973) paper describing this
medium showed that reproducible defined media
cannot be prepared by weighing all the dried ingre-
dients into water, boiling to dissolve them and

finally autoclaving the mixture. A very large,
unpredictable and highly complex interaction of
the components would result, which would not be
repeatable with every batch of the same medium.
Furthermore, even the stock solutions had to be
protected from photo- and chemo-oxidation.
Experience showed that simpler defined media,
designed around a less demanding genus, would
seldom show growth of other genera and often
would not grow all the species of the single genus,
without further supplementation.

The search for defined (synthetic) media that
could be used in general clinical bacteriology
slowly ebbed away in the mid-1970s. There were
two major reasons for abandoning the search:

1. By the mid-1970s most bacteriological
laboratories were purchasing commercially
prepared, dehydrated and ready-to-use media.
The gross disparity of quality in culture media
between and within laboratories had gone.

2. In 1966, Ellner et al. published the results of
their work on Columbia agar. These workers
had postulated that, if a one-peptone medium
showed good results with many organisms,
then more than one peptone would be better.
They finally incorporated four different
peptones and formulated a general-purpose
medium for medical microbiology, which has
still not been eclipsed in performance. The
explanation for its astonishing success lies in
the complex mixture of polypeptides
produced from different proteolytic enzymes
digesting different proteins. Subsequently, it
was realized that the Columbia formula could
recover growth from small inocula of stressed
organisms.

STRESSED ORGANISMS AND
RESUSCITATION

In the early days of clinical bacteriology, when sur-
geons were delighted to see ‘laudable’ pus from
their patients, it was considered that all pathogenic
organisms were aggressive, vigorous cells. The idea



that such organisms might be stressed or need spe-
cial nurture would have seemed ludicrous to bacte-
riologists in those by-gone days.

Preservation of food by drying, salting, heating to
scalding temperature, chilling with ice or making
acid with vinegar and/or the use of spices evolved
empirically, long before the existence of micro-
organisms was known. Pasteur rationalized the heat-
ing process now called ‘pasteurization’ and he was
able to explain why the new ‘autoclave’ canning of
food worked to overcome putrefaction on storage
at room temperature. It is unlikely that the food
preservation steps described above could destroy all
the viable micro-organisms in food. However, those
thatjustsurvived were probably damaged to a degree
that fermentation or putrefaction was long delayed.
Such damaged or stressed organisms may also not
survive a period of acid digestion in the stomachs of
those eating the food. Those micro-organisms that
did escape alive into the small intestine would meet
other defence mechanisms. However, in an imper-
fect world not all consumers have the same immune
systems and food poisoning is still a hazard today.
Food microbiologists, aware that their products
could contain damaged (stressed) micro-organisms,
were the first to recognize that special steps needed
to be taken to recover them. Quantitative counts of
organisms in food samples, before and after pro-
cessing, were essential facts required to make judge-
ments about the duration and temperatures required
to process foods safely.

The recovery of stressed cells by the
process of resuscitation

The traditional test to detect sublethal injury in
bacteria caused by inhibitory agents (chemical,
physical or biological) is recognition of failure to
grow on a selective medium that normally supports
its growth, although growth occurs in the absence
of the inhibitory agent (Mossel and Ratto, 1970;
Hackney et al., 1979). Although this selective/non-
selective medium test can be helpful to detect
injured cells, it is not entirely reliable. Damaged
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cells may not be able to grow at all until the recov-
ery (repair) process has taken place (Walker, 1966;
Dukan et al., 1997). In the 1960s it was recognized
that the addition of pyruvate or catalase to culture
media yielded higher colony counts. Slowly, over
the next 30 years, a full appreciation of the effects
of oxidation/reduction in culture media and their
effects on microbial growth was made. Oxidation
has been considered as the cause of ‘viable but non-
culturable’ (VBNC) organisms (Bloomfield et al.,
1998) but this hypothesis has been contested (Barer
and Harwood, 1999).

An unexpected but essential factor in the recovery
of stressed bacteria was the discovery of a wide
variation in the length of lag phases of growth asso-
ciated with the numbers of organisms present in the
inoculum. Stephens et al. (1997) used an auto-
mated growth analysis system to measure times
and growth of heat-stressed salmonellas in a resus-
citation broth, in which the inocula varied from
one cell to 107 cells. Single stressed cell inocula pro-
duced lag phases in different recovery broths,
which varied from 6 to 36 h. The lag phases of non-
heat-injured single cells varied from 6 to 8 h in the
same recovery broths. At 100-cell inocula, both
heat-injured and non-heat-injured cells produced
similar lag phases of 6-8 h. There is some protec-
tive action when numbers of stressed cells attempt
recovery of growth that is not available to the sin-
gle stressed cell. Reducing agents are beneficial
because, in later work, Stephens (1999) demon-
strated that the most inhibitory broths had higher
levels of peroxide present and that the addition of
reducing agents to the inhibitory media overcame
the long lag phase with single stressed cells.

Is there a single optimum recovery medium for
pre-enrichment or resuscitation of bacteria that
have been sublethally injured by various methods?
Experience has shown that complex undefined
media are preferable to chemically defined media
or buffer salt solutions. Key factors seem to be the
presence of polypeptides and a reduced Eh
medium. A review of the literature made in 1977
listed the recovery agents that can be added to
media to assist the recovery of stressed organisms
(Mossel and Corry, 1977):
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1. Neutralizing substances to counter the effects
of damaging residual chemicals, e.g. B-
lactamases, sulphydral compounds, wetting
agents

2. Lysozyme to help germination of ‘dead’
spores

3. Catalase or whole blood to remove peroxides

4. Pyruvate and other citric acid cycle
intermediates to improve recovery from
membrane damage

5. Magnesium to stabilize RNA and cell
membranes

6. General recovery agents: oxygen radical
scavengers, whole blood, activated charcoal.

SELECTIVE AND ELECTIVE
CULTURE MEDIA

The concept of selective enrichment of micro-
organisms was developed early in the history of
culture media. Bile and bile salts were found to
select Salmonella typhi in particular and coliform
bacteria in general. Conjugated bile salts (com-
bined with taurine or glycine) are less toxic than
free bile acids (deoxycholic and cholic acids). The
toxic activity of selective agents has to be accu-
rately determined. The amount of agent added to
the formulation is calculated and checked by test-
ing each new batch with a standard reference batch
of the same formulation.

Chemical selective agents

Typical chemical selective agents are:

1. Inorganic salts: azide, bismuth, lithium,
selenite, tellurite, thallium

2. Dyes: brilliant green, malachite green, crystal
violet

3. Surface active agents: bile, cetrimide, lauryl
sulphate, Tergitol (Bridson, 1990) and Tween
80

4. Others: dichloran, irgasan, phenylethyl
alcohol.

Chemical selective agents are relatively crude in
action and in most circumstances a line must be
drawn in a trial to define an optimum concentra-
tion to be used. An ideal concentration that will
destroy 100% of unwanted organisms and allow
100% of the desired organisms to survive is unob-
tainable. From a limited range of concentrations
(predetermined by experiment) that can allow a
predominance of the desired organism(s) and max-
imum suppression of the unwanted organisms, the
best concentration is selected for use with the cho-
sen medium. Further details on chemical selective

agents can be found in the Oxoid publication
(Bridson, 1994).

Antibiotic selective agents

Fleming carried out the first demonstration of the
selective action of antibiotics in culture media in
1929, using his crude penicillin preparation to iso-
late Haemophilus species. This work could not be
repeated until commercial supplies of penicillin
became available in the 1950s. Lacey (1954)
returned to Fleming’s technique using penicillin to
isolate H. pertussis. By that date, however, the inci-
dence of penicillin resistance was sufficiently com-
mon to require other selective agents to be used
with it.

Although not the first of the antibiotic-selective
media to be used, the medium of Thayer and
Martin (1966) for the isolation of Neisseria species
was the most widely known early example. These
media opened the door for opportunities to isolate
‘new’ and ‘difficult’ organisms. A host of exotic
organisms could now be found and cultivated in
any general microbiology laboratory, e.g.
Campylobacter (Helicobacter), Legionella,
Gardnerella, Listeria, Mycoplasma and Yersinia
species, and Clostridium difficile.

Early work with these media, using single antibi-
otics, was promising, e.g. novobiocin for salmonel-
las and neomycin for anaerobic organisms, but
mixtures of two or more antibiotics gave better
long-term prospects against antibiotic-resistant
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contaminating organisms. Although there are very
many antibiotics, their basic mechanisms of action
are few:

® alteration of cell membranes

® inhibition of protein synthesis

® inhibition of nucleic acid synthesis

® inhibition of cell wall synthesis

® anti-metabolic activity or competitive
antagonism.

By incorporating at least two of these five inhibitory
actions in the antibiotic mixture, the likelihood of
resistance developing is much reduced.

Commercial media suppliers were requested to
supply antibiotic selective media. Only two antibi-
otics, chloramphenicol and kanamycin, were suffi-
ciently stable to be incorporated into dehydrated
culture media. However, the hazards of inhaling
antibiotic-containing dust by customers and manu-
facturing staff were considered to be too great.
Incorporating labile antibiotics into prepared
media meant that the individual activities of the
antibiotics would fall from the day of preparation
until the media were used. The best solution was to
have separate vials of sterile, lyophilized antibiotic
mixtures, ready for rehydration and adding to pre-
scribed volumes of pre-sterilized, cooled media. It
was Skirrow’s medium for the isolation of
Campylobacter species that started the commercial
production of lyophilized antibiotic supplements in
1977 (Skirrow, 1977). In a relatively short period
of time, campylobacters arose from obscurity to
become identified as the most common cause of
food poisoning in the UK. Since that time, another
60-70 antibiotic mixtures have been made avail-
able to microbiological laboratories.

Elective media

A selective medium contains a surfeit of nutrients
and inhibitory agents are added to restrict growth
of undesired organisms and make it selective for a
particular genus/species. By contrast, an elective
medium is designed to have minimal nutritional
ingredients, enabling only a limited group of micro-

organisms to grow. Elective media are not used in
medical microbiology because they are ineffective
for resuscitation of stressed organisms. Reuter
(1985) has described elective media for lactic acid
bacteria and gives examples of selection and elec-
tion.

THE SIGNIFICANCE OF COMPLEX
POLYPEPTIDES IN UNDEFINED
CULTURE MEDIA

It was Loeffler’s contribution of peptone to Koch’s
system of cultivating bacteria that ensured 120
years later that the original nutrient broth/agar
has scarcely changed.
Throughout most of this time, the role of peptone
was seen to be as a nutritional supplement but its
complex structure of peptides was little appreciated
until the work of Ziska (see Bridson 1994) was
published in 1967-68. This, combined with the
work of Ellner et al. (1966), raised a possibility that
polypeptides might have a special role in the recov-
ery of stressed organisms. Columbia Agar, with its
wide spectrum of peptides ranging in size from 50
to 2 amino acids in length plus numerous free
amino acids, was superior in performance to cul-
ture media containing one peptone only. The suc-
cess of undefined polypeptides over defined
mixtures of amino acids may be attributed to one
or more of the following hypotheses.

medium formulation

Polypeptides may act as redox agents

It is known that larger numbers of stressed organ-
isms are easier to recover than single or few cells.
This protective effect may be a reduced Eh in the
immediate cell environment. Polypeptides may have
a similar protective effect in lowering the Eh of the
medium. Wright (1933) demonstrated that ‘toxic’
(oxidized) peptones could be reduced by heating
with meat particles. He found that such reduced pep-
tones would then recover small numbers of fastidi-
ous strains of Streptococcus pneumoniae.
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Use of peptides may be more efficient
than amino acids

The formation of proteins in the living cell involves
assembly of specific amino acids into strings and
then folding of the amino acid sequence into sec-
ondary, tertiary or quarternary structures. It is the
three-dimensional of the sequence,
assisted by protein chaperones, that determines
whether the protein will have a structural or a cat-
alytic function. Protein formation is a heavy bur-
den for the stressed microbial cell; the creation and
polymerization of amino acids consume 75% of
the available cell energy (Stouthamer, 1973). It also
requires a fully functional cascade of enzymes that
may not be present in the stressed cell. For the
stressed cell, a supply of appropriate polypeptides
may enable the cell to overcome these constraints.

structure

Transport of polypeptides

Transport of amino acids and peptides into the cell
costs energy. It requires one proton to transport a
single amino acid or a peptide. Peptide transport
has greater energy advantages over amino acid
transport.

How large polypeptides (greater than a tetrapep-
tide) cross cell membranes is still a matter of con-
jecture. Chaperone could capture,
transport and, if required, refold large peptides
(Clarke, 1996). Stressed cells produce increased
amounts of chaperone molecules as heat shock pro-
teins (Hsp), as well as other SOS proteins, and
these may have a critical transport role (Martin and
Hartl, 1997).

molecules

Polypeptide mixtures and ribozymes

Existing technology cannot reveal the complex
chemical pathways involved in the resuscitation of
a single cell. All currently described microbial bio-
chemical pathways are based on mean value analy-
ses of millions of cells. The fact remains, however,

that a severely disabled cell has to create a large
variety of enzymes and structural proteins to
enable it to commence normal metabolism and
division.

There are theories that RNA developed before
DNA in the evolutionary pathway. These theories
are based on the fact that nucleotide subunits of
DNA are modified RNA molecules, and that many
enzymes require coenzymes that are RNA mole-
cules or close relatives. In 1982, RNA molecules
with catalytic powers (ribozymes) were discovered
in protozoa and bacteria. Ribozymes are hybrid
molecules, part peptide and part ‘gene’. Molecules
can be selected by the ‘fitness’ of the peptide arm
and then amplified with the attached ‘gene’. They
are used to cut strands of DNA and they can be
replicated in a synthesizer. When replicated using a
synthesizer that allows ‘errors’ to occur in copying,
the mutant enzymes can show increases in DNA
cutting efficiency of 100%. This discovery fitted the
three main pillars of Darwinian evolution:

® 2 mechanism to introduce mutations in
molecules

® 4 selection or “fitness’ pressure that favours
some mutations over others

® an amplification mechanism that encourages
favoured mutants to multiply.

Exposing stressed cells to millions of polypeptide
variations would allow cells to select polypeptides
by “fitness’ of combination with the cell ribozymes.
These RNA—polypeptide molecules may be used in
a non-ribosomal pathway as ‘starters’ for the syn-
thesis of key enzymic and structural proteins.

These speculative but intriguing hypotheses are
more fully discussed in Bridson (1999).

STORAGE AND PROTECTION OF
PREPARED CULTURE MEDIA FROM
ENVIRONMENTAL FACTORS

It is a not uncommon paradox that much science
and care can be expended in producing high-qual-
ity media, only to have the products stored under



conditions in which they will deteriorate. Media
supplied from commercial or central sources now
have precise instructions about shelf-lives, storage
temperature limits and light protection factors.
Microbiological laboratories are expected to show
evidence that they conform to these storage and use
instructions. Like good wine, culture media solu-
tions are best kept cool (2-8°C), not frozen, and in
the dark (photo-oxidation spoils both wine and
broth). All bottles should carry labels identifying
the contents and show the preparation date, shelf-
life, batch number and expiry date. Media should
be used in strict date order and outdated material
discarded. There are also a few elementary obser-
vations that can be carried out. Bottles with
reduced clarity and darkening of colour (especially
the upper layer of the liquid) should be rejected and
the pH value checked for acid drift.

Great damage can be caused to culture media in
the autoclave. If powdered culture media is added
to the bottles, water simply poured on top to the
prescribed volume and the bottles placed in the
autoclave for sterilization, the problem can be seen
when the autoclave is opened. There is a dark-
brown concentrate of nutrients at the bottom of the
bottle. When shaken, the colour becomes a uni-
form straw colour but the damage has been done.
Superheating biological concentrates causes inter-
active complexity of the amino acids, phosphates
and free metal ions. It reduces the nutritive value of
the medium and reduces the shelf-life of the prod-
uct. All prepared culture media are dynamic com-
plexes of ingredients that can only deteriorate on
storage. The best storage conditions are those that
reduce the rate of deterioration to the minimum.
Stirred media preparators are preferable to static
autoclaves.

PROTECTION OF PREPARED
PLATES

The most labile prepared culture medium that is
widely used in microbiological laboratories is the
nutrient gel slab residing in the Petri dish. What
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causes the rapid fall off in microbiological per-
formance? Chemo- and photo-oxidation have a
role but the most serious effect is the loss of surface
moisture. Modern agars at 1.2% w/v hold water in
a firm gel. The agarose polymer, however, has a
natural contraction rate which squeezes water out
of the gel; this is called syneresis. If the covered
plate is left on the open bench, this water evapo-
rates and the surface ‘skin’ of agar becomes less
porous. The greater the water loss, the thicker the
‘skin’ of inhibitory agar on the surface. The two
forces of syneresis and evaporation work together
and can result in a thin layer of very hard agar at
the surface of the dish. The microbial inoculum on
the surface of the agar quickly uses the available
nutrients in its immediate locality. It must now
wait while nutrients diffuse up through the agar
thickness, or from the periphery of the inoculum to
replace nutrients taken up by the microcolony.
Anything that slows down this flow of nutrients
results in attenuated growth but the agar ‘skin’ is a
poor diffuser of solute. All bacteria suffer in this
situation and usually produce smaller colonies, but
more serious is the fact that stressed cells are par-
ticularly vulnerable and may fail to multiply at all.

How much water must be lost before there is a
significant effect on bacterial growth? Tests carried
out in Oxoid laboratories many years ago, before
stressed cells were fully appreciated, showed that if
prepared plates lost more than 5% of their gross
weight (Petri dish plus agar layer) on storage, when
compared with their fresh weight, then a reduction
in colony size of unstressed bacteria could be
detected. This is quite a small amount of water but
it is removed from the highly critical surface
between organism and agar.

Armed with this knowledge, is it possible to com-
pare the performance of current commercially pre-
pared plates with those made in the individual
laboratory 30 years or so ago? It would be tempt-
ing to say that current plates are much superior to
those in the past. Although 7-day-old plates made
in the past were poorer than present-day, commer-
cially prepared plates of the same age, in those
days, 7-day-old plates were not used in most labo-
ratories. Plates were often poured in the morning
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and used the same day. These freshly prepared
plates would probably be comparable in perform-
ance with most commercially/centrally poured
plates distributed today.

Packaging is a very important factor but it is not
the sole answer. It is possible to see moisture bead-
ing the lids and packaging of packs of prepared
plates. This problem is caused by changes in tem-
perature and great care is now paid to keeping the
temperature of the plates as steady as possible with
polystyrene packs. Unfortunately, once agar has
lost water it cannot reabsorb it unless it is raised to
the melting temperature of agar (80°C.) It is possi-
ble to improve the growth of micro-organisms by
placing the inoculated dishes in closed containers,
together with moisture-saturated air but little or
none of the water can rehydrate the agar.

The most successful way to keep moisture in agar
plates is to place a sterile plastic film over the sur-
face of the agar. This will prolong the serviceable
life of the plate by minimizing the water loss from
the surface. A simple test to demonstrate this is to
incubate two sterile nutrient agar plates at 35°C for
48 hours. Take them out of the incubator and, using
a sterile scalpel blade, cut around the meniscus of
agar of one plate. Replace it in the lid and slap the
plate smartly on the bench. The agar slab will fall
into the lid. Inoculate both plates lightly with a sus-
pension of Staphylococcus aureus (Oxford strain)
NTCC 6571. After 16 hours’ incubation, the con-
ventionally exposed agar surface will show poorer
growth than the upside-down surface, which has
been protected by the plastic dish. The poor growth
represents a reduction in water activity and even
moderately high water activity (a,) reduction can
totally inhibit the growth of stressed cells.

QUALITY CONTROL AND THE
PERFORMANCE TESTING OF
CULTURE MEDIA

Total quality management (TQM) of culture media
is discussed on pages 134-146 of Bridson (1994),
but clinical laboratories will require only the end-
user control tests. These will be to check storage

facilities and shelf-lives of culture media in the lab-
oratory or to compare one supplier’s media with
another. Only quantitative tests should be used for
statistical purposes but a great deal of essential
microbiological detail is obtained from colonial
qualitative characteristics, e.g. colour, translu-
cence, surface reflectance of light, pigment diffu-
sion, size variation, capsule formation, etc. For the
identification of certain organisms, such character-
istics may be quite critical and the lack or variation
of these could fail a particular batch or another
supplier’s product, and constitute a failure to meet
the user’s quality standards.

When clinical laboratories made their own culture
media, they tested them with laboratory stock cul-
tures and with clinical specimens taken from
patients. When commercial suppliers commenced
manufacturing media for use in clinical diagnosis,
they could either have requested that an outside hos-
pital laboratory tested samples with clinical speci-
mens or have begged for clinical material from local
hospital laboratories. Both practices were carried
out and both were equally difficult to control.
Increasingly stringent safety rules in industry made
the importation of clinical material into manufac-
turing premises very difficult. At this time the expan-
sion of food microbiology led to demands from that
industry that all culture media made for them should
be tested with specified standard lyophilized strains
from national collection centres, e.g. ATCC
(American Type Culture Collection) or NCTC
(National Collection of Type Cultures) in particular.

As food industry requirements included both
spoilage and pathogenic organisms, media manu-
facturers turned their backs on clinical isolates and
used these stable and reproducible organisms for
all their testing. Unfortunately, this change opened
a gulf between the manufacturer and the medical
laboratory. The manufacturer could supply much
detail about the quantitative recovery of standard
organisms, but the clinical customer did not isolate
standard organisms from patients. The manufac-
turer’s task was to nurture very unhappy organ-
isms, taken from a hostile environment of immune
and antibiotic attacks, possibly in quite small num-
bers, i.e. a few highly stressed cells. The difference
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between these testing situations was exacerbated
by the use of selective media. Bartl (1985) discussed
this problem where he compared ‘wild’ versus ‘cul-
ture collection’ strains on selective culture media.
He accepted, however, that uncertainties arose
from using random non-reproducible ‘wild’ strains.
A better solution was required. The answer seems
to be to stress standard strains under strictly con-
trolled conditions, e.g. exposing them to higher or
lower temperatures for fixed periods of time, such
as 20 min at 52°C and 30 min at —20°C or any
variations between these extremes of temperature.
There is still much work required to standardize
the stress conditions for a wide variety of commer-
cially available lyophilized cultures and to apply
the appropriately stressed organisms to test a vari-
ety of culture media.

Meanwhile, various schedules of testing methods
for culture media are in use. Appendix A of the
‘QA and QC of microbiological culture media’
(National Committee for Clinical Laboratory
Standards or NCCLS, 1996) can be recommended.

® The NCCLS QA Standard for Commercially
Prepared Microbiological Culture Media
(NCCLS, 1996) describes the appropriate
control organisms and test procedures that
are to be used by manufacturers of culture
media in the USA. If these standards are met
customer laboratories in the USA are exempt
from further testing. Two culture media
formulations have failed to meet NCCLS
standards (MacFaddin, 1985): Campylobacter
Agar and selective media for pathogenic
Neisseria species. When using these media,
the customer laboratory must carry out
appropriate quality control tests.

® The British Standard BS 12322:1999 (BSI,
1999) is a concise description and definition
of terms used, performance evaluation
criteria, control strains used, quality criteria
and information to be supplied by the
manufacturer.

e DD ENV ISO 110133-1:2000: (DD, 2000) is
a draft publication of extensive terminology
with dozens of headings but the small print

underneath each heading is not as helpful as
CEN/TC 275 (CEN, 2001).

® The CEN/TC 275 N489 (2001) on practical
guidelines on performance testing of culture
media is much more detailed than the two
standards above, although both should be
studied. The tables of commonly used culture
media with test organisms, culture conditions
and expected reactions are particularly useful.

® BS6068-4.12:1998 (ISO 11731) (BSI, 1998)
is concerned with water quality and the
detection and enumeration of Legionella
species in particular. It recommends using
Buffered Charcoal Yeast-Extract Agar
Medium (BCYE) with GVPC (glycine—
vancomycin—polymyxin—cyclohexamide). A
specific warning is given against using stock
strains of L. pneumophila to check the
growth properties of BCYE-GVPC medium.
Known positive water samples containing
‘wild’ strains of Legionella are preferable.

Corry et al. (1995) have updated their 1987 pub-
lication on culture media for food microbiology.
Each medium is fully described with a brief history
plus physical properties, shelf-life, inoculation
method, reading results and interpretation, quality
assessment (productivity and selectivity) with
appropriate references.

A closing comment should be made about culture
media incubation temperature. It is a sad and per-
sistent error that all European standards specify
37°C as the mean incubation temperature, rather
than the US standard of 35°C. Walk-in incubators
normally operate at + 2°C of the stated mean tem-
perature. Stressed organisms will recover and grow
better between 33 and 37°C than they will between
35 and 39°C.

IS THERE A FUTURE FOR
CONVENTIONAL CULTURE
MEDIA?

This is a question that has been regularly asked
over the last 30 years, as novel microbial detection
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and identification methods have come and gone.
One weakness with many ‘alternative’ tests has
been that, with the exception of methods based on
nucleic acid amplification, high concentrations of
organisms are required before they can be applied.
Culture media and all their problems are still
required before the novel method can be used. The
novel part is then often very expensive compared
with conventional culture media microbiology.

Rapid diagnostic tests for the presence of patho-
genic organisms in patients can be justified, in spite
of high costs, in certain circumstances:

® Where growth of the suspected organism is
very slow or uncertain in culture media

® Where very early diagnosis or differentiation
of agents causing identical symptoms is
required to allow life-saving procedures to be
applied, e.g. meningitis

® Where rapid screening of potential patients is
required for barrier nursing or isolation from
wards

® Where identification of very specific antigen-
variant types of the pathogen is urgently sought.

Other situations could be listed if the costs were
of less consequence. Unfortunately, health services
consume money with the same avidity that ‘black
holes’ consume matter. In the ‘rob Peter to pay
Paul’ situation that is common in most health serv-
ices, a best value solution is always sought.

There are good reasons why conventional meth-
ods of culturing micro-organisms will continue for
a substantial period of time:

® Unsuspected or ‘novel” micro-organisms that
emerge (e.g. legionellas).

® The methods used are very economical and it
can be envisaged that smaller culture, media-
packaged formats will be produced on high-
speed machines, thus improving the economy
of the methods.

® There are large parts of the world where, even
today, microbial diagnostic services are sadly
lacking. Even simple pathology services would
be a great advantage to the deprived
populations.

® Most importantly, only broad-spectrum
culture media are capable of nurturing and
cultivating quite unexpected organisms.
Until it is possible accurately to interpret
tissue SOS signals, the pyrexial, hypotensive
and very unwell patient requires an open
mind and non-discriminate investigations,
including conventional microbiological
testing.

As science and medicine progress at an accelerat-
ing rate, it would be foolish to attempt to predict
when a totally new and reliable system of identify-
ing significant microbial infection in a patient will
appear. The agar plate is about 120 years old and,
despite many forecasts of its imminent demise, it is
currently manufactured in larger numbers than
ever. It still appears to be in its log phase of growth.
Experience proves that technology does not
become obsolete until it is superseded by something
that is clearly superior. Microbiologists await the
arrival of superior microbial diagnostic methods
with great interest.

LABORATORY-PREPARED MEDIA

Most of the media mentioned in this book are
available commercially but some are not and the
formulae for these are given below. A few others
are in appropriate chapters.

Arginine broth

This is useful in identifying some streptococci and
Gram-negative rods:

Tryptone 5¢g
Yeast extract 5¢g
Dipotassium hydrogen phosphate 2g
L-Arginine monohydrochloride 3g
Glucose 05¢g
Water 1000 ml



Dissolve by heating, adjust to pH 7.0; dispense in
5- to 10-ml amounts and autoclave at 115°C for
10 min.

For arginine breakdown by lactobacilli, use MRS
(p. 347) broth in which the ammonium citrate is
replaced with 0.3% arginine hydrochloride.

Carbohydrate fermentation and
oxidation tests

Formerly known as ‘peptone water sugars’, some
of these media are now more nutritious and do not
require the addition of serum except for very fas-
tidious organisms. Liquid, semisolid and solid
basal media are available commercially and con-
tain a suitable indicator, e.g. Andrade (pH 5-8),
phenol red (pH 6.8-8.4) or bromothymol blue (pH
5.2-6.8).

Some sterile carbohydrate solutions (glucose,
maltose, lactose, dulcitol, mannitol,
salicin) are available commercially. Prepare others
as a 10% solution in water and sterilize by filtra-
tion. Add 10 ml to each 100 ml of the reconstituted
sterile basal medium and tube aseptically. Do not
heat carbohydrate media. Durham’s (fermentation)
tubes need to be added only to the glucose tubes;
gas from other substrates is not diagnostically sig-
nificant.

These media are not suitable for some organisms;
variations are given below.

sucrose,

Ammonium salt ‘sugars’

Pseudomonads and spore bearers produce alkali
from peptone water and the indicator may not
change colour. Use this basal synthetic medium
instead.

Ammonium dihydrogen phosphate 10g
Potassium chloride 02g
Magnesium sulphate 02¢g
Agar 100 g
Woater 1000 ml

Dissolve by heating, add 4 ml 0.2% bromothymol
blue and a final 1% sterile (filtered) carbohydrate
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solution (0.1% aesculin, 0.2% starch — these are
sterilized by steaming).

‘Anaerobic sugars’

Peptone water or serum peptone water sugar media
need to have a low oxygen tension for testing the
reactions of anaerobes, even under anaerobic con-
ditions. Add a clean wire nail to each tube before
sterilization. Do not add indicator until after
growth is seen.

Baird-Parker’s carbohydrate medium

For the sugar reactions of staphylococci and micro-
cocci use Baird-Parker (1966) formula:

Yeast extract lg
Ammonium dihydrogen phosphate l g
Potassium chloride 02¢g
Magnesium sulphate 02¢g
Agar 12¢g
Water 1000 ml

Steam to dissolve and adjust to pH 7.0. Add
20 ml of 2% bromocresol purple and bottle in
95-ml amounts. Sterilize at 115°C for 10 min.
For use, melt and add 5§ ml 10% sterile carbohy-
drate.

Lactobacilli fermentation medium

For sugar reactions of lactobacilli, make MRS base
(see p. 347) without Lab-Lemco and glucose and
adjust to pH 6.2-6.5. Bottle in 100-ml amounts
and autoclave at 115°C for 15 min. Melt 100 ml,
add 10 ml 10% sterile (filtered) carbohydrate solu-
tion and 2 ml 0.2% chlorophenol red. Dispense
aseptically.

Robinson’s serum water sugars

Some organisms will not grow in peptone water
sugars. Robinson’s serum water medium is supe-
rior to that of Hiss:

Peptone 5¢g
Disodium hydrogen phosphate l'g
Water 1000 ml

Steam for 15 min, adjust to pH 7.4 and add
250 ml horse serum. Steam for 20 min, add 10 ml
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Andrade indicator and 1% of appropriate sugar
(0.4% starch).

Unheated serum contains diastase and may con-
tain a small amount of fermentable carbohydrate,
so a buffer is desirable, particularly in starch fer-
mentation tests.

Gluconate broth

For differentiation among enterobacteria:

Yeast extract 10g
Peptone 15g
Dipotassium hydrogen phosphate 10g
Potassium gluconate 400 g
(Or sodium gluconate 3725 g)
Woater 1000 ml

Dissolve by heating, adjust to pH 7.0, filter if nec-
essary, dispense in 5- to 10-ml amounts and auto-
clave at 115°C for 10 min.

Hugh and Leifson’s medium

Peptone 20¢g
Sodium chloride 50¢
Dipotassium hydrogen phosphate 03g
Agar 30¢g
Water 1000 ml

Heat to dissolve, adjust to pH 7.1 and add 15 ml
0.2% bromothymol blue and sterile (filtered) glu-
cose to give a final 1% concentration. Dispense
aseptically in narrow (< 1 ¢cm) tubes in 8- to 10-ml
amounts.

Baird-Parker (1966) modification for
staphylococci and micrococci

Tryptone 10g
Yeast extract l g
Glucose 10g
Agar 2g
Water 1000 ml

Steam to dissolve, adjust to pH 7.2. Add 20 ml
0.2% bromocresol purple, tube in 10-ml amounts
in narrow (12 mm) tubes and sterilize at 115°C for
10 min.

Donovan’s (1966) medium

Originally devised to differentiate klebsiellas, this is
useful for screening lactose fermenting Gram-nega-
tive rods:

Tryptone I0g
Sodium chloride 5g
Triphenyltetrazolium chloride 05¢g
Ferrous ammonium sulphate 02¢g
I% aqueous bromothymol blue 3ml
Inositol I0g
Water 1000 ml

Dissolve by heating and adjust to pH 7.2.
Distribute in 4-ml amounts and autoclave at 115°C
for 15 min. Allow to set as butts.

Dorset’s egg medium

Wash six fresh eggs in soap and water, and break
into a sterilized basin. Beat with a sterile fork and
strain through sterile cotton gauze into a sterile
measuring cylinder. To three parts of egg add one
part nutrient broth. Mix, tube or bottle, and inspis-
sate in a sloped position for 45 min at 80-85°C.
Glycerol 5% may be added if desired. (Griffith’s
egg medium uses saline instead of broth and is use-
ful for storing stock cultures.)

Egg yolk salt broth and agar

For lecithinase tests:

Nutrient broth or blood agar base 10 ml
Egg yolk emulsion | ml
NaCl (5%) 0.2 ml



EMJ medium for leptospires

The formula is given by Waitkins (1985) but a
commercial preparation is available.

Selective EMJH/5FU medium
(Waitkins, 1985)

Dissolve 1 g S-fluorouracil (5FU) in about 50 ml
distilled water containing 1 mol/l NaOH by gentle
heat (do not exceed 56°C). Adjust to pH 7.4-7.6
with 1 mol/l HCI, make up to 100 ml with distilled
and sterilize through a membrane filter (0.45 um).
Dispense in 1-ml lots and store at —4°C.

Thaw 1 ml at 56°C and add it to 100 ml of the EM]
Medium (final concentration of SFU is 100 ug/ml).

Modified alkaline peptone water

This is used for isolating Vibrio cholerae:

Sodium chloride 100g
Magnesium chloride hexahydrate 40¢g
Potassium chloride 40¢g
Tryptone peptone 100 g

Adjust to pH 8.6, distribute and sterilize by auto-
claving (Roberts et al., 1995).

N medium (Collins, 1962)
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Na,HPO l'g
NaCl S5g
Agar 20g

Distilled water 1000 ml

Dissolve by heat; sterilize at 115°C for 10 min
and tube as slopes.

Phenolphthalein phosphate agar

This is used in the differentiation of mycobacteria:

NaCl 10g
MgSO,-7H,O 02¢g
KH,HPO, 05¢g
Na,HPO, 12H,0 30¢g
(NH,),SO, 100 ¢g
Glucose 100¢g
Phenylalanine agar

DL-Phenylalanine 2g
Yeast extract 3g

For the phosphatase test: add 1 ml of a 1% solution
of phenolphthalein phosphate to 100 ml of nutrient
agar or commercial blood agar base and pour plates.

Phenolphthalein sulphate agar

For the arylsulphatase test: dissolve 0.64 g potas-
sium phenolphthalein sulphate in 100 ml water
(0.01 mol/l). Dispense one of the Middlebrook
Broth media in 2.7-ml amounts and add 0.3 ml of
the phenolphthalein sulphate solution to each tube.

SPS (Sulphite Polymyxin Sulphadiazine
agar)

Peptone (from casein) 150¢g
Yeast extract 100 g
Ferric citrate 05¢g
Sodium sulphite 05¢g
Sodium sulphadiazine 0.12¢g
Agar 139¢
pH at 25°C 7.0

From Angelotti et al. (1962).

Tyrosine agar: xanthine agar

To 100 ml melted nutrient agar, add 5 g tyrosine
or 4 g xanthine and steam for 30 min. Mix well to
suspend amino acid and pour plates.
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‘Sloppy agar’ (Craigie tube)

Broth containing 0.1-0.2% agar will permit the
migration of motile organisms but will not allow
convection currents. This permits motile organisms
to be separated from non-motile bacteria in the
Craigie tube.

Dispense sloppy agar into 12-ml amounts in
screw-capped bottles. To each bottle add a piece of
glass tubing of dimensions 50 X 5 or 6 mm. There
must be sufficient clearance between the top of the
tube and the surface of the medium so that a menis-
cus bridge does not form, and the only connection
between the fluid and the inner tube is through the
bottom.

Starch agar

Prepare a 10% solution of soluble starch in
water and steam for 1 h. Add 20 ml of this solu-
tion to 100 ml melted nutrient agar and pour
plates.

Diluents

Saline and Ringer’s solutions

Physiological saline, which has the same osmotic
pressure as micro-organisms, is a 0.85% solution
of sodium chloride in water. Ringer’s solution,
which is ionically balanced so that the toxic effects
of the anions neutralize one another, is better than
saline for making bacterial suspensions. It is used at
one-quarter the original strength.

Sodium chloride (AnalaR) 215¢g
Potassium chloride (AnalaR) 0075 ¢
Calcium chloride, anhydrous (AnalaR) 0.12 g
Sodium thiosulphate pentahydrate 05¢g
Distilled water 1000 ml

The pH should be 6.6.
Both may be purchased as tablets.

Calgon Ringer’s
Alginate wool, used in surface swab counts, dis-
solves in this solution:

Sodium chloride 215¢g
Potassium chloride 0075 ¢
Calcium chloride 0.12¢g
Sodium hydrogen carbonate 005¢g
Sodium hexametaphosphate 10.00 g
pH 7.0

It is conveniently purchased as tablets.

Thiosulphate Ringer’s

This may be preferred for dilutions of rinses where
there may be residual chlorine. It is conveniently
manufactured in tablet form.

Maximum recovery diluent (MRD)

The safest and least lethal of diluents is 0.1% pep-
tone water.

Buffered peptone water

This is a useful pre-enrichment medium for the
enrichment of salmonellas from foods.

Peptone 100g
Sodium chloride 50¢g
Disodium hydrogen phosphate 35¢
Potassium dihydrogen phosphate I.5¢g
Distilled water 1000 ml

The pH should be 7.2.

Phosphate-buffered saline
This is a useful general diluent at pH 7.3:

Sodium chloride 80¢g
Potassium dihydrogen phosphate 034¢g
Dipotassium hydrogen phosphate 121 g
Water 1000 ml
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Adjustment of pH

The pH of reconstituted and laboratory-prepared
media should be checked with a pH meter but, for
practical purposes, devices such as the BDH
Lovibond Comparator are good enough.

Pipette 10 ml of the medium into each of two 152
x 16 mm test tubes. To one add 0.5 ml 0.04% phe-
nol red solution. Place the tubes in a Lovibond
Comparator with the blank tube (without indica-
tor) behind the phenol red colour disc, which must
be used with the appropriate screen. Rotate the disc
until the colours seen through the apertures match.
The pH of the medium can be read in the scale
aperture. Rotate the disc until the required pH fig-
ure is seen, add 0.05 mol/l sodium hydroxide solu-
tion or hydrochloric acid to the medium plus
indicator tube and mix until the required pH is
obtained.

From the amount added, calculate the volume of
1 or 5 mol/l alkali or acid that must be added to the
bulk of the medium. After adding, check the pH
again.

For example, 10 ml of medium at pH 6.4 requires
0.6 ml 0.05 mol/l sodium hydroxide solution to
give the required pH of 7.2. Then the bulk medium
will require:

[0.6 x 100]/20 = 3.0 ml | mol/l NaOH/litre

Discs of other pH ranges are available.

All final readings of pH must be made with the
medium at room temperature because hot medium
will give a false reaction with some indicators.
Note the volume of acid and alkali used and com-
pare with records of previous batches. Major dif-
ferences in pH or buffering capacity may indicate
an error in calculation or changes in the content of
raw materials.

GENERAL PRECAUTIONS

Ensure that all equipment, including autoclaves,
preparators and distributors, is regularly serviced
and maintained in good condition.

Do not overheat media or quality will be
impaired. Do not autoclave concentrates before
they are dissolved by prior heating or they will set
at the bottom of the vessel. Do not hold partly
processed media overnight.

Screw caps, aluminium or propylene closures are
better than cottonwool plugs.

CONTAMINATION

This is a major cause of media loss and may be
caused by inadequate heat processing or failure to
sterilize the distributing apparatus. The appearance
of a few colonies on plated media after storage may
indicate environmental fall-out. This may be
reduced or even eliminated by using automated
plate pouring machines and/or by pouring media in
laminar-flow clean air cabinets.

ISOLATION AND SELECTIVE
MEDIA: EFFICIENCY OF PLATING
TECHNIQUE

New batches of culture media may vary consider-
ably and should be tested in the following way.

Prepare serial tenfold dilutions, e.g. 10°-107, of
cultures of various organisms that will grow on or
be inhibited by the medium. For example, when
testing DCA wuse S. somnmei, S. typhi, S.
typhimurium, several other salmonellas and E. coli.
Use at least four well-dried plates of the test
medium for each organism and at least two plates
each of a known satisfactory control medium and a
non-selective medium, e.g. nutrient agar. Do Miles
and Misra drop counts with the serial dilutions of
the organisms on these plates so that each plate is
used for several dilutions (Figure 5.1) (see p. 148).

Count the colonies, tabulate the results and com-
pare the performances of the various media. These
may suggest that in a new batch of a special
medium it is necessary to alter the proportion of
certain ingredients.

Stock cultures will, however, frequently grow on
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10°

6
10
i Two colonies

—4
10
19 colonies

10°
Uncountable
(more than 200 colonies)

Figure 5.1 Miles and Misra count

media that will not support the growth of ‘dam-
aged’ organisms from natural materials. It is best,
therefore, to use dilutions or suspensions of such
material.

With some culture media, these drop counts do
not give satisfactory results because of reduced sur-
face tension. An alternative procedure is recom-
mended.

Make cardboard masks to fit over the tops of
Petri dishes and cut a square 25 x 25 mm in the
centre of each. Place a mask over a test plate and
drop one drop of the suspension through the
square on the medium. Spread the drop over the
area limited by the mask. This method has the
additional advantage of making colony counts eas-
ier to perform but more plates must, of course, be
tested.

In addition to these EOP tests, ordinary plating
methods should be used to compare colony size
and appearance.

IDENTIFICATION MEDIA

Maintain stock cultures (see p. 86) of organisms
known to give positive or negative reactions with
the identification tests in routine use. The same
organism may often be used for a number of tests.
When a new batch of any identification medium is
anticipated, subculture the appropriate stock strain
so that a young, active culture is available. Test the
new medium with this culture.

Keep stock cultures of the organisms likely to be
encountered, preferably from a type culture collec-
tion and maintained freeze-dried until required.

Subculture these cultures to test new batches of cul-
ture media.

Caution: bacteria in Hazard Group 3 should not
be used unless the tests can be conducted in Level
3 laboratories.
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Cultural methods

GENERAL BACTERIAL FLORA

Specimens and samples for microbiological exami-
nation may contain mixtures of many different
micro-organisms. To observe the general bacterial
flora of a sample of any material, use non-selective
media. No one medium or any one temperature
will support the growth of all possible organisms. It
is best to use several different media, each favour-
ing a different group of organisms, and to incubate
at various temperatures aerobically and anaerobi-
cally. The pH of the medium used should approxi-
mate that of the material under examination.

For bacteria, examples are nutrient agar, glucose
tryptone agar and blood agar and, for moulds and
yeasts, malt agar and Sabouraud’s agar.

Methods for estimating bacterial numbers are
given in Chapter 10, and the dilution methods
employed for that purpose can be used to make
inocula for the following techniques. Three meth-
ods are given here for plating material. They
depend on separating clumps or aggregates of bac-
teria so that each will grow into a separate colony
(but see Chapter 10). Colonies resulting from these
manipulations may then be subcultured for further
examination.

Pour plate method

Melt several tubes each containing 15 ml medium.
Place in water bath at 45-50°C to cool. Emulsify
the material to be examined in 0.1% peptone water
and prepare 107", 10 and 10~ dilutions in the same
diluent (see p. 146). Add 1 ml of each dilution to
15 ml of the melted agar, mix by rotating the tube

between the palms of the hands, and pour into a
Petri dish. Make replicate pour plates of each dilu-
tion for incubation at different temperatures.
Allow the medium to set, invert the plates and incu-
bate. This method gives a better distribution of
colonies than that used for the plate count (see
p. 146), but cannot be used for that purpose
because some of the inoculum, diluted in the agar,
remains in the test tube.

Spreader method

Dry plates of a suitable medium. Make dilutions of
the emulsified material as described above. Place
about 0.05 ml (1 drop) of dilution in the centre of
a plate and spread it over the medium by pushing
the glass spreader backwards and forwards while
rotating the plate. Replace the Petri dish lid and
leave for 1-2 h to dry before inverting and incubat-
ing as above. Plates that are wet may yield conflu-
ent growth in spots because of growth of cells in
the liquid on the surface.

Looping-out method

Make dilutions of material as described above.
Usually the neat emulsion and a 10~ dilution will
suffice. Place one loopful of material on the
medium near the rim of the plate and spread it over
the segment (Figure 6.1a). Flame the loop and
spread from area A over area B with parallel
streaks, taking care not to let the streaks overlap.
Flame the loop and repeat with area C, and so on.
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Figure 6.1 (a) ‘Spreading’ or ‘looping-out’ on a plate; (b) rotary

plating

Each looping out dilutes the inoculum. Invert the
plates and incubate.

When looping-out methods are used, two loops
are useful: one is cooling while the other is being
used.

These surface plate methods are said to give better
isolation of anaerobes than pour plates.

Spiral or rotary plating

Spiral platers are used extensively in the food,
pharmaceuticals, cosmetics and water industries to
count bacteria. The benefits of spiral plating com-
pared with conventional methods include minimal
set-up time, the elimination of serial dilutions, up
to 69% labour saving, a reduction in consumable
costs and laboratory waste with up to a two-thirds
reduction in incubator space
Incubated plates can then be counted manually or
automatically using image analysis systems with
the requisite software.

Although the early spiral platers were purely
mechanical the current generation of instruments
use a microprocessor to control all aspects of the
deposition of liquid sample on to the surface of a
rotating agar plate. The stylus arm dispenses liquid
samples in an Archimedes spiral, either uniformly
across the plate, or as a continuous decreasing vol-
ume producing the equivalent of a thousandfold
dilution across a single plate. Pre-programmed
options allow liquid sample to be dispensed in a
variety of ways, using up from 10 to 400 ul of

requirements.

sample. One impressive feature of the WASP sys-
tem (Don Whitley Scientific Ltd, UK) is the ability
to load sample, inoculate a plate and then clean the
stylus with a single keystroke. This instrument also
has an automatic cleaning cycle, which uses sanitiz-
ing solution from an integral reservoir and sterile
water contained in autoclavable vessels. To ensure
that less experienced users can operate the instru-
ment with the minimum risk of inaccurate results,
the user-selectable parameters can be chosen and
then locked. The microprocessor continually mon-
itors the travel and relative positions of the syringe,
carriage and turntable, and these can be interro-
gated by service engineers. The results are then
compared with factory settings, generating valu-
able instrument calibration data, essential for
today’s quality standards.

Hand-operated platers (with electrically driven
turntable) are also available. Place an open plate on
the turntable. Touch the rotating plate with the
charged loop at the centre of the medium and draw
it slowly towards the circumference. A spiral of
bacterial growth will be obtained after incubation
which will show discrete colonies (see Figure 6.1b).

Multipoint inoculators

These are convenient tools when many replicate
cultures are needed. They are fully or semi-auto-
matic and spot inoculate large numbers of Petri
dish cultures. A number of pins take up the inocu-
lum from a single reservoir or different inocula
from the wells in, for example, a microtitre plate
and spot inoculate the medium on one or a succes-
sion of Petri dishes. Multipoint inoculators have
heads for up to 36 pins for 90-mm dishes and 96
for larger dishes. A variety of these instruments is
available commercially. They are particularly use-
ful for combined antibiotic susceptibility, mini-
mum inhibitory concentration tests, the quality
control of culture media, the assessment of bacter-
ial loads of large numbers of samples (e.g. urines,
foods) and in some identification procedures, e.g.
of staphylococci and enterobacteria.



The UK Public Health Laboratory Service has
published an excellent guide to multipoint inocula-
tion methods (Faiers et al., 1991).

Shake tube cultures

These are useful for observing colony formation in
deep agar cultures, especially of anaerobic or
microaerophilic organisms.

Dispense media, e.g. glucose agar or thioglycol-
late agar, in 15- to 20-ml amounts in bottles or
tubes 20-25 mm in diameter. Melt and cool to
approximately 45°C. Add about 0.1 ml inoculum
to one tube, mix by rotating between the palms,
remove one loopful to inoculate a second tube, and
so on. Allow to set and incubate. Submerged
colonies will develop and will be distributed as fol-
lows: obligate aerobes grow only at the top of the
medium and obligate anaerobes only near the bot-
tom; microaerophiles grow near but not at the top;
and facultative organisms grow uniformly through-
out the medium. Banding of growth in response of
oxygen concentration may be observed by reducing
the agar concentration in the medium to 0.5-1.0%

(‘sloppy agar’).

Stab cultures

These can be used to observe motility, gas produc-
tion and gelatin liquefaction. Dispense the medium
in 5-ml amounts in tubes or bottles of 12.5 mm
diameter and inoculate by stabbing a loaded wire
down the centre of the agar.

Subcultures

Place the plate culture under a low-power binocu-
lar microscope and select the colony to be exam-
ined. With a flamed straight wire (r0¢ a loop) touch
the colony. There is no need to dig or scrape; too
vigorous handling may result in contamination
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with adjacent colonies or with those beneath the
selected colony.

With the charged wire, touch the medium on
another plate, flame the wire and then use a loop to
spread the culture to obtain individual colonies.
This should give a pure culture but the procedure
may need repeating.

To inoculate tubes or slopes, follow the same pro-
cedure. Hold the charged wire in one hand and the
tube in the other in an almost horizontal position.
Remove the cap or plug of the tube by grasping it
with the little finger of the hand holding the wire.
Pass the mouth of the tube through a Bunsen flame
to kill any organism that might fall into the culture,
and inoculate the medium by drawing the wire
along the surface of a slope or touching the surface
of a liquid. Replace the cap or plug and flame the
wire. Several tubes may be inoculated in succession
without recharging the wire.

ANAEROBIC CULTURE

Anaerobic jars

Modern anaerobic jars are made of metal or trans-
parent polycarbonate, are vented by Schrader
valves and use ‘cold’ catalysts. They are therefore
safer than earlier models; internal temperatures
and pressures are lower. More catalyst is used and
the escape of small particles of catalyst, which can
ignite hydrogen—air mixtures, is prevented.
Nevertheless, the catalyst should be kept dry, dried
after use and replaced frequently.

For ordinary clinical laboratory work the com-
mercial sachets are a convenient source of hydro-
gen and hydrogen—carbon dioxide mixtures. A
recent development is a sachet that achieves reli-
able anaerobic conditions without generating
hydrogen. The final atmosphere contains less than
1% oxygen, supplemented with carbon dioxide.

Place the plates ‘upside down’, i.e. with the
medium at the bottom of the vessel. If they are
incubated the right way up, the medium sometimes
falls into the lid when the pressure is reduced. Dry
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the catalyst capsule by flaming and replace the
lid.

Some workers prefer to use pure hydrogen or a
mixture of 90% hydrogen and 10% carbon diox-
ide. A non-explosive mixture of 10% hydrogen,
10% carbon dioxide and 80% nitrogen is safer (see
Kennedy, 1988), but may be difficult to obtain in
some countries. There is a common misconception
about storing these cylinders horizontally: they
may safely be stored vertically.

For the evacuation-replacement jar technique
with a mixture containing 90% or more hydrogen
attach a vacuum pump to the jar across a
manometer and remove air to about —300 mmHg.
Replace the vacuum with the gas mixture, discon-
nect both tubes and allow the secondary vacuum
to develop as the catalyst does its work. Leave for
10 min and reconnect the manometer to check
that there is a secondary vacuum of about
-100 mmHg. This indicates that the seals of the
jar are gas tight and that the catalyst is working
properly. Replace the partial vacuum with gas to
atmospheric pressure.

Note that if the gas mixture contains only 10%
hydrogen the jar must be evacuated to at least
—610 mmHg so that enough oxygen is removed for
the catalyst and hydrogen to remove the remainder.

Indicators of anaerobiosis

‘Redox’ indicators based on methylene blue and
resazurin are available commercially. There is a
simple test to demonstrate that anaerobiosis is
achieved during incubation: inoculate a blood
agar plate with Clostridium perfringens and place
on it a 5-ug metronidazole disc. This bacterium is
not very exacting in its requirement for anaerobio-
sis and will grow in suboptimal conditions. A zone
of inhibition around the growth indicates that
conditions were sufficiently reduced for the drug
to work and that anaerobiosis is adequate. There
is little to commend the use of Pseudomonas
aeruginosa as a ‘negative’ control. Even if a ‘posi-
tive’ control such as C. tetani fails to grow, it does

not necessarily suggest inadequate anaerobic con-
ditions.

Anaerobic cabinets

Although the development of anaerobic jars proved
to be a major advance, it was not until the advent
of anaerobic workstations that the microbiologist
could easily process, culture and examine samples
without exposing them to atmospheric oxygen. It is
well established that anaerobe isolation rates are
significantly increased through the use of anaerobic
Wren (1977), working at the
London Hospital, showed an increase in isolation
rate of anaerobes from 9.7% when using anaerobic
jars opened at both 24 and 48 hours for examina-
tion to 28.1% with jars left for 48 hours before
being opened, and to 35.7% when using an anaer-
obic workstation. Wren concluded that ‘uninter-
rupted anaerobic incubation for 48 h substantially
increases the yield of anaerobic isolates’. Ten years
later a study at Newcastle General Hospital by
Sissons et al. (1987) showed an isolation rate of
43.6% using anaerobic jars, which was increased
to 56.4% with an anaerobic workstation. The prin-
cipal reason for these differences is straight-
forward: anaerobic workstations provide an
immediate and sustained oxygen-free atmosphere
throughout the sample manipulation and incuba-
tion period. Furthermore, anaerobic jars are fre-
quently not anaerobic as a result of either a
poisoned catalyst or the poor technique used when
setting up the jar. It must of course be mentioned
that fundamental to good anaerobic microbiology
is the requirement to ensure that samples are not
exposed to oxygen after sampling. Oxygen expo-
sure will of course reduce culturability of the most
stringent of anaerobes in the sample.

workstations.

Culture under carbon dioxide

Some microaerophiles grow best when the oxygen
tension is reduced. Capnophiles require carbon



dioxide. For some purposes, candle jars are ade-
quate, providing approximately 2.5% CO,. Place
the cultures in a can or jar with a lighted candle or
night-light. Replace the lid. The light will go out
when most of the oxygen has been removed and be
replaced with CO,.

Alternatively, place 25 ml 0.1 mol/l HC1 in a 100-
ml beaker in the container and add a few marble
chips before replacing the lid.

Commercial CO, sachets, hydrogen—CO, sachets
or CO, from a cylinder may be used with an anaer-
obic jar. Remove air from the jar down to
—-76 mmHg and replace with CO, from a football
bladder. This is the best method for capnophiles,
which require 10-20% CO, to initiate growth, but,
if extensive work of this nature is carried out, a
CO, incubator is invaluable. A nitrogen-CO, mix-
ture can be used instead of pure CO,.

Many clinical laboratories now purchase ‘CO,
incubators’ that automatically maintain a predeter-
mined level of CO, and humidity (see p. 27).

Incubation of cultures

Incubators are discussed in Chapter 2. In most clin-
ical laboratories the usual temperature to be main-
tained is 35-37°C. A dish of water should be placed
on the floor of an incubator (especially if air is cir-
culated to prevent the drying of media in Petri
dishes). For culturing at 20-22°C incubators fitted
with cooling coils may be necessary. Alternatively,
cultures may be left on the bench, but a cupboard is
better because draughts can be avoided. A maximum
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and minimum thermometer is necessary. Ambient
temperatures often fluctuate widely when windows
are open or heating is switched off at night.

Psychrophiles are usually incubated at 4-7°C.
Again, incubators need a cooling coil, but a domes-
tic refrigerator may be used, provided that it is
not opened too often. Thermophiles require
55-60°C.

Incubate Petri dish cultures upside down, i.e.
medium uppermost (except in anaerobic vessels),
otherwise condensation collects on the surface of
the medium and prevents the formation of isolated
colonies.

If it is necessary to incubate Petri dish cultures for
several days, seal them with adhesive tape or place
them in plastic bags or plastic food containers.

COLONY AND CULTURAL
APPEARANCES

Although colony recognition is often now consid-
ered to be ‘old-fashioned’ much time and labour
may be saved in the identification of bacteria if
workers
appearances on specific media. These appearances
and the terms used to describe them are illustrated
in Figure 6.2.

Examine colonies and growths on slopes with a
hand lens or, better, plate microscope. Observe pig-
ment formation both on top of and under the sur-
face of the colony and note whether pigment
diffuses into the medium. In broth cultures, surface
growth may occur in the form of a pellicle.

familiarize themselves with colonial

i,

[ —— ey
Effuse Raised Domed Umbonate
or flat

Entire Irregular Crenated Rhizoid

Figure 6.2 Description of colonies
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Odours

Some cultures develop characteristic odours, but
caution is required before smelling them.
Laboratory workers have acquired infections, e.g.
with brucellas, as a result of sniffing cultures
(Collins and Kennedy, 1999).

Nevertheless, odours may be helpful in noting the
presence of some bacteria. Examples are the ‘grapy’
odour of P. aeruginosa and the ‘fruity’ odour of
Alcaligenes faecalis, likened to green apples. Some
other organisms with quite distinct odours are:
Proteus and Providencia spp. (similar to Proteus
spp., but somewhat sweeter), Serratia odorifera
(usually described as musty, or compared with
mouldy potatoes), Streptococcus milleri (like
caramel), Klebsiella spp. (a fishy, amine odour),
Enterobacter spp. (resembling mouldy oranges),
Nocardia (earthy) and Citrobacter spp. (faecal and
quite unpleasant). Some of these odours are
described by Murray et al. (1999).

AUXANOGRAMS

These are used to investigate the nutritional
requirements of bacteria and fungi, e.g. which
amino acid or vitamin substance is required by
‘exacting strains’ or which carbohydrates the
organisms can use as carbon sources.

Make a minimal inoculum suspension of the
organism to be tested in phosphate-buffered saline.
Centrifuge and re-suspend in fresh phosphate-
buffered saline. Wash again in the same way and
add 1 ml to several 15-ml amounts of mineral salts
medium (see p. 64) with indicator. Pour into plates.
On each plate place a filter-paper disc of 5-mm
diameter and on the filter paper place one loopful
of a 5% solution of the appropriate carbohydrate.
Incubate and observe growth.

When testing for amino acid or vitamin require-
ments in this way, use the basal medium plus glu-
cose. Several discs, each containing a different
amino acid, can be used on a single plate.

Commercially prepared discs and auxanogram
kits are available.

STOCK CULTURES

Most laboratories need stock cultures of ‘standard
strains’ of micro-organisms for testing culture
media and controlling certain tests, and so that
workers may become familiar with cultural appear-
ances and other properties. These must be subcul-
tured periodically to keep them alive, with the
consequent risk of contamination; more impor-
tantly, in laboratories engaged on assay work, this
is for the involuntary selection of mutants. It is
because of mutations in bacterial cultures that the
so-called ‘standard strains’ or ‘type cultures’ so
often vary in behaviour from one laboratory to
another.

To overcome these difficulties, type culture collec-
tions of bacteria, fungi, yeasts and other micro-
organisms of medical and industrial importance are
maintained by government and other laboratories.
In these establishments, the cultures are preserved
in a freeze-dried state, and in the course of mainte-
nance of the stocks they are tested to ensure that
they conform to the official descriptions of the
standard or type strains.

In the UK these collections, under the aegis of the
UK National Culture Collection (UKNCC), are dis-
tributed among a number of institutions. The
addresses of the various collections may be found
on the website (www.ukncc.co.uk). In the USA the
American Type Culture Collection (ATCC) is at
PO Box 1549, Manassas, VA20108, USA.

Strains that are to be used occasionally, or rarely,
should be obtained when required and not main-
tained in the laboratory. Strains that are in con-
stant use may be kept for short periods by serial
subculture, for longer periods by one of the drying
methods and indefinitely by freeze-drying. When
stocks of dried or freeze-dried cultures need renew-
ing, however, it is advisable to start again with a
culture from one of the National Collection rather
than to perpetuate one’s own stock.


www.ukncc.co.uk

Serial subculture

The principle is to subculture as infrequently as
possible in order to keep the culture alive, and to
arrest growth as early as possible in the logarithmic
phase so as to avoid the appearance and possible
selection of mutants. Useful media for keeping
stock cultures of bacteria are Dorset egg, fastidious
anaerobe medium, Robertson’s cooked meat and
litmus milk. Fungi may be maintained on
Sabouraud’s medium. These media must be in
screw-capped bottles. It is difficult to keep cultures
of some of the very fastidious organisms, e.g. gono-
cocci, and it is advisable to store them above liquid
nitrogen (see below).

Inoculate two tubes, incubate until growth is just
obvious and active, e.g. 12-18 h for enterobacteria,
other Gram-negative rods and micrococci, and 2 or
3 days for lactobacilli. Cool the cultures and store
them in a refrigerator for 1-2 months.

Keep one of these cultures, A, as the stock, and
use the other, B, for laboratory purposes.

Stock A > A, > A, S A,
P
Use B B B B

PRESERVATION OF CULTURES

Drying cultures

Two methods are satisfactory. To dry by Stamp’s
method, make a small amount of 10% gelatin in
nutrient broth and add 0.25% ascorbic acid. Add a
thick suspension of the organisms before the
medium gels (to obtain a final density of about 10"
organisms/ml). Immerse paper sheets in wax, drain
and allow to set. Drop the suspension on the waxed
surface. Dry in a vacuum desiccator over phospho-
rous pentoxide. Store the discs that form in screw-
capped bottles in a refrigerator. Petri dishes
smeared with a 20% solution of silicone in light
petroleum and dried in a hot-air oven can be used
instead of waxed paper.
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Rayson’s method is slightly different. Use 10%
serum broth or gelatin broth and drop on discs of
about 10-mm diameter cut from Cellophane and
sterilized in Petri dishes. Dry in a vacuum desicca-
tor over phosphorous pentoxide. Store in screw-
capped bottles in a refrigerator.

To reconstitute, remove one disc with sterile for-
ceps into a tube of broth and incubate.

Freezing

Make thick suspensions of bacteria in 0.5 ml sterile
tap water or skim milk in screw-capped bottles and
place in a deep freeze at —40°C or, better, —70°C.
Many organisms remain viable for long periods in
this way.

Make heavy suspensions in 30% glycerol in 1%
peptone water (preserving medium) and distribute
in small vials. Freeze at —70°C (-20°C may suffice).
There are commercial systems (e.g. Prolab, UK) in
which suspensions are added to vials containing
prepared beads. The excess fluid is removed and
the vial frozen. One bead is removed to culture
medium as required.

Suspensions may also be stored in ampoules in the
vapour phase above liquid nitrogen in a Dewar ves-
sel. Note that this should not be in the liquid nitro-
gen itself. If the liquid finds its way into an
imperfectly sealed ampoule it will expand rapidly
to its gaseous phase when the ampoule is removed
from the Dewar vessel, causing it to explode and
disperse its contents. Also, if an ampoule breaks the
liquid nitrogen can become contaminated with the
micro-organisms.

Freeze-drying

Suspensions of bacteria in a mixture of one part
30% glucose in nutrient broth and three parts com-
mercial horse serum are frozen and then dried by
evaporation under vacuum. This preserves the bac-
teria indefinitely and is known as lyophilization.
Yeasts, cryptococci, nocardias and streptomycetes
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can be lyophilized by making a thick suspension in
sterile skimmed milk fortified with 5% sucrose.
This simple protective medium can be sterilized by
autoclaving in convenient portions, e.g. 3 ml in
5-ml screw-capped bottles.

Several machines are available. The simplest con-
sists of a metal chamber in which solid carbon
dioxide and ethanol are mixed. The bacterial sus-
pension is placed in 0.2-ml amounts in ampoules or
small tubes together with a label, and these are held
in the freezing mixture, which is at about —78°C,
until they freeze. They are then attached to the
manifold of a vacuum pump capable of reducing
the pressure to less than 0.01 mmHg. Between the
pump and the manifold, there is a metal container,
usually part of the freezing container, in which a
mixture of solid carbon dioxide and phosphorous
pentoxide condenses the moisture withdrawn from
the tubes. The tubes or ampoules are then sealed
with a small blowpipe.

Simultaneous freezing and drying is carried out in
centrifugal freeze-dryers in which bubbling of the
suspension is prevented by centrifugal action.
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Identificatio

n methods

In general, the identification of micro-organisms
requires both microscopic examination and cul-
tural tests. It may also require serological tests.
Pure cultures are essential and methods for obtain-
ing them are described in Chapter 6. It may be nec-
essary, however, to plate out subcultures
repeatedly to ensure that only one kind of organism
is present. General-purpose media should be used,
provided that they support the growth of the
organism in question. Colonies taken from selec-
tive media may contain organisms, the growth of
which has been suppressed.

Cultures for identification should first be exam-
ined microscopically. Stained films may reveal
mixed cultures.

MICROSCOPY

Preparation of films for microscopy

It is not easy to observe the morphology of most
bacteria in wet, unstained preparations, even with
light, dark-field or phase contrast microscopy. It is
better to stain thin films of the organisms, prepared
as follows.

Place a very small drop of saline or water in the
centre of a 76 x 25 mm glass microslide. Remove a
small amount of bacterial growth with an inoculat-
ing wire or loop, emulsify the organisms in the lig-
uid, spreading it to occupy about 1 or 2 cm’. For all
stains it is important to be able to examine single
cells, not cells in clumps. Cells in clumps may not
display the correct stain reaction. This is why a
minimal amount of material is transferred to the

slide surface. Allow to dry in air or by waving high
over a Bunsen burner flame, taking care that the
slide becomes no warmer than can be borne on the
back of the hand. Pass the slide, film side down,
once only through the Bunsen flame to ‘fix’ it. This
coagulates bacterial protein and makes the film less
likely to float off during staining. It may not kill all
the organisms, however, and the film should still be
regarded as a source of infection. Methods for
staining are given below. After staining, drain, blot
with fresh clean filter paper and dry by gentle heat
over a Bunsen flame.

Most laboratories now buy stains in solution
ready for use or as concentrated solutions, rather
than as dry substances. The formulae of some are,
however, given below. Make sure that any stain
solution used is free of particulate matter. Filter if
necessary.

In the USA only stains certified by the Biological
Stains Commission should be used. In the UK there
is no comparable system and stains prepared by
one of the specialist organizations should be pur-
chased.

A large number of stains, mostly basic aniline
dyes, have been used and described. For practical
purposes, however, one or two simple stains, the
Gram method and an acid-fast stain are all that are
required, plus one stain for fungi. A few other
stains are described here, including methods for
staining capsules and spores.

Methylene blue stain

Stain for 1 min with a 0.5% aqueous solution of
methylene blue or Loeffler’s methylene blue: mix
30 ml saturated aqueous methylene blue solution
with 100 ml 0.1% potassium hydroxide. Prolonged
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storage, with occasional shaking, yields ‘poly-
chrome’ methylene blue for M’Fadyean’s reaction
for Bacillus anthracis in blood films.

Fuchsin stain

Stain for 30 s with the following: dissolve 1 g basic
fuchsin in 100 ml 95% ethanol. Stand for 24 h.
Filter and add 900 ml water. Or use carbol-fuchsin
(see ‘Acid-fast stain’) diluted 1:10 with phenol
saline.

Gram stain

There are many modifications of this. This is
Jensen’s version:

1. Dissolve 0.5 g methyl violet in 100 ml
distilled water.

2. Dissolve 2 g potassium iodide in 20 ml
distilled water. Add 1 g finely ground iodine
and stand overnight. Make up to 300 ml
when dissolved.

3. Dissolve 1 g safranin or 1 g neutral red in
100 ml distilled water.

Stain with methyl violet solution for 20 s. Wash
off and replace with iodine solution. Leave for 1
min. Wash off iodine solution with 95% alcohol or
acetone, leaving on for a few seconds only. Wash
with water. Counterstain with fuchsin or safranin
for 30 s. Wash and dry.

Some practice is required with this stain to
achieve the correct degree of decolourization.
Acetone decolourizes much more rapidly than
alcohol.

The Hucker method is commonly used in
American laboratories.

1. Dissolve 2 g crystal violet in 20 ml 95%
ethanol. Dissolve 0.8 g ammonium oxalate in
80 ml distilled water. Mix these two
solutions, stand for 24 h and then filter.

2. Dissolve 2 g potassium iodide and 1 g iodine
in 300 ml distilled water using the method
described for Jensen’s Gram stain.

3. Grind 0.25 g safranin in a mortar with 10 ml
95% ethanol. Wash into a flask and make up
to 100 ml with distilled water.

Stain with the crystal violet solution for 1 min.
Wash with tap water. Stain with the iodine solution
for 1 min. Decolourize with 95% ethanol until no
more stain comes away. Wash with tap water. Stain
with the safranin solution for 2 min. Wash and dry.

Acid-fast stain

The Ziehl-Neelsen method employs carbol fuchsin,
acid-alcohol and a blue or green counterstain.
Colour-blind workers should use picric acid coun-
terstain.

I. Basic fuchsin 5g
Crystalline phenol (caution) 25¢g
95% alcohol 50 ml
Distilled water 500 ml

Dissolve the fuchsin and phenol in the alcohol
over a warm water bath, then add the water. Filter
before use.

2. 95% ethyl alcohol 970 ml
Conc. hydrochloric acid 30 ml

3. 0.5% methylene blue or malachite green, or
0.75% picric acid in distilled water.

Pour carbol-fuchsin on the slide and heat care-
fully until steam rises. Stain for 3—5 min but do not
allow to dry. Wash well with water, decolourize
with acid-alcohol for 10-20 s, changing twice, and
counterstain for a few minutes with methylene
blue, malachite green or picric acid.

Some workers prefer the original decolourizing
procedure with 20% sulphuric acid followed by
95% alcohol.

When staining nocardias or leprosy bacilli, use
1% sulphuric acid and no alcohol.

Cold staining methods are popular with some
workers. For the Muller—Chermack method add 1
drop Tergitol 7 (sodium heptadecyl sulphate) to
25 ml carbol-fuchsin and proceed as for the
Ziehl-Neelsen stain.

For Kinyoun’s method make the carbol-fuchsin
as follows:

Basic fuchsin 4
Melted phenol (caution) 8¢g
95% ethanol 20 ml
Distilled water 100 ml



Dissolve the fuchsin in the alcohol. Shake gently
while adding the water. Then add the phenol.
Proceed as for Ziehl-Neelsen stain but do not heat.
Decolourize with 1% sulphuric acid in water.

Fluorescent stain for acid-fast bacilli

There are several of these. We have found this
auramine—phenol stain adequate:

I. Phenol crystals (caution) 3g
Auramine 03g
Distilled water 100 ml

2. Conc. HCI 0.5 ml
NaCl 05¢g
Ethanol 75 ml

3. Potassium permanganate 0.1% in distilled water.

Prepare and fix films in the usual way. Stain with
auramine—phenol for 4 min. Wash in water.
Decolourize with acid-alcohol for 4 min. Wash
with permanganate  solution.
Permanganate bleaches the colour, so be careful
not to decolourize too much.

potassium

Staining corynebacteria

To show the barred or beaded appearance and the
granules of these organisms,
Laybourn’s modification of Albert’s stain may be
used:

metachromatic

1. Dissolve 0.2 g malachite green and 0.15 g
toluidine blue in a mixture of 100 ml water,
1 ml glacial acetic acid and 2 ml 95%
alcohol.

2. Dissolve 3 g of potassium iodide in
50-100 ml distilled water. Add 2 g finely
ground iodine and leave overnight. Make up

to 300 ml.

Stain with solution (1) for 4 min. Wash, blot and
dry, and stain with solution (2) for 1 min. The
granules stain black and the barred cytoplasm light
and dark green.

Spore staining

Make a thick film, and stain for 3 min with hot car-
bol-fuchsin (Ziehl-Neelsen). Wash and flood with
30% aqueous 2  min.

ferric chloride for

Microscopy 9l

Decolourize with 5% sodium sulphite solution.
Wash and counterstain with 1% malachite green.

Flemming’s technique substitutes nigrosin for the
counterstain. Spread nigrosin over the film with the
edge of another slide.

Spores are stained red. Cells are green, or with
Flemming’s method are transparent on a grey back-
ground.

Capsule staining

Place a small drop of India ink on a slide. Mix into
it a small loopful of bacterial culture or suspension.
Place a cover glass over the drop avoiding air bub-
bles and press firmly between blotting paper.
Examine with a high-power lens. (Dispose of blot-
ting paper in disinfectant.)

For dry preparations mix one loopful of India ink
with one loopful of a suspension of organisms in
5% glucose solution at one end of a slide. Spread
the mixture with the end of another slide, allow
drying and pour a few drops of methyl alcohol over
the film to fix. Stain for a few seconds with methyl
violet (Jensen’s Gram solution No. 1). The organ-
isms appear stained blue with capsules showing as
haloes.

Giemsa stain may be used. Fix the films in
absolute methanol for 3 min. Pour on Giemsa stain
and leave until it has almost dried up. Wash rapidly
in water and then in phosphate buffer (0.001 mol/l,
pH 7.0). Blot and dry. Capsules are stained pink
and bacterial cells blue.

Flagella stains

This is a modification of Ryu’s method (Kodaka et
al., 1982).

I. Tannic acid powder 10g
Phenol 5% in water (caution) 50 ml
Aluminium potassium sulphate-

12H,0, saturated solution 50 ml

2. Crystal violet 12¢g

Ethanol 100 ml

Mix 10 parts of (1) with 1 part of (2) and stand for
3 days before use.

Use a young culture and dilute it with water until
it is barely turbid. Place a small drop on a very
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clean, flamed slide. Allow it to spread and dry in
air. Stain for 15 min, wash and dry.

Table 7.1 Bacterial strains for use in control tests in

identification procedures

. , . Strain NCTC ATCC
Diene’s stain for mycoplasmas
Acinetobacter
Methylene blue 25¢g calcoaceticus 7844 15308
Azure |l 1.25 g Iwoffi 5866 15309
Sodium bicarbonate 0.15¢ Aeromonas hydrophila 8049 7966
Maltose 0g Alkaligenes faecalis 415 19018
Benzoic acid 02g Bacillus
Dissolve in 100 ml distilled water. cereyf 10876 7464
subtilis 6633 10400
Clostridium
histolyticum 19401 503
CULTURE PROCEDURES perigens 3124 8237
Edwardsiella tarda 10396 19547
There are three approaches to the identification of Enterobacter 13048 10006
bacteria: ‘traditional’, ‘kit’ and ‘automated’. As a,emgenes 10005
many of the traditional methods have now been clogcae i B
laced i ¢ clinical laboratories b Enterococcus faecalis 29212 -
feplaced I most cliical [aboratories by PaPet | g perichia col 25922 10418
discs, strips and batteries of tests in kits, these will )
) . . Mycobacterium
be considered first. Automated methods for identi- fortuitum 10349 6841
fication are described in Chapter 8. kansasii 10268 1447
phlei 8151 19249
terrae 10856 15755
Controls Nocardia
braziliensis 11274 19296
As indicated in Chapter 2, quality control is impor- otitidiscaviarum 1934 14629
tant. Stock cultures of known organisms should Pmte_”s -
therefore be included in test procedures. Suitable m'mb"fs I(;:;? B
organisms, with their NCTC and ATCC catalogue retigeri -
. . Pseudomonas aeruginosa 27853 10662
numbers, are listed in Table 7.1. They may be stored ,
. . Serratia marcescens 13880 10218
and resuscitated for use as described on p. 87.
Staphylococcus
epidermidis 12228 -
aureus 25923 6571
Kits for bacteriology Streptococcus
agalactiae 13813 818l
These methods offer certain advantages, e.g. the milleri 10708 -
saving of time and labour but, before an arbitrary P”‘_*“"TO”"’e 6303 -
choice is made between conventional tests and the salivarius 8618 7073

newer methods, and between the several products
available, the following factors should be con-
sidered.

2. Caution is required in interpretation. A kit
1. There are no ‘universal kits’. Some organisms result may suggest unlikely organisms, e.g.

cannot be identified by these methods. Yersinia pestis, Brucella melitensis,



Pseudomonas mallei, and ill-considered
reporting of these could cause havoc.

3. Kits may not employ media suitable for
growth of novel micro-organisms. If one
choses to use different media, be sure that the
results and interpretation of the results are
consistent with another method for measuring
the same characteristic or activity.

4. Conventional, paper strip and disc methods
enable the user to make his or her own choice
of tests. Kit methods do not; they give 10-20
test results whether the user needs them or not.

5. Identification of organisms by conventional,
paper strip or disc methods usually requires
the judgement of the user. With kit methods,
the results are often interpreted by numerical
charts or computers.

6. If final identification depends on serology, a
few screening tests are usually adequate. If
identification depends on biochemical tests,
the more tests used the more reliable will be
the results. Kits may then be the methods of
choice, especially with unusual organisms and
in epidemiological investigations when the kit
manufacturers’ services are particularly useful.

7. Some techniques may be more hazardous than
others. Those that involve pipetting increase
the risk of dispersing aerosols and of
environmental contamination. Those
employing syringe and needle work increase
the risk of self-inoculation.

8. Some methods are much more expensive per
identification than others.

9. Kits devised for identifying bacteria of
medical importance may not give the correct
answers if they are used to identify organisms
of industrial significance

It follows that choices should be made according
to the nature of the investigations, the professional
knowledge and skill of the workers, and the size of
the laboratory budget. The relative merits of the
individual products mentioned below are not
assessed here but assistance may be obtained from
the survey of an advisory group (Bennett and
Joynson, 1986) in which 10 commercial kits were
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tested with over 1000 bacterial strains. Kit manu-
facturers will supply other references on request.

CONVENTIONAL TESTS

Only those tests mentioned in this book are
included here.

Aesculin hydrolysis

Inoculate aesculin medium or Edwards’ medium
and incubate overnight. Organisms that hydrolyse
aesculin blacken the medium.

Controls: positive: Serratia marcescens; negative:
Edwardsiella tarda.

Ammonia test

Incubate culture in nutrient or peptone broth for §
days. Wet a small piece of filter paper with Nessler
reagent and place it in the upper part of the culture
tube. Warm the tube in a water bath at 50-60°C.
The filter paper turns brown or black if ammonia is
present.

Arginine hydrolysis

Incubate the culture in arginine broth for 24-48 h
and add a few drops of Nessler reagent. A brown

colour indicates hydrolysis. (For lactobacilli, see
p-73.)

Controls: positive: Enterobacter cloacae; negative:
Proteus rettgeri.

CAMP test

This test is named after the initials of its originators
(Christie, Atkins and Munch-Petersen, 1944).
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Inoculate a plate of sheep blood agar (preferably
layered over nutrient agar) with a single streak of
Staphylococcus aureus that produces B-toxin
(NCTC 7428) across its diameter. Streak the test
organisms at right angles to this but do not touch
the staphylococcus streak. Incubate aerobically
overnight at 37°C and examine immediately after
removal from the incubator. A positive CAMP
reaction is shown by a clear zone where the inocula
meet.

Carbohydrate fermentation and
oxidation

Liquid, semisolid and solid media are described on
p. 73. They contain a fermentable carbohydrate,
alcohol or glucoside, and an indicator to show the
production of acid. To demonstrate gas produc-
tion, a small inverted tube (Durham’s tube, gas
tube) is placed in the fluid media. In solid media
(stab tube, see p. 83), gas production is obvious
from the bubbles and disruption of the medium.
Normally, gas formation is recorded only in the
glucose tube and any that occurs in tubes of other
carbohydrates results from the fermentation of
glucose formed during the first part of the
reaction.

® For most bacteria, use peptone or broth-based
media.

® For Lactobacillus spp., use MRS base (see
p. 347) without glucose or meat extract and
adjust to pH 6.2-6.5. Add chlorphenol red
indicator.

® For Bacillus spp. and Pseudomonas spp., use
ammonium salt ‘sugar’ media (see p. 73).
These organisms produce ammonia from
peptones and this may mask acid production.

® For Neisseria spp. and other fastidious
organisms use solid or semisolid media.
Neisserias do not like liquid media. Enrich
with Fildes’ extract (5%) or with rabbit serum
(10%) Horse serum may give false results
because it contains fermentable
carbohydrates. Robinson’s buffered serum

sugar medium (see p. 73) overcomes this
problem and is the medium of choice for
Corynebacterium spp.

Treat all anaerobes as fastidious organisms. The
indicator may be decolourized during incubation,
so add more after incubation. A sterile iron nail
added to liquid media may improve the anaerobic
conditions.

Tests may be carried out on solid medium con-
taining indicator. Inoculate the medium heavily,
spreading it all over the surface and place carbohy-
drate discs on the surface. Acid production is indi-
cated by a change of colour in the medium around
the disc. We do not recommend placing more than
four discs on one plate.

Casein hydrolysis

Use skimmed milk agar and observe clearing
around colonies of casein-hydrolysing organisms.
The milk should be dialysed so that acid produc-
tion by lactose fermenters does not interfere.
To detect false clearing caused by this, pour a
10% solution of mercuric chloride (caution) in
20% hydrochloric acid over this medium. If
the cleared area disappears, casein was not
hydrolysed.

Controls: positive: Neisseria braziliensis; negative:
N. otitidiscaviarum.

Catalase test

There are several methods:

1. Emulsify some of the culture in 0.5 ml of a
1% solution of Tween 80 in a screw-capped
bottle. Add 0.5 ml 20-vol (6%) hydrogen
peroxide (caution) and replace the cap.
Effervescence indicates the presence of
catalase. Do not do this test on an uncovered
slide because the effervescence creates



aerosols. Cultures on low-carbohydrate
medium give the most reliable results.

2. Add a mixture of equal volumes 1% Tween
80 and 20-vol (6%) hydrogen peroxide to the
growth on an agar slope. Observe
effervescence after 5 min.

3. Test mycobacteria by Wayne’s method (see
p- 389). Both for mycobacteria and for other
bacteria, for bubbles to form the hydrogen
peroxide must enter cells because catalase is
an intracellular enzyme.

4. Test minute colonies that grow on nutrient
agar by the blue slide test. Place one drop
of a mixture of equal parts methylene blue
stain and 20-vol (6%) hydrogen peroxide on
a slide. Place a cover slip over the colonies to
be tested and press down firmly to make
an impression smear. Remove the cover slip
and place it on the methylene blue-peroxide
mixture. Clear bubbles, appearing within
30 s, indicate catalase activity.

Controls: positive: Staphylococcus epidermidis;
negative: Enterobacter faecalis.

Citrate utilization

Inoculate solid medium (Simmons) or fluid medium
(Koser) with a straight wire. Heavy inocula may
give false-positive results. Incubate at 30-35°C and
observe growth.

Controls: positive: P. rettgeri; negative: S.
epidermidis.

Coagulase test

Staphylococcus aureus and a few other organisms
coagulate plasma (see p. 330).

Controls: positive: S. aureus; negative: S.
epidermidis.
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Decarboxylase tests

Falkow’s method may be used for most Gram-neg-
ative rods but Moeller’s method gives the best
results with Klebsiella spp. and Enterobacter spp.
Commercial Falkow medium allows only lysine
decarboxylase tests, whereas commercial Moeller
media permit lysine, ornithine and arginine tests to
be used.

Inoculate Falkow medium and incubate for 24 h
at 37°C. The indicator (bromocresol purple)
changes from blue to yellow as a result of fermen-
tation of glucose. If it remains yellow, the test is neg-
ative; if it then changes to purple, the test is positive.

When using Moeller medium, include a control
tube that contains no amino acid. After inocula-
tion, seal with liquid paraffin to ensure anaerobic
conditions and incubate at 37°C for 3-5 days.
There are two indicators: bromothymol blue and
cresol red. The colour changes to yellow if glucose
is fermented. Decarboxylation is indicated by a
purple colour. The control tube should remain
yellow.

Controls. Arginine: positive: E. cloacae; negative: E.
aerogenes. Lysine: positive, Serratia marcescens;
negative: P. rettgeri. Ornithine: positive: S.
marcescens; negative: P. rettgeri.

DNase test

Streak or spot the organisms heavily on DNase
agar. Incubate overnight and flood the plate with
1 mol/l hydrochloric acid, which precipitates
unchanged nucleic acid. A clear halo around the
inoculum indicates a positive reaction.

Controls: positive: S. marcescens; negative: E.
aerogenes.

Gelatin liquefaction

1. Inoculate nutrient gelatin stabs, incubate at
room temperature for 7 days and observe
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digestion. For organisms that grow only at
temperatures when gelatin is fluid, include an
uninoculated control and after incubation
place both tubes in a refrigerator overnight.
The control tube should solidify. This method
is not entirely reliable.

2. Inoculate nutrient broth. Place a denatured
gelatin charcoal disc in the medium and
incubate. Gelatin liquefaction is indicated by
the release of charcoal granules, which fall to
the bottom of the tube.

3. For a rapid test, use 1 ml 0.01 mol/l calcium
chloride in saline. Inoculate heavily (whole
growth from slope or Petri dish). Add a gelatin
charcoal disc and place in a water bath at
37°C. Examine at 15-min intervals for 3 h.

4. Inoculate gelatin agar medium. Incubate
overnight at 37°C and then flood the plate
with saturated ammonium sulphate solution.
Haloes appear around colonies of organisms
producing gelatinase.

Controls: positive: Aeromonas hydrophila; negative:
E. coli.

Gluconate oxidation

Inoculate gluconate broth (see p. 74) and incubate
for 48 h. Add an equal volume of Benedict’s
reagent and place in a boiling water bath for 10
min. An orange or brown precipitate indicates glu-
conate oxidation.

Controls: positive: E. cloacae; negative: P. rettgeri.

Hippurate hydrolysis

Inoculate hippurate broth, incubate overnight and
add excess 5% ferric chloride. A brown precipitate
indicates hydrolysis.

Controls: positive: Streptococcus agalactiae;
negative: S. salivarius.

Hugh and Leifson test (oxidation
fermentation test)

This is also known as the ‘oxferm’ test. Some
organisms metabolize glucose oxidatively, i.e. oxy-
gen is the ultimate hydrogen acceptor and culture
must therefore be aerobic. Others ferment glucose,
when the hydrogen acceptor is another substance;
this is independent of oxygen and cultures may be
aerobic or anaerobic.

Heat two tubes of medium (see p. 74) in boiling
water for 10 min to drive off oxygen, cool and
inoculate; incubate one aerobically and the other
either anaerobically or seal the surface of the
medium with 2 ¢m melted Vaseline or agar to give
anaerobic conditions.

® Oxidative metabolism: acid in aerobic tube
only.

® Fermentative metabolism: acid in both
tubes.

For testing staphylococci and micrococci, use the
Baird-Parker modification (see p. 73).

Controls: oxidation: Acinetobacter calcoaceticus;
fermentation: E. coli; no action: Alkaligenes faecalis.

Hydrogen sulphide production

1. Inoculate a tube of nutrient broth. Place a
strip of filter paper impregnated with a lead
acetate indicator in the top of the tube,
holding it in place with a cottonwool plug.
Incubate and examine for blackening of the
paper.

2. Inoculate one of the iron or lead acetate
media. Incubate and observe blackening.

TSI (Triple Sugar Iron) agar and similar media do
not give satisfactory results with sucrose-ferment-
ing organisms. The indicator paper (lead acetate) is
the most sensitive method and the ferrous chloride
media the least sensitive method, but the latter is
probably the method of choice for identifying sal-
monellas and for differentiation in other groups



where the amount of hydrogen sulphide produced
varies with the species.

Controls: positive: E. tarda; negative: P. rettgeri.

Indole formation

Grow the organisms for 2-5 days in peptone or
tryptone broth.

|. Ehrlich’s method

Dissolve 4 g p-dimethylaminobenzaldehyde in a
mixture of 80 ml concentrated hydrochloric acid
and 380 ml ethanol (do not use industrial spirit —
this gives a brown instead of a yellow solution). To
the broth culture add a few drops of xylene and
shake gently. Add a few drops of the reagent. A
rose-pink colour indicates indole.

2. Kovac’s method

Dissolve 5 g p-dimethylaminobenzaldehyde in a
mixture of 75 ml amyl alcohol and 25 ml concen-
trated sulphuric acid. Add a few drops of this
reagent to the broth culture. A rose-pink colour
indicates indole.

3. Spot test (Miller and Wright, 1982)

Dissolve 1 g p-dimethylaminocinnamaldehyde
(DMAC) (caution) in 100 ml 10% hydrochloric
acid. Moisten a filter paper with it and smear on a
colony from blood or nutrient agar. A blue-green
colour is positive and pink negative. This test may
be applied directly to colonies but is unreliable in
the presence of carbohydrates, e.g. on MacConkey
or CLED media.

Controls: positive: P. rettgeri; negative: S.
marcescens.

Lecithinase activity

1. Inoculate egg yolk, salt broth and agar (see
p. 74) and incubate for 3 days. Lecithinase-
producing colonies are surrounded by zones
of opacity.
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2. Inoculate egg yolk salt broth (see p. 74) and
incubate for 3 days. Lecithinase producers
make the broth opalescent. Some organisms
(e.g. Bacillus cereus) give a thick turbidity in
13 h.

Controls: positive: B. cereus; negative: B. subtilis.

Levan production

Inoculate nutrient agar containing 5% sucrose.
Levan producers give large mucoid colonies after
incubation for 24-48 h.

Controls: positive: Streptococcus salivarius; negative,
S. milleri.

Lipolytic activity

Inoculate tributyrin agar. Incubate for 48 h at
25-30°C. A clear zone develops around colonies
of fat-splitting organisms. These media can be
used for counting lipolytic bacteria in dairy
products.

Controls: positive: S. epidermidis; negative: Proteus
mirabilis.

Malonate test

Inoculate one of the malonate broth media and
incubate overnight. Growth and a deep-blue colour
indicate malonate utilization.

Controls: positive: E. cloacae; negative: P. rettgeri.

Motility

Hanging drop method

Place a very small drop of liquid bacterial culture in
the centre of a 16-mm square No. 1 cover glass,
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with the aid of a small (2-mm) inoculating loop.
Place a small drop of water at each corner of the
cover glass. Invert, over the cover glass, a
microslide with a central depression — a ‘well slide’.
The cover glass will adhere to the slide and when
the slide is inverted the hanging drop is suspended
in the well.

Instead of using ‘well slides’ a ring of Vaseline
may be made on a slide. This is supplied in col-
lapsible tubes or squeezed from a hypodermic
syringe.

Bring the edge of the hanging drop, or the air bub-
bles in the water seal, into focus with the 16-mm
lens before turning to the high-power dry objective
to observe motility.

Bacterial motility must be distinguished from
brownian movement. There is usually little diffi-
culty with actively motile organisms, but feebly
motile bacteria may require prolonged observation
of individual cells.

Careful examination of hanging drops may
indicate whether a motile organism has polar
flagella — a darting zigzag movement — or per-
itrichate flagella — a less vigorous and more vibra-
tory movement.

To examine anaerobic organisms for motility grow
them in a suitable liquid medium. Touch the culture
with a capillary tube 60- to 70-mm long and bore
of about 0.5-1 mm. Some culture will enter the tube.
Seal both ends of the tube in the Bunsen flame and
mount on Plasticine on the microscope stage.
Examine as for hanging drops.

Craigie tube method

Craigie tubes (see p. 76) can be used instead of
hanging drop cultures. Inoculate the medium in the
inner tube. Incubate and subculture daily from the
outer tube. Only motile organisms can grow
through the sloppy agar.

Nagler test

for Clostridium perfringens. Egg yolk agar contain-
ing Fildes’ enrichment or Willis and Hobbs
medium is satisfactory.

Control: C. perfringens — no activity in presence of
its antitoxin.

Nitrate reductase test

1. Inoculate nitrate broth medium and incubate
overnight.

2. Grow the organisms in a suitable broth. Add
a few drops of 1% sodium nitrate solution
and incubate for 4 h.

Acidify with a few drops of 1 mol/l hydrochloric
acid and add 0.5 ml each of a 0.2% solution of sul-
phanilamide and 0.1% N-naphthylethylenedi-
amine hydrochloride (caution) (these two reagents
should be kept in a refrigerator and freshly pre-
pared monthly). A pink colour denotes nitrate
reductase activity. As some organisms further
reduce nitrite, however, if no colour is produced
add a very small amount of zinc dust. Any nitrate
present will be reduced to nitrite and produce a
pink colour, i.e. a pink colour in this part of the test
indicates no nitrate reductase activity and no
colour indicates that nitrates have been completely
reduced. This latter point is important because the
absence of nitrite does not necessarily mean that
there is no nitrate reductase. Rather, the absence of
nitrite could be the result of rapid reduction of
nitrite by nitrite reductase. Assimilative nitrate
reductase may not be produced in the presence of
ammonia or amino nitrogen, and dissimilatory
nitrate reductase may not be produced under aero-
bic conditions.

Controls: positive: S. marcescens; negative:
Acinetobacter Iwoffii.

ONPG (o-nitrophenylgalactoside) test

This tests for lecithinase activity (see p. 97) but the
word has come to mean the half antitoxin plate test

Lactose is fermented only when B-galactosidase
and permease are present. Deficiency of the latter



gives late fermentation. True non-lactose fer-
menters do not possess B-galactosidase.

Place an ONPG disc in 0.1 ml 0.85% sodium
chloride (physiological saline) in which a colony of
the test organism has been emulsified. Incubate for
6 h. If B-galactosidase is present, a yellow colour is
formed as the result of o-nitrophenol liberation. If
there is no colour, incubate overnight to detect
lactose fermenters.

Controls: positive: S. marcescens; negative: P.
rettgeri.

Optochin test

Pneumococci are sensitive but streptococci are
resistant to  optochin  (ethylhydrocupreine
hydrochloride).

Streak the organisms on blood agar and place an
optochin disc on the surface. Incubate overnight
and examine the zone around the disc.

Controls: positive: S. pneumoniae; negative: S.
milleri.

Oxidase test (cytochrome
oxidase test)

1. Soak small pieces of filter paper in 1%
aqueous tetramethyl-p-phenylenediamine
dihydrochloride or oxalate (which keeps
better). Some filter papers give a blue colour
and these must not be used. Dry or use wet.
Scrape some of a fresh young culture with a
clean platinum wire or a glass rod (dirty or
Nichrome wire gives false positives) and rub
on the filter paper. A blue colour within 10 s
is a positive oxidase test. Old cultures are
unreliable. Tellurite inhibits oxidase as do
fermentable carbohydrates. Organisms that
have produced acid from a carbohydrate
should be subcultured to a sugar-free
medium.
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2. Incubate cultures on nutrient agar slopes for
24-48 h at the optimum temperature for the
strain concerned. Add a few drops each of
freshly prepared 1% aqueous p-amino-
dimethylaniline oxalate and 1% o-naphthol
in ethanol. Allow the mixture to run over the
growth. A deep blue colour is a positive
reaction.

Controls: positive: Pseudomonas aeruginosa;
negative: A. Iwoffii.

Oxidative or fermentative metabolism
of glucose

See Hugh and Leifson test above.

Phenylalanine test (PPA or PPD test)

Inoculate phenylalanine agar and incubate
overnight. Pour a few drops of 10% ferric chlo-
ride solution over the growth. A green colour indi-
cates  deamination of  phenylalanine to
phenylpyruvic acid. Among the enterobacteria

only strains of Proteus and Providencia have this
property.

Controls: positive: P. rettgeri; negative: E. cloacae.

Phosphatase test

Some bacteria, e.g. S. aureus, can split ester phos-
phates. Inoculate a plate of phenolphthalein phos-
phate agar (see p. 75) and incubate overnight.
Expose the culture to ammonia vapour (caution).
Colonies of phosphatase producers turn pink.
Phosphate may prevent the synthesis of phos-
phatase.

Controls: positive: S. aureus; negative: S.
epidermidis.
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Proteolysis

Tween hydrolysis

Inoculate cooked meat medium and incubate for
7-10 days. Proteolysis is indicated by blackening of
the meat or digestion (volume diminishes).
Tyrosine crystals may appear.

Controls: positive: C. histolyticum; negative:
Cl. perfringens.

Starch hydrolysis

Inoculate starch agar (see p. 76). Incubate for 3-5
days, then flood with dilute iodine solution.
Hydrolysis is indicated by clear zones around
the growth. Unchanged starch gives a blue
colour.

Controls: positive: B. subtilis; negative: E. coli.

Sulphatase test

Some organisms (e.g. certain species of myco-
bacteria) can split ester sulphates. Grow the
organisms in media (Middlebrook 7H9 for
mycobacteria) containing 0.001 mol/l potassium
phenolphthalein disulphate for 14 days. Add a few
drops of ammonia solution (caution). A pink
colour indicates the presence of free phenolph-
thalein. Sulphate may prevent the synthesis of sul-
phatase.

Controls: positive: Mycobacterium fortuitum;
negative: M. phlei (3-day test only).

Tellurite reduction

Some mycobacteria reduce tellurite to tellurium
metal (see p. 389).

Controls: positive: M. fortuitum; negative: M. terrae.

Some mycobacteria can hydrolyse Tween (polysor-
bate) 80, releasing fatty acids that change the
colour of an indicator. This test is used mostly with
mycobacteria (see p. 389).

Controls: positive: M. kansasii; negative:
M. fortuitum.

Tyrosine decomposition

Inoculate parallel streaks on a plate of tyrosine
agar (see p. 75) and incubate for 3-4 weeks.
Examine periodically under a low-power micro-
scope for the disappearance of crystals around the
bacterial growth.

Controls: positive: N. braziliensis; negative:
N. otitidiscaviarum.

Urease test

Inoculate one of the urea media heavily and incu-
bate for 3-12 h. The fluid media give more rapid
results if incubated in a water bath. If urease is
present, the urea is split to form ammonia, which
changes the colour of the indicator from yellow to
pink.

Controls: positive: P. rettgeri; negative: S.
marcescens.

Voges Proskauer reaction (VP)

This tests for the formation of acetyl methyl
carbinol (acetoin) from glucose. This is oxidized by
the reagent to diacetyl, which produces a red
colour with guanidine residues in the media.

Inoculate glucose phosphate broth and incubate
for 5 d at 30°C. A very heavy inoculum and 6 h
incubation may suffice. Test by one of the follow-
ing methods.



1. Add 3 ml 5% alcoholic a-naphthol solution
and 3 ml 40% potassium hydroxide solution
(Barritt’s method).

2. Add a ‘knife point’ of creatinine and 5 ml
40% potassium hydroxide solution
(O’Meara’s method).

3. Add 5 ml of a mixture of 1 g copper sulphate
(blue) dissolved in 40 ml saturated sodium
hydroxide solution plus 960 ml 10%
potassium hydroxide solution (APHA
method).

A bright pink or eosin red colour appearing in
S min is a positive reaction. For testing Bacillus
spp., add 1% NaCl to the medium.

Controls: positive: S. marcescens; negative:
P. rettgeri.

Xanthine decomposition

Inoculate parallel streaks on a plate of xanthine
agar (see p. 75) and incubate for 3-4 weeks.
Examine periodically under a low-power micro-
scope for the disappearance of xanthine crystals
around the bacterial growth.

Controls: positive: N. otitidiscaviarum; negative:
N. braziliensis.

AGGLUTINATION TESTS

These tests are performed in small test tubes (75 x
9 mm). Dilutions are made in physiological saline
with graduated pipettes controlled by a rubber teat
or (for a single-row test), with Pasteur pipettes
marked with a grease pencil at approximately
0.5 ml. Automatic pipettes or pipettors are useful
for doing large numbers of tests.

Standard antigen suspensions and agglutinating
sera can be obtained commercially. Antigen sus-
pensions are used mainly in the serological diagno-
sis of enteric fever, which may be caused by several
related organisms, and of brucellosis.
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Standard agglutinating sera are used to identify
unknown organisms.

Testing unknown sera against standard
H and O antigen suspensions

To test a single suspension

Prepare a 107" dilution of serum by adding 0.2 ml
to 1.8 ml saline. Set up a row of seven small tubes.
Add 0.5 ml saline to tubes 2-7 and 0.5 ml of the
10" serum to tubes 1 and 2. Rinse the pipette by
sucking in and blowing out saline several times.
Mix the contents of tube 2 and transfer 0.5 ml to
tube 3. Rinse the pipette. Continue with doubling
dilutions but discard 0.5 ml from tube 6 instead of
adding it to tube 7. Rinse the pipette between each
dilution. The dilutions are now 1:10 to 1: 320.

Add 0.5 ml of standard suspension to each tube.
The last tube, containing no serum, tests the stabil-
ity of the suspension. The dilutions are now 1:20
to 1:640.

To test with several suspensions

In some investigations, e.g. in enteric fevers, a num-
ber of suspensions will be used. Set up six large
tubes (152 x 16 mm). To tube 1 add 9 ml saline, to
tubes 2—6 add 5 ml saline and to tube 1 add 1 ml
serum. Mix and transfer 5 ml from tube 1 to tube
2, and continue in this way, rinsing the pipette
between each dilution.

Set up a row of seven small tubes (75 X 9 mm) for
each suspension to be tested. Transfer 0.5 ml from
each large tube to the corresponding small tube.
Work from right to left, i.e. weakest to strongest

dilution to avoid unnecessary rinsing of the pipette.
The final dilutions are now 1:20 to 1 : 640.

Incubation temperature and times
Incubate tests with O suspensions in a water bath
at 37°C for 4 h, then allow to stand overnight in
refrigerator.

Incubate H tests for 2 h in a water bath at
50-52°C (not 55-56°C, as the antibody may be
partly destroyed). The level of water in the bath
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should be adjusted so that only about half of the
liquid in the tubes is below the surface of the water.
This encourages convection in the tubes, mixing
the contents.

Brucella agglutinations

To avoid false-negative results resulting from the
prozone phenomenon, double the dilutions for at
least three more tubes, i.e. use 1:20 to 1:5120.

Reading agglutinations

Examine each tube separately from right to left, i.e.
beginning with the negative control. Wipe dry and
use a hand lens. If the tubes are scratched, dip them
in xylene. The titre of the serum is that dilution in
which agglutination is easily visible with a low-
power magnifier.

Testing unknown organisms against
known sera

Preparation of O suspensions

The organism must be in the smooth phase. Grow
on agar slopes for 24 h. Wash off in phenol-saline
and allow lumps to settle. Remove the suspension
and dilute it so that there are approximately 1 X
10’ bacteria/ml by the opacity tube method (see
p. 145). Heat at 60°C for 1 h. If this antigen is to be
stored, add 0.25% chloroform.

If a K antigen is suspected, heat the suspension at
100°C in a water bath for 1 h (although the B anti-
gen is thermostable).

Preparation of H suspensions

Check that the organism is motile and grow it in
nutrient broth for 18 h, or in glucose broth for
4-6 h. Do not use glucose broth for the overnight
culture because the bacteria grow too rapidly. Add
formalin to give a final concentration of 1.0% and
leave for 30 min to kill the organisms. Heat at
50-55°C for 30 min (this step may be omitted if the
suspension is to be used at once). Dilute to approx-
imately 1 x 10° organisms/ml by the opacity tube
method.

Agglutination tests

Use the same technique as that described under
“Testing unknown sera . . .” but as most sera are
issued with a titre of at least 1:250 (and labelled
accordingly) it is not necessary to dilute beyond
1:640. In practice, as standard sera are highly spe-
cific and an organism must be tested against several
sera, it is usually convenient to screen by adding
one drop of serum to about 1 ml suspension in a
75 x 9 mm tube. Only those sera that give aggluti-
nation are then taken to titre.

Slide agglutination
This is the normal procedure for screening with O
sera.

Place a loopful of saline on a slide and, next to it,
a loopful of serum. With a straight wire, pick a
colony and emulsify in the saline. If it is sticky or
granular, or autoagglutinates, the test cannot be
done. If the suspension is smooth, mix the serum in
with the wire. If agglutination occurs it will be
rapid and obvious. Dubious slide agglutination
should be discounted.

Only O sera should be used. Growth on solid
medium is used for slide agglutination and this is
not optimum for the formation of flagella. False-
negative results may be obtained with H sera unless
there is fluid on the slope.

Suspensions of organisms in the R phase are
agglutinated by 1:500 aqueous acriflavine solu-
tion.

FLUORESCENT ANTIBODY
TECHNIQUES

The principle of fluorescent antibody techniques is
that proteins, including serum antibodies, may be
labelled with fluorescent dyes by chemical combi-
nation without alteration or interference with the
biological or immunological properties of the pro-
teins. These proteins may then be seen in micro-
scopic preparations by fluorescence microscopy.
The preparation is illuminated by ultraviolet or
ultraviolet blue light. Any fluorescence emitted by



the specimen passes through a barrier filter above
the object. This filter transmits only the visible flu-
orescence emission. Microscopes suitable for this
purpose are now readily available, and it is a sim-
ple matter to convert standard microscopes for flu-
orescence work. Fluorescent dyes are used instead
of ordinary dyes because they are detectable in
much smaller concentrations. They are available in
a form that simplifies the conjugation procedure
considerably. The fluorochromes in frequent cur-
rent use are fluorescein isothiocyanate (FITC) and
Lissamine rhodamine B (RB200). Of these, FITC is
the most commonly used. It gives an apple-green
fluorescence.

Fluorescence labelling is often used in microbiol-
ogy and immunology along with or instead of tra-
ditional serological tests. Immune serum globulin
conjugated with fluorochrome is usually employed
to locate the corresponding antigen in microbiolog-
ical investigations.

Reagents, accompanied by technical instructions,
are available commercially.

TYPING MICRO-ORGANISMS

Reasons for typing micro-organisms

The principal reason for typing or fingerprinting
micro-organisms is to provide information to per-
mit the tracing of epidemics of infection or to
identify the source of an outbreak (Maslow et al.,
1993), e.g. fingerprints of isolates from a cluster
of patients can be used to determine whether they
share the same or different clones of a particular
species. If isolates from different individuals share
the same fingerprint or type, it suggests that they
were infected from a single source. In outbreaks
of disease that are thought to be food related,
typing can be used to identify the source of the
infectious micro-organism. Also, fingerprinting
methods (e.g. multilocus enzyme electrophoresis
or MLEE) can be used to describe the population
genetics of micro-organisms (Selander et al.,
1986, 1987).

Typing micro-organisms 103

Typing targets

Typing or fingerprinting methods fall into two cat-
egories based on the target molecule. One category
uses phenotypic features of the micro-organism
such as cell surface antigens, e.g. proteins or poly-
saccharides (i.e. serotyping), profiles of enzymatic
activities (biotyping), profiles of enzyme polymor-
phisms (MLEE), or patterns of susceptibility to
bacteriophage (i.e. phage typing) or antibiotics (i.e.
antibiograms). Unfortunately, expression of these
characteristics can be influenced by growth condi-
tions and they are thus subject to variation. It is
also common that some strains are untypable for
reasons other than the absence of the particular
typing target, e.g. if a typing method employs
agglutination with antisera, cells that sponta-
neously clump cannot be typed.

In the second category of typing methods DNA is
the target. Repeated sequences, e.g. a transposable
genetic element such as an insertion sequence (IS)
or a reiterated sequence, are commonly employed
as targets. DNA-based fingerprinting can also be
performed by comparison of large genomic frag-
ments generated by cleavage with restriction
endonucleases and separated by pulsed-field gel
electrophoresis (PFGE). As all cells contain DNA,
growth conditions do not necessarily influence the
results, unless they result in cells resistant to lysis
and release of DNA. It is also important to remem-
ber that DNA-fingerprinting methods involving the
use of restriction endonucleases (i.e. restriction
fragment length polymorphism or RFLP) can be
influenced by the presence of DNA-modifying
enzymes which can prevent cleavage of specific
DNA sequences.

Requirements of targets for typing or
fingerprinting

Excellent descriptions of the principles of typing or
fingerprinting (Maslow et al., 1993) and interpret-
ing typing data (Tenover et al., 1995) have been
published. First, it should be pointed out that
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typing or fingerprinting should always be validated
with a large number of isolates. Further, in cases of
outbreak investigations, a large number of isolates
should be tested. The results from small samples
can be influenced by chance and thus may not
reflect the entire population. If the objective of the
typing is to identify clusters (implying a common
source of infection), small samples may omit mem-
bers of clusters and the extent of clustering would
be underestimated (Murray, 2002).

A primary requirement of a target is that all iso-
lates must express or have that target. There cannot
be isolates that lack the particular target (i.e. unty-
pable). There must be a diversity of patterns or pro-
files exhibited by the population. However, one
should be careful to choose a target with sufficient
diversity to provide meaningful results, e.g. if there
were little variation in the target among isolates,
then all isolates would be thought to belong to a
limited number of different types. Use of such a tar-
get might lead to a false clustering of isolates or
linkage to a possible source. Such targets might be
useful as species markers rather than as typing tar-
gets. At the other end of the spectrum, it is possible
to use a target that displays too much variation
within the studied population. Typing or finger-
printing with such a target would result in a false
absence of clustering or linkage to a possible
source. This would be the case if a transposable
genetic element were subject to a very high rate of
transposition. In this case, almost all isolates will
be thought to belong to individual groups, to the
extreme of one isolate per group.

Another way of stating the requirement that there
be a diversity of typing or fingerprinting patterns is
that a useful target provides a high level of discrim-
ination. A discrimination index can be calculated
using Simpson’s index of diversity, originally devel-
oped for the description of species diversity within
the habitat or an organism (Simpson, 1949). Using
that index, it was possible to compare the discrim-
inatory power of different methods used for typing
isolates of Candida albicans (Hunter and Gaston,
1988). Clearly, the number of types directly influ-
ences the discrimination index. A greater number
of different types are associated with a higher dis-

criminatory index. Fortunately, this method takes
into account the reduction in discriminatory index
when many isolates belong to a single group, e.g.
there is a non-random distribution of sites of inser-
tion of IS6110 in Mycobacterium tuberculosis
which is the result of the existence of sites
(‘hotspots’) favoured for integration (McHugh and
Gillespie, 1998).

Typing methods should be simple, rapid, inexpen-
sive and within the technical skill of personnel.
Typing methods, as with other methods employed
in the laboratory, should include quality control
and quality assessment using reference strains. For
methods involving electrophoretic separation of
either proteins (e.g. MLEE) or DNA fragments (e.g.
RFLP, PFGE or arbitrary primed polymerase chain
reaction), the criteria for determining whether an
individual band’s mobility is the same or different
in two isolates should be established by repeated
measurement, e.g. it is not uncommon to find that
mobility of identical bands in different gels varies
by about + 5%. Thus, if the mobilities of bands in
two different isolates are within §%, they will be
counted as identical in the analysis. Finally, there
should be a straightforward method of analysis
that provides meaningful information to users (e.g.
clinicians or public health personnel). Basically, the
object is to determine whether isolates belong to a
single clone. If not members of the same clone, the
relatedness of clones must be determined. One
method of estimating the relatedness between iso-
lates is to calculate the Dice (1945) coefficient of
similarity. That value equals twice the number of
shared bands divided by the total number of bands
in both isolates (Dice, 1945).

Serotyping

Serotyping is one of the oldest methods for typing
micro-organisms and has had wide use in tracing
the sources of food-associated infections. Antisera
are raised against different isolates of a particular
species and used to agglutinate cells. Targets for
serotyping can be cell surface polysaccharides or



proteins. Provided that there is sufficient variation
in the targets and a large number of isolates are
employed, a panel of antisera can be identified that
can distinguish between categories (i.e. serotypes)
of isolates. To prevent cross-reactions, sera can be
mixed with isolates of different types to leave only
antibodies reactive against targets that are unique
to the type used to generate the antiserum
(adsorbed sera). The widespread applicability of
serotyping is limited by the need to produce and
store antisera. Growth conditions can lead to an
absence or modification of the targets of the antis-
era (false type). If evidence of the presence of a par-
ticular target is based on agglutination, cells of
isolates that can spontaneously agglutinate cannot
be typed.

Phage typing

Phage typing followed the discovery that bacteria
were susceptible to infection by a variety of differ-
ent viruses (e.g. bacteriophage) and those viruses
recognized different cell surface molecules (i.e.
receptors) for attachment. For phage typing, lawns
of individual isolates are spotted with virus-con-
taining lysates and susceptibility (i.e. lysis of the
lawn) scored for each virus. As is the case for all
typing methods, there must be a large number of
different viruses recognizing different receptors and
sufficient variation in the cell surface receptors
(present or absent) to allow sufficient discrimina-
tion between isolates. As is the case for serotyping,
growth conditions can lead to an absence of a par-
ticular receptor and assignment of an isolate to a
false type.

Multilocus enzyme electrophoresis

Multilocus enzyme electrophoresis relies on the
variation in amino acid composition of cellular
proteins (Selander et al., 1986). It has been used to
characterize the populations of E. coli (Whittam et
al., 1983), Legionella pneumophila (Selander et al.,
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1985), and a variety of other bacteria (Selander e#
al., 1987). Populations of micro-organisms contain
mutant individuals expressing an active enzyme the
amino acid composition of which is different. In
some instances the difference in amino acid results
in a change in electrophoretic mobility. The mobil-
ity of enzymes is measured by electrophoretic sepa-
ration and detection of in situ enzyme activity (e.g.
production of an insoluble coloured product). The
discriminatory power of MLEE is dependent on the
existence of mutant variants with different mobili-
ties in a population. Further, measuring the mobil-
ity of a large number of different enzymes increases
the discrimination index. MLEE requires that
growth conditions be chosen to ensure expression
of a wide variety of different enzymes, the activities
of which can be detected in gels (Selander et al.,
1986). Although time-consuming, labour intensive
and requiring sophisticated equipment and techni-
cal skill, MLEE is a powerful method for typing
isolates.

Pulsed-field gel electrophoresis

Pulsed-field gel electrophoresis enables the separa-
tion of large fragments of DNA by gel elec-
trophoresis (Schwartz et al., 1983; Carle et al.,
1986). The fragments are generated by cleavage of
genomic DNA with restriction endonucleases that
recognize few sequences (e.g. 8- to 12-base recogni-
tion sequences) and generate fragments of typically
between 100 and 1000 kb (Allardet-Servent et al.,
1989). Methods for isolation and purification of
large DNA-restriction fragments are presented in
Selden and Chory (1987). Variations in size and,
hence, mobility of restriction fragments are based
on mutations leading to acquisition or loss of a
recognition site for the enzyme. As such large-sized
fragments of DNA would be subject to fragmenta-
tion by shearing in solution, cells are immobilized
in agarose blocks and followed sequentially by cell
lysis and restriction endonuclease digestion of
released DNA to reduce shear forces. The agarose
blocks are inserted into wells of agarose and PFGE
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performed. PFGE can be used for typing virtually
every microbial species. Unfortunately, in spite of
its wide applicability, the number of required num-
ber of steps makes PFGE time-consuming. Further
PFGE requires expensive equipment and sophisti-
cated technical assistance.

It is possible to calculate the expected average size
and number of fragments generated by a specific
restriction endonuclease and the guanine + cytosine
percentage (%G + C) of the micro-organism.
Choosing restriction enzymes that produce a large
number of fragments results in greater discrimina-
tion. Care should be taken to ensure that differ-
ences in patterns are not the result of the presence
of a modifying methylase, which prevents cleavage
of a recognition site. A guide for interpretation of
PFGE patterns has been published (Tenover et al.,
1995). Criteria used to determine whether bands
are identical or different must be established by
repeated measurements of digests of a limited num-
ber of strains. In addition to simple visual inspec-
tion of the fragment patterns, Dice coefficients of
similarity can be calculated and phylogenetic trees
(Fitch and Margoliash, 1967;
Felsenstein, 1985). There are also a number of
commercial software programs that can scan gels
and calculate relatedness between isolates.

constructed

Restriction fragment length
polymorphism

A variety of targets has been chosen for RFLP
analysis including insertion sequences and repeated
sequences. For RFLP analysis, DNA is recovered
from a variety of isolates and subjected to restric-
tion endonuclease digestion. The restriction frag-
ments are separated by gel electrophoresis and a
labelled nucleic acid probe is used to detect bands
containing the target sequence by hybridization.
Methods for DNA isolation — restriction endonu-
clease digestion, gel electrophoresis, blotting (i.e.
southern transfer) and hybridization — are all
described in detail in Sambrook et al. (1989). In
cases where fingerprinting is widely used, e.g. in

tuberculosis epidemiology, a standard methodol-
ogy has been published (Van Embden et al., 1993).

The common feature of useful targets is that they
are present in multiple copies in the genome (e.g.
> 10). One way of detecting a genetic element of
high copy number is to subject genomic DNA to
cleavage with a variety of restriction endonucleases
and separate the fragments by gel electrophoresis.
Often, repeated sequences appear as more intense
bands when stained with ethidium bromide and
they can be cloned for sequencing. As is the case for
PFGE, the variation in bands is caused by muta-
tions in recognition
sequences flanking or within a repeated genetic ele-
ment. Variation is also a consequence of the trans-
position of an insertion sequence.

As with PFGE, the target for RFLP analysis is
DNA. Few isolates are found to be untypable and
this is because of the inability to recover sufficient
amounts of DNA. RFLP and PFGE are both
amenable to quality control and quality assurance
programmes. The criteria for interpretation of
RFLP patterns is no different from those used for
PFGE, as is the method of analysis and presenta-
tion of data. As a result of the need for separate
steps of electrophoresis, blotting and hybridization,
RFLP analysis requires time, is rather expensive
and demands technical sophistication.

restriction endonuclease

Polymerase chain reaction
fingerprinting methods

PCR amplification of sequences between
insertion sequences

It is possible to amplify DNA between insertion
sequences or repetitive genetic elements using the
polymerase chain reaction (PCR). To be successful,
there must be a high number of target sequences in
the genome (i.e. > 10 and preferably 20). One
example of a repeated sequence that is highly con-
served among many different bacteria is the repeti-
extragenic palindromic (REP) sequence
(Versalovic et al., 1991). Primers are chosen to
amplify the target sequence (or related target

tive



sequences), and amplification of the sequence
between targets occurs by a primer binding to one
element and the second primer binding to a second
element. If the two targets are not too far apart to
prevent successful PCR amplification (e.g. < 5 kb),
amplified products will be produced. One advan-
tage of this approach is that the number of steps
necessary for fingerprinting is reduced and the
required level of DNA purity is reduced. One dis-
advantage of this approach is that it is less discrim-
inatory than RFLP analysis. In a comparison of
IS1245 fingerprinting in Mycobacterium avium,
fewer amplified fragments were produced com-
pared with the number of bands seen in RFLP
(Picardeau and Vincent, 1996). PCR-based finger-
printing based on consensus primers for the REP
sequence has been used for epidemiological studies
of a wide range of bacteria, including Citrobacter
diversus (Woods et al., 1992), Neisseria gonor-
rhoeae (Poh et al., 1996) and Acinetobacter spp.
(Snelling et al., 1996). A commercial kit for per-
forming REP-PCR is available (Bacterial BarCodes,
Inc., Houston, TX).

Arbitrary primed PCR and random amplified
polymorphic DNA

Micro-organisms can be typed using the PCR-
based technique that employs single primers to
amplify sequences in DNA (Welsh and
McClelland, 1990; Williams et al., 1990). The
method is called either arbitrary primed PCR (AP-
PCR) or random amplified polymorphic DNA
(RAPD). The advantage of this approach is that
primers can be screened without knowledge of the
genome’s characteristics and thus the technique can
be employed with a wide variety of micro-organ-
isms. Screening chooses single primers that repro-
ducibly yield multiple amplified products. Detailed
methods that also provide examples of the applica-
tion of AP-PCR to fingerprinting of a variety of
micro-organisms have been published (Williams ez
al., 1993). Using isolates of E. coli, it was shown
that AP-PCR was more sensitive than MLEE in dis-
tinguishing isolates (Wang et al., 1993). Data from
AP-PCR (i.e. band patterns) can be treated as
bands from PFGE or RFLP analysis and the data
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can be used to estimate nucleotide sequence diver-
gence (Clark and Lanigan, 1993). As is characteris-
tic of all PCR-based techniques, extreme care must
be taken to avoid amplification of contaminating
DNA and amplification of non-target, but related
sequences.

Conclusion

One of the distinct advantages of PFGE and RFLP
analysis is that gels can be scanned, phylogenetic
trees constructed and coefficients of relatedness cal-
culated by computer. Such data can be available to
clinicians in a hospital or other investigators at dis-
tant locations.

It is possible to select the level of discrimination
desired in any epidemiological study. Care must be
taken to avoid choosing a method that provides too
little discrimination leading to false grouping of
isolates. In contrast, a fingerprinting method with a
high discrimination index may lead to separation
of isolates that truly belong to the same group.
Using MLEE data, it is assumed that isolates with
the same mobility for a particular enzyme share the
same allele (i.e. DNA sequence). However, this is
not necessarily the case; the isolates may have dif-
ferent alleles. Therefore, it is not surprising that
AP-PCR can be more discriminatory than MLEE
for isolates of E. coli (Wang et al., 1993). One
should not conclude that the most discriminatory
method is the ‘best’ for typing. One method, e.g.
MLEE, may provide evidence of large related
groups that can be found world wide (Whittam et
al., 1983). Such patterns would be missed by a
more discriminatory method.

REFERENCES

Allardet-Servent, A. N., Bouziges, M. J., Carles-Nurit,
G. et al. (1989) Use of low-frequency-cleavage
restriction endonucleases for DNA analysis in
epidemiological investigations of nosocomial
bacterial infections. Journal of Clinical
Microbiology 27: 2057-2061.



108 Ildentification methods

Bennett, C. H. N. and Joynson, D. H. M. (1986) Kit
systems for identifying Gram- negative aerobic
bacilli: report of the Welsh Standing Specialist
Advisory Working Party in Microbiology. Journal
of Clinical Pathology 39: 666-671.

Carle, G. F., Frank, M. and Olson, M. V. (1986).
Electrophoretic separations of large DNA
molecules by periodic inversion of the electric field.
Science 232: 65-68.

Christie, R., Atkins, N. E. and Munch-Petersen, E.
(1944) A note of the lytic phenomenon shown by
Group B streptococci. Australian Journal of
Experimental Biology and Medical Science 22:
197.

Clark, A. G. and Lanigan, C. M. S. (1993) Prospects
for estimating nucleotide divergence with RAPDs.
Molecular and Biological Evolution 10:
1096-1111.

Dice, L. R. (1945) Measures of the amount of
ecological association between species. Ecology 26:
297-302.

Felsenstein, J. (1985) Confidence limits on phylogenies:
an approach using the bootstrap. Evolution 39:
783-791.

Fitch, W. M. and Margoliash, E. (1967) Construction
of phylogenetic trees. Science 155: 279-284.

Hunter, P. R. and Gaston, M. A. (1988) Numerical
index of the discriminatory ability of typing
systems: an application of Simpson’s index of
diversity. Journal of Clinical Microbiology 26:
2465-2466.

Kodaka, H., Armfield, A. Y., Lombard, G. and Dowell,
V. R. (1982) Practical procedure for demonstrating
bacterial flagella. Journal of Clinical Microbiology
16: 948.

McHugh, T. D. and Gillespie, S. H. (1998) Non-
random association of IS6110 and Mycobacterium
tuberculosis: implications for molecular
epidemiological studies. Journal of Clinical
Microbiology 36: 1410-1413.

Maslow, J. N., Mulligan, M. E. and Arbeit, R. D.
(1993) Molecular epidemiology: application of
contemporary techniques to the typing of
microorganisms. Clinical Infectious Disease 17:
153-164.

Miller, J. M. and Wright, J. W. (1982) Spot indole test:

evaluation of four methods. Journal of Clinical
Pathology 15: 589-592.

Murray, M. (2002) Sampling bias in the molecular
epidemiology of tuberculosis. Emerging Infectious
Diseases 8: 363-369.

Picardeau, M. and Vincent, V. (1996) Typing of
Mycobacterium avium isolates by PCR. Journal of
Clinical Microbiology 34: 389-392.

Poh C. L., Ramachandran, V. and Tapsall, J. W.
(1996) Genetic diversity of Neisseria gonorrboeae
IB-2 and IB-6 isolates revealed by whole-cell
repetitive element sequence-based PCR. Journal of
Clinical Microbiology 34: 292-295.

Sambrook, J., Fritsch, E. F. and Maniatis, T. (1989)
Molecular Cloning: A laboratory manual, 2nd edn.
New York: Cold Spring Harbor Laboratory Press.

Schwartz, D. C., Saffran, W. J. Welsh, W. ]. et al.
(1983) New techniques for purifying large DNAs
and studying their properties and packaging. Cold
Spring Harbor Symposium on Quantitative
Biology 47: 189-195.

Selander, R. K., McKinney, R. M., Whittam, T. S. et al.
(1985) Genetic structure of populations of
Legionella pneumophila. Journal of Bacteriology
163: 1021-1037.

Selander R. K., Caugant, D. A. Ochman, H. et al.
(1986) Methods of multilocus enzyme
electrophoresis for bacterial population genetics
and systematics. Applied and Environmental
Microbiology 51: 873-884.

Selander, R. K., Musser, J. M., Caugant, D. A. et al.
(1987) Population genetics of pathogenic bacteria.
Microbiology and Pathology 3: 1-7.

Selden, R. F. and Chory, J. (1987) Isolation and
purification of large DNA restriction fragments
from agarose gels In: Ausubel, F. M., Brent, R.,
Kingston, R.E. et al. (eds), Current Protocols in
Molecular Biology. New York: Greene Publishing
and Wiley-Interscience, pp. 2.6.1-2.6.8.

Simpson, E. H. (1949). Measurement of diversity.
Nature 163: 688.

Snelling, A. M., Gerner-Smidt, P., Hawkey, P. M. et al.
(1996) Validation of use of whole-cell repetitive
extragenic palindromic sequence-based PCR (REP-
PCR) for typing strains belonging to the
Acinetobacter calcoaceticus—Acinetobacter



baumanii complex and application of the method
to the investigation of a hospital outbreak Journal
of Clinical Microbiology 34: 1193-1202.
Tenover, F. C., Arbeit, R. D., Goering, R. V. et al.
(1995) Interpreting chromosomal DNA restriction
patterns produced by pulsed-field gel
electrophoresis: criteria for bacterial strain typing.
Journal of Clinical Microbiology 33: 233-2239.
Van Embden, J. D. A., Cave, M. D., Crawford, J. T. et
al. (1993) Strain identification of Mycobacterium
tuberculosis by DNA fingerprinting:
recommendations for standardized methodology.
Journal of Clinical Microbiology 31: 406—409.
Versalovic, J., Koeuth, T., McCabe, E. R. et al. (1991)
Distribution of repeated DNA sequences in
eubacteria applied to fingerprinting of bacterial
genomes. Nucleic Acid Research 19: 6823-6824.
Wang, G. T., Whittam, S., Berg, C. M. et al. (1993)
RAPD (arbitrary primer) PCR is more sensitive
than multilocus enzyme electrophoresis for
distinguishing related bacterial strains. Nucleic
Acids Research 21: 930-5933.

References 109

Welsh, J. and McClelland, M. (1990) Fingerprinting
genomes using PCR with arbitrary primers. Nucleic
Acids Research 18: 7213-7218.

Whittam, T. S., Ochman, H. and Selander, R. K.
(1983) Multilocus genetic structure in natural
populations of Escherichia coli. Proceedings of the
National Academy of Science of the USA 80:
1751-1755.

Williams, J. G. K., Kubelik, A. R., Livak, K. J. ez al.
(1990) DNA polymorphisms amplified by arbitrary
primers are useful as genetic markers. Nucleic
Acids Research 18: 6531-6535.

Williams, J. G. K., Hanafey, M. K., Rafalski, J. A. et al.
(1993) Genetic analysis using random amplified
polymorphic DNA markers. Methods in
Enzymology 218: 704-740.

Woods, C. R., Versalovic, J., Koeuth, T. et al. (1992)
Analysis of relationships among isolates of
Citrobacter diversus by using fingerprints generated
by repetitive sequence-based primers in the
polymerase chain reaction. Journal of Clinical
Microbiology 30: 2921-2929.



8

Automated methods

In medical, agricultural and industrial microbiol-
ogy, there is a continued need for ‘rapid methods’
that will shorten the time between receipt of a spec-
imen or sample and the issue of a report. This has
led to the development of instrumentation, usually
known as automation, which has the additional
advantage that it does not require constant atten-
tion, can proceed overnight and has therefore
earned the title ‘walk-away’. Such automation may
be described as the operation of an instrument by
mechanical, electrical or electronic procedures
alone or in combination, thereby removing the
need for direct human action.

The equipment described here can be truly con-
sidered as automation and is widely available.
Clearly, not all such equipment can be included.
Nor can details be given of use and operation; these
may be found in the manufacturers’ instruction
manuals.

IDENTIFICATION AND
ANTIMICROBIAL SUSCEPTIBILITY

A pure culture is a prerequisite. Thereafter, the user
has a wide choice. Most systems incorporate
antimicrobial agent testing options.

VITEK

Initially introduced as the automated system in
1976 by BioMerieux (France), this is based on the
detection of microbial growth in microwells within
plastic cards. The original cards were designed for

the identification of urine isolates and used the
most probable number (MPN) system to determine
significant bacteriuria. Additional cards became
available for the identification of pure cultures and
for antimicrobial susceptibility testing. VITEK is a
completely automated instrument that offers rapid
results with an average 2- to 6-hour, same-day,
turnaround time. The system allows for random or
batch processing and has a built-in quality control
module with a complete data management system.
There are five VITEK models available, all of which
provide the same analysis with rapid results and
only differ in the number of cards they process: 32,
60, 120, 240 or 480.

Results from the identification cards are inter-
preted automatically. For antimicrobial susceptibil-
ity testing, over 40 antimicrobial agents are
available and the results from each test include an
interpolated minimum inhibitory concentration
(MIC) as well as the National Committee of
Clinical Laboratory Standards (NCCLS) break-
points of susceptible, intermediate and resistant
(NCCLS, 2000).

The VITEK Test Card is the size of a playing card
and made up of 30 or 45 microwells, containing
either identification substrates or antibiotics.
VITEK offers a wide range of cards for the identifi-
cation and susceptibility testing of most organisms
encountered in the laboratory. The Test Card is a
sealed container, so no aerosols are produced,
thereby reducing the likelihood of personal con-
tamination. Disposable waste is apparently
reduced by more than 80% over microtitre
methods. The current range of tests is summarized
in Table 8.1.

The VITEK is an integrated modular system con-
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Table 8.1 VITEK: range of tests

Product card Organisms identified

GNI + Card VI3l  Enterobacteria, vibrios,

P. aeruginosa and other non-
fermenters

GPI Card V1305 Streptococcus, Staphylococcus,
Enterococcus, Listeria and
Corynebacterium spp.

YBC Card V1303
ANI Card V1309

NHI Card V1308

Most clinically relevant yeasts
> 80 anaerobes

Neisseria, Haemophilus spp. and
other fastidious organisms
UID-3 V1102
UID-1 VI106

Nine urinary pathogens
Nine urinary pathogens

sisting of a filler—sealer unit, reader—incubator,
computer and printer, and it may be interfaced
with other laboratory information management
systems (LIMSs). The inoculum is prepared from a
predetermined medium and, after adjustment to
either MacFarlane 1 or 2 standard, the suspension
is automatically transferred to the Test Card during
the vacuum cycle of the filling module. The cards
are then incubated in trays at 35°C. The optical
density is monitored hourly; the first reading estab-
lishes a baseline, after which the light reduction
caused by growth or biochemical reaction is
recorded.

The VITEK has been introduced as a fully auto-
mated system that performs identification and sus-
ceptibility testing analyses from a standardized
inoculum. The system combines both complemen-
tary and highly advanced skills to transform the
antibiotic susceptibility test into a performance
tool that detects and helps in the fight against bac-
terial resistance.

VITEK2 is targeted at the clinical market and
claims to reduce time to identification and antibi-
otic susceptibility results. It offers a more extensive
analysis menu than the original VITEK, also bene-
fiting from a miniaturized card-format consumable
item (10 cm X 6 cm X 0.5 cm), which consists of 64
wells for increased analytical capabilities.

Identification is based on fluorescent technology
that provides broad profiles for the reliable identifi-
cation of the most clinically relevant organisms.

Data analysis uses algorithms to look at a range
of parameters and test conditions to ensure accu-
rate test results; it is combined with an Advanced
EXPERT Rules System for quality assurance pur-
poses.

After primary isolation a suspension of the organ-
ism is prepared in a tube of saline and verified with
a densitometer. The inoculum tube is then placed
into a rack. The sample identification number is
entered into the Smart Carrier via a barcode or key-
pad and electronically linked to the supplied bar-
code on each test code. Identification (ID) and
antimicrobial susceptibility testing (AST) Test
Cards can be mixed and matched in the cassette to
meet specific laboratory needs. All information
entered at the bench is transported to the instru-
ment in a memory chip attached to the cassette.
This provides positive text tracking from the bench
to the report. From start to finish, all processing
steps are completely autonomous, standardized,
controlled and checked.

The optical system reads all 64 wells every 15
min. This kinetic monitoring provides an extended
database for analysis and interpretation allowing
VITEK2 to provide rapid results.

As AST becomes increasingly requested and com-
plex as a result of emerging and low-level microbial
resistances, the EXPERT system provides various
levels of security, validations and in-depth analysis
of results to predict the clinical outcome of therapy
most accurately.

The EXPERT System allows for:

1. Biological validation of the quality of the
results from a technical point of view.

2. Result interpretation to facilitate correction
for improved clinical outcomes.

3. Systematic addition of recommendations that
the laboratory wishes to communicate to
physicians. These may be selected from
footnotes pertinent to the national standards
to which the laboratory is working, e.g. the
NCCLS (2000), the British Society for
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Antimicrobial Chemotherapy (BSAC: Phillips
et al., 1999) or specific recommendations
defined by the user’s laboratory.

VITEK have introduced DataTracas, an informa-
tion management system that oversees the test data
generated by the VITEK or VITEK2. The informa-
tion is gathered and formatted into a variety of
reports. In addition data can be exported for analy-
sis into other PC-based software programs.
Addition of the CAR program allows the VITEK
and VITEK2 user to compose rules easily, listing
specific conditions which, when met, suppress the
reporting of toxic, inappropriate or more costly
antimicrobial agents on the patient report.

The quality control module provides the labora-
tory with the ability to store the results of all
VITEK cards, thereby allowing the quality of con-
trol performance to be tracked. Cumulative quality
control reports, which list any results with the
exceptions flagged or exceptions only, are easily
generated.

The Bi-directional Computer Interface (BCI)
package allows VITEK to receive patient informa-
tion directly from the LIMS and transmit microbi-
ology test data directly to it. This minimizes
keystrokes and data transcription errors while
automatically uploading test data into the LIMS.

The system has been evaluated by many workers.
Jorgensen et al. (2000) showed that VITEK2 pro-
vided rapid, reliable susceptibility category deter-
minations with a range of challenge and clinical
isolates of Streptococcus pneumoniae. The mean
time for generation of susceptibility results is 8.1 h.
Hansen et al. (2002) used VITEK GN1+ and GNS-
GA cards to identify and perform susceptibility
testing on positive blood cultures from the
BACTEC system. They concluded that the direct
VITEK method could correctly report identifica-
tions and susceptibility patterns within 6 h, making
same-day reporting possible for almost two-thirds
of bacteraemic episodes with Gram-negative
bacilli.

Joyanes et al. (2001) evaluated VITEK2 for iden-
tification and susceptibility testing of Pseudomonas
aeruginosa,  Acinetobacter  baumannii  and

Stenotrophomonas maltophilia, and concluded
that it allowed rapid identification of the S. mal-
tophilia strains and most of the P. aeruginosa and
A. baumannii isolates. It also performed reliable
susceptibility testing of many of the antimicrobial
agents used against these organisms.

In a multicentre evaluation of the VITEK2
Advanced Expert System for interpretive reading of
antimicrobial resistance tests, Livermore et al.
(2002) demonstrated the capacity of the system to
detect and interpret resistance mechanisms with a
high level of accuracy and standardization. Only
64 of 963 (6.6%) interpretations at 10 European
centres were discrepant, with half of these concern-
ing S. pneumoniae isolates that were intermediately
resistant to penicillin by previous methods. In a
similar evaluation of the Advanced Expert System,
Cantén et al. (2001) showed it to be a reliable tool
for the detection of extended spectrum [-lacta-
mases or inhibitor-resistant TEM [-lactamases
produced by Enterobacteriaceae.

Sensititre

The Sensitive System (Trek Diagnostic Systems,
Inc.) is made up of a number of ‘mix-and-match’
components and provides walk-away automation
for identification and susceptibility testing. The
modular system is made up of an auto-inoculator,
plate reader, the fully automated Automated
Reading and Incubation System (ARIS) and the
Sensititre Automated Management System (SAMS)
software.

The Sensititre system uses fluorescence-based
technology. Substrates are linked to a fluorophore
such as 4-methylumbelliferone (4MU) or 7-
aminomethylcoumarin (7AMC). The substrate flu-
orophore is normally non-fluorescent but, in the
presence of specific enzymes, the substrates are
cleaved from the fluorophore, when the unbound
4MU or 7AMC fluoresces under ultraviolet (UV)
light.

The test media contain specifically designed
probes for a number of reactions. Carbohydrate
use is detected by monitoring the pH shift with a
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fluorescent indicator. When the pH in the test well
is alkaline, the indicator is fluorescent but, as the
carbohydrate is oxidized or fermented, producing
acid, the fluorescence decreases, indicating a posi-
tive reaction. Carbon-source use, and decarboxy-
lase also depend on
monitoring pH changes with fluorescence indica-
tors. Bacterial enzyme tests detect the production
of various enzymes, including peptidase, pyranosi-
dase, phosphatase and glucuronidase. Enzymes are
detected by their ability to cleave a quenched fluo-
rophore, resulting in fluorescence, e.g. aesculin, a
fluorescent glycoside, breaks down to the non-fluo-
rescent aescletin and glucose; non-fluorescence
therefore indicates a positive result. Tryptophan
deamination by the catabolic enzyme tryptophase
results in a coupled reaction in which the formation
of a dark colour suppresses the fluorescent signal
and thus indicates a positive result.

A real benefit of a fluorescence endpoint is that
emission may be detected with greater sensitivity
and a reaction can therefore be observed much ear-
lier than is possible with colour changes or turbid-
ity readings. Fluorescence also overcomes some of
the problems
approaches such as loss of resolution caused by
pigment formation in cultures, scanty or variable
growth, and the use of opaque or pigmented sup-
plements.

The system is based on the standard 96-well
microtitre tray and consists of an auto-inoculator,
plate reader and data handler. Inocula are pre-
pared, with the aid of the built-in nephelometer, by
transferring colonies from the isolation media to
sterile distilled water to equal a 0.5 McFarlane
standard. The inoculator dispenses 50 ul into each
test well. The test plate is read after incubation.
The light source is a broad-band xenon lamp
(360 nm) which generates microsecond pulses of
high-peak-power light. This passes through inter-
ference filters and a beam-splitting cube with wave-
length-selective coatings to lenses that focus the
light on a test well and the detector. The detector is
a photomultiplier tube that transmits raw fluores-
cence data to a computer. Approximately 30 s are
required to read a plate and the biocode generated

and urease reactions

associated with conventional
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is matched to the Sensititre database. There may be
additional test prompts and a reincubate prompt
also occurs at 5 h if there is no, or a low, probabil-
ity of identification. The result of each test is
printed and the quality of each identification is
determined on the basis of calculated probability
values. ARIS has a 64-plate capacity, which allows
the user to load any MIC, breakpoint or identifica-
tion plates for a combination of 192 possible tests
in a single instrument.

Stager and Davis (1992) reviewed the perform-
ance reports of the Sensititre and stated that the
limitations were the requirement for off-line incu-
bation and the necessity for reincubation of some
panels. The development of systems for the rapid
identification of Gram-positive bacteria would
extend its usefulness.

One of the real developments in automated
instrumentation has been the introduction of data
management software. Sensititre is no exception
and has introduced the SAMS software, which pro-
vides for a wide range of data-tracking and report-
ing capabilities. Extensive survey facilities allow a
variety of customizable and automatically format-
ted reports, including epidemiology, statistics and
workload data, to be produced. The QC Module
automatically checks quality control ranges, show-
ing Pass or Fail on reports. The Expert System flags
when predefined NCCLS standards are violated.
Automated Backup allows scheduling of automatic
nightly data back-up and the Automated Interface
allows scheduling of automatic initiation of results.

Biolog

A number of system options are available although
it is the OmniLog ID system that is fully auto-
mated. It uses Biolog’s proprietary carbon source
use test methodology in a convenient 96-well
format. When an organism is introduced to the
wide variety of pre-selected carbon sources, it
rapidly produces a characteristic pattern or ‘finger-
print’, which is compared with an extensive data-
base. Unlike other systems, the Biolog results are
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based on 95 reactions from 6 to 8 different classes
of carbon sources. The Biolog technology can
detect mixed or contaminated cultures, and is also
able to identify environmental and fastidious
organisms. The sensitivity and precision of the
technology have allowed Biolog to build extensive
databases that include environmental organisms,
veterinary organisms, plant pathogens and human
pathogens.

A unique feature of the OmniLog System is user-
defined incubation temperature. The OmniLog ID
System was designed to identify a wide variety of
organisms, which must be incubated at their opti-
mal temperature to obtain an accurate identifica-
tion. Other automated systems that incubate and
read identification test panels do so at one set tem-
perature, usually 37°C. As such they are not always
able to identify bacteria such as those isolated
when doing environmental monitoring. For those
organisms that may require special incubation
environments (e.g. elevated CO, or extreme tem-
peratures), the system allows the user to incubate
the MicroPlates ‘off line’ before placing them into
the Reader for interpretation.

The OmniLog System simultaneously incubates,
reads and interprets the Biolog MicroPlates (Table
8.2). It continuously processes samples but allows
the user complete access at any time during a sam-
ple run. Samples can be loaded when ready and
removed when complete without disturbing other
samples still in process. Inside the Reader there are
25 trays. Each tray holds 2 MicroPlates, giving the
Reader a total capacity to incubate and read 50 iso-
lates.

Before the wuser inoculates the appropriate
MicroPlates, they log the MicroPlate information

Table 8.2 The OmnilLog System Microbe Identification Process

Step | Isolate a pure culture on Biolog media

Step 2 Do a Gram stain and determine testing
protocol

Step 3 Prepare inoculum at specified cell density

Step 4 Inoculate MicroPlates and place in Reader

Step 5 Obtain ID results from printer

into the OmniLog software. By simply following
the software’s instructions, the user then opens the
door of the OmniLog Reader and places each
MicroPlate in the appropriate tray slot indicated by
the software. Once all the MicroPlates are loaded
and the door of the Reader is closed, the OmniLog
software takes over the responsibility for incubat-
ing, reading, saving and printing the results.

The OmniLog ID System begins reading the
MicroPlates 4 h after they have been placed into
the Reader. The pattern is compared with the iden-
tification database and an ID is called if enough
positive reactions have developed. This result is
then displayed on the Read menu screen, stored in
the computer’s memory, and an identification
report is printed out. If no result is obtained after
6 h, the instrument automatically continues to
incubate the MicroPlate and begins reading again
after 16 h and up to 24 h.

The OmniLog ID System uses Windows-based
software. The status of all the samples can be
observed by simply looking at the Read menu
screen of the OmniLog ID System software. All of
the information for a specific MicroPlate is con-
tained on a single line of this screen. Once the sys-
tem has determined a final identification for a
specific MicroPlate, it indicates this status with a
check mark icon. A clock icon is used for those
samples that are still incubating because an identi-
fication result has not yet been determined.

The ‘Plus’ version of the OmniLog adds the addi-
tional capability of identifying yeasts, anaerobes
and filamentous fungi (Table 8.3).

Table 8.3 Omnilog and Omnilog Plus: range of tests

OmniLog Omnilog
Plus

Gram-negative bacteria v 4

500 species
Gram-positive bacteria v v

500 species
Yeasts 250 species v
Anaerobic bacteria 350 species v
Filamentous fungi 500 species v
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In today’s regulated environments control and
validation of the microbial identification system
and control are two crucial elements of regulatory
compliance. In conjunction with validation
experts, Biolog developed a comprehensive valida-
tion package for the OmniLog System. The
Validation Protocol Manual provides the frame-
work for performing the Installation Qualification
and the Operation Qualification for each of the sys-
tem elements. The Validation Package also includes
test strains that can be run on the OmnilLog to pro-
vide validation of the system performance. Biolog
also provides optional software features to control
operator access and to control access for building
or modifying data files. This new capability is
indicative of how Biolog is consistently responding
to its customers’ ongoing needs.

The operator can use one of the Biolog databases
or compile a user-defined file. An unknown bio-
chemical profile may then be compared with either
the databases or a combination of the two. Other
features of the software include on-line informa-
tion about any species in the library, cluster analy-
sis programs in the form of dendrograms and two-
or three-dimensional plots to demonstrate the
relatedness of strains or species, and the separation
of the Gram-negative database into clinical and
environmental sectors.

It is the last of these that gives some distinction to
the Biolog because it identified a niche in the mar-
ket that other systems had failed to fill. It includes
non-clinical isolates as a feature of its initial data-
base, thereby addressing the particular needs of
environmental and research workers. This is best
illustrated by considering the ES Microplate which
is designed for characterizing and/or identifying
different strains of Escherichia coli and Salmonella
spp., for characterizing mutant strains and for
quality control tests on E. coli and S. typhimurium
strains carrying recombinant plasmids.

Phoenix

The Phoenix System is a new, automated, short
incubation system for the rapid identification and
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susceptibility testing of clinically relevant bacteria.
Phoenix can test up to 100 ID and AST combina-
tion panels at a time. The Phoenix system uses an
optimized colorimetric redox indicator for AST
and a variety of colorimetric and fluorimetric indi-
cators for bacterial ID. A sealed and self-inoculat-
ing moulded polystyrene tray with 136 microwells
serves as the Phoenix ID/AST Combination dispos-
able.

The Phoenix System includes an inoculation
station for panel set-up/ inoculation and an
instrument with an Incubator/Reader carousel
module.
tiers of 26 panel carriers to accommodate a
tier-specific  Normalizer and 25 Phoenix
Panels.

The Phoenix Panel uses up to 51 microwells for
identification and up to 85 microwells for suscepti-
bility testing of 16 antimicrobial agents at five con-
centrations, or more than 25 agents at three
concentrations per agent.

An optimized Mueller-Hinton broth base with a
redox indicator and an optimized Inoculum Fluid is
used for AST and ID inoculum preparations,
respectively.

A Dbacterial inoculum concentration, approxi-
mately equivalent to a 0.5 McFarland Standard,
is required for the identification of either
Gram-negative or  Gram-positive  bacteria.
Susceptibility testing is performed with an inocu-
lum concentration of 3-7 x 10° colony-forming
units (cfu)/ml with a colorimetric redox indica-
tor. Kinetic of bioreactivity
within individual microwells via red, green,
blue and fluorescence readings are collected
and comparatively analysed with the Phoenix
database.

The average time to results is 6 h for Gram-posi-
tive and 6-12 h for Gram-negative organisms. The
instrument will provide interpreted test results with
an integrated expert system (BDXpert). The system
will offer an optional workstation (Epicenter) to
complement Phoenix results with data manage-

The carousel houses four horizontal

measurements

ment features, including epidemiology, user-
defined reporting and Advanced BDXpert
capability.
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Midi microbial identification system

The Midi (Microbial ID Inc., USA) is a fully auto-
mated, computerized gas chromatography (GC)
system that can separate, distinguish and analyse
more than 300 C,~C,, fatty acid methyl esters. The
value of this type of analysis is that the fatty acid
composition is a stable genetic trait, which is highly
conserved within a taxonomic group.

The system software includes operational proce-
dures, automatic peak naming, data storage and
comparison of unknown profiles with the database,
using pattern recognition algorithms. The database
contains more than 100000 strain profiles, includ-
ing representatives of Enterobacteriaceae and
Pseudomonas, Staphylococcus and Bacillus spp. It
also includes mycobacteria, anaerobes and yeasts.

Representative isolates must be subcultured in
defined media before preparation of the methyl
ester, after which the whole process is automated.
The system is calibrated by a mixture of straight-
chain fatty acids. This is necessary after analysis of
10 samples and corrects for any changes in sample
injection volume and variability in gas flow rates.
Calibration samples can be set up automatically.
The autosampler will take up to 2 days of analyti-
cal capacity and may therefore be considered as
truly walk-away.

Gas chromatography analysis is a well-estab-
lished tool in the anaerobe laboratory and exten-
sive work has been done in this field, notably at the
Anaerobe  Laboratory, Virginia Polytechnic
Institute and State University. McAllister et al.
(1991) reported that the Midi system correctly
identified 97% of the anaerobes tested.

The Midi database consists of more than 100 000
analyses of strains obtained from experts and from
culture collections. The cultures were collected
from around the world to avoid potential geo-
graphical bias. Where possible, 20 or more strains
of a species or subspecies were analysed to make
the entry. When fatty-acid profile subgroups were
found within a taxon, more strains were obtained
to delineate each group.

The system will analyse about 45 samples per day
(with a dual tower, 90 samples per day can be

analysed). A single technician can extract about 75
samples per day and so the operator time per sam-
ple averages at about 6 min.

Assessment of identification systems

Stager and Davis (1992) reviewed five studies in
which the accuracy of either two or three of the sys-
tems was compared: percentage accuracy varied
from as low as 35% to as high as 99.2%. This type
of study is of somewhat limited value, however,
because the companies are continually improving
their systems, particularly with respect to the qual-
ity of the databases, which are, of course, funda-
mental to correct identification. This is best seen in
the studies of Kelly er al. (1984), Stevens et al.
(1984) and Truant et al. (1989), who all presented
evidence that variation in biotypes of individual
species from different geographical areas may in
part be responsible for performance variability.
This needs to be considered both by the manufac-
turers and by the users, especially by the latter
when they are considering a purchase.

BLOOD CULTURE

INSTRUMENTATION
BACTEC
The BACTEC series of instruments (Becton

Dickinson, USA) is generally associated with blood
cultures but has other uses. Samples of blood,
spinal, synovial, pleural and other normally sterile
body fluids are injected into the BACTEC vials.
Growth of organisms is detected by the production
of CO, from culture media. As the first of the blood
culture systems, it is worth considering the devel-
opment of this product line. Users should be aware
of the fact that cross-contamination could occur
between samples, should there be inadequate
sterilization of the sample needles that are used to
collect samples.



BACTEC 460

This early BACTEC system used the makers’ cul-
ture medium containing “*C-labelled substrate. The
instrument takes 60 vials, which are inoculated
with § ml of the test fluid. It then automatically
measures the radioactivity in the headspace gas for
“CO, each hour and prints the result. If the activity
exceeds a preset threshold the blood culture is con-
sidered to be positive.

BACTEC NR-660, NR730 and
NR-860

The NR series replaced the radioactive substrate by
employing infrared (IR) spectrometry to detect the
CO,. Infrared light is absorbed by the CO, in the
test cell and the amount passing through to the
detector is registered. The amplifier converts this
measurement of conductivity to voltage, which is
converted to a read-out value. There is an inverse
relationship between the amount of CO, generated
and the amount of IR light detected. This is
accounted for in the calculations that generate the
growth value (GV).

During the test a pair of needles penetrates the
vial septum and the headspace gas is drawn
through one of them into the detector. The other
needle is connected to an external gas cylinder so
that the appropriate gas for aerobiosis or anaero-
biosis can be replaced. The various models in the
NR series use different IR systems. In the NR-860
a positive culture is flagged if the GV, or the differ-
ence between two consecutive measurements,
exceeds a predetermined threshold. The vial head-
space is also measured and when that exceeds a
default setting the sample is flagged as potentially
positive. Vial testing is automatic and an auto-
mated tray transport mechanism shuttles the trays
between the incubator and the IR sensor unit. A
barcode scanner reads the sample label. The NR-
860 can store 480 samples in eight drawers. The
two bottom drawers, containing the most recent
aerobic cultures, are mounted on an orbital shaker.
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The working capacity is 48 new cultures per day
with a 5-day test protocol. When positive samples
are identified they are removed for further investi-
gation.

BACTEC 460/TB for mycobacteria

The BACTEC 460 instrument was modified to the
460/TB for the detection and susceptibility testing
of mycobacteria. In this the cover was replaced by
as hood with a forced, recirculating air supply and
HEPA (high efficiency particulate air) filters to
avoid dispersion of any aerosols into the laboratory
atmosphere. This instrument, subsequently modi-
fied to detect CO, by IR spectrometry, instead of
radioactivity, has proved to be very useful in the
early detection of tubercle bacilli in sputum cul-
tures and of antimicrobial resistance of mycobacte-
ria.

BACTEC 9000 Series

This 9000 series instruments are fluorescence-
based, walk-away detection systems reputedly
offering increased sensitivity; as they are non-inva-
sive, they offer a high level of built-in microbiolog-
ical safety. As no venting is required the samples
may be collected in Vacutainer blood-collecting
sets. A dye in the sensor reacts with CO,, thereby
modulating the amount of light that is absorbed by
a fluorescent material in the sensor. The photode-
tectors measure the fluorescence, which is related
to the amount of CO, released in the culture. On
initiation of a test the machine carries out a diag-
nostic routine, after which it starts continuous and
automated on-line testing. A test cycle of all racks
is continually being monitored every 10 min and
positive cultures are flagged by a light on the front
of the instrument and displayed on the monitor.
The BACTEC 9240 can monitor 240 culture
vials, arranged in six racks. The vials are incubated
at 35°C with agitation. The working capacity is 24
new culture sets per day with a 5-day test protocol.
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Also available is the BACTEC 9120, which moni-
tors 120 culture vials. The BACTEC 9050 has been
introduced for laboratories that process fewer than
150 blood culture sets each month. The compact
size of the BACTEC 9050 minimizes space require-
ments, yet it still features fully automated, non-
invasive, continuous fluorescent monitoring of
growth, but occupies only 4.5 square feet of bench
space (less than half a square metre). Software and
operating systems are totally built in, so there is no
need for an external computer to take up more
space and complicate operations. The instrument is
designed for laboratories processing up to five
blood cultures per day. The technician simply
opens the door of the instrument, presses the ‘Vial
Entry’ key, scans the vial barcode at the fixed bar-
code reader and places the vial into the assigned
position. Once the door is shut, processing auto-
matically begins.

In addition to the ability of networking up to 20
BACTEC instruments for large or group laborato-
ries, Becton Dickinson have introduced BACTEC
VISION Software, a data control centre for the
BACTEC 9000 series of blood culture instruments.

The software allows for extensive data manage-
ment, total reporting and sorting flexibility in a
Windows environment.

Other BACTEC 9000 Data Management

Systems

e BACTEC Level I: with bar code icon interface
to increase work flow efficiency. Monitors
instrument status, tracks and reports in
protocol specimens.

® BACTEC Level II: includes Level I plus
connectivity to all interfaces written to ASTM
standards. Provides bidirectional capability to
download patient demographics directly to
core computer, saving technician time and
speeding reporting of results. Monitors
instrument status, tracks and reports in-
protocol specimens, and records patient and
specimen demographics.

Note: BACTEC VISION is a Level III System and
includes all items in Levels I and II.

BacT/Alert

The BacT/Alert system (Biomerieux) was introduced
in 1990-91 as a fully automated system and there-
fore as an alternative to semi-automated radiomet-
ric and IR systems. Like the BACTEC, it uses the
production of CO, and employs a novel colorimet-
ric sensor in the base of the aerobic and anaerobic
blood culture bottles. The sensor changes colour as
CQ, is produced; the rate of change is detected by a
reflectometer and the data are passed to a computer
whose algorithm can distinguish between the con-
stant CO, production by blood cells and the accel-
erating CO, production from a positive blood
culture. The sensor is covered by an ion-exclusion
membrane, which is permeable to CO, but not to
free hydrogen ions, media components or whole
blood. Indicator moleculesin the water-impregnated
sensor are dark green in their alkaline state, chang-
ing progressively to yellow as the pH decreases. CO,
from a positive culture passes through the mem-
brane, giving the following reaction:

CO, + H,0 — HCO; + H'

The free hydrogen ions react with the indicator
molecules causing the sensor to change colour. This
is detected by a red light-emitting diode and meas-
ured by a solid-state detector.

Aerobic and anaerobic culture bottles are avail-
able and are maintained at negative pressure for
ease of inoculation. The recommended adult sam-
ple is 5-10 ml per bottle. It is necessary to vent the
aerobic bottles occasionally. Cultures taken outside
normal laboratory hours may be incubated exter-
nally and entered into the system on the following
day. The system holds up to 240 bottles, each with
its own detector. Up to four data-detection units
may be interfaced with the same computer, giving a
maximum throughput for one system of 960 bot-
tles at any one time. A single detection unit has 10
blocks of 24 wells, each block operating independ-
ently, thereby allowing easy removal and routine
servicing. A Reflectance Standard Kit is supplied
with each system, which allows the user to cali-
brate and test for quality control. The PC analyses
all data, interpreting both positive and negative



growth curves. It also allows complete patient files
to be kept and will interface with existing in-house
systems.

The system has been evaluated against the radio-
metric BACTEC 460 and shown to give compara-
ble results (Thorpe et al., 1990). Wilson et al.
(1992) also concluded that the BacT/Alert and
BACTEC 660/730 non-radiometric systems were
comparable for recovering clinically significant
micro-organisms from adult patients with bacter-
aemia or fungaemia. The BacT/Alert, however,
growth than the
BACTEC and gave significantly fewer false-positive
results. In addition to the standard Bact/Alert sys-
tem, MB/BacT has been introduced as an easier,
safer and more cost-effective method for detection
of mycobacteria than conventional or radiometric
methods. It is a fully automated system for contin-
uous non-invasive monitoring of non-blood speci-
mens and, based on the unique colorimetric
technology, it offers the same benefits in terms of
speed, accuracy, ease of use and cost-effectiveness.

A further development is BacT/ALERT 3D which
is a test system that combines blood, body fluid and
mycobacteria specimen testing in one instrument.
Its flexible modular design consists of one to six
Incubator Modules, each capable of accommodat-
ing 240 bottles, and is directed by a touchscreen-
activated Control Module. This allows for a
text-free user interface for more direct random
rapid loading and unloading of the test samples.
The control Module supervises the reading of the
Incubator Module’s sensors and controls the deci-
sion-making algorithms, to determine whether or
not a given bottle is positive.

Bact/VIEW is a complete data management pro-
gram for use with BacT/ALERT and MB/BacT. It
has an easy to learn and operate touchscreen inter-
face. Collecting patient data, launching routine
tasks, loading and unloading bottles, and customiz-
ing reports are very straightforward matters. There
is no need to memorize commands or routines. A
single computer system with BacT/VIEW can con-
trol up to nine microbiological units. In addition
BacT/VIEW may be connected directly to an LIMS
using BacT/LINK.

detected microbial earlier
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ESP

ESP (Trek Diagnostic Systems) is a fully automated
culture system for routine blood culture, mycobac-
teria detection and Mycobacterium tuberculosis
susceptibility testing on a single instrument plat-
form. It is a closed system design, thereby allowing
safe handling of all specimens throughout the labo-
ratory.

The instrument design can be configured to allow
for a system that efficiently accommodates a range
of test volumes: 1920 test sites may be monitored
by one PC, thereby reducing costs and improving
efficiency.

ESP detects a wide range of micro-organisms by
measuring both consumption and production of all
gases. The technology does not rely on forced pro-
duction of CO, for micro-organism detection. The
non-invasive measurement of pressure changes in
the headspace of the culture bottle provides an
effective and rapid detection of microbial growth.
Aerosol-free venting of the culture bottle occurs
automatically before entry and after removal of a
positive specimen. A hydrophobic membrane in the
connector prevents aerosols from escaping into the
laboratory environment.

Proprietary media support the growth of the
widest variety of micro-organisms and are effective
for all specimen types without any additives.
Included essential growth factors allow a much
smaller amount of blood to be drawn. The
American Food and Drugs Administration (FDA)
has cleared the use of volumes as low as 0.1 ml to
accommodate difficult draws. Paediatric bottles are
therefore not necessary with ESP. The optimized
blood : broth dilution ratio neutralizes effects of
antibiotics and other inhibitory substances, mean-
ing that resins and fan media are not required.

A non-radiometric M. tuberculosis detection sys-
tem is provided for. The ESP Culture System II
combines a liquid culture medium, a growth sup-
plement and, for potentially contaminated speci-
mens, an antibiotic supplement, with a detection
system that automatically incubates and continu-
ally monitors culture bottles inoculated with speci-
mens suspected of containing mycobacteria. ESP



120 Automated methods

detects mycobacterial growth by automatically
monitoring (every 24 min) the rate of consumption
of oxygen within the headspace of the culture bot-
tle and reports that growth response with a visible
positive sign.

An ESP Myco Susceptibility Kit consisting of
three first-line anti-tuberculosis drugs — rifampin,
isoniazid and ethambutol - is available. The total
ESP susceptibility system is made up of specific lots
of ESP media that are qualified to be used with each
ESP Myco Susceptibility Kit. The primary drugs are
injected into supplemented ESP Myco bottles. An
inoculum of the M. tuberculosis isolate to be tested
can be prepared from colonies grown on solid
media or from a seed bottle. The inoculum is added
to the drug-containing bottles and to a drug-free
control bottle, used as a positive control. The pres-
ence of growth is determined automatically by the
ESP instrument. If the organism is susceptible to a
drug, microbial growth will not be detected or will
be significantly delayed compared with the drug-
free control bottle. If the organism is resistant to a
drug, microbial growth will be detected within 3
days of the control bottle.

Safety has been addressed by the use of a dispos-
able plastic connector with recessed probe that
eliminates risk and liability of injury from venting
probes and provides safe, non-invasive venting.
There is a 0.2-um hydrophobic membrane within
the connector which prevents the escape of danger-
ous aerosols into the laboratory. The use of a non-
radiometric  mycobacteria  broth  eliminates
potential hazards of radioactive components and
eliminates the requirement for radioactive disposal
or licensing fees.

As with all the current generation of instrumenta-
tion, a data management system has been devel-
oped to extend the functionality of the culture
system. It is a fully featured Windows NT-based
data management system using the Microsoft
Access database. Custom reports can easily be inte-
grated with standard reports, providing a wealth of
information about epidemiology, quality of results,
workplace efficiency, and cost containment. An
interface allows download of patient demographics
during specimen entry and automatic transfer of

test results to the LIMS. ESP data can be retrieved
from any computer on the network using a com-
patible version of Microsoft Access.

URINE EXAMINATION

There have been many attempts to automate urine
analysis, none of which has had significant com-
mercial success. Zaman et al. (2001) considered the
UF-100 urine flow cytometer (Merck, Eurolab) and
concluded that the technology does not accurately
predict the outcome of urine cultures, and that this
system is therefore unsuitable for the safe screening
of urine samples for urinary tract infections.

Trek Diagnostic Systems, Inc. have introduced the
Cellenium System which is claimed to provide the
first rapid, fully automated approach to urine screen-
ing. Using proprietary advanced robotic operation,
measured amounts of each urine sample are dis-
pensed into a Cellenium cassette and fluorescent
nucleic acid stains are added. The cassette is auto-
matically coupled with a Cellenium membrane.
Vacuum filtration results in a monolayer of stained
micro-organisms on the membrane, which are exam-
ined using computerized fluorescent microscopy
imaging. Results are equivalent to the colony-form-
ing units per millilitre of a standard culture.

This approach can eliminate the culturing of neg-
ative samples and can detect and enumerate bacte-
ria in urine, as well as providing Gram stain
information. In positive specimens, bacteria are
noted as Gram-positive cocci, Gram-negative rods
or Gram-positive rods. It can also be used to detect
yeast and white blood cells, and provides Gram
stain morphological information.

The instrument is able to detect, enumerate, and
classify pathogenic micro-organisms
within 30 min, thus eliminating the requirement to
culture negative specimens. It consequently pro-
vides the ability to report negative results a day ear-
lier than traditional culture methods.

Patient specimen data may be entered either by
barcode or by manual entry through the instru-
ment’s input station. An intuitive Windows NT-
based software guides the loading of reagents and

in urine



allows laboratory personnel to monitor the test
process at any time. The proprietary reagents are
supplied in a ready-to-use form to eliminate any
requirement for special preparation. The instru-
ment is capable of continuous operation (24 h/day)
analysing up to 70 specimens per h.

Reporting can be carried out in several ways,
including a hard copy printout, and a graphic map
that classifies specimens as positive, negative or
inconclusive, or through an interface to the LIMS.

IMPEDANCE INSTRUMENTATION

Four systems are generally available: Bactometer
(BioMerieux, France), Malthus (Radiometer,
Denmark), RABIT (Don Whitley, UK) and Bactrac
(Sy-Lab, Austria). All operate on the same princi-
ple.

Impedance may be defined as resistance to flow of
an alternating current as it passes through a con-
ductor (for detailed theory, see Eden and Eden,
1984; Kell and Davey, 1990). When two metal
electrodes are immersed in a conducting fluid the
system behaves either as a resistor and capacitor in
series or as a conductor and capacitor in parallel
(Kell and Davey, 1990). When it is in series combi-
nation, the application of an alternating sinusoidal
potential will produce a current that is dependent
on the impedance, Z, of the system which, in turn,
is a function of its resistance, R, capacitance, C,
and applied frequency, F. Thus:

z= R+ (tFc)

Any increase in conductance, defined here as the
reciprocal of resistance, or capacitance results in a
decrease in impedance and an increase in current.
The AC equivalent of conductance is admittance,
defined as the reciprocal and the units of measure-
ment are siemens (S).

Microbial metabolism wusually results in an
increase in both conductance and capacitance,
causing a decrease in impedance and a consequent
increase in admittance. The concepts of impedance,
conductance, capacitance and resistance are only
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different ways of monitoring the test system and
are interrelated. An important factor, however, is
that all are dependent on the frequency of the alter-
nating current and all are complex quantities, in
that they contain both real and imaginary parts
(Kell and Davey, 1990). In practical terms the user
must be aware that the electrical response is fre-
quency dependent, has a conductive and capacita-
tive component, and is temperature dependent.
Temperature control in any impedance system is of
critical importance. A temperature increase of 1°C
will result in an average increase of 0.9% in capac-
itance and 1.8% in conductance (Eden and Eden,
1984), and from this it can be calculated that a less
than 100 millidegree temperature drift can result in
a false detection. It is interesting to note that three
of the four systems mentioned above have adopted
a different method of temperature control:
Bactometer, a hot-air oven; Malthus, a water bath;
and RABIT and BacTrac a solid block heating sys-
tem.

These systems provide a measurement of net
changes in conductivity of the culture medium.
Tests are monitored continually and, when the rate
of change in conductivity exceeds the user-defined
pre-set criterion, the system reports growth. The
time required to reach the point of detection is the
‘time to detection’ (TTD) and is a function of the
size of the initial microbial population, its growth
kinetics and the properties of the culture medium.
For a given protocol, the TTD is inversely propor-
tional to the initial microbial load of the sample. At
the point of detection it is generally considered that
there will be approximately 10° cfu/ml of the test
organism present in the sample. This will vary
according to the type of organism, growth media,
etc., but will be constant for any one organism
growing under defined test conditions.

The attributes of the principal systems are out-
lined in Table 8.4, which shows that there are dif-
ferences in the measuring modes. The Bactometer
has the option of measuring either conductance or
capacitance, the Malthus measures conductance
and the principal signal component in the RABIT
is conductance, although there is a also a capaci-
tance component. The benefits of capacitance are
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Table 8.4 Comparison of the three principal impedance systems/ Bactometer, Malthus and RABIT

Bactometer Malthus 2000 RABIT
Test capacity 512 480 512
Modular system Yes No Yes
Temperature options per system 8 | |6 max
Cell volume 2 ml max 2and 5 ml 2-10 ml
Cell format Block of 16 Single Single
Reusable/disposable Disposable Reusable and disposable Reusable
Media availability Yes Yes Yes
Measuring mode Conductance or Conductance Impedance

capacitance
Indirect mode No Yes Yes
Full access to cell throughout test period No No Yes
Temperature control Hot-air oven Water-bath Dry heating block

best exemplified in attempts to detect organisms in
which normal metabolism results in no net
increase in medium conductivity. This does not
preclude the Malthus and RABIT from such appli-
cations, however, because both can utilize the indi-
rect technique (Owens et al., 1989) in which an
electrical signal is generated by CO, production.
The technique also has the advantage of being fully
compatible with samples and test media that have
a high salt content, which is not the case with the
Bactometer. The indirect technique also allows the
user a greater choice of culture media because
these do not have to be optimized for electrical
response but simply for growth of the target
organism.

ATP MEASUREMENT

Stewart and Williams (1992) have reviewed the
mechanism of bioluminescence assay, mediated by
the luciferin/luciferase reaction, for adenosine
triphosphate (ATP). The luciferin/luciferase com-
plex reacts specifically with the ATP in living cells
and emits a light signal proportional to the amount
of ATP present. There is a linear relationship
between the ATP and the plate count (Stannard
and Wood, 1983). The ATP in the sample origi-
nates from both living cells and other sources (the

somatic ATP), and the two must be differentiated if
the technique is to be used in microbiological test-
ing (although it is not necessary for rapid hygiene
monitoring, as in the food industry). The two
commonly used methods are separation of the
organisms from the sample before extracting
the ATP, and prior destruction of the somatic
ATP.

Bactofoss

Bactofoss (Foss Electric, Denmark) is a unique,
fully automated instrument that combines the prin-
ciples mentioned above to remove sample ‘noise’.
All functions are monitored by the central process-
ing unit and messages are presented on the screen.
Bactofoss is a simple push-button instrument
which provides a result within 5 min.

The test sample is taken up automatically and
deposited in a temperature-controlled funnel where
several filtrations and pre-treatments remove
somatic ATP. The micro-organisms are left on a
filter paper which is then positioned in an extrac-
tion chamber. Extraction reagent is added to
extract microbial ATP, the amount of which is
determined by measurement of luminescence after
the addition of luciferin and luciferase. All
reagents, etc. are supplied by the manufacturer and



the instrument can perform 20 analyses per hour.
Limond and Griffiths (1991) have shown that it is
applicable to meat and milk samples, with detec-
tion sensitivities of 3 x 10* — 3 x 10* cfu/g and 1 X
10* = 1 x 10° cfu/ml for milk.

Direct epifluorescence techniques

The direct epifluorescence technique (DEFT) was
originally developed for counting bacteria in raw
milk (Pettipher et al., 1980, 1989). It takes less
than 30 min and uses membrane filtration and epi-
fluorescence microscopy. Pre-treatment of samples
may be necessary to facilitate rapid filtration and
distribution of bacteria on the membrane. A suit-
able fluorescent stain shows organisms that are eas-
ily distinguished from debris by an epifluorescence
microscope, which is linked to an automatic count-
ing system.

The direct epifluorescence technique has been
used in manual or semi-automatic modes for sev-
eral years, but the new Cobra system (France) is
fully automated.

Bactoscan

Bactoscan (Foss Electric, Denmark) is fully auto-
mated and employs the DEFT principle, but is ded-
icated to the quality control of milk by making
direct bacterial counts.

A 2.5-ml sample of milk is treated with lysing
fluid to dissolve protein and somatic cells. The bac-
teria are then separated from the milk by gradient
centrifugation. The bacterial suspension is mixed
with a protease enzyme to dissolve particulate pro-
tein and is then stained with acridine orange. The
stained organisms are differentiated from debris on
the basis of dye uptake and are counted by a con-
tinuously functioning epifluorescence microscope
with the results displayed on screen. Eighty samples
per hour can be screened and the system is flushed
with rinsing fluid between each sample. When test-
ing is finished the machine is automatically cleaned
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The protease solution must be prepared daily but
the other reagents need be made up only every
other day. The start-up procedure takes about 30
min and involves a calibration routine, lens check-
ing and setting the discrimination level of the
counting module. Milk samples are placed in spe-
cial racks, heated to 40°C and loaded on the instru-
ment. The sample identification can be keyed in
manually or entered by a bar code reader. Results
are displayed on a screen. Bactoscan counts corre-
late well with standard plate counts and may there-
fore be converted to equivalent colony-forming
units per millilitre.

FLOW CYTOMETRY

Flow cytometry, widely used in research, has now
been developed for routine industrial use. The tech-
nique allows cell-by-cell analysis of the test samples
and, coupled with a range of fluorescent labels,
provides a rapid and automated method for detect-
ing microbes and examining their metabolic state.
The sample is injected into a ‘sheath’ fluid that
passes under the objective lens via a hydrodynamic
focusing flow cell. The sheath fluid passes continu-
ously through the flow cell, thereby focusing the
sample stream into a narrow, linear flow. The sam-
ple then passes through a light beam that causes the
labelled cells to emit fluorescent pulses. Each pulse
is detected and subsequent analysis allows pulses to
be recognized as separate counts and graded in
terms of fluorescence intensities.

Systems currently available include the Chemunex
(AES Laboratoire) range of products, which can
now detect at the single cell level. The results may
be printed as hard copy or transferred to a com-
puter. The labelling and counting take less than
30 min per sample. Other systems from companies
such as Coulter Electronics and Becton Dickinson
are available.

The ability of flow cytometry to analyse and sort
cells into defined populations on the basis of cell
size, density and discriminatory labelling is a
powerful new microbiological tool.
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PYROLYSIS MASS SPECTROMETRY

Probe-based technology

Pyrolysis mass spectrometry (PMS) has consider-
able potential for the identification, classification
and typing of bacteria (Magee et al., 1989;
Freeman et al., 1990; Sisson et al., 1992). In the
RAPyD-400 benchtop automated PMS (Horizon
Instruments, UK) samples are spread on V-shaped
Ni-Fe pyrolysis foils held in pyrolysis tubes.
Samples are then heated by Curie-point techniques
in a vacuum, which causes pyrolysis in a controlled
and reproducible manner. The gas produced is
passed through a molecular beam and analysed by
a rapid scanning quadruple mass spectrometer to
produce a fingerprint of the original sample over a
mass range of 12-400 Da. Data are analysed by
onboard multivariate statistical routines, providing
principal component analysis, discriminant func-
tion analysis, cluster analysis and factor spectra.
The system is entirely automated, with sample
loading, extraction, indexing to next sample and
data collection controlled by a computer. Routine
servicing and maintenance are minimal. Routine
analysis takes approximately 90 s per sample with
a batch of 300 samples.

It is important that the organisms are originally
cultured on media that do not impose stress and
consequent alteration of phenotype expression,
which may obscure the relatedness of isolates. It
may be desirable to facilitate expression of certain
phenotypes before analysis, thereby allowing the

technique to differentiate between unrelated
strains, e.g. differentiation between toxigenic and
non-toxigenic strains (Sisson et al., 1992).

Experience in UK public health laboratories sug-
gests that speed, low running costs and versatility
of PMS makes it suitable for the initial screening in
outbreaks of infection.

MOLECULAR MICROBIOLOGY

Advances in molecular microbiology have added to
diagnostic techniques, mainly with DNA probes or
the polymerase chain reaction (PCR).

A DNA probe is a piece of single-stranded DNA
that can recognize and consequently hybridize with
a complementary DNA sequence. The probe also
carries a label that ‘lights up’ the hybrid. Probes can
be prepared from total cellular DNA, short-chain
oligonucleotides or cloned DNA fragments and
their specificity measured. There are many assay
formats, although all follow the same principle
whereby the strands of the DNA double helix of the
target organism are separated by heating or alkali,
and immobilized on a membrane. Immobilization
prevents the complementary strands re-hybridizing
and allows access for the probe.

After challenge with the probe the membrane is
washed to remove any unbound probe and the
resulting hybridization is visualized. The dot-blot
assay immobilizes target DNA on a membrane and
visualizes hybridization as spot.
Colony-blot assays take up cells from a plate on to
a sterile membrane, thereby forming a replica of
that plate. The cells are then lysed to release the
DNA, which is immobilized and challenged by the
probe. Liquid hybridization formats use a probe
that carries a chemifluorescent label, which is added
directly to lysed cells. Adding a proprietary reagent
breaks down non-hybridized probe. The amount of
fluorescence measured is directly proportional to
the number of target organisms. Paddle and bead
formats carry the probe on their solid surfaces.
After hybridization the unbound probe is washed
off and detection is visualized. Several commercial
kits are available for this type of examination (e.g.
Gen-Probe Inc., San Diego, CA).

a coloured

DNA fingerprinting

This is considered elsewhere in the book (see
p. 103) because it is not yet fully automated.
Otherwise known as restriction fragment length
polymorphism (RFLP) analysis, this combines
probe and restriction enzyme technologies. The
assay format is generally known as Southern blot-



ting. Restriction enzymes cut DNA at sites charac-
terized by short sequences of certain bases, result-
ing in a number of fragments of different lengths.
The number and sizes of the fragments vary con-
siderably from one organism to another, even
within a species. The fragments can be separated
according to size and transferred directly to a
membrane by electrophoretic techniques. The
immobilized fragments are then probed, resulting
in a DNA fingerprint that is characteristic of the
source DNA.

PCR technology: amplification-based
technology

The best-established DNA amplification method is
the polymerase chain reaction. This is based on the
repetitive cycling of three simple reactions: denatu-
ration of double-stranded DNA, annealing of sin-
gle-stranded complementary oligonucleotides and
extension of oligonucleotides to form a DNA copy.
The conditions for these reactions vary only in
incubation temperatures, all occurring in the same
tube in a cascade manner. The repetitive cycling is
therefore self-contained and can be automated in a
programmable thermocycler. The first step is the
heat denaturation of native DNA which melts as
the hydrogen bonds of the double helix break. The
single strands are then available to re-anneal with
complementary-sequence DNA. The second step
takes place at a reduced temperature. Two short
DNA primers are annealed to complementary
sequences on opposite strands of a template,
thereby flanking the region to be amplified. They
act as a starting point for DNA polymerase and
consequently define the DNA region to be ampli-
fied. In the third step synthesis of complementary
new DNA occurs through the extension of each
annealed primer by the action of Tag polymerase in
the presence of excess deoxyribonuclease triphos-
phates. The new strand formed consists of the
primer at its 5’ end trailed by a string of linked
nucleotides that are complementary to those of the
corresponding template. An essential feature of the
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amplification process is that all previously synthe-
sized products in the previous cycle act as templates
for the subsequent cycle, resulting in geometric
amplification. Twenty cycles, which take as little as
2 h, result in a millionfold increase in the amount
of target DNA, which can be visualized by elec-
trophoresis and staining with ethidium bromide, or
by using a DNA probe.

The success of molecular instrumentation will be
largely dependent on the development of appropri-
ate sample extraction and purification technolo-
gies. Successful systems will need to integrate
automated, high-throughput, extraction platforms
with downstream detection systems. A number of
systems are showing much promise. The QIAmp
96 DNA blood kit and BioRobot 9604 (Qiagen,
Valencia, USA) are able to automate the isolation
of DNA from blood, plasma, serum, bone marrow
and body fluids. The process uses silica gel mem-
brane technology for isolation of nucleic acids and
a buffer system that allows for selective binding of
nucleic acids to the membrane, washing and elu-
tion of the nucleic acids.

The BioRobot is reported to process up to 96
samples in microwell plate format within 2 h, and
uses an automated tip change system to avoid
cross-contamination and a barcode reader for sam-
ple identification.

The Biomek 2000 Laboratory Automation
Workstation from Beckman Coulter (Fullerton,
CA, USA) and the Dynal (Oslo, Norway) DNA
DIRECT Auto 96 method based on magnetic-bead
capture of DNA from whole blood is another
promising high-throughput system. The Beckman
Coulter system allows the simultaneous processing
of up to 96 samples in 10 min.

Other manufacturers are marketing walk-away
DNA extraction systems. Organon Teknika
(Durhan, NC, USA) uses solid-phase technology in
the form of silicon dioxide particles to bind nucleic
acids. Autogen (Framingham, MA, USA) produces
various models of automated DNA and RNA
extraction systems, which are based on traditional
nucleic acid extraction chemistry.

There are, however, many challenges to nucleic
acid extraction. Automated instruments will need to
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consider quality control requirements before rou-
tine implementation of this technology can be
achieved, and the ability to interface with high-
throughput PCR systems will be an important fac-
tor. Roche Molecular Biochemicals (Indianapolis,
IN, USA) and Applied Biosystems, Inc. (ABI; Foster
City, CA, USA) have announced plans to launch
automated nucleic acid extraction systems that inter-
face with their corresponding systems for PCR
and PCR product detection. The ABI PRISM
6700 instrument promises integration with the ABI
PRISM 5700, and the Roche MagNApure will inte-
grate with their LightCycler PCR instrument. Systems
such as these can be programmed to automate both
extraction and PCR set-up, providing a benchmark
for high-throughput extraction technology.

Polymerase chain reaction technology is continu-
ally improving and now uses much shorter cycle
times and improved formats for detecting PCR
products with reduced incidence of cross-contami-
nation.

These features are incorporated in some of the com-
mercially available analytical systems. The semiau-
tomated COBAS AMPLICOR system (Roche
Diagnostics Corp., USA) uses microwell plates con-
taining appropriate reagents and probes, and
depends on a biotin-labelled, enzyme-linked method
to detect amplified nucleic acids following multiple
thermocycling steps. This system completes a run in
about 4 h and is being used for qualitative testing of
hepatitis C virus (HCV), Mycobacterium tubercu-
losis, M. avium, M. intracellulare, Chlamydia tra-
chomatis and Neisseria gonorrhoeae, and
quantitative testing of cytomegalovirus (CMV),
hepatitis B virus (HBV), HCV and human immun-
odeficiency virus type 1 (HIV-1). Livengood and
Wrenn (2001) have shown the system to be an accu-
rate, rapid, and cost- and labour-efficient method
for the detection of Chlamydia trachomatis and
Neisseria gonorrhoeae.

‘Real-time’ PCR assays

‘Rapid-cycle real-time PCR’ is now available in
several commercially available instruments, includ-

ing the LightCycler from Roche Applied Science,
the Smart Cycler from Cepheid in Sunnyvale (CA,
USA) and the GeneAmp 5700 and its updated ver-
sion, Prism 7700, from Applied Biosystems. Other
rapid-cycle PCR instruments are available, but at
this time there are few published clinical data with
regard to their application for microbiology test-
ing. The principal advantage of real-time PCR is
that the formation of amplification products can be
quantified and monitored in real time. The high
sensitivity and short turnaround time of these sys-
tems could soon have a significant impact on
patient care. Accuracy is improved and results are
available rapidly, providing opportunities to diag-
nose infections sooner, improve patient care and
decrease the overall costs of providing that care.

Microarray technology

Microarray technology will eventually be applica-
ble to clinical microbiology laboratories and is
likely to allow testing that may include detection of
multiple gene targets for organism identification or
drug-resistance patterns (Marshall and Hodgson,
1998; Tomb, 1998; Kozian and Kirschbaum, 1999;
Diehn et al., 2000). The basic technology revolves
around DNA complementary to the genes of inter-
est being generated and laid out in microscopic
quantities on a solid surface at predetermined posi-
tions. DNA from samples is eluted over the surface,
and complementary DNA binds and is generally
detected by fluorescence after excitation.

Chips from several manufacturers are presently
available. The GeneChip array (Affymetrix Santa
Clara, CA, USA) has oligonucleotide probe
sequences attached to a 1 cm’ glass chip substrate.
Each characterized probe is located in a specific
and identifiable area on the probe array. The
GeneChip instrument system can be purchased
with a fluidics station, a hybridization oven, an
Agilent GeneArray to measure emitted light, a PC
workstation and GeneChip Data Analysis Suite
software. Oligonucleotides can be placed on chips
by a variety of technologies.



Current limitations of microarray technology
include the high costs of instrumentation and dis-
posables and our current inability for easy analysis
of the enormous amount of information available
through this technology. Production costs will
decline over the coming years, although it is unlikely
that this technology will play a significant role in
diagnostic clinical microbiology in the immediate
future. For a thorough review of suppliers of
microarrays, see Cummings and Rehman (2000).
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DIRECT EXAMINATION

Microscopic examination is a crucial part of the
diagnostic process for most fungal infections and
observation of fungal elements in clinical material
can greatly enhance the significance of a subse-
quent isolation of a yeast or mould. Moreover,
such examination can lead to a rapid presumptive
diagnosis, often days before a positive culture is
obtained. In tissue specimens such as biopsies, and
nail and skin scrapings, the presence of hyphae is
diagnostic, but it is important to culture the mate-
rial to establish the identity of the pathogen. In
some cases the pathogen may fail to grow in culture
and the microscopy result will be the only evidence
of a fungal aetiology.

Arrange hair, skin or nail fragments on a slide in
a drop of mounting fluid (see below). Apply a cover
glass and then leave for a few minutes or, in
the case of nail specimens, up to 30 minutes, until
the preparation softens and ‘clears’. Then apply
gentle pressure to the top of the cover glass to pro-
duce a monolayer of cells for microscopic examina-
tion.

Use the same procedure for small fragments of tis-
sue from biopsy samples and the residue from cen-
trifuged Sputasol-treated sputum, brochoalveolar
lavage (BAL), peritoneal dialysis or other body flu-
ids. Make wet films of pus or other exudates in
equal volumes of potassium hydroxide (KOH) and
glycerol if a more permanent preparation is
required. Mix cerebrospinal fluid (CSF) deposit
with an equal volume of 2.5% nigrosin in 50%
glycerol or Indian ink. Glycerol prevents mould
growth in the solution, delineates capsules more
sharply and prevents preparations, which should

be thin, from drying out. Smear swabs from cases
of mucosal candidiasis on a glass slide and stain by
Gram’s method. As the small budding yeast cells of
Histoplasma capsulatum are difficult to detect in
wet mounts, add Calcofluor white, 0.1% in dis-
tilled water or examine Giemsa-stained prepara-
tions.

Fluorescence microscopy

An optical brightener, such as Calcofluor white,
may be used to enhance the natural fluorescence of
fungal cell walls. Mixed in equal volumes with
KOH, this will facilitate the microscopic examina-
tion of specimens because it will bind to the chitin
in the fungal cell walls. Examine preparations
under a fluorescence microscope fitted with an
ultraviolet (UV) light source, and appropriate exci-
tation and barrier filters.

Mounting fluid and stains

Potassium hydroxide

Use a 20% solution of KOH in water to ‘clear’
specimens so that fungal mycelia and yeast cells
may be more easily seen.

Lactophenol—cotton blue

This is commercially available or may prepared as
follows.
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Lactophenol
Phenol crystals 20¢g
Lactic acid 20 ml
Glycerol 40 ml
Distilled water 20 ml
Heat gently to dissolve.
Lactophenol—cotton blue
Cotton blue 0.075¢g
Lactophenol 100 ml
Store away from direct sunlight.
Lactofuchsin
Acid fuchsin 0.lg
Lactic acid 100 ml

Store away from direct sunlight.

Mount small portions of moulds from foods in
water or, if the material is water repellent, in lac-
tophenol with or without cotton blue.

Polyvinyl alcohol-mounting fluid

Polyvinyl alcohol granules 17¢g
Lactic acid 85% 80 ml
Distilled water 20 ml

Heat the polyvinyl alcohol (PVA) in the distilled
water in a 55°C water bath with frequent stirring.
Add the lactic acid and transfer to a boiling water
bath, stirring occasionally. The resulting clear vis-
cous fluid may be kept for several years at room
temperature.

Direct methods for Pneumocystis
carinii (Pneumocystis jiroveci)

Cysts of P. carinii in induced sputum or BAL sam-
ples may be stained with Grocott’s methenamine
silver (see original paper for method: Grocott,
1955), toluidine blue-O or cresyl violet. The
trophozoites stain less readily with these agents and
Giemsa, Diff-Quik or Gram-Weigart stains are
used instead. Currently, there are several kits avail-
able for indirect immunofluorescence staining
using monoclonal antibodies raised against P.

carinii, which work well although there may be
some false positives as a result of cross-reactions.

Molecular methods are under development for
the detection of this organism.

Histological examination

Histological examination of biopsy material can
help to distinguish hyalohyphomycosis (infections
with moulds with hyaline or colourless hyphae),
phaeohyphomycosis (infections with moulds with
pigmented hyphae), zygomycosis in which the
hyphae are broad and aseptate, and yeast infec-
tions. There are several stains that can be used to
enhance the microscopic appearance. Grocott’s
methenamine silver stain (Grocott, 1955), a specific
stain for fungal cell walls, is the most useful. This
stains fungal cell walls dark brown or black
whereas the host tissue is counterstained green.
Haematoxylin and eosin (H and E) produces less
distinction between fungus and host cells, but may
be useful for Zygomycetes and in the staining of
mycetoma granules. Mayer’s mucicarmine specifi-
cally stains the polysaccharide capsular material of
Cryptococcus neoformans. Periodic acid-Schiff
(PAS) is also used to stain cryptococci. Zygomycete
hyphae, unlike the hyphae of other moulds, are
specifically stained by cresyl fast violet. Giemsa
stain is useful for Histoplasma capsulatum and
may also be used on fresh specimens. Fungal
immunostaining with antibodies raised to cell wall
antigens can also be employed using immunofluo-
rescence (bright green) or immunoperoxidase
(dark). Such staining can be useful for diagnostic
purposes when the organism has not been isolated
or when only formalin-fixed tissue is available.

Direct examination of mould growths
on foods and other perishable
materials

Examine with a lens or low-power microscope in
situ to see the arrangement of spores, etc. before



disturbing the growth. Remove a small piece of
mycelium with a wire or needle. It may help if the
end of the needle has been bent at right angles to
give a short, sharp hook. Use the point of the nee-
dle to cut out a piece of the growth near the edge
where sporulation is just beginning. Transfer it to a
drop of lactophenol—cotton blue, lactofuchsin or
PVA mountant on a slide, apply a cover slip and
then examine after 30 min when the stain has pen-
etrated the hyphae. If bubbles are present warm
gently to expel them.

ISOLATION OF MOULDS AND
YEASTS

Primary isolation

Most fungi are not particularly fastidious in their
nutritional requirements and will grow quite read-
ily on many bacteriological agars. However, the
medium most commonly employed for the isola-
tion of fungi is glucose peptone agar (Sabouraud’s
agar) containing 0.5 g/100 ml chloramphenicol. If
the medium is to be used to isolate dermatophytes
add cycloheximide to inhibit overgrowth by con-
taminating moulds. Use glucose peptone agar, malt
agar or one of the proprietary media. Note, how-
ever, that the culture media has a marked influence
on the colonial growth of most fungi, particularly
the dermatophytes, and most of the identification
manuals describe or illustrate the colonial growth
on glucose peptone agar. Place about 20 pieces of
hair or skin into the surface of the medium. Do not
push them into the agar. Cut nail clippings into
small pieces with a scalpel before culturing. Pieces
of skin, hair or nail powder may be picked up more
easily if the heated inoculating needle is first pushed
into the medium to moisten it.

Spread pus, CSF, sputum or BAL deposits, or
biopsy material from suspected cases of the inva-
sive mycoses, on slopes of glucose peptone agar
with chloramphenicol. Medical flats containing
this agar may be used because they provide a larger
surface area to increase the chance of isolation.

Isolation of moulds and yeasts 131

Plates may also be used but they are more suscepti-
ble to contamination by environmental moulds,
and offer less protection in the case of isolation of
an unexpected Hazard Group 3 pathogen. It is also
useful to set up a purity culture at the same time as
the sample to alert one to the presence of contami-
nating moulds in the culture environment. Cut tis-
sues into small pieces. Do not homogenize them
because this would break fungal mycelium into
non-viable fragments. This is particularly true for
the Zygomycetes, which can be difficult to culture
from necrotic tissue even when the hyphae have
been seen on microscopic examination.

Wash mycetoma grains several times with sterile
saline to remove most contaminants before culturing.

Incubate cultures at 28°C but if the material is
from a deep body site incubate also at 37°C to has-
ten growth of the pathogen. Most yeasts grow in
2-3 days, although Cryptococcus spp. may require
incubation for up to 6 weeks. Common moulds,
too, will grow in a few days. Cultures for dermato-
phytes should be kept for 2 weeks although most
are identifiable after 1 week. It is good practice to
examine all mould cultures once or twice a week
and ensure adequate aeration.

Dimorphic Hazard Group 3 pathogens

Specimens suspected of containing Hazard Group
3 pathogens should be handled in the appropriate
containment Level 3 Laboratory. The above meth-
ods may be used but slopes or medical flats rather
than plates should be used for isolation purposes.
If the suspected pathogen is one of the group of
dimorphic fungi, an additional culture on a slope
of brain-heart infusion agar incubated at 37°C
may vyield the yeast form of the fungus and belp to
confirm its identity.

Isolation from food, soil, plant
material, etc.

Inoculate plates of chloramphenicol-containing
glucose peptone agar or other selective media or
use dichloran glycerol (DG18) medium.
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Dip slides, coated with appropriate media, are use-
ful for liquid samples or homogenates and are avail-
able commercially. Zygomycetes, if present, will
outgrow everything else but are markedly restrained
when grown on Czapek-Dox agar. To grow moulds
from physiologically dry materials such as jam,
increase the sucrose content of the Czapek-Dox agar
to 20%. Some yeasts can tolerate low pH levels and
may be isolated on malt agar to which 1% lactic acid
has been added after melting and cooling to 50°C.
Incubate cultures at room temperature and at 30°C.

Enumeration of moulds in foods, etc.

Make a 10% suspension of the material in sterile
water, Ringer’s or peptone water diluent. Process in
a Stomacher (other blenders may raise the temper-
ature and injure the moulds). Make tenfold dilutions
and surface plate on selective media (e.g. Aspergillus
Flavus Parasiticus agar [AFPA], oxytetracycline
yeast extract agar [OGYE] or, for xerophilic
moulds, DG18). Incubate and count colonies on
plates that have between 50 and 100. Calculate the
numbers of mould propagules per gram.

Methods for individual foods are given in Chapter
14. Useful sources of information are Pitt and
Hocking (1985), King et al. (1986), Krogh (1987),
and Sampson and van Reenan-Hoekstra (1988).

Sampling air for mould spores

Various air-sampling instruments are described in
Chapter 19. A cheap, simple device is the Porton
impinger in which particles from a measured vol-
ume of air are trapped in a liquid medium on which
viable counts are done. More information is gained
by using the Andersen sampler, which captures the
airborne particles using the principle that the
higher the air speed the smaller the particle that
will escape the airstream and be impacted on an
agar surface. Plastic Petri dishes give lower counts
than glass ones but they make the whole machine
much easier to handle.

The medium and time of incubation will depend
on the organism sought. For general use one run
with Czapek-Dox agar and one with chloram-
phenicol glucose peptone or malt agar will serve;
for thermophilic actinomycetes use glucose pep-
tone agar without antibiotics; incubate one set at
40°C, the other at 50°C.

As invasive aspergillosis is often a nosocomial
infection and high-risk patients may be subjected to
the inhalation of potentially lethal fungal spores
within the hospital environment, it is helpful to
monitor for the presence of fungal spores in some
patient areas. The air-sampling techniques outlined
above may be employed but will provide only a
snapshot of the spores that were airborne at the time
of sampling and lack sensitivity unless a large vol-
ume of air is sampled. A longitudinal approach is to
sample horizontal surfaces for the presence of fun-
gal spores. This can be made more quantitative by
sampling a given area in a room. Moisten a swab in
sterile distilled water, wipe it over an area of 0.5 m?
and on the surface of a Sabouraud agar plate con-
taining chloramphenicol. Incubation of the plate at
45°C for 48 h will select for Aspergillus fumigatus.
Incubation at 28°C will also allow the growth of
other environmental moulds. A modification of the
settle plate method may also be employed, in which
a high-sided, screw-capped receptacle with at least
a 5-cm aperture (‘honey pot’) is left open at a par-
ticular point in the area to be sampled for 7 days.
After this time any spores that it contains are har-
vested by adding a volume of 4 ml sterile saline with
0.01% Tween 80, closing the lid, shaking and then
plating on to Sabouraud’s agar with chlorampheni-
col and incubating as before.

IDENTIFICATION OF MOULDS

Most molds may be identified by examining micro-
scopic and macroscopic morphology. Colony form,
site, surface colour and pigmentation are useful
features but microscopic examination is essential.
Well-sporing mould colonies may usually be read-
ily identified. If spores are not seen, re-incubate
and/or subculture on to other media (potato



sucrose agar, malt agar, Borelli’s lactrimel agar and
half cornmeal agar are all useful for stimulating
sporulation). Sporulation may sometimes be stimu-
lated by incubation under near-ultraviolet (‘black’)
light or by exposing the colonies to alternating
cycles of light and dark (diurnal cycles).

The usual methods of examining sporing struc-
tures are needle mounts and/or tape mounts. To
prepare a needle mount take a small fragment of
mycelium from the colony with a sharp needle and
tease it out in a drop of mounting fluid. Place a
cover glass over the specimen and tap it a few times
to help to spread the mycelial fragments within the
mounting fluid. The spores are usually most visible
at the edges of the mycelial mass.

Tape mounts have the advantage that spores can
be viewed without disruption of their normal con-
figuration. Cut a strip about 1.5 ¢cm long from a
roll of sticky tape preferably using double-sided
tape and a plastic dispenser. Attach one end to a
mounted needle, forming a flag. Touch the surface
of the colony with this near the growing edge. To
improve the optics mount the tape, sticky side up,
in a drop of mountant, add another drop of moun-
tant and overlay this with a cover glass, so that the
structures are not being examined through a layer
of tape. Examine immediately, because tape
mounts are not suitable for long-term preservation:
the mounting fluid renders the sticky tape opaque.

The centre of a well-sporing colony may show
nothing but spores, in which case it may be desir-
able to make a second preparation nearer to the
edge of the colony or to try a different preparation
technique such as a needle mount. Conversely, a
poorly sporing colony may show spores only in its
centre and it may be necessary to dig down into the
agar with the tip of a needle. It will frequently be
necessary to make several mounts to be able to dis-
cern the sporing structures and precise mechanism
of spore production.

Slide culture

This enables the spores and sporing structures to be
examined iz situ and permits a more critical exam-
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ination. Cut small blocks of medium (0.5 x 0.5 cm)
from an appropriate agar-poured plate and transfer
them to the centres of sterile slides. Inoculate the
edges of each block with material from a well-
growing colony and apply a sterile cover glass on
top of the block. Incubate in a Petri dish containing
moist filter paper and glass rods to support the slide
(wet chamber). Once visible growth has developed,
monitor its progress with the low-power objective
of the microscope. When typical structures are vis-
ible prepare a slide and cover slip with a drop of
mountant. Lift the cover glass carefully off the slide
culture and mount it on the prepared slide. Lift off
and discard the agar block. Place a drop of mount-
ing fluid on the original slide to produce a second
mount. Examine both preparations after 30 min.

Exoantigen identification methods and
Gene—Probe

The exoantigen test (Immuno-Mycologics, Inc.) is
designed to permit the identification of the dimor-
phic fungal pathogens Histoplasma capsulatum,
Coccidioides immitis and Blastomyces dermati-
tidis. The method consists of a double-diffusion
test in which an antiserum specific to each of these
three fungi is run against an extract of the isolate to
be identified. The production of precipitin lines
with one of the control extracts of the three
pathogens confirms the identification. Another
commercial method, Gen-Probe, has also been
developed for these Hazard Group 3 pathogens.

Molecular identification methods

Molecular identification methods have the advan-
tage of speed and may allow identification of non-
sporing moulds the
morphologically similar groups of yeasts and
moulds. They may also prove useful in the identifi-
cation of yeasts and moulds in tissue sections when
culture of the organism has failed or when only for-
malin-fixed sections are available.
Amplification of the fungal DNA is carried out by

and differentiation of

tissue
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polymerase chain reaction (PCR) and then sub-
jected to a series of species-specific probes or DNA
sequencing, e.g. various primers have been devel-
oped for the PCR amplification of fungal genomic
ribosomal DNA sequences. Species-specific probes
can then be used to detect matching sections or the
precise order of bases may be sequenced and com-
pared with stored database sequences for different
fungal species. These methods of mould and yeast
identification are in various stages of development
and a careful morphological examination, and
in the case of yeasts analysis of biochemical
profiles, is an essential adjunct to confirm the
identification.

Molecular strain typing

Examination of the degree of similarity of fungi of
the same species may be a useful tool for tracing the
source of infection in an outbreak. It can also help
to track the development of drug-resistant strains
over time in a given population or help to establish
whether a current infection is re-infection or
relapse. Most methods based on phenotypic char-
acteristics have proved disappointing and recent
developments have concentrated on an assessment
of genetic relatedness. Various methods have been
examined, including restriction fragment length
polymorphism (RFLP), random amplified poly-
morphic DNA (RAPD), multilocus enzyme elec-
trophoresis (MEE), probes based on repetitive
elements, analysis of microsatellite regions and
electrophoretic karyotyping. Numerous publica-
tions attest to the relative merits of each approach.

EXAMINATION OF YEAST
CULTURES

Microscopic morphology

To study yeast morphology use a Dalmau plate
comprising cornmeal agar with 1% Tween 80.
Streak the organism on a plate of the medium,

cover with a sterile cover glass and incubate at
30°C. Examine after 3—4 days through the cover
glass with x 10 and x 40 objectives. Look for
colony colour, cell shape, and the presence or
absence of mycelia, pseudomycelia, arthrospores,
chlamydospores and capsules.

To encourage ascospore formation inoculate
sodium acetate agar made by adjusting the pH of
0.5% sodium acetate to 6.5 with acetic acid, then
solidifying it with agar. Stain by the malachite
green—safranin method. Prepare a smear in a drop
of water and dry in air. Fix by heat and cover with
1% malachite green for 2 min. Heat until steam
rises, wash with tap water and counterstain with
safranin for 1 min. Wash, blot and dry. Ascospores
are stained green and vegetative cells red.

The germ tube test

A test for the production of a true mycelium can
differentiate Candida albicans and the recently
described Candida dubliniensis from other yeasts.
Add a small portion of a colony (over inoculation
can lead to autoinhibition of germ tube produc-
tion) to a tube containing 0.5 ml horse serum and
incubate at 37°C for 3 h. Then remove a drop to
view under a microscope. The production of a
short germ tube initially without constriction at the
point of emergence from the blastospore is diag-
nostic for these two species.

Fermentation tests

These differ from those used in bacteriology in that
the sugar concentration is 3%. Durham tubes are
always used to detect gas formation and a 10-ml
volume of medium is preferable to encourage fer-
mentation rather than oxidation.

Inoculate a set of the following sugar media:
glucose, maltose, lactose, raffinose and galactose.
Incubate cultures at 25-30°C for at least 7 days.
Gas production indicates fermentation.



Auxanograms

Fermentation tests alone are insufficient to identify
species of yeasts and assimilation tests should also
be performed. Culture the test organism on a slope
of pre-assimilation medium. Prepare a heavy sus-
pension by adding about 5 ml sterile water to the
slope and gently suspend the growth; it is not nec-
essary to wash the organisms. Melt tubes of aux-
anogram carbon-free base (for carbon assimilation)
and nitrogen-free base (for nitrogen assimilation)
and cool to 45°C. Add about 0.25 ml of the yeast
suspension to each 20 ml auxanogram medium and
immediately prepare pour plates in 9-cm Petri
dishes. When set, place up to five discs of carbon or
nitrogen sources well apart on the surface of the
appropriate medium. Incubate at 28°C and exam-
ine the plates daily for up to 7 days for a halo of
growth around the substrate.

Carbon sources commonly used are glucose (con-
trol), maltose, sucrose, lactose, inositol, galactose,
raffinose, mannitol and cellobiose. Nitrogen
sources include sodium nitrate, asparagine and
ethylamine hydrochloride. Alternatively prepare
slopes (or tubes of liquid) of a basal medium con-
taining only the test sugar and an indicator.
Inoculate with a suspension of the test organism
taken from pre-assimilation medium and note the
presence or absence of growth for a 3-week period.
Much more extensive series of test sugars may be
employed to characterize the physiological proper-
ties of the test yeast and these may be analysed by
reference to specialist texts, which, however, are
beyond the scope of most routine microbiology
laboratories.

Commercial ‘kit’ tests for yeast
identification

There are several commercial kits that are satisfac-
tory for the identification of most strains of yeast
encountered in clinical laboratories. Some use
methods based on traditional criteria, whereas oth-
ers rely on novel approaches. In all of them, how-
ever, the databases are from a restricted list of
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species and occasional misidentifications may
occur. When using the kits, therefore, it is crucial to
examine the yeast morphology on a cornmeal agar
plate; for many of them this forms an important
part of the numerical identification profile.
Examination of the morphology can help to mini-
mize the danger of misidentification.

Chromogenic agars

There are commercial agars incorporating chro-
mogenic substrates which lead to the production of
different colony colours for different yeast species.
Such agars may be used as the basis for identi-
fication of a limited range of yeast species and
are particularly useful for detecting mixed cultures.

Mycotoxins and seed-borne moulds

Mycotoxins are metabolites of fungi, which may be
produced during mould growth on foods and ani-
mal feeds. The most heavily contaminated com-
modities are usually cereals and oilseeds. The
mycotoxigenic moulds most frequently encoun-
tered belong to the genera Penicillium, Aspergillus
and Fusarium (Moss, 1989). Repeated ingestion of
aflatoxin, produced by Aspergillus flavus, probably
has the most serious long-term consequences,
because it is a powerful carcinogen.

Surface sterilize seeds by immersion for 2 min in
sodium hypochlorite (0.4% available chlorine). Place
up to 10 small or 5 large seeds on DG-18 agar in a
Petri dish and incubate at room temperature.
Subculture from colonies to oatmeal agar (Aspergillus),
Czapek yeast autolysate agar (Penicillium) or synthetic
nutrient-poor agar (Fusarium).

SEROLOGICAL METHODS

Antigen production

There is now little call for laboratories to produce
their own antigen preparations because commer-
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cially produced, standardized and quality controlled
antigens are now available to test for antibody pro-
duction to a wide range of fungal pathogens.

Antibody detection

Antibody detection is useful in immunocompetent
patients but is of less benefit for patients who have
an invasive disease and often have an underlying
immunological deficiency. Detection of antibody to
Aspergillus spp. can help to confirm aspergilloma,
allergic aspergillosis, acute bronchopulmonary
aspergillosis  and  aspergillus  endocarditis.
Detection of antibodies to Candida spp. is the
single most consistent diagnostic finding in patients
with candida endocarditis and can also be useful in
patients with invasive candida infections after sur-
gery where an antibody titre of > 1:8 is usually
indicative of active infection. Complement fixation
and immunodiffusion antibody tests are useful in
the diagnosis of blastomycosis, histoplasmosis
and coccidioidomycosis. Both yeast and mycelial
phase antigens of Histoplasma are used. All the
reagents required for these tests are commercially
available.

Immunodiffusion

In the double diffusion (DD) test, serum and anti-
gen are allowed to diffuse towards each other from
wells cut in an agar gel. Lines of precipitation form
after several days where individual antibodies and
antigen meet at optimum concentration. Counter-
immunoelectrophoresis (CIE) provides a more
rapid and sensitive method for the detection of the
precipitins. It differs from DD in that an electric
current is passed through the agar gel for 90 min to
hasten the migration process. In CIE tests, condi-
tions are chosen in which antigens migrate towards
the anode because their isoelectric points are lower
than the pH of the buffer, and antibodies migrate
towards the cathode as a consequence of electroen-
dosmosis. Non-specific reactions and other arte-

facts resembling precipitin lines are more common
and more obvious with CIE than DD.

Agar base

Dissolve 2 g agar (Oxoid No. 1) in 100 ml water by
autoclaving. Add 100 ml buffer heated to 50°C and
mix with the agar. Keep in a water bath at 50°C
and discard if not used within 48 h of preparation.

Buffer
Boric acid (H,BO,) 0g
Powdered borax (Na,B,O,"10H,0) 20g
EDTA, disodium salt I0g
Water to 1000 ml

The pH should be 8.2. This buffer is double
strength. Dilute it with agar for plates and slides or
with an equal volume of water for use in elec-
trophoresis tanks.

Plates

Place 30 ml agar into a plastic Petri dish and fit a
Perspex jig with metal pegs in place of the lid to
produce the pattern of wells shown in Figure 9.1.
The large wells are 6 mm in diameter and the
smaller wells 2 mm. The distance between the cen-
tral and peripheral wells is also 6 mm.

The test serum occupies the central well, antigens

O
O

O OO

Figure 9.1 Double diffusion tests



the pairs of large and small wells (shown shaded),
and appropriate control sera the top and bottom
wells. Two antigens can thus be tested and a single
solution suffices because the relative volumes (60 and
6 ul in the two holes) give high- and low-concentra-
tion gradients in the agar. This arrangement also
allows reactions of identity to be obtained between
test and control sera, thus eliminating some anom-
alous reactions, particularly among Aspergillus spp.

Counterimmunoelectrophoresis

Buffered gel

Veronal buffer 41
Purified agar 20g
Agarose 20¢g
Sodium azide 2g

Add agarose and purified agar to buffer and steam
at 100°C for 1 h. Add 2 g sodium azide, cool to 56°C
and adjust pH to 8.2. Dispense in 200-ml amounts.

Veronal buffer 0.05 mol/Il

Barbitone (caution) 13.76 g
Barbitone sodium (caution) 30.28 g
Distilled water 401
Adjust pH to 8.2 before use.
Saline—trisodium citrate
Sodium chloride 40 g
Trisodium citrate 100 g
Sodium azide l g
Distilled water 201
Buffalo black staining solution
Buffalo black 05¢g
Distilled water 500 ml
Ethanol 400 ml
Acetic acid 100 ml
Gel destaining solution
Methanol 900 ml
Glacial acetic acid 200 ml
Distilled water 900 ml
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Method

Two gels are required for Aspergillus fumigatus
precipitins (@): one for the somatic antigen at low
and high concentrations, and the second for the
culture filtrate antigen at low and high concentra-
tions (Figure 9.2). These should be labelled 1 and 2,
3 and 4, etc. depending on the number of tests. The
top right-hand corner of each gel should be labelled
with alcian blue.

e All wells marked @ must be filled with 10 ul
of the appropriate antigen: 2 mg/ml (low
concentration) or 20 mg/ml (high
concentration).

o All wells marked O must be filled with 10-ul
volumes of the patient’s serum.

® The first row of each gel must contain the
positive control serum.

Somatic antigen Culture filtrate antigen
S Lo S Hi S Lo S Hi
O @ (O ] (ON ] (O
O @ (O ] (ON ] O @
(ON J o e c e (O J
(ON J o e c e (O J
(ON J o e [ON J (O J
(ON J o e c e (O J
(ON o e c e (O J
C e o e c e (O J
O @ o e o e O @

Figure 9.2 CIE template

Place the slide in an electrophoresis tank contain-
ing 0.05 mol/l veronal buffer. Connect the slide to
the buffer with lint wicks, ensuring that good con-
tact is made along the full width of the gel. The
antigen wells should be adjacent to the cathode and
the serum wells adjacent to the anode. Set the
equipment to deliver a constant voltage of 30 V per
slide and run for 90 min.

Once the gel has been run, immerse in a Petri dish
containing saline-trisodium citrate for 18 h
(overnight). Rinse the gel with tap water, cover it
with a moistened filter paper square, and dry with
a hair dryer or inside a heated cabinet for about
1 h. Once the gel has dried, moisten the filter paper
with tap water, remove it and rinse the gel. Dry
once more for about 10 min.

To stain the precipitin lines immerse the slide for
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10 min in Buffalo black solution followed by two
changes of destaining solution until the back-
ground is colourless.

If rapid results are required, wash the wet gel for
1 h and examine by dark-ground illumination. This
gives a preliminary result only and must be con-
firmed after washing and staining.

Care must be taken in interpretation of the tests.
Clearly defined lines between the serum and anti-
gen wells are an indication of a positive result and
the number of lines seen is an indication of the
strength of the reaction. If necessary, the serum
sample can then be tested at increasing dilutions in
a doubling dilution series to determine the titre,
which is the highest dilution at which an anti-
body-antigen precipitin line is still visible. Lines
that appear as blurred smudges are unlikely to be
significant, and also those that follow around the
edges of the well.

Enzyme-linked immunosorbent assay
test for antibody detection

The enzyme-linked immunosorbent assay (ELISA)
test is a sensitive method and can be used to detect
either antibody or antigen. To detect antibody the
wells of a 96-well microtitre plate are coated with
the appropriate antigen. Antigens are available
from commercial sources and include both mycelial
(somatic) and culture filtrate preparations. After
coating, plates are washed three times in phos-
phate-buffered saline (PBS)-Tween, then 0.1-ml
volumes of test and reference sera diluted 1: 100 in
PBS-Tween are added to designated wells. After
incubation at room temperature for 2 hours the
washing steps are repeated. Various detection
methods can be used at this stage, including goat or
rabbit anti-human IgG coupled to an enzyme, usu-
ally alkaline phosphatase or peroxidase, added in
0.1-ml volumes in PBS-Tween with 1% bovine
serum albumin and incubated at room tempera-
ture. After 2 h, the washing steps are repeated and
0.1 ml of the appropriate enzyme substrate is
added and the reaction is allowed to continue for

30 min, then stopped by the addition of 50 ml of 1
mol/l sulphuric acid. The absorbance value of each
well is determined and results can be calculated by
reference to the control sera.

There have been many modifications to this basic
method including incubation at 37°C to speed up
reaction times and the introduction of a further
step known as sandwich ELISA to enhance sensi-
tivity.

Commercial antibody detection
methods

In addition to the commercial availability of a
large array of fungal antigens and antibodies,
some companies have developed methods for
the detection of antibodies to Candida and
Aspergillus spp. Commercial ELISA kits are avail-
able as well as others using the principle of
haemagglutination.

Antigen detection

Commercial antigen detection kits are available for
the early diagnosis of infections by Cryptococcus,
Candida and Aspergillus spp. Latex agglutination
kits have been available for the detection of crypto-
coccal antigen for more than 20 years and have
sensitivity and specificity that are > 90%. The kit
can be used with serum or CSF samples. It is advis-
able to test neat serum or CSF ata 1 : 10 dilution in
an initial test to overcome potential problems with
the prozone effect caused by an excess of antigen.
In cases of a positive reaction, doubling dilutions
should be tested until an endpoint is reached. High
or rising titres are indicative of progressive infec-
tion and in some patient groups monitoring of anti-
gen titres is a useful prognostic indicator. Antibody
detection is less useful in the initial diagnosis of
cryptococcosis, but can be indicative of a good
prognosis because it is often detectable only once
an infection has almost resolved.



Latex agglutination tests have proved less success-
ful for the detection of infections with Aspergillus
and Candida spp. because they have suffered from
a lack of sensitivity and specificity. However, there
are more sensitive commercial sandwich ELISA
tests for the detection of aspergillus galactomannan
and candida oligomannosides. These tests have
proved useful in certain patient groups and show
promise in the diagnosis or confirmation of inva-
sive infection in some immunocompromised
patients.

For further information on the serodiagnosis of
fungal diseases, see MacKenzie et al. (1980).

MOLECULAR METHODS IN
DIAGNOSIS

Currently molecular methods for the detection of
circulating fungal genomic sequences are under
evaluation for the diagnosis of invasive fungal
infection. Panfungal, as well as species-specific,
primers are employed with various detection meth-
ods including nested PCR, PCR-ELISA, PCR-blot,
real-time PCR with light-cycler analysis and PCR
sequencing. Test specimens include whole blood,
serum, CSF, BAL fluid and tissue samples.
Published DNA extraction methods vary from
physical freeze-thaw techniques to enzymatic
extraction. Development is still required to pro-
duce standardized tests with acceptable levels of
sensitivity, specificity and reproducibility.

ANTIFUNGAL DRUGS

There are several different techniques for assessing
the susceptibility of an organism to an antifungal
agent. The simplest method, which is suitable for
those agents that are water soluble, is based on
agar diffusion. There are disc diffusion methods for
flucytosine (S-fluorocytosine), fluconazole and
voriconazole. This approach has been further
refined in the commercially available E test.
Recent years have seen much effort expended on
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the development of reproducible, standardized
methods for the susceptibility testing of yeasts and
moulds. The National Committee of Clinical
Laboratory Standards (NCCLS, 2002a, 2002b) has
produced two approved methods: M27-A2 for
yeasts and M38-A for filamentous fungi. Both
methods are based on a broth dilution format that
can be miniaturized and performed in microtitre
plates. The test conditions are as follows.

Test conditions for M27-A2 and
M38-A

RPMI 1640 with
0.165 mol/l MOPS pH 7.0
(Sigma)

Medium

Dimethylsulphoxide
(DMSO) or water

M27-A2 for yeasts
0.5-25x 10°

M38-A for moulds

0.4-5 x 10*

35°C

48 h (rarely 72 h)
Complete inhibition, 80%
inhibition or 50% inhibition
depending on drug—
organism combination

Drug solvents

Inoculum (cells/ml)

Incubation temperature
Incubation duration

Endpoint readings

Candida albicans ATCC
90028

C. albicans ATCC 24433

C. krusei ATCC 6258

C. parapsilosis ATCC
22019

C. tropicalis ATCC 750

Aspergillus flavus ATCC
204304

A. fumigatus ATCC 204305

QC and reference
organisms

Drug dilutions are prepared and placed into either
tubes (1-ml final volume) or the wells of microtitre
plates (0.2-ml final volume). The inoculum (0.1 ml)
is added, tubes or plates are incubated at 35°C and
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read after 48 h, although it is sometimes possible to
read after 24 hours. The endpoint is the lowest con-
centration at which there is complete inhibition of
growth (amphotericin B and all drugs except
flucytosine, fluconazole and ketoconazole in M38-
A), 80% (flucytosine and azoles in M27-A) or 50%
reduction in turbidity compared with a drug-free
control (flucytosine and azoles in M38-A). There
are proposed breakpoints for flucytosine, flucona-
zole and itraconazole for yeasts based on in
vitro—in vivo correlations (Table 9.1).

Table 9.1 Proposed breakpoints (milligrams per litre) for
antifungal susceptibility tests

Susceptible SDD Resistant
Flucytosine < 4.0 8.0-16.0 <32.0
Fluconazole < 8.0 16.0-32.0 < 64.0
Itraconazole < 0.125 0.25-05 < 1.0

SDD, susceptible dependent on dose (intermediate)

Disc test sensitivity methods

Disc diffusion methods indicate relative susceptibil-
ity depending on zone size and do not provide a
minimum inhibitory concentration (MIC). These
are still useful for flucytosine, fluconazole and
voriconazole which are relatively water soluble,
although care should be exercised in selecting the
basic medium because components of some com-
plex media can obfuscate the antifungal activity.
Yeast morphology agar (YMA) can be used for
flucytosine and high-resolution medium (HR) or
Mueller-Hinton agar for fluconazole and voricona-
zole. The appropriate control organisms are
Candida kefyr National Collection of Pathogenic
Fungi (NCPF) 3234 for flucytosine and Candida
albicans American Type Culture Collection
(ATCC) 90028 for fluconazole and voriconazole.

Flucytosine

Invert the plate and bisect it with a line drawn on
the base. Use a sterile swab to inoculate half of the

plate with the control organism and the other half
with the test organism, both at an inoculum con-
centration of 1 x 10¢ cells/ml in sterile water. Once
the agar has dried, use sterile forceps to place a
drug disc (1 ug) in the centre of each plate.
Incubate the plate at 30°C for 48 h, but examine
after 24 h for obvious resistance. If the inhibition
zone for test strain is 80% or more of that for the
control strain, the organism may be considered sen-
sitive to flucytosine. Resistant isolates should be
tested by another method to determine the precise
MIC of the drug. Truly resistant organisms will
often grow right up to the disc; intermediate zones
or discrete colonies forming within the zone sug-
gest the possibility of emergent resistance during
therapy.

Fluconazole

Inoculate Mueller—Hinton agar supplemented with
2% glucose and 0.5% methylene blue with a yeast
inoculum adjusted to a 0.5 McFarland standard.
Once the agar has dried place a 25-ug fluconazole
disc in the centre. Incubate at 35°C for 18-24 h
and measure the zone of inhibition. Zone sizes can
be correlated with the NCCLS breakpoints:
> 19 mm is susceptible, 13-18 mm is susceptible-
dose dependent and £ 12 mm is resistant (Meis et
al., 2000). The QC strain should produce a zone of
32-43 mm. A similar method can be employed for
voriconazole but there are as yet no established
breakpoints for this drug.

E test methods

There has been a further refinement of the princi-
ple of agar diffusion in the commercially available
E test strips, in which a concentration gradient of
the drug is produced in an agar plate by surface
application of a test strip. The technology has
evolved to allow the use of this method with the
majority of systemically active antifungal agents.
Even amphotericin B, which is a large molecule
that demonstrates notoriously poor agar diffusion,
has been complexed with a carrier to allow a con-
centration gradient to be produced. In the E test



method, a strip containing a concentration gradi-
ent of the test antifungal agent is placed on the
surface of an agar plate that has been pre-inocu-
lated with the test organism. After incubation a
zone of inhibition is visible and the MIC of the
organism is read at the point at which the inhibi-
tion zone intersects the E test strip. This method
has proved to be useful and to correlate well with
other standardized methods for both yeasts and
moulds.

Other commercial methods for
antifungal susceptibility testing

There is a commercial test system that follows the
NCCLS methodology (Sensititre or Yeast one,
TREK) in a microtitre format but with the incor-
poration of a chromogenic substrate to facilitate
endpoint readings. There are other tests that use a
breakpoint system of growth or no growth in
wells containing one low and one high concentra-
tion of each of a panel of drugs (Fungitest, ATB
Fungus).

Methods of assay

Assay of antifungal drugs is necessary either to con-
firm the attainment of therapeutic levels or to
ensure that toxic levels are not reached. There are
currently two antifungal agents for which routine
assay is recommended. These are flucytosine, to
help manage the toxicity associated with high levels
of this drug, and itraconazole to ensure adequate
absorption following oral administration.

The preferred method for assay is high-perform-
ance liquid chromatography (HPLC), which can
detect the absolute level of an antifungal agent even
in the presence of another agent. This is an impor-
tant advantage because antifungal agents are
increasingly used Moreover,
HPLC assay will detect pure drug and, unlike a
plate assay, will not be subjected to the vagaries of
an active metabolite.

in combination.
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Extraction of itraconazole

Itraconazole is extracted from 1-ml volumes of
serum with heptane—isoamyl alcohol.

HPLC conditions for itraconazole

Chromsep Hypersil 5 ODS (100
X 3 mm)

(Chrompak cat no. 28260)

Chromsep Guard Column
Reversed Phase

(Chrompak cat. no. 28141)

Column

Guard column

Mobile phase 60% acetonitrile + 40% water
with 0.03% diethylamine (adjust
pH to 7.8 with
orthophosphoric acid)

Flow rate 0.5 ml/min

Injection volume 20 pl

Run time 10 min

Woavelength 263 nm

Sensitivity 0.04 absorbance units fixed

sensitivity (AUF)

Bioassay of flucytosine
(5-fluorocytosine)

Medium

Yeast Nitrogen Base Glucose Citrate (YNBGCQC)
solution

Bacto Yeast Nitrogen Base 67 g
Glucose 100 g
Trisodium citrate 59¢g
Deionized water 1000 ml

Adjust the pH to 7.0. Filter sterilize and store in
20-ml amounts.

Agar
Purified agar 40 ¢g
Cold deionized water 1800 ml

Heat to boiling to dissolve the agar and then auto-
clave at 121°C for 15 min. Dispense in 180-ml
amounts.



142 Mycological methods

Stock solutions

Dissolve 50 mg flucytosine in 5 ml sterile water.
Filter sterilize and add 1 ml of this solution to 9 ml
sterile water to obtain a 1000 mg/l stock solution.
This stock solution may be stored at —20°C for at
least 12 months. Use the 1000 mg/l stock solution
to make up the following standards: 12.5, 25, 50,
100 and 200 mg/l and internal control solutions of
35 and 70 mg/l. Dispense in 0.5-ml amounts and
store at —20°C until required. These solutions are
stable for at least 12 months.

Preparation of inoculum

Add 2 ml concentrated YNBGC solution to 18 ml
sterile water in a 25-ml glass bottle. Inoculate with
the sensitive Candida kefyr strain NCPF 3234, har-
vested from a Yeast Morphology Agar (YMA)
plate (up to 1-week old), to obtain a concentration
of about 1 x 107 cells/ml (absorbance reading of
about 1.6-1.7 on the spectrophotometer at
540 nm).

Assay procedure

Melt 180 ml purified agar, cool to 80°C and add
20 ml concentrated YNBGC solution. Pour the
molten medium into a large square plate placed on
a level surface and leave to set. Flood the entire sur-
face of the agar with 20 ml of cell suspension in
YNBGC. Pour off the excess and place the plate in
a 37°C incubator with the lid removed. Leave until
the surface of the agar has dried (about 20 min). Lay
the plate on a sheet of paper (template) with a pat-
tern of 30 positions to which test or standard num-
bers are assigned at random. Punch 30 wells of
4 mm diameter in the agar with a cork borer (six
rows of five wells) and remove the agar plugs. Place
20 pl of standard internal control, or patient speci-
men, in each well. Each specimen should be tested
in triplicate and must be placed on the plate in a ran-
domized distribution. Incubate the plate at 37°C
overnight (about 18 h). Measure the diameters of
the zone of inhibition around each well using cal-
lipers or a zone reader. If performing a manual cal-
culation, plot the mean diameters of the five
standards against drug concentrations on semi-

logarithmic paper, and construct a standard curve
from which the drug concentrations in the patient
specimens and internal controls may be interpo-
lated. The drug concentrations should be plotted on
the logarithmic ordinate.

Bioassay of itraconazole

The procedure should be followed as above with
the following modifications:

Preparation of stock solutions

Dissolve 10 mg itraconazole in 1 ml dimethylfor-
mamide. Add 9 ml methyl alcohol to obtain a
1000 mg/l stock solution. Take 1ml of this solution
and add 9 ml methyl alcohol to obtain a 100 mg/l
stock solution. Use the 100 mg/l stock solution to
make up the following standards: 0.5, 1, 2, 4 and
8 mg/l and internal control solutions of 3.5 and
7 mg/l in horse serum. Dispense in 0.5-ml amounts
and store at —20°C until required. These standards
are stable for at least 1 month.

Inoculum preparation

The indicator organism is Candida albicans strain
NCPF 3281.
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Estimating microbial numbers

It is often necessary to report on the size of the bac-
terial population in a sample. Unfortunately, indus-
tries and health authorities have been allowed to
attach more importance to these ‘bacterial counts’
than is permitted by their technical or statistical
accuracy (see also p. 198).

If a total count is required, which is usually done
by physical methods, many of the organisms
counted may be dead or indistinguishable from
other particulate matter. A viable count, which is a
cultural method, assumes that a visible colony will
develop from each organism. Bacteria are, how-
ever, rarely separated entirely from their fellows
and are often clumped together in large numbers,
particularly if they are actively reproducing. A sin-
gle colony may therefore develop from one organ-
ism or from hundreds or even thousands of
organisms. Each colony develops from one viable
unit. Because any agitation, as in the preparation of
dilutions, will either break up or induce the forma-
tion of clumps, it is obviously difficult to obtain
reproducible results. Bacteria are seldom distrib-
uted evenly throughout a sample and as only small
samples are usually examined very large errors can
be introduced. Viable counts are usually given as
numbers of colony-forming units (cfu).

In addition, many of the bacteria present in a sam-
ple may not grow on the medium used, at the pH or
incubation temperatures or gaseous atmosphere
employed, or in the time allowed.

Accuracy is often demanded where it is not
needed. If, for example, it is decided that a certain
product should contain less than, say, 10 viable
bacteria/gram this suggests that, on average, of ten
tubes each inoculated with 0.1 g seven would show
growth and three would not, and of ten tubes each

inoculated with 0.01 g only one or two would
show growth. If all the 0.1-g tubes or five of the
0.01-g tubes showed growth, there would be more
than 10 organisms/g. It does not matter whether
there are 20 or 10 000: there are too many. There is
no need to employ elaborate counting techniques.

In viable count methods, it is recognized that large
errors are inevitable even if numbers of replicate
plates are used. Some of these errors are, as indi-
cated above, inherent in the material, others in the
technique. Errors of + 90% in counts of the order
of 10000-100 000/ml are not unusual even with
the best possible technique. It is, therefore, neces-
sary to combine the maximum of care in technique
with a liberal interpretation of results. The figures
obtained from a single test are valueless. They can
be interpreted only if the product is regularly tested
and the normal range is known.

Physical methods are used to estimate total popu-
lations, i.e. dead and living organisms. They
include direct counting, usually by instrumentation
(see Chapter 8) and measurements of turbidity.
Biological methods are used for estimating the
numbers of viable units. These include the plate
count, roll-tube count, drop count, surface colony
count, dip-slide count, contact plate, membrane-
filter count and most probable number estimations.

DIRECT COUNTS

Counting chamber method

The Helber counting chamber is a slide 2-3 mm
thick with an area in the centre called the plat-



form and surrounded by a ditch. The platform
is 0.02 mm lower than the remainder of the
slide. The top of the slide is ground so that,
when an optically plane cover glass is placed
over the centre depression, the depth is uniform.
On the platform an area of 1 mm® is ruled so

that there are 400 small squares each
0.0025 mm* in area. The volume over each
small square is 0.02 x 0.0025 mm’, i.e.
0.00005 ml.

Add a few drops of formalin to the well-mixed
suspension to be counted. Dilute the suspension so
that when the counting chamber is filled there will
be about five or ten organisms per small square.
This requires initial trial and error. The best diluent
is 0.1% peptone water containing 0.1% lauryl sul-
phate and (unless phase contrast or dark field is
used for counting) 0.1% methylene blue. Always
filter before use.

Place a loopful of suspension on the ruled area
and apply the cover glass, which must be clean and
polished. The amount of suspension must be such
that the space between the platform and the cover
glass is just filled, and no fluid runs into the ditch;
this requires practice. If the cover glass is applied
properly, Newton’s rings will be seen. Allow 5 min
for the bacteria to settle.

Examine with a 4-mm lens with reduced light,
dark-field or phase contrast if available. Count
the in 50-100 squares
random so that the total count is about 500.
Divide the count by number of squares counted.
Multiply by 20000 and by the original dilution
factor to obtain the total number of bacteria per
millilitre. Repeat twice more and take the aver-
age of the three counts. Clumps of bacteria,
streptococci, etc. can be counted as units or each
cell counted as one organism. It is difficult to
count micro-organisms with a normal mode of
growth that is in large aggregates (e.g. myco-
bacteria).

With experience, reasonably reproducible counts
can be obtained but the chamber and cover glass
must be scrupulously cleaned and examined micro-
scopically to make sure that bacteria are not left
adhering to either.

bacteria selected at
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Counts of viable cells

Environmental microbiologists employ a variety of
methods for counting and estimating the number of
viable cells. These include direct epifluorescence
using stains such as acridine orange (see pp. 123
and 150). A Live/Dead stain is available from
Molecular Probes Inc. (Eugene, OR, USA).

Opacity tube method

International reference opacity tubes, containing
glass powder or barium sulphate, are available
and are known as Brown’s or McFarland opacity
tubes. These are numbered narrow glass tubes of
increasing opacity and a table is provided equating
the opacity of each tube with the number of
organisms per millilitre. The unknown suspension
is matched against the standards in a glass tube of
the same bore. It may be necessary to dilute
the unknown suspension. These physical methods
should not be used with Hazard Group 3
organisms.

Rapid automated methods

A number of rapid, automated methods have are
now in general use. These use: electronic particle
counting; bioluminescence (as measured by bacter-
ial ATP); changes in pH and Eh by bacterial
growth; changes in optical properties; detection of
“C in CO, evolved from a substrate; micro-
calorimetry; changes in impedance or conductivity;
and flow cytometry (see Chapter 8).

VIABLE COUNTS

In these techniques the material containing the
bacteria is serially diluted and some of each dilu-
tion is placed in or on suitable culture media. Each
colony developing is assumed to have grown from
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one viable unit, which, as indicated earlier, may be
one organism or a group of many.

Diluents

Some diluents, e.g. saline or distilled water, may be
lethal for some organisms. Diluents must not be used
direct from a refrigerator because cold shock may
prevent organisms from reproducing. Peptone—
water diluent (see p. 76), generally known as ‘max-
imum recovery diluent’ (MRD), is most commonly
used. If residues of disinfectants are present add suit-
able quenching agents, e.g. Tween 80 or lecithin for
quaternary ammonium compounds and sodium
thiosulphate for chlorine and iodine (see Chapter 4,
Bloomfield, 1991 and Clesceri et al., 1998).

Pipettes

The 10-ml and 1-ml straight-sided, blow-out
pipettes are commonly used and are specified for
some statutory tests. Disposable pipettes are labour
saving. Mouth pipetting must be expressly forbid-
den, regardless of the nature of the material under
test. A method of controlling teats is given on p. 38.
Automatic pipettors or pipette pumps, described
on p. 39, should be used. Some of these can be pre-
calibrated and used with disposable polypropylene
pipette tips.

Pipettes used in making dilutions must be very
clean, otherwise bacteria will adhere to their inner
surfaces and may be washed out into another dilu-
tion. Hydrophobic micro-organisms (e.g. mycobac-
teria and corynebacteria) adhere to glass and plastic
quite readily. Siliconed pipettes may be useful. Fast-
running pipettes and vigorous blowing out should
beavoided: they generate aerosols. Asmuch as 0.1 ml
may remain in pipettes if they are improperly used.

Preparation of dilutions

loose caps are used, sterilize them first and dispense
the diluent aseptically, otherwise a significant
amount of diluent may be lost during autoclaving.

When diluting liquids, e.g. milk for bacterial
counts, proceed as follows. Mix the sample by
shaking. With a straight-sided pipette dipped in half
an inch (1-1.5 ¢cm) only, remove 1 ml. Deliver into
the first dilution blank, about half an inch above the
level of the liquid. Wait 3 s, then blow out carefully
to avoid aerosol formation. Discard the pipette.
With a fresh pipette, dip half an inch (1-1.5 cm)
into the liquid, suck up and down 10 times to mix,
but do not blow bubbles. Raise the pipette and
blow out. Remove 1 ml and transfer to the next
dilution blank. Discard the pipette. Continue for
the required number of dilutions, and remember to
discard the pipette after delivering its contents, oth-
erwise the liquid on the outside will contribute to a
cumulative error. The dilutions will be:

Tube no. | 2 3 4 5
Dilution 10 10 10° 10* 10°

The dilution represents the volume of the original fluid in | ml

When counting bacteria in solid or semisolid
material, weigh 10 g and place in a Stomacher or
blender. Add 90 ml of diluent and homogenize.

Alternatively, cut into small pieces with a sterile
scalpel, mix 10 g with 90 ml of the diluent and
shake well. Allow to settle. Assume that the bacte-
ria are now evenly distributed between the solid
and liquid.

Both of these represent dilutions of 1:10, i.e.
1 ml contains or represents 0.1 g, and further dilu-
tions are prepared as above. The dilutions will be:

Tube no. ) 2 3 4
Dilution 10> 10° 10* 10°

The dilution represents the weight of the original material in | g

Mechanical aids for preparing the initial 1:10
dilutions are available commercially.

Plate count

Dispense 9-ml volumes of diluent in screw-capped
bottles. These are the dilution blanks. If tubes with

Melt nutrient agar or other suitable media in
bottles or tubes of appropriate volumes (usually 15



or 20 ml) amounts. Cool to 45°C in a water
bath.

Set out Petri dishes, two or more per dilution to
be tested, and label with the dilution number.
Pipette 1 ml of each dilution into the centre of the
appropriate dishes, using a fresh pipette for each
dilution. Do not leave the dish uncovered for
longer than is absolutely necessary. Add the con-
tents of one agar tube to each dish in turn and mix
as follows: move the dish gently six times in a
clockwise circle of diameter about 150 mm; repeat
counterclockwise; move the dish back and forth six
times with an excursion of about 150 mm; repeat
with to-and-fro movements. Allow the medium to
set, invert and incubate for 24-48 h.

Economy in pipettes

In practice, the pipette used to transfer 1 ml of a
dilution to the next tube may be used to pipette
1 ml of that dilution into the Petri dish.
Alternatively, after the dilutions have been pre-
pared a single pipette may be used to plate them
out, starting at the highest dilution to avoid signifi-
cant carry-over.

Surface count method

This is often used instead of the pour-plate method
in the examination of foods, particularly because
the growth of some organisms (e.g. pseudomonads)
may be impaired if agar is used at too high a tem-
perature. Also, it is easier to subculture colonies
from surface plates than from pour plates.

Place 0.1 ml or another suitable amount of the
sample measured with a standard (commercial)
loop or a micropipette in the centre of a well-dried
plate of suitable medium and spread it with a loop
or spreader all over the surface (see p. 81).
Incubate and count colonies. Before incubating
media spread with liquid, it is important to ensure
that the plate is completely dry. If liquid still
remains on the surface, micro-organisms can grow
in the liquid before it is absorbed into the medium.
This results in the appearance of many clustered
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colonies, especially for rapidly growing micro-
organisms. If freshly poured plates are used, incu-
bation brings liquid to the surface and confluent
growth can occur, even with small numbers of
colony-forming units in the original volume
spread. Plates should be dried at least overnight
before spreading.

Whether pour plates or surface spreading is
employed, aggregates of cells cause problems in
obtaining accurate and reproducible colony counts,
because an aggregate, if undisturbed by pipetting
or spreading, will yield a single colony. If an aggre-
gate is composed of phenotypically different cells
(lactose fermenting and non-lactose fermenting),
the resulting colony on a fermentation indicator
medium will be mixed (e.g. sectored). If suspen-
sions of aggregates are spread, the extent of spread-
ing (e.g. to dryness) and the age of the medium (e.g.
fresh or old and dry) will influence the number of
colonies. Lowest counts will be obtained by spread-
ing the liquid to dryness on old and dry plates to
the point where the liquid disappears and it
becomes difficult to move the glass spreader over
the surface.

When counting colonies, difficulties arise with
large ‘smears’ of small colonies caused when a large
viable unit is broken up but not dispersed during
manipulation. Treat these as single units. Usually,
other colonies can be seen and counted through
‘smears’. There may be problems with swarming
organisms, such as some Proteus spp. In this case
pour melted agar over the inoculated plates.

Counting colonies on pour or surface plates

To count on a simple colony counter select plates
with between 30 and 300 colonies for micro-organ-
isms forming colonies of 2-5 mm diameter. Higher
numbers can be counted for organisms that form
small colonies (e.g. < 1 mm). Place the open dish,
glass side up, over the illuminated screen. Count
the colonies using a 75-mm magnifier and a hand-
held counter. Mark the glass above each colony
with a felt-tip pen. Calculate the colony or viable
count per millilitre by multiplying the average
number of colonies per countable plate by the
reciprocal of the dilution. Preferably count the
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colonies from at least two dilutions and calculate
the colony forming units in the original sample by
the method of weighted means (BSI, 1991). Report
as ‘colony forming units/millilitre’ (cfu/ml) or as
‘viable count/millilitre’ not as ‘bacteria/gram’ or
‘bacteria/millilitre’.

If all plates contain more than 300 colonies rule
sectors, e.g. of one-quarter or one-eighth of the
plate, count the colonies in these and include the
sector value in the calculations.

For large workloads semi-automatic or fully auto-
matic counters are essential. In the former the pen
used to mark the glass above the colonies is con-
nected to an electronic counter, which displays the
numbers counted on a small screen. In the fully
automatic models a TV camera or laser beam scans
the plate and the results are displayed or recorded
on a screen or read-out device.

Roll-tube count

Instead of using plates, tubes or bottles containing
media are inoculated with diluted material and
rotated horizontally until the medium sets. After
incubation, colonies are counted.

Dispense the medium in 2- to 4-ml amounts in
25-ml screw-capped bottles. The medium should
contain 0.5-1.0% more agar than is usual. Melt
and cool to 45°C in a water bath. Add 0.1 ml of
each dilution and rotate horizontally in cold water
until the agar is set in a uniform film around the
walls of the bottle. This requires some practice. An
alternative method employs a slab of ice taken
from the ice tray of a refrigerator. Turn it upside
down on a cloth and make a groove in it by rotat-
ing horizontally on it a bottle similar to that used
for the counts but containing warm water. The
count tubes are then rolled in this groove. If the
roll-tube method is to be used often a commercial
roll-tube apparatus, which includes a water bath,
saves much time and labour.

Incubate roll-tube cultures inverted so that con-
densation water collects in the neck and does not
smear colonies growing on the agar surface. To
count, draw a line parallel to the long axis of the

bottle and rotate the bottle, counting colonies
under a low-power magnifier.

The roll-tube method is popular in the dairy
and food industries. Machines for speeding up
and taking the tedium out of this method are
available.

A roll-tube method for counting organisms in bot-
tles (container sanitation) is given on p. 249.

Drop count method

In this method, introduced by Miles and Misra
(1938) and usually referred to by their names,
small drops of the material or dilutions are placed
on agar plates. Colonies are counted in the inocu-
lated areas after incubation.

Pipettes or standard loops that deliver known
volumes are required. Disposable cottonwool-
plugged Pasteur pipettes are available commer-
cially and will deliver drops of 0.02 ml. These are
sufficiently accurate for the purpose, provided that
the tips are checked immediately before use to
ensure that they are undamaged. It is advisable,
however, to check several pipettes in each batch
by counting the number of drops of distilled water
that yield 1 g.

Dry plates of suitable medium very well before
use. Drop at least five drops from each dilution of
sample from a height of not more than 2 cm (to
avoid splashing) on each plate. Replace the lid but
do not invert until the drops have dried. After incu-
bation, select plates showing discrete colonies in
drop areas, preferably one that gives less than 40
colonies per drop (10-20 is ideal). Count the
colonies in each drop, using a hand magnifier.
Divide the total count by the number of drops
counted, multiply by 50 to convert to 1 ml and by
the dilution used.

This method lends itself to arbitrary standards,
e.g. if there are fewer than 10 colonies among five
drops of sample, this represents fewer than 100
colonies of that material. If these drops are
uncountable (> 40 colonies), then the colony count
per millilitre is > 2000.



Spread-drop plate count

This is a modification of the Miles and Misra
method, often used in the examination of foods.

Spread standard volume drops (e.g. 0.02 ml) on
quadrants marked out on the bottom of the dish.
Inoculate two dishes, each with drops from differ-
ent decimal dilutions. Do counts on plates (usually
two) from dilutions that yield < 50 colonies.

Spiral plate method

The apparatus is described on p. 82. The results are
said to compare favourably with those obtained by
the surface spread plate method. A commercial
imaged-based colony counting system is available
for the rapid and accurate counting of colonies on
spiral plates.

Membrane filter counts

These offer a more accurate alternative to the most
probable number (MPN) estimation (see p. 150
and Clesceri et al., 1998). Liquid containing bacte-
ria is passed through a filter that will retain the
organisms. The filter is then laid on a sterile
absorbent pad containing liquid culture medium or
on the surface of an agar medium and incubated,
when the colonies that develop may be counted.

The filter-carrying apparatus is made of metal,
glass or plastic, and consists of a lower funnel,
which carries a fritted glass platform surrounded
by a silicone rubber ring. The filter disc rests on the
platform and is clamped by its periphery between
the rubber ring and the flange of the upper funnel.
The upper and lower funnels are held together by a
clamp.

The filters are thin, porous cellulose ester discs,
varying in diameter and about 120 um thick. The
pores in the upper layers are 0.5-1.0 um diameter
enlarging to 3-5 pwm diameter at the bottom.
Bacteria are thus held back on top, but culture
medium can easily rise to them by capillary action.
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Filters are stored interleaved between absorbent
pads in metal containers. A grid to facilitate count-
ing is ruled on the upper surface of each filter.

Membrane filter apparatus may be reusable or
sold as kits by the companies that make mem-
branes. Shallow metal incubating boxes with close-
fitting lids, containing absorbent pads to hold the
culture media, are also required.

The most convenient size of apparatus for count-
ing colonies takes filters 47 mm in diameter, but
various sizes larger or smaller are available.

Sterilization

Assemble the filter carrier with a membrane filter
resting on the fritted glass platform, which in turn
should be flush on top of the rubber gasket. Screw
up the clamping ring, but not to its full extent.
Wrap in oven-resistant plastic film or foil and auto-
clave for 15 min at 121°C. Alternatively, loosely
assemble the filter carrier, wrap and autoclave;
sterilize the filters separately interleaved between
absorbent pads in their metal container also by
autoclaving. This is the most convenient method
when a number of consecutive samples are to be
tested; in this case, sterilize the appropriate number
of spare upper funnels in the same way.

Sterilize the incubation boxes, each containing its
absorbent pad, by autoclaving.

Culture media

Ordinary or standard culture media do not give
optimum results with membrane filters. It has been
found necessary to vary the proportions of some of
the ingredients. Membrane filter versions of stan-
dard media may be obtained from most culture
media suppliers. A ‘resuscitation’ medium to revive
injured bacteria (e.g. damaged by chlorine) is also
desirable for some purposes.

Method

Erect the filter carrier over a filter flask connected
by a non-return valve to a pump giving a suction of
25-50 mmHg. Check that the filter is in place and
tighten the clamping ring. Pour a known volume,
neat or diluted, of the fluid to be examined into the
upper funnel and apply suction.
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Pipette about 2.5-3 ml of medium on a Whatman
5 c¢m, No. 17, absorbent pad in an incubation con-
tainer or Petri dish. This should wet the pad to the
edges but not overflow into the container.

When filtration is complete, carefully restore the
pressure. Unscrew the clamping ring and remove
the filter with sterile forceps. Apply it to the surface
of the wet pad in the incubation box so that no air
bubbles are trapped. Put the lid on the container
and incubate. A fresh filter and upper funnel can be
placed on the filter apparatus for the next sample.

For total aerobic counts, use tryptone soya mem-
brane medium; for counting coliform bacilli, either
‘presumptive’ or E. coli, see “Water examination’
(Chapter 20); for counting clostridia in water, see
p. 255.

For anaerobic counts, use the same medium incu-
bated anaerobically, or roll the filter and submerge
in a 25-mm diameter tube of melted thioglycollate
agar at 45°C and allow to set. To count anaerobes
causing sulphide spoilage, roll the filter and sub-
merge in a tube of melted iron sulphite medium at
42°C and allow to set. For yeast and mould counts,
use the appropriate Sabouraud-type or Czapek-
type media.

Counting

Count in oblique light under low-power magnifica-
tion. For some methods (e.g. counts of E. coli in
drinking water), indicator media are available and
only colonies with a specific colour are counted. If
it is necessary to stain colonies to see them, remove
the filter from the pad and dip in a 0.01% aqueous
solution of methylene blue for half a minute and
then apply to a pad saturated with water. Colonies
are stained deeper than the filter. The grid facili-
tates counting. Report as membrane colony count
per standard volume (100 ml, 1 ml, etc.).

Count anaerobic colonies in thioglycollate tubes
by rotating the tube under strong illumination.
Count black colonies in iron sulphite medium.

Micro-organisms in air
Membrane filters may be used with an impinger or
cascade sampler. Methods are given on p. 247.

Dip slides

This useful method, commonly used in clinical lab-
oratories for the examination of urine, now has a
more general application, especially in food and
drinks industries for viable coliform and yeast
counts. The slides are made of plastic and are
attached to the caps of screw-capped bottles. There
are two kinds: one is a single- or double-sided tray
containing agar culture media; the other consists of
a membrane filter bonded to an absorbent pad con-
taining dehydrated culture media. Both have ruled
grids, on either the plastic or the filter, which facil-
itate counting.

The slides are dipped into the samples, drained,
replaced in their
Colonies are then counted and the bacterial load
estimated.

containers and incubated.

Direct epifluorescence filtration
technique

This is a rapid, sensitive and economical method
for estimating the bacterial content of milk and
beverages. It may also be used for foods if they are
first treated with proteolytic enzymes and/or sur-
factants.

A small volume (e.g. 2 ml) of the product is passed
through a 24-mm polycarbonate membrane, which
is then stained by acridine orange and examined
with an epifluorescence microscope. Kits are avail-
able from several companies. For more informa-
tion, see Chapter 8.

Most probable number estimates

Most probable number (MPN) estimates are
Standard  Methods for the
Examination of Water and Wastewater (Clesceri et
al., 1998). These are based on the assumption that
bacteria are normally distributed in liquid media,
i.e. repeated samples of the same size from one
source are expected to contain the same number of
organisms on average; some samples will obviously

described in



contain a few more, some a few less. The average
number is the most probable number. If the num-
ber of organisms is large, the differences between
samples will be small; all the individual results will
be nearer to the average. If the number is small the
difference will be relatively larger.

If a liquid contains 100 organisms/100 ml, then
10-ml samples will contain, on average, 10 organ-
isms each. Some will contain more — perhaps one or
two samples will contain as many as 20; some will
contain less, but a sample containing none is most
unlikely. If a number of such samples are inocu-
lated into suitable medium, every sample would be
expected to show growth.

Similarly, 1-ml samples will contain, on average,
one organism each. Some may contain two or three,
and others will contain none. A number of tubes of
culture media inoculated with 1-ml samples would
therefore yield a proportion showing no growth.

Samples of 0.1 ml, however, could be expected to
contain only one organism per 10 samples and
most tubes inoculated would be negative.

It is possible to calculate the most probable num-
ber of organisms/100 ml for any combination of
results from such sample series. Tables have been
prepared (Tables 10.1-10.4") for samples of 10 ml,
1 ml and 0.1 ml using five tubes or three tubes of

"Tables 10.1-10.3 indicate the estimated number of bacteria of
the coliform group present in 100 ml of water, corresponding
to various combinations of positive and negative results in the
amounts used for the tests. The tables are basically those origi-
nally computed by McGrady (1918) with certain amendments
due to more precise calculations by Swaroop (1951). A few
values have also been added to the tables from other sources,
corresponding to further combinations of positive and negative
results which are likely to occur in practice. Swaroop has tabu-
lated limits within which the real density of coliform organisms
is likely to fall, and his paper should be consulted by those
who need to know the precision of these estimates.

These tables are reproduced by permission of the
Environmental Agency from The Microbiology of Drinking
Water Supplies. Part 4. Methods for the isolation and
enumeration of coliform bacteria and Escherichia coli
(including E. coli O 157: H7). London, 2002.
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Table 10.1 MPN/100 ml, using one tube of 50 ml, and five tubes
of 10 ml

50-ml tubes 10-ml tubes MPN/100 ml
positive positive

0 0 0

0 I |

0 2 2

0 3 4

0 4 5

0 5 7

| 0 2

| I 3

| 2 6

| 3 9

| 4 16

| 5 18 +

each sample size and, for water testing, using one
50-ml, five 10-ml and five 1-ml samples.

This technique is used mainly for estimating col-
iform bacilli, but it can be used for almost any
organisms in liquid samples if growth can be easily
observed, e.g. by turbidity, acid production.
Examples are yeasts and moulds in fruit juices and
beverages, clostridia in food emulsions and rope-
spores in flour suspensions. ‘Black tube’ MPN
counts for anaerobes are described on p. 377.

Mix the sample by shaking and inverting vigor-
ously. Pipette 10-ml amounts into each of five tubes
(or three) of 10 ml double-strength medium, 1-ml
amounts into each of five (or three) tubes of 5 ml
single-strength medium and 0.1-ml amounts (or
1 ml of a 1:10 dilution) into each of five (or three)
tubes of 5 ml single-strength medium. For testing
water, also add 50 ml water to 50 ml double-
strength broth.

Use double-strength broth for the larger volumes
because the medium would otherwise be too dilute.
Incubate for 24-48 h and observe growth, or acid
and gas, etc. Tabulate the numbers of positive
tubes in each set of five (or three) and consult the
appropriate table.
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Table 10.2 MPN/100 ml, using one tube of 50 ml, five tubes of 10 ml and five tubes of | ml

50-ml tubes 10-ml tubes I-ml tubes MPN/100 ml
positive positive positive

0
0
0
0
0
0
0
0
0
0
0
0
|
|
|
|
I
I
|
I
I
|
|
|
|
|
|
I
I
I
I
I
I
|
|
|
|
|
|
I
I
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Table 10.3 MPN/100 ml, using five tubes of 10 ml, five tubes of | ml and five tubes of 0.1 ml

10-ml I-ml 0.1-ml MPN/ 10-ml I-ml 0.1-ml MPN/
tubes tubes tubes 100 ml tubes tubes tubes 100 ml
positive positive positive positive positive positive
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Table 10.4 MPN/100 ml, using three tubes each inoculated with 10, 1.0 and 0.1 ml of sample

Tubes positive Tubes positive Tubes positive

MPN MPN MPN
I0ml 1.0ml 0.1 ml I0ml 1.0ml 0.1 ml I0ml 1.0ml 0.1 ml
0 0 | 3 | 2 0 I 2 3 3 53
0 0 2 6 | 2 | I5 3 0 0 23
0 0 3 9 | 2 2 20 3 0 | 39
0 I 0 3 | 2 3 24 3 0 2 64
0 I | 6 | 3 0 16 3 0 3 95
0 I 2 9 | 3 | 20 3 I 0 43
0 I 3 12 | 3 2 24 3 I | 75
0 2 0 6 | 3 3 29 3 I 2 120
0 2 | 9 2 0 0 9 3 I 3 160
0 2 2 12 2 0 | 14 3 2 0 93
0 2 3 16 2 0 2 20 3 2 | 150
0 3 0 9 2 0 3 26 3 2 2 210
0 3 | 13 2 I 0 I5 3 2 3 290
0 3 2 16 2 I | 20 3 3 0 240
0 3 3 19 2 I 2 27 3 3 | 460
| 0 0 4 2 | 3 34 3 3 2 1100
| 0 | 7 2 2 0 21 3 3 3 1100 +
| 0 2 I 2 2 | 28
| 0 3 15 2 2 2 35
| I 0 7 2 2 3 42
| I | I 2 3 0 29
| I 2 15 2 3 | 36
| I 3 19 2 3 2 44
From Jacobs and Gerstein’s Handbook of Microbiology, D. Van Nostrand Company, Inc., Princeton, NJ (1960). Reproduced
by permission of the authors and publisher
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Clinical material

All clinical material should be regarded as poten-
tially infectious. Blood specimens may contain
hepatitis B and/or buman immunodeficiency
viruses. For details of special precautions, see
National Institutes of Health (NIH, 1988), World
Health Organization (WHO, 1991), Advisory
Committee on Dangerous Pathogens (ACDP,
1995, 2001), and Collins and Kennedy (1997,
1999). Material from the central nervous system
should also be treated with care because it may
contain prions. For details of special precautions
see ACDP (1998).

The laboratory investigation of clinical material
for microbial pathogens is subject to a variety of
external hazards. Fundamental errors and omis-
sions may occur in any laboratory. Vigorous per-
formance control testing programmes and the
routine use of controls will reduce the incidence of
error but are unlikely to eliminate it entirely (see
Chapter 2).

Most samples for microbiological examination
are not collected by laboratory staff and it must be
stressed that, however carefully a specimen is
processed in the laboratory, the result can only be
as reliable as the sample will allow. The laboratory
should provide specimen containers that are suit-
able, i.e. leak proof, stable, easily opened, readily
identifiable, aesthetically satisfactory, suitable for
easy processing and preferably capable of being
incinerated. It will be apparent that some of these
qualities are mutually exclusive and the best com-
promise to suit particular circumstances must be
made. Containers are discussed on p. 41. The spec-
imen itself may be unsatisfactory because of faulty
collection procedures, and the laboratory must be
ready to state its requirements and give a reasoned

explanation if cooperation is to be obtained from
ward staff and doctors.
Specimens should be:

Collected without extraneous contamination.
Collected, if possible, before starting
antibiotic therapy.

Representative: pus rather than a swab with a
minute blob on the end; faeces rather than a
rectal swab. If this is not possible, then a
clear note to this effect should be made on the
request form, which must accompany each
sample.

Ideally collected and sent to the laboratory in
a clear, sealed, plastic bag to avoid leakage
during transit, or placed in a transport
medium. The request form accompanying each
specimen should not be in the same bag (bags
with separate compartments for specimens and
request forms are available) and should be
clearly displayed to minimize sorting errors.
Delivered to the laboratory without delay. If
this is not possible, appropriate specimens
must be delivered in a commercial transport
medium. For other specimens, storage at 4°C
will hinder bacterial overgrowth. If urine
samples cannot be delivered promptly and
refrigeration is not possible, boric acid
preservative may be considered as a last
resort. Dip-slide culture is to be preferred.
Sputum and urine specimens probably
account for the greater part of the laboratory
workload and the problems associated with
their collection are particularly difficult to
overcome because the trachea, mouth and
urethra have a normal flora.



It must be stressed that, in any microbiological
examination, only that which is sought will be
found and it is essential to examine the specimen in
the light of the available clinical information
(which, regrettably, is often minimal). This is even
more important with modern techniques that rely
on the direct detection of bacterial antigens or
nucleic acids in clinical specimens. The examina-
tion of pathological material for viruses and para-
sites is not within the scope of this book, but the
possibility of infection by these agents should be
considered and material referred to the appropriate
laboratory.

The laboratory has an obligation to ensure that its
rules are well publicized so that the periods of
acceptance of specimens are known to all. Any tests
that are processed in batches should be arranged in
advance with the laboratory. This may be particu-
larly important for certain tests, e.g. microbiologi-
cal assays of antibiotics for which the laboratory
may need to subculture indicator organisms in
advance. In the UK, it is now a requirement for
clinical laboratory accreditation that the labora-
tory produces a user manual to enable the clini-
clans to use its services in an appropriate way.

BLOOD CULTURES

Blood must be collected with scrupulous care to
avoid extravenous contamination. Blood culture is
an important diagnostic procedure in cases of
recurrent fever, and the highest success rate is asso-
ciated with the collection of cultures just as the
patient’s temperature begins to rise, rather than at
the peak of the rigor. In cases of septicaemia, the
timing is less important, and a rapid answer and a
susceptibility test result are essential. Culturing a
larger volume of blood may increase the yield from
blood cultures.

Most busy clinical laboratories now use auto-
mated systems for blood culture (see Chapter 8) or
a kit such the Oxoid Signal or the Difco Sentinel,
but there is still a place for the Castenada system.
In this system, the culture bottles are biphasic, i.e.
they have a slope of solid medium and a broth that
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may also contain Liquoid (sodium polyethanol
sulphonate), which neutralizes antibacterial factors
including complement. Large amounts of blood (up
to 50% of the total volume of the medium) may be
examined in Liquoid cultures; otherwise, it is nec-
essary to dilute the patient’s blood at least 1:20
with broth. The bottles are tipped every 72 h so
that the blood-broth mixture washes over the agar
slope. Colonies will appear first at the interphase
and then all over the slope. The bottles should be
retained for at least 4 and preferably 6 weeks. The
Castenada system avoids repeated subculture and
lessens the risk of laboratory contamination. It is
important to avoid contamination because patients
receiving immunosuppressive drugs are likely to be
infected with organisms not usually regarded as
pathogens. No organism can therefore be automat-
ically excluded as a contaminant.

Vacuum blood collection systems also help to
reduce contamination. Some of these ensure a 10%
carbon dioxide atmosphere in the container. This is
important when organisms such as Brucella spp.
are sought. If other media are used they should be
incubated in an atmosphere containing at least
10% carbon dioxide.

Evacuated containers or those containing addi-
tional gas may need ‘venting’ with a cottonwool-
plugged hypodermic (caution) or a
commercial device. This is important, especially for
the recovery of Candida spp. and Pseudomonas
spp. from neonatal samples, where only a small
volume of blood is available for culture.

Blood cultures should be checked for growth at
least daily and subcultured to appropriate media
when growth is evident, either by visual inspection
or by one of the current automated detection sys-
tems (see Chapter 8).

needle

Likely pathogens

These are Staphylococcus aureus, Escherichia coli
and other enterobacteria, including salmonellas,
streptococci and enterococci, Neisseria meningi-
tidis, Haemophilus influenzae, Brucella spp.,
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clostridia and pseudomonads. In ill or immuno-
compromised patients, any organisms, especially if
recovered more than once, may be significant (e.g.
coagulase-negative staphylococci or coryneforms).
In some circumstances special media may have to
be used to look for specific organisms (e.g.
mycobacteria in AIDS patients). Blood from
patients who have had surgery may yield a mixed
growth of other organisms.

Commensals

Note that common contaminants (from skin)
include coagulase-negative staphylococci and
coryneforms. Transient bacteraemia with other
organisms may occur occasionally.

All manipulations with open blood culture bottles
should be done in a microbiological safety cabinet.

CEREBROSPINAL FLUID

It is important that these samples should be exam-
ined with the minimum of delay. As with other flu-
ids, a description is important. It is essential to note
the colour of the fluid; if it is turbid, then the colour
of the supernatant fluid after centrifugation may be
of diagnostic significance. A distinctive yellow tinge
(xanthochromia) usually confirms an earlier bleed
into the cerebrospinal fluid (CSF), e.g. in a sub-
arachnoid haemorrhage as opposed to traumatic
bleeding during the lumbar puncture. (It is neces-
sary, of course, to compare the colour of the super-
natant fluid with a water blank in a similar tube.)

Before any manipulation examine the specimen
for clots, either gross or in the form of a delicate
spider’s web, which is usually associated with a sig-
nificantly raised protein level and traditionally is
taken as an indication that one should look partic-
ularly for Mycobacterium tuberculosis. The pres-
ence of a clot will invalidate any attempt to make a
reliable cell count.

If the cells and/or protein concentrations are
raised (> 3 x 10%1 and/or > 40 mg/100 ml), a CSF

sugar determination should be compared with the
blood sugar level collected at the same time. This
and the type of cell may indicate the type of infec-
tion.

Raised polymorphs with very low sugar usually
indicate bacterial infection or a cerebral abscess.
Raised lymphocytes with normal sugar usually
indicate viral infection. Raised lymphocytes with
lowered sugar usually indicate tuberculosis. Raised
polymorphs or mixed cells with lowered sugar usu-
ally indicate early tuberculosis. It is important,
however, to note that there are many exceptions to
these patterns.

Make three films from the centrifuged deposit,
spreading as little as possible. Stain one by the
Gram method and one with a cytological stain, and
retain the third for examination if indicated for
acid-fast bacilli. A prolonged search may be neces-
sary if tuberculosis is suspected.

Plate on blood agar and incubate aerobically and
anaerobically and on a chocolate agar plate for
incubation in a 5-10% CO, atmosphere. Examine
after 18-24 h. If organisms are found, set up direct
sensitivity tests according to local protocol. Culture
for M. tuberculosis as indicated.

Commercial systems are now available for the
detection (e.g. by latex agglutination) of the com-
mon bacterial causes of meningitis (Streptococcus
pneumoniae, N. meningitidis, H. influenzae). They
should be used in all cases of suspected bacterial
meningitis, but they are particularly useful when
the Gram stain is unhelpful or when the patient has
already received antibiotics.

Likely pathogens

These include H. influenzae, N. meningitidis, S.
pneumoniae, Listeria monocytogenes, M. tubercu-
losis and, in very young babies, coliform bacilli,
group B streptococci and Pseudomonas aerugi-
nosa. Staphylococcal epidermidis and some micro-
cocci are often associated with infections in
patients with devices (shunts) inserted to relieve
excess intracranial pressure.
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Likely pathogens

Any organism introduced during surgical manipu-
lation involving the spinal canal may be involved
in meningitis. Infections with other agents may
occur in the immunocompromised patient (e.g.
Cryptococcus neoformans in AIDS).

Commensals

There are none.

DENTAL SPECIMENS

These may be whole teeth, when there may have
been an apical abscess, or scrapings of plaque or
carious material.
staphylococci, streptococci and lactobacilli.

Plate on selective media for

Likely organisms

These include S. aureus, streptococci, especially S.
mutans and S. milleri, and lactobacilli.

EAR DISCHARGES

Swabs should be small enough to pass easily
through the external meatus. Many commercially
available swabs are too plump and may cause pain
to patients with inflamed auditory canals.

A direct film stained by the Gram method is help-
ful, because florid overgrowths of faecal organisms
are not uncommon and it may be relatively difficult
to recover more delicate pathogens. Plate on blood
agar and incubate aerobically and anaerobically
overnight at 37°C. Tellurite medium may be advis-
able if the patient is of school age. A medium that
inhibits spreading organisms is frequently of value;
CLED or MacConkey, chloral hydrate or
phenethyl alcohol agars are the most useful.

These include S. pyogenes, S. pneumoniae,
S. aureus, Haemophilus spp., Corynebacterium
diphtheriae, P. aeruginosa, coliform bacilli,
anaerobic Gram-negative rods, and fungi.

Commensals

These include micrococci, diphtheroids, S. epider-
midis, moulds and yeasts.

EYE DISCHARGES

It is preferable to plate material from the eye
directly on culture media rather than to collect it on
a swab. If this is not practicable, it is essential that
the swab be placed in transport medium.

Examine a direct Gram-stained film before the
patient is allowed to leave. Look particularly for
intracellular Gram-negative diplococci and issue a
tentative report if they are seen, so that treatment
can be started without delay; this is of particular
importance in neonates. Infections occurring a few
days after birth may be caused by Chlamydia tra-
chomatis, which should be suspected if films have
excess numbers of monocytes or the condition does
not resolve rapidly. Detection of chlamydial infec-
tions may be attempted by microscopy (with
Giemsa stain), cell culture or immunological meth-
ods, e.g. immunofluorescence (see p. 102).

Plate on blood agar plates and incubate aerobi-
cally and anaerobically and on a chocolate agar or
10% horse blood Columbia agar plate for incuba-
tion in a 5% carbon dioxide atmosphere.

Likely pathogens

These include S. aureus, S. pneumoniae, viridans
streptococci, N. gonorrhoeae, and Haemophilus,
Chlamydia and Moraxella spp., but rarely coliform
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organisms, C. diphtheriae, P. aeruginosa, and
Candida, Aspergillus and Fusarium spp.

Commensals

These include S.
diphtheroids.

epidermidis, micrococci and

FAECES AND RECTAL SWABS

It is always better to examine faeces than rectal
swabs. Swabs that are not even stained with faeces
are useless. If swabs must be used, they should be
moistened with sterile saline or water before use
and care must be taken to avoid contamination
with perianal flora. It may be useful to collect
material from babies by dipping the swabs into a
recently soiled napkin (diaper). Swabs should be
sent to the laboratory in transport medium unless
they can be delivered within 1 h.

As a result of the random distribution of
pathogens in faeces, it is customary to examine
three sequential specimens. Culture as below
according to clinical information:

® Plate on desoxycholate citrate agar (DCA),
xylose-lactose desoxycholate citrate agar
(XLD) and MacConkey agar for salmonellas,
shigellas and enteropathogenic Escherichia
coli. Incubate at 37°C overnight.

® Inoculate selenite and/or tetrathionate
broths, incubate overnight and subculture
to DCA, etc.

® Plate stools from children, young adults and
diarrhoea cases on campylobacter medium
plus antibiotic supplements. Incubate for 48 h
at 42°C and at 37°C in 5% oxygen and 10%
carbon dioxide.

® In cases of haemorrhagic colitis or
haemolytic-uraemic syndrome, culture for
E. coli O157 on sorbitol MacConkey agar.
Culture also for Aeromonas and
Plesiomonas spp.

® Plate on TCBS and inoculate alkaline peptone

water if cholera is suspected, if the patient has
recently returned by air from an area where
cholera is endemic or if food poisoning caused
by Vibrio parahaemolyticus is suspected.

® Dlate on Yersinia Selective Agar and incubate
at 32°C for 18-24 h (see also p. 318).

® DPlate on cycloserine cefoxitin egg yolk
fructose agar (CCFA) for Clostridium difficile
and test the stool for C. difficile toxins either
in cell culture or with a commercial kit.

® In cases of food poisoning caused by S. aureus,
plate faeces on blood agar and on one of the
selective staphylococcal media (see p. 329),
and inoculate salt meat broth. Incubate all
cultures overnight at 37°C and subculture the
salt meat broth to blood agar and selective
staphylococcal medium. It should be noted
that here the symptoms relate to a toxin so the
organisms may not be recovered.

® In food poisoning where C. perfringens may
be involved, make a 10™" suspension of faeces
in nutrient broth and add 1 ml to each of two
tubes of Robertson’s cooked meat medium.
Heat one tube at 80°C for 10 min and then
cool. Incubate both tubes at 37°C overnight
and plate on blood agar with and without
neomycin and on egg yolk agar. Place a
metronidazole disc on the streaked-out
inoculum. Incubate at 37°C anaerobically
overnight.

Likely pathogens

These include salmonellas, shigellas, Vibrio sp.,
enteropathogenic E. coli, C. perfringens (both heat
resistant and non-heat resistant), S. aureus, Bacillus
cereus, Campylobacter, Yersinia and Aeromonas
spp., and C. botulinum.

Commensals

These include coliform bacilli, and Proteus,
Clostridium, Bacteroides and Pseudomonas spp.



NASAL SWABS (SEE ALSO
‘THROAT SWABS’)

The area sampled will influence the recovery of
particular organisms, i.e. the anterior part of the
nose must be sampled if the highest carriage rate of
staphylococci is to be found. For N. meningitidis, it
may be preferable to sample further in and for the
recovery of Bordetella pertussis in cases of whoop-
ing cough a pernasal swab is essential.

Inoculate as soon as possible on charcoal agar con-
taining 10% horse blood and 40 mg/l cephalexin
and incubate at 35°C in a humid atmosphere.

Direct films are of no value. If M. leprae is sought,
smears from a scraping of the nasal septum may be
examined after staining with Ziehl-Neelsen stain
or a fluorescence stain.

Plate on blood agar and tellurite media and incu-
bate as for throat swabs.

Likely pathogens

These include S. aureus, S. pyogenes, N. meningi-
tidis, B. pertussis, C. diphtheriae and other
pathogens of uncertain significance.

Commensals

These include diphtheroids, S. epidermidis, S.
aureus, Branbamella spp., aerobic spore bearers
and small numbers of Gram-negative rods (Proteus
spp. and coliform bacilli).

PUS

As a general rule, pus rather than swabs of pus
should be sent to the laboratory. Swabs are vari-
ably lethal to bacteria within a few hours because
of a combination of drying and toxic components
of the cotton wool released by various sterilization
methods. Consequently, speed in processing is
important; a delay of several hours may allow
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robust organisms to be recovered while the more
delicate pathogens may not survive. Swabs should
be moistened with broth before use on dry areas.

Examine Gram-stained films and films either direct
or concentrated material (see p. 381) for acid-fast
rods. If actinomycosis is suspected wash the pus with
sterile water and look for ‘sulphur granules’ (see
Chapter 47). Plate granules on blood agar and incu-
bate aerobically and anaerobically. Include a chlo-
ral hydrate plate in case Proteus sp. is present.
Prolonged anaerobic incubation of blood agar cul-
tures, in a 90% hydrogen-10% carbon dioxide
atmosphere, possibly with neomycin or nalidixic
acid, may allow the recovery of strictly anaerobic
Bacteroides spp. These organisms may be recovered
frequently if care is taken and the number of ‘ster-
ile’ collections of pus consequently reduced. Culture
in thioglycollate broth may be helpful. The dilution
effect may overcome specific and non-specific
inhibitory agents. Culture pus from post-injection
abscesses or infected surgical wounds for mycobac-
teria (see p. 382).

The recovery of anaerobes will be enhanced by the
addition of menadione and vitamin K to the medium.
Wilkins and Chalgren’s medium is also of value.

If the equipment is available, gas-liquid chro-
matography is useful for the detection of volatile
fatty acids, which may indicate anaerobes (but the
bacteriologist’s nose is cheaper, even if less sensi-
tive).

Likely pathogens

These include S. aureus, S. pyogenes, anaerobic
cocci, Mycobacterium, Actinomyces, Pasteurella,
Yersinia, Clostridium, Neisseria and Bacteroides
spp., B. anthracis, Listeria, Proteus, Pseudomonas
and Nocardia, spp., fungi, and other organisms in
pure culture.

Commensals

There are none.
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SEROUS FLUIDS

These fluids include pleural, peritoneal synovial,
pericardial, hydrocele, ascitic and bursa fluids.
Record the colour, volume and viscosity of the
fluid. Centrifuge at 3000 rev/min for at least
15 min, preferably in a sealed bucket. Transfer the
supernatant fluid to another bottle and record its
colour and appearance. Make Gram-stained films
of the deposit and also stain films for cytological
evaluation. Plate on blood agar and incubate aero-
bically and anaerobically at 37°C for 18-24 h.
Culture on blood agar anaerobically plus 10% CO,
atmosphere and incubate for 7-10 days for
Bacteroides spp. Use additional material as out-
lined for pus. Prolonged incubation may be neces-
sary for these strictly anaerobic organisms.
Gonococcal and meningococcal arthritis must not
be overlooked; inoculate one of the GC media and
incubate in a 10% CO, atmosphere for 48 h at 22
and 37°C. Culture, if appropriate, for mycobacteria.

Likely pathogens

These include S. pyogenes, S. pneumoniae, anaero-
bic cocci, S. aureus, N. gonorrhoeae, M. tuberculo-
sis and Bacteroides spp.

Commensals

There are none.

SPUTUM

Sputum is a difficult specimen. Ideally, it should
represent the discharge of the bronchial tree expec-
torated quickly with the minimum of contamina-
tion from the pharynx and the mouth, and
delivered without delay to the laboratory.

As a result of the irregular distribution of bacteria
in sputum, it may be advisable to wash portions of
purulent material to free them from contaminating
mouth organisms before examining films and

making cultures. Gram-stained films may be useful,
suggesting a predominant organism.

Homogenization of the specimen with Sputasol,
Sputolysin, N-acetylcysteine or pancreatin, for
example, followed by dilution enables the signifi-
cant flora to be assessed. In sputum cultures not so
treated initially, small numbers of contaminating
organisms may overgrow pathogens.

The following method is recommended. Add
about 2 ml sputum to an equal volume of
Sputolysin or Sputasol in a screw-capped bottle
and allow to digest for 20-30 min with occasional
shaking, e.g. on a Vortex Mixer. Inoculate a blood
agar plate with 0.01 ml of the homogenate, using a
standard loop (e.g. a 0.01-ml plastic loop) and
make a Gram-stained film. Add 0.01 ml with a sim-
ilar loop to 10 ml peptone broth. Mix this thor-
oughly, preferably using a Vortex Mixer. Inoculate
blood agar and MacConkey agar with 0.01 ml of
this dilution. Incubate the plates overnight at 35°C;
incubate the blood agar plates in a 10% CO,
atmosphere. Chocolate agar may be used but
should not be necessary for growing H. influenzae
if a good blood agar base is used.

Five to 50 colonies of a particular organism on
the dilution plate are equivalent to 10°~10" of these
organisms/millilitre of sputum and this level is sig-
nificant, except for viridans streptococci when one
to five colonies are equivalent to 10°-10° organ-
isms/millilitre and this level is equivocal.

Set up direct sensitivity tests if the Gram film
shows large numbers of any particular organisms.

Methods of examining sputum for mycobacteria
are described in Chapter 45.

For the isolation of Legionella spp. and similar
organisms from lung biopsies or bronchial secre-
tions use blood agar or one of the commercial
legionella media plus supplement.

Likely pathogens

These include S. aureus, S. pneumoniae, H. influen-
zae, coliform bacilli, Klebsiella pneumoniae,
Pasteurella, Mycobacterium and Candida spp., M.
catarrhalis, Mycoplasma, Pasteurella, Yersinia



spp., Y. pestis, L. pneumophila, Aspergillus,
Histoplasma, Cryptococcus, Blastomyces and
Pseudomonas spp., particularly from patients with
cystic fibrosis (also Chlamydia pneumoniae,
C. psittaci and Coxiella burnettii).

Commensals

These include S. epidermidis, micrococci, col-
iforms, Candida spp. in small numbers, and viri-
dans streptococci.

THROAT SWABS

Collect throat swabs carefully with the patient in a
clear light. It is customary to attempt to avoid con-
tamination with mouth organisms. Evidence has
been advanced that the recovery of S. pyogenes
from the saliva may be higher than from a ‘throat’
or pharyngeal swab. Make a direct film, stain with
dilute carbol-fuchsin and examine for Vincent’s
organisms, yeasts and mycelia.

Plate on blood agar and incubate aerobically and
anaerobically for a minimum of 18 but preferably
48 hin7-10% CO, at 35°C. Plate on tellurite medium
and incubate for 48 h in 7-10% CO, at 35°C.

For details of the logistics of mass swabbing, e.g.
in a diphtheria outbreak, see Collins and Dulake
(1983).

Likely pathogens

These include S. pyogenes, C. diphtheriae, C. ulcer-
ans, S. aureus, C. albicans, N. meningitides and
B. vincenti (H. influenzae Pittman’s type b in the
epiglottis is certainly a pathogen).

Commensals

These include viridans streptococci, S. epidermidis,
diphtheroids, S. pneumoniae, and probably
H. influenzae.
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TISSUES, BIOPSY SPECIMENS,
POSTMORTEM MATERIAL

As a general rule, retain all materials submitted
from postmortem examination until the forensic
pathologists agree to their disposal. If it is essential
to grind up tissue, obtain approval.

Grind tissue specimens in a blender or, if the spec-
imen is very small, in a Griffith’s tube or with glass
beads on a Vortex Mixer. The Stomacher Lab-
Blender is best for larger specimens because it saves
time and eliminates the hazard of aerosol forma-
tion. Examine the homogenate as described under
‘Pus’.

URETHRAL DISCHARGES

Collect swabs of discharges into a transport
medium or plate directly at the bedside or in the
clinic. Examine direct Gram-stained films. Look
for intracellular Gram-negative diplococci. In
males a Gram-stained film of the urethral dis-
charge is a sensitive and specific means of diag-
nosing gonorrhoea. In the female, the recovery of
organisms is more difficult and the interpretation
of films may occasionally present problems
because over-decolourized or dying Gram-
positive cocci may resemble Gram-negative diplo-
coccl.

Plate on chocolate agar and a selective medium
for gonococci (e.g. Modified Thayer-Martin,
Modified New York City medium) and incubate
in a humid atmosphere enriched with 5%
CO..

Likely pathogens

These include N. gonorrboeae, and Mycoplasma
and Ureaplasma spp. Occasionally other pathogens
may be isolated, particularly coliforms when a
urinary catheter is present.
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Commensals

These include S. epidermidis, micrococci, diph-
theroids and small numbers of coliform organisms.

URINE

The healthy urinary tract is free from organisms
over the greater part of its length; there may, how-
ever, be a few transient organisms present, espe-
cially at the lower end of the female urethra.

Collection

Catheters may contribute to urinary infections and
are no longer considered necessary for the collec-
tion of satisfactory samples from females.

A ‘clean catch’ mid-stream urine (MSU) is the
most satisfactory specimen for most purposes if it is
delivered promptly to the laboratory. Failing
prompt delivery, the specimen may be kept in a
refrigerator at 4°C for a few hours or, exception-
ally, a few crystals of boric acid may be added.

Dip slides are now widely used for assessing uri-
nary tract infections. They do, however, preclude
examination for cells and other elements unless a
fresh specimen is also submitted.

Examination

This includes counting leucocytes, erythrocytes and
casts, estimating the number of bacteria/millilitre
and identifying them. Normally, there will be none
or fewer than 20 x 101 of leucocytes or other cells
and a colony count of less than 10* organisms/ml.
Mix the urine by rotation, never by inversion.
Count the cells with a Fuchs Rosenthal or similar
counting chamber or use an inverted microscope.
Inoculate a blood agar plate and a MacConkey,
CLED or EMB plate with 0.001 ml using a stan-
dard loop (disposable loops or micro-pipettes with

disposable tips are satisfactory alternatives). Also
0.1 ml of a 1:100 dilution of urine may be used.
Spread with a glass spreader, incubate overnight at
37°C and count the colonies:

< 10 colonies = 10* organisms/ml not significant

10—100 colonies = 10*~10° organisms/ml  doubtful
significance

> 100 colonies = > 10° organisms/ml significant
bacteriuria

If dip slides are submitted, incubate them
overnight and follow the manufacturer’s directions
for counting.

Note that the accuracy and usefulness of bacter-
ial counts on urines are limited by the age of the
specimen. Only fresh specimens are worth exam-
ining. Other limitations are the volume of fluid
recently drunk and the amount of urine in the
bladder.

Various other techniques, e.g. a filter paper ‘foot’,
multipoint inoculator, dip sticks for leucocyte
enzymes or simple visual inspection, have been
advocated for screening urines. These save media
and may be appropriate in laboratories where most
samples tested are ‘negative’.

For methods of examining urine for tubercle
bacilli, see p. 382.

Automated urine examination

The Rapid Automatic Microbiological Screening
system (RAMUS, Orbec), is a particle volume
analyser, capable of counting leucocytes and bacte-
ria. Counts of bacteria > 10°/ml are regarded as
significant.

Multipoint inoculation methods are very useful in
the examination of large batches of urines (see
Faiers et al., 1991, and Chapter 8). The technique
can allow for tests for the presence of antibacterial
substances, direct inoculation of identification
media and media for those fastidious organisms
that are now considered to be of importance in uri-
nary tract infections.



Likely pathogens

These include E. coli, other enterobacteria, Proteus
spp., staphylococci including S. epidermidis,
S. saprophyticus, enterococci, salmonellas (rarely),
Leptospira spp. and mycobacteria.

Commensals

There can be small numbers (< 10/ml) of almost
any organisms. It is unwise to be too dogmatic
about small numbers of organisms isolated from a
single specimen; it is better to repeat the sample.

VAGINAL DISCHARGES

Bacterial vaginosis is a condition in which there is a
disturbance in the vaginal flora. Lactobacilli
decrease in numbers whereas those of a variety of
others, e.g. Gardnerella vaginalis, and Mobiluncus
and Prevotella spp. increase. This condition should
be differentiated from vaginitis caused by C. albi-
cans. A Gram-stained film may reveal ‘clue cells’ —
epithelial cells with margins obscured by large
numbers of adherent Gram-variable rods. Culture
for G. vaginalis is less helpful.

PUERPERAL INFECTIONS

A high vaginal swab is usually taken. Swabs that
cannot be processed very rapidly after collection
should be put into transport medium. Examine
direct Gram-stained films. If non-sporing, square-
ended, Gram-positive rods, not in pairs, and which
appear to be capsulated, are seen they should be
reported without delay, because they may be
C. perfringens, which can be an extremely invasive
organism.

Plate on blood agar and incubate aerobically and
anaerobically overnight at 37°C and also plate on
MacConkey or other suitable selective medium.
Plate any swabs suspected of harbouring C. per-
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fringens on a neomycin half-antitoxin Nagler plate
for anaerobic incubation.

Likely pathogens

These include S. pyogenes, S. agalactiae, L. mono-
cytogenes, C. perfringens, Bacteroides spp.,
G. vaginalis, anaerobic cocci, Candida spp., and
excess numbers of enteric organisms.

Commensals

These include lactobacilli, diphtheroids, micro-
coccl, S. epidermidis, small numbers of coliform
bacilli, and yeasts.

NON-PUERPERAL INFECTIONS

Examine a Gram-stained smear and also a wet
preparation for the presence of Trichomonas
vaginalis. If the examination is to be immediate,
a saline suspension of vaginal discharge will be
satisfactory; otherwise a swab in transport
medium is essential. A wet preparation may still
be examined for actively motile flagellates but
culture in trichomonas medium usually yields
more reliable results, especially in cases of light
infection. An alternative to the wet preparation is
the examination under the fluorescence micro-
scope of an air-dried smear stained by acridine
orange.

Examine a Gram-stained smear for Mobiluncus
spp. If N. gonorrhoeae infection is suspected in a
female, swabs from the urethra, cervix and poste-
rior fornix should be collected, placed into trans-
port medium or plated immediately on selective
medium. Many workers do not make films from
these swabs because the difficulties of interpreta-
tion are compounded by the presence of charcoal
from the buffered swabs; they rely on cultivation
using VCN (vancomycin, colistin, nystatin) or
VCNT (VCN + trimethoprim) medium as a selec-
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tive inhibitor of organisms other than N. gonor-
rhoeae.

Plate on blood agar and incubate, aerobically and
anaerobically, on Sabouraud’s agar (when looking
for Candida spp.) and chocolate agar or another
suitable gonococcal medium for incubation in a
5% CO, atmosphere to encourage isolation of
N. gonorrhoeae.

If L. monocytogenes infection is suspected, plate
on serum agar with 0.4 g/l nalidixic acid added.

Likely pathogens

These include N. gonorrhoeae, C. albicans and
related yeasts in moderate numbers, S. pyogenes,
Gardnerella spp., L. monocytogenes, Haemophilus
and Bacteroides spp., anaerobic cocci, Mobiluncus
spp., possibly Mycoplasma spp. and T. vaginalis.

Commensals

These include lactobacilli, diphtheroids, entero-
cocci and small numbers of coliform organisms.

WOUNDS (SUPERFICIAL) AND
ULCERS

Examine Gram-stained films and culture on blood
agar and proceed as for pus, etc. Examine Albert-
stained smears for corynebacteria. Culture also on
Lowenstein—Jensen medium and incubate at 30°C
because some mycobacteria that cause superficial
infections do not grow on primary isolation at
35-37°C.

Likely pathogens

These include S. aureus, streptococci, C. diphthe-
riae, C. ulcerans (both in ulcers), M. marinum,
M. ulcerans and M. chelonei.

Contaminants

These include staphylococci, Pseudomonas spp.,
and a wide variety of bacteria and fungi.

WOUNDS (DEEP) AND BURNS

The collection of these specimens and their conse-
quent rapid processing are two vital factors in the
recovery of the significant organisms. Burn cases
frequently become infected with staphylococci and
streptococci as well as with various Gram-negative
rods, especially Pseudomonas spp. It may be diffi-
cult to recover Gram-positive cocci because of the
overgrowing Gram-negative organisms.

Plate on blood agar and incubate aerobically and
anaerobically. Plate also on MacConkey agar and
CLED medium (to inhibit the spreading of Proteus
spp.). Robertson’s cooked meat medium may be
useful.

Plate swabs, etc. from burns on media selective
for S. pyogenes and Pseudomonas spp. Anaerobes
are rarely a problem in burns.

Likely pathogens

These include Clostridium spp., S. pyogenes,
S. aureus, anaerobic cocci, Bacteroides spp. and
Gram-negative rods.

Contaminants

These include small numbers of a wide variety of
organisms.
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Antimicrobial susceptibility tests

The primary purpose of antimicrobial susceptibil-
ity testing is to guide the clinician in the choice of
appropriate agents for therapy. Agents are often
used empirically and routine testing provides up-
to-date information on the most suitable agents for
empirical use. Apart from routine clinical work,
antimicrobial susceptibility tests are used to evalu-
ate the in vitro activity of new agents.

Antimicrobial susceptibility may be reported
qualitatively as: sensitive (S), which indicates that
the standard dose of the agent should be appropri-
ate for treating the patient infected with the strain
tested; resistant (R), which indicates that an infec-
tion caused by the isolate tested is unlikely to
respond to treatment with that antimicrobial agent;
and intermediate (I), where the strains are moder-
ately resistant or moderately susceptible and indi-
cate that the strain may be inhibited by larger doses
of the agent or may be inhibited in sites where the
agent is concentrated (e.g. urine). It may also be
regarded as a ‘buffer-zone’, which reduces the like-
lihood of major errors, i.e. reporting a resistant iso-
late as susceptible or vice versa. Caution is
necessary when the basis of resistance is the pro-
duction of inactivating enzymes because zone sizes
or minimum inhibitory concentrations (MICs) (see
below) may indicate intermediate susceptibility
rather than resistance. The routine use of the inter-
mediate category on patient reports should be
avoided because clinicians rarely find it helpful

Quantitative testing determines the MIC, which is
the lowest concentration of the agent that will pre-
vent a microbial population from growing. The
minimum bactericidal concentration (MBC) is the
lowest concentration that kills 99.9% of the popu-
lation.

The concentrations of agents defining the ‘break-
points’ between sensitive, intermediate and resist-
ant are based on clinical, pharmacological and
microbiological considerations. These breakpoint
concentrations may be used to interpret MIC
results, as test concentrations in breakpoint meth-
ods, or as the basis for interpreting zone sizes in
disc diffusion tests (Andrews, 2001a, 2001b; King,
2001).

TECHNICAL METHODS

The three principal methods used for susceptibility
testing, Disc Diffusion, MIC/MBC determination
and Breakpoint, are outlined briefly below, as are
the technical factors that influence the results.

Disc diffusion tests

Diffusion tests with agents in paper discs are still
the most widely used methods in routine clinical
laboratories. They are technically straightforward,
reliable if correctly standardized and also relatively
cheap.

Minimum inhibitory concentration

In minimum inhibitory concentration methods, the
susceptibility of organisms to serial twofold dilu-
tions of agents in agar or broth is determined. The
MIC is defined as the lowest concentration of the
agent that inhibits visible growth. The methods are



not widely used for routine testing in clinical labo-
ratories in most countries, although commercial
systems with restricted-range MICs in a variety of
formats are available from a number of companies.
In clinical laboratories MIC methods are used to
test the susceptibility of organisms that give equiv-
ocal results in diffusion tests, for tests on organisms
where disc tests may be unreliable, as with slow-
growing organisms, or when a more accurate result
is required for clinical management, e.g. infective
endocarditis. MIC methods are accepted as the
standard against which other methods are assessed
and for testing new agents. MICs may also be
derived from the size of the zone of inhibition in
disc diffusion tests using a regression curve pro-
duced by plotting the diameter of the zone of inhi-
bition against the MIC of a range of strains of a
given species. In some cases it is necessary to know
the MBC of an organism. This is determined by
subculturing the broth of tubes showing no turbid-
ity in an MIC test on to antimicrobial agent-free
media and observing for growth after further incu-
bation.

Breakpoint methods

Breakpoint methods are essentially MIC methods
in which only one or two concentrations are tested.
The concentrations chosen for testing are those
equivalent to the breakpoint concentrations sepa-
rating different categories of susceptibility. In
recent years such methods have been used routinely
as an alternative to disc diffusion methods.
Breakpoint tests are suitable for automated inocu-
lation and reading of tests, and may be combined
with identification tests.

Factors affecting susceptibility tests

Many of the effects of technical variation on
susceptibility testing are widely known (Barry,
1976, 1991; Brown and Blowers, 1978; Wheat,
2001).
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Medium

The medium should support the growth of organ-
isms normally tested and should not contain antag-
onists of antimicrobial activity or substances (e.g.
albumin) that can bind to and inactivate microbial
agents. Thymidine antagonizes the activity of
sulphonamides and trimethoprim, leading to false
reports of resistance to these agents. If the medium
is not low in thymidine, lysed horse blood or
thymidine phosphorylase should be added to
remove free thymidine. Monovalent cations such as
Na* increase the activity of bacitracin, fusidic acid
and novobiocin against staphylococci, and of peni-
cillins against Proteus spp. Divalent cations such as
Mg and Ca* reduce the activity of aminoglyco-
sides and polymyxins against Pseudomonas spp.,
and of tetracyclines against a range of organisms.
Media specially formulated for susceptibility test-
ing should be used. Iso-Sensitest agar (Oxoid) and
similar media are generally used in the UK;
Mueller-Hinton agar (various suppliers) is used in
several other countries. There have been problems
with consistency of batches of Mueller—Hinton
agar which has led to the publication of a perform-
ance standard (National Committee for Clinical
Laboratory Standards or NCCLS, 1996, 1997,
1999). Additional supplements are necessary for
growth of some organisms (see also Chapter 2).

pH

The activity of aminoglycosides, macrolides, lin-
cosamides and nitrofurantoin increases with increas-
ing pH. Conversely, the activity of tetracycline,
fusidic acid and novobiocin increases as the pH is
lowered. The microbial growth rate is also influenced
by pH, thus indirectly affecting susceptibility.

Depth of agar medium

With diffusion tests the size of the zone varies with
the depth of the medium. The agar in the plate
should be level and of a consistent depth — approx-
imately 4 £ 0.5 mm.

Inoculum size

Increasing the inoculum size reduces the suscepti-
bility to agents in both diffusion and dilution tests.
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Tests of susceptibility to sulphonamides, trimetho-
prim and B-lactam agents, where resistance is based
on P-lactamase production in staphylococci,
Haemophilus spp. and Neisseria spp., and methi-
cillin resistance in staphylococci, are particularly
affected by variationininoculum size. Among Gram-
negative organisms, the effect of inoculum size on
MICs of those producing B-lactamase depends on
the amount of any B-lactamase produced, and the
activity of the enzyme against the particular peni-
cillin or cephalosporin under test. Standardization
of the inoculum size is therefore necessary.

In most diffusion methods an inoculum size that
gives a semi-confluent growth is used. This has the
advantage that incorrect inocula can be readily
identified and the test rejected. There is no evi-
dence, however, that semi-confluent growth gives
more reliable results than just confluent growth, as
used in the NCCLS (2003) diffusion method.

In agar dilution methods (MIC or breakpoint) an
inoculum of 10* colony-forming units (cfu)/inocu-
lum spot is the accepted standard. This should be
increased to 10° cfu/inoculum spot for methicillin
susceptibility tests on staphylococci. With organ-
isms producing extracellular B-lactamases, the
standard inoculum may result in MICs only slightly
higher than those obtained with susceptible strains.
This can be avoided by increasing the inoculum to
10° cfu/inoculum spot on agar dilution plates. For
broth dilution methods the standard inoculum
should be 10° cfu/ml of test broth at the beginning
of the incubation period.

Use four or five colonies of a pure culture to avoid
selecting an atypical variant. Prepare the inoculum
by emulsifying overnight colonies from an agar
medium, by diluting an overnight broth culture or
by diluting a late log-phase broth culture. The
broth should not be antagonistic to the agent tested
(e.g. media containing thymidine should not be
used to prepare inocula for tests on sulphonamides
and trimethoprim). Organisms should be diluted in
distilled water to a concentration of 10" cfu/ml. A
0.5 McFarland standard gives a density equivalent
to approximately 10° cfu/ml. Alternatively, inocula
may be adjusted photometrically or by standard
dilution of broth cultures if the density of such cul-

tures is reasonably constant. If there is any doubt
about whether a particular inoculum preparation
procedure yields the requisite density of organisms,
it should be checked by performing viable counts
on a small number of representative isolates before
embarking on a series of MIC tests. Inocula should
be used promptly to avoid subsequent changes in
their density. Plates should be inoculated within
15 min of standardizing the inoculum.

Preincubation and prediffusion

In diffusion tests preincubation and prediffusion of
the inoculum decrease and increase the sizes of
zones respectively. In practice these effects are
avoidable by applying discs soon after plates are
inoculated and incubating plates soon after discs
are applied.

Antimicrobial agents/discs

Modern commercial discs are generally produced
to a high standard and problems caused by incor-
rect content or incorrect agents in discs are rare.
Humidity will cause deterioration of labile agents
and many of the problems with discs are related to
incorrect handling in the laboratory. Store discs in
sealed containers in the dark (some agents, e.g.
metronidazole, chloramphenicol and quinilones,
are sensitive to light); the containers should include
an indicating desiccant. Discs may be kept at < 8°C
within the expiry date given by the maker. To min-
imize condensation of water on the discs allow con-
tainers to warm to room temperature before
opening them. For convenience, leave closed con-
tainers at room temperature during the day and
refrigerate them overnight only.

Problems with humidity also affect pure antimi-
crobial powders used in MIC testing and similar
precautions to those described for discs should be
taken. If powders absorb water the amount of
active substance per weighed amount will be
reduced even if the agent is not labile because of the
weight of the water absorbed.

Incubation

Incubate plates at 35-37°C in air. Use alternative
conditions only if essential for growth of the organ-



isms. Incubation in an atmosphere containing addi-
tional carbon dioxide may reduce the pH, which
may affect the activity of some agents. Incubation
at 30°C is usually necessary for methicillin/
oxacillin susceptibility tests against staphylococci,
but should not be used for other agents because
zone sizes will be increased. Do not stack plates
more than four high in the incubator in order to
avoid uneven heating during incubation.

Reading results

Unless tests are read by an automated system the
reading is somewhat subjective without clear end-
points. Criteria for reading and interpreting suscep-
tibility tests — whatever basic method is used -
should be written down and available to staff who
do these tests.

Definitions of endpoints for agar dilution tests
differ, although up to four colonies or a thin haze
in the inoculated spot are commonly disregarded.
Endpoints trailing over several dilutions may indi-
cate contamination or a minority resistant popula-
tion.

For broth dilution tests the MIC is the lowest con-
centration of the agent that completely inhibits
growth.

In reading diffusion tests take the point of abrupt
diminution of growth as the zone edge. If there is
doubt read the point of 80% inhibition of growth.
Measure zones at points unaffected by interactions
with other agents or by proximity to the edge of
the plate. Ignore tiny colonies at the zone edge,
swarming of Proteus spp., and traces of growth
within sulphonamide and trimethoprim zones.
Large colonies within zones of inhibition may indi-
cate contamination or a minority resistant popula-
tion.

Diffusion methods

The basic technique for disc diffusion tests has not
changed for many years. Paper discs containing
known amounts of antibiotic are applied to plates
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inoculated with the test and/or control organism.
After incubation the diameter of the zone of inhibi-
tion of growth is used to decide whether the strain
is susceptible to the agent being tested. The meth-
ods of control of variation and the basis of inter-

pretation have fallen into two groups: the
comparative methods and the standardized
methods.

In the comparative methods the zone size of the
test strain is compared with that of a control strain
set up at the same time. It is assumed that variation
in the test affects the test and control strains
equally, and thereby cancels them out. The com-
parison may be made with a control strain on a
separate plate or both control and test may be
inoculated on the same plate. However, the lack of
standardization and the difficulty in selecting suit-
able controls make these methods less reliable than
standardized methods. This is particularly so for
many of the newer antibiotics. The lack of stan-
dardization also makes the analysis of trends in
antibiotic resistance by inter- and intra-laboratory
comparison difficult, and the epidemiological value
of results is low.

In the standardized methods all details of the
tests are recommended in the report of an interna-
tional collaborative study of susceptibility testing
(Ericsson and Sherris, 1971). Interpretation of
zone diameters is from a table of zone size break-
points. The zone size breakpoints equivalent to
defined MIC breakpoints have been established by
regression analysis of the relationship of zone size
to MIC, by error minimization, by study of the
distribution of susceptibility of different species,
and by clinical experience relating the results of
tests to the outcome of treatment. These different
approaches have been combined in some methods.
An important feature of the standardized methods
is that the zone size breakpoints are valid only if
all aspects of the defined method are followed pre-
cisely. Hence there are several standardized meth-
ods that differ in detail and in the breakpoints
used. Both the British Society for Antimicrobial
Chemotherapy (BSAC) method (Andrews, 2001b)
and, in the USA, the NCCLS (2003) method are
examples.
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STANDARDIZED METHODS

British Society for Antimicrobial
Chemotherapy method

For full details of this method, the BSAC
Guidelines (Andrews, 2001b) should be consulted.
These are also available on the BSAC website
(www.bsac.org.uk) which is updated regularly. A
summary of the method is given below.

Media

Iso-Sensitest agar (ISTA, Oxoid) is used for testing
Enterobacteriaceae, Pseudomonas spp., entero-
cocci and staphylococci other than for the
detection of methicillin/oxacillin  resistance.
Mueller-Hinton or Columbia agar with 2%
sodium chloride is used for the detection of methi-
cillin/oxacillin resistance in staphylococci. Iso-
Sensitest agar (ISTA) with 5% defibrinated horse
blood (ISTHBA) is used for Streptococcus pneumo-
niae,  haemolytic  streptococci,  Moraxella
catarrhalis, Neisseria meningitidis, and N. gonor-
rhoeae. ISTHBA supplemented with 20 mg/l
B-nicotinamide adenine dinucleotide (NAD) is used
for Haemophilus spp. and may also be used for
organisms tested on ISTHBA. The medium should
be approximately 4 mm deep (25 ml in a 90-mm
Petri dish). Plates should be dried to remove excess
surface moisture but it is important not to over-dry
them.

Controls

Control organisms should be used to monitor the
performance of the test by ensuring that the zone
sizes obtained fall within the recommended limits.
These are published by the BSAC. Examples are
given in Table 12.1. They are also used to confirm
that the method will detect resistance. They are not
used for the interpretation of susceptibility. The
following are the control organisms: Escherichia
coli NCTC 12241 (ATCC 25922) or NCTC
10418; E. coli B-lactamase positive strain NCTC
11560; Staphylococcus aureus NCTC 12981
(ATCC 25923) or NCTC 6571; S. aureus methi-

cillin/oxacillin-resistant  strain NCTC 12493;
Pseudomonas aeruginosa NCTC 12934 (ATCC
27853) or NCTC 10662; Enterobacter faecalis
NCTC 12697 (ATCC 29212); H. influenzae
NCTC 12699 (ATCC 49247 or NCTC 11931);
S. pneumoniae NCTC 12977 (ATCC 49619);
N. gonorrboeae NCTC 12700 (ATCC 49226).
Control strains should be stored so as to minimize
mutation. Storage at —70°C on beads in glycerol
broth is ideal. Two vials should be used for each
control, one ‘in use’ which is subcultured weekly
on to a non-selective medium. If this subculture is
pure it is used to prepare one subculture for each of
the next 7 days. A bead from the second vial is sub-
cultured when it is necessary to replenish the ‘in-
use’ vial.

Inoculum

The aim is to produce a semi-confluent growth.
This has the advantage that an incorrect inoculum
can easily be seen. A suspension of organisms in a
suitable diluent (broth or peptone water) with a
density equivalent to a 0.5 McFarland standard is
prepared and then diluted appropriately. To pre-
pare a 0.5 McFarland standard add 0.5 ml
0.048 mol/l BaCl, (1.17% w/v BaCL-2H,0) to
99.5 ml 0.18 mol/l H,SO, (1% wi/v) with constant
stirring. This should be distributed into screw-
capped bottles of the same volume and size as those
used for the preparation of the test suspensions.
These standards should be stored, thoroughly
mixed before use and replaced every 6 months.
Alternatively, pre-prepared standards can be
obtained from commercial suppliers. There are also
pre-calibrated photometers available from a num-
ber of suppliers. Organisms may be suspended
directly in Iso-Sensitest broth, or non-fastidious
organisms inoculated into Iso-Sensitest broth and
incubated at 37°C until the appropriate density has
been achieved. The density of the suspension is
adjusted to match the 0.5 McFarland standard and
then further diluted, within 10 min of preparation,
in sterile distilled water. Enterobacteriaceae, ente-
rococci, haemolytic streptococci, Pseudomonas
spp. Acinetobacter spp. and Haemophilus spp. are
diluted 1:100, staphylococci, Serratia spp.,
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Table 12.1 The zone diameters, in millimetres, of control strains used in the BSAC disc diffusion method growing on Iso-Sensitest agar

incubated at 35-37°C in air’

Antibiotic Disc Escherichia coli Pseudomonas Staphylococcus  Enterobacter
content aeruginosa aureus faecalis
(he) NCTC ATCC NCTC NCTC ATCC NCTC ATCC ATCC
10418 25922 11560 10662 27853 6571 25923 29212
Amikacin 30 2427 2327 21-30 26-32
Ampicillin 10 2126 1622 26-35
25 24-30
Cefotaxime 30 3645 3444 2029 2024
5 26-32°
Ceftazidime 30 3240 31-39 29-37  27-35
Cefuroxime 30 25-32 24-29
Ciprofloxacin | 3140 3137 21-28 2430 25-32 17-22
Co-amoxiclav 3 27-32
30 18-31 20-26 18-23
Erythromycin 5 22-31 22-29
5 25-29°
5 22-29°  23-29°
Fusidic acid 10 3240 30-37
Gentamicin 10 2127 21-27 2026  22-28 24-30 2026
200 22-27
Imipenem 10 32-37  33-37 20-27  23-28
Methicillin® 5 18-30 18-28
Oxacillin® I 19-30 19-29
Penicillin | unit 3240 29-36
| unit 3041 27-35°
| unit 39-43°
Piperacillin/ 85 28-35  29-37
Tazobactam
Teicoplanin 30 17-23 1620 19-25
Trimethoprim 2.5 28-34  20-26 25-30 20-28
5 24-34
Vancomycin 5 1420 13-17 13-19
H. influenzae S. pneumoniae®
(with NAD)®
NCTC ATCC ATCC
11931 49247 49619
Ampicillin 2 22-30 6-13
Cefotaxime 5 3345 27-38
Co-amoxiclav 3 20-27 10-20
Erythromycin 5 1223 9-16 23-36
Oxacillin I 8-16
*After BSAC guidelines (Andrews, 2001b) with permission
*Using Iso-Sensitest agar with 5% horse blood with or without NAD incubated at 35-37°C in 5% CO,
“Using Iso-Sensitest agar with 5% horse blood with or without NAD incubated at 35-37°C in air
Using Mueller—Hinton with 2% NaCl incubated at 30°C in air
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S. pneuwmoniae, N. meningitides and M. catarrbalis
are diluted 1:10. N. gonorrhoeae is not diluted
any further. This suspension is used to inoculate
plates within 15 min of preparation. A sterile cot-
tonwool-tipped swab is dipped into the suspension,
and the excess fluid removed and used to spread the
inoculum over the entire surface of the plate.

Discs

Discs should be stored as detailed above. Up to six
may be placed on the surface of a 90-mm Petri dish.

Incubation

With most organisms plates should be incubated
within 15 min of disc application at 35-37°C in air
for 18-24 h. For Neisseria spp., Haemophilus spp.
and S. pneumoniae, however, 5% CO, at 35-37°C
is required. Also 24-h incubation is essential before
reporting enterococci as sensitive to vancomycin or
teicoplanin. Plates for methicillin/oxacillin suscep-
tibility testing are incubated at 30°C in air before
inoculation.

Reading

The diameter of the zone of inhibition is measured
to the nearest millimetre with a ruler, callipers or
an automated zone reader. A template may also be
used for interpreting susceptibility (a programme
for constructing templates may be downloaded
from the BSAC website: www.bsac.org.uk). The
susceptibility of a strain is determined by compar-
ing the zone size obtained with breakpoint sizes
given in the table published in conjunction with the
method. The zone size for a given antibiotic will
vary according to the species being tested and the
concentration of the disc. Examples of disc concen-
trations, MIC and zone size breakpoints and

their interpretation are shown in Tables 12.2 and
12.3.

Anaerobes and fastidious organisms

Anaerobes and fastidious organisms require special
conditions (King, 2001). For those that will grow
well in 24 h the BSAC recommend Wilkins—
Chaldren agar (Oxoid) with 5% horse blood. A
suspension equivalent to a 0.5 McFarland Standard

is prepared and diluted 1:100 for Gram-negative
organisms and 1: 10 for Gram-positive organisms.
Incubation is at 35-37°C under strict anaerobic
conditions for 18-24 h.

For slow growing anaerobes and Helicobacter
pylori the E test (see below) is reccommended. When
testing Campylobacter spp. an undiluted 0.5
McFarland suspension is inoculated on to Iso-
Sensitest agar with 5% horse blood, incubated at
42°C or 37°C under microaerophilic conditions for
18-24 h. Disc testing is not suitable for Legionella
spp. MICs should be determined on Buffered Yeast
Extract agar with 5% horse blood to which differ-
ent concentrations of the antimicrobials have been

added (at 45°C).

National Committee for Clinical
Laboratory Standards method

This is the standard method used in the USA and is
summarized below. For full details including con-
trol organisms, disc concentrations and the inter-
pretation of zone sizes consult relevant NCCLS
(2003) publications.

Media

Mueller-Hinton agar is used for most organisms.
For Streptococcus spp. 5% defibrinated sheep
blood is added. For Haemophilus spp.
Mueller-Hinton agar supplemented with 15 mg/l
B-NAD, 15 mg/l bovine haemin and 5 g/l yeast
extract. GC agar with a defined growth supplement
is used for N. gonorrhoeae.

use

Inoculum

A suspension in broth or other suitable diluent,
with a turbidity equivalent to a 0.5 McFarland
Standard, is used as the inoculum.

Incubation

Plates are normally incubated at 35°C for 16-18 h
in air. For streptococci, Neisseria spp. and
Haemophilus spp. they are incubated in 5% CO,,
and for anaerobes in an anaerobic cabinet.
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Table 12.2 Examples of MIC breakpoints, disc contents and zone diameters for the BSAC susceptibility method®

Organisms and antibiotic MIC breakpoint (mg/l) Disc content Interpretation of zone
(ng) diameters (mm)
R2> | S< R> I S<
Enterobacteriaceae and Acinetobacter
Ampicillin 16 - 8 10 17 - 18
Cefotaxime 2 - I 30 29 - 30
Cefuroxime 16 - 8 30 19 - 20
Ciprofloxacin 2 - | 2 17 - 18
Co-amoxiclav 16 - 8 20/10 17 - 18
Gentamicin 2 - I 10 19 - 20
Trimethoprim 4 1-2 0.5 25 14 15-19 20
Pseudomonas spp.
Amikacin 32 8-16 4 30 17 18-21 22
Ceftazidime 16 - 8 30 23 - 24
Ciprofloxacin 8 24 | | 9 - 10
Gentamicin 8 24 | 10 14 15-21 22
Imipenem 8 - 4 10 21 - 22
Piperacillin/Tazobactam 32 - 16 75/10 23 - 24
Staphylococci
Ciprofloxacin 2 - | | 17 - 18
Erythromycin I - 0.5 5 19 - 20
Fusidic acid 2 - I 10 29 - 30
Gentamicin 2 - | 10 19 - 20
Linezolid 8 - 4 10 19 - 20
Methicillin 8 - 4 5 14 - 15
Oxacillin 4 - 2 | 14 - 15
Penicillin 025 - 0.12 | unit 24 - 25
Teicoplanin 8 - 4 30 14 - 15
Vancomycin 8 - 4 5 I - 12
S. pneumoniae
Cefotaxime 2 - | 5 29 - 30
Erythromycin | - 0.5 5 19 - 20
Penicillin 2 0.12-1 0.06 Oxacillin | 19 - 20
Enterococci
Ampicillin 16 - 8 10 19 - 20
Gentamicin 1024 - 512 200 9 - 10
Linezolid 8 - 4 10 19 - 20
Teicoplanin 8 - 4 30 19 - 20
Vancomycin 8 - 4 5 12 - 13
Haemolytic streptococci
Penicillin 025 - 0.12 | unit 19 - 20
Erythromycin I - 0.5 5 19 - 20
Cefotaxime 2 - | 5 27 - 28

(continued)
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Table 12.2 (continued)

Organisms and antibiotic MIC breakpoint (mg/l) Disc content Interpretation of zone
(1g) diameters (mm)
R2> | S< R > I S<
M. catarrhalis
Ampicillin 2 - | 2 29 - 30
Co-amoxiclav 2 - I 2/1 18 - 19
Erythromycin | - 0.5 5 27 - 28
Cefuroxime 2 — | 5 19 - 20
N. gonorrhoeae
Penicillin 2 0.12-1  0.06 | unit 17 18-25 26
Cefuroxime 2 - | 5 19 - 20
Nalidixic acid® 30
N. meningitidis
Penicillin 0.12 - 0.06 | unit 24 - 25
Cefotaxime 2 - | 5 29 - 30
Rifampicin 2 - | 2 29 - 30
Ciprofloxacin 2 - | | 31 - 32
H. influenzae
Ampicillin 2 - | 2 19 - 20
Co-amoxiclav 2 - | 2/1 19 - 20
Cefotaxime 2 - | 5 24 - 25

‘After BSAC guidelines (Andrews, 2001b) with permission

®Quinolone resistance is most reliably detected with nalidixic acid. Strains with reduced susceptibility to fluoroquinilones, e.g.
ciprofloxacin, have no zone of inhibition with nalidixic acid

R, resistant; S, sensitive; |, intermediate

Table 12.3 Examples of MIC breakpoints, disc contents and zone diameters for the BSAC susceptibility method for urinary tract

infections (Gram-negative rods)”

Antibiotic Disc Interpretation of zone diameters (mm)

MIC BP (mg/l) z°")te“t Coliforms Escherichia coli  Proteus mirabilis

ug

Rz 1 S< Rz |1 S< R=> | S< Rz | S<
Ampicillin 64 - 32 25 15 - 16 24 - 25
Cephalexin 64 - 32 30 15 - 16 I - 12
Ciprofloxacin 8 - 4 | 19 - 20 19 - 20 19 - 20
Co-amoxiclav 64 - 32 20/10 17 - 18 17 - 18
Trimethoprim 4 - 2 2.5 16 - 17 16 - 17 6 - 17
Nitrofurantoin 64 - 32 200 19 - 20
Mecillinam 6 - 8 10 13 - 14 13 - 14
Gentamicin 2 - I 10 19 - 20 19 - 20 19 - 20

*After BSAC guidelines (Andrews, 2001b) with permission
R, resistant; S, sensitive; |, intermediate
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Stokes’ method

This is a commonly used disc method in the UK.
The diameter of the zone of inhibition of test
organism is compared with that of an appropriate
control growing on the same plate (Phillips et al.,
1991).

Media

Any medium designed specifically for susceptibility
testing may be used. It must be supplemented with
5% defibrinated horse blood for tests on fastidious
organisms. If the medium is not free from thymi-

dine, add lysed horse blood for

sulphonamides and trimethoprim.

tests on

Controls

Use E. coli NCTC 10418 and NCTC 11560 to con-
trol discs containing both a B-lactam agent and a
B-lactamase inhibitor, e.g. a mixture of amoxicillin
and clavulanic acid (co-amoxiclav), P. aeruginosa
NCTC 10662, H. influenzae NCTC 11931,
S. aureus NCTC 6571, Cl. perfringens NCTC
11229, Bacteroides fragilis NCTC 9343.

Inoculum

In general, an acceptable inoculum can be prepared
from a fully grown, nutrient-broth culture or from
a suspension of several colonies emulsified in broth
to give a density similar to a broth culture. It
should give semi-confluent growth of colonies on
the plates after overnight incubation. Reject tests
with a confluent growth or clearly separated
colonies and repeat.

Inoculation of plates

With the band plating method the control culture is
applied in two bands on either side of the plate
leaving a central area uninoculated. Use pre-
impregnated control swabs or apply a loopful of an
inoculum prepared as described above to both sides
of the plate and spread it evenly in the two bands
with a dry sterile swab. Seed the test organism

Comparative methods 177

evenly in the band across the centre of the plate by
transferring a loopful of the broth culture or sus-
pension to the centre of the plate, and spreading it
with a dry sterile swab. This method usually allows
up to four discs to be applied to the plate.

If a rotary plating method is used, apply the con-
trol to the centre of the plate leaving an uninocu-
lated 1.5-cm band around the edge of the plate.
Apply the test organism to the 1.5-cm band. This
method usually allows up to six discs to be applied
to the plate.

Application of discs

After the inoculum has dried apply discs to the
inoculated medium with forceps, a sharp needle or
a dispenser, and press down gently to ensure even
contact. Suitable concentrations of agents in discs
are listed in Table 12.2.

Place discs on the line between the test and con-
trol organisms Four discs can be accommodated on
a 9-cm circular plate. If a rotary plating method is
used apply six discs on a 9-cm circular plate.

Incubation

Incubate tests and controls overnight at 35-37°C
(30°C is recommended for methicillin/oxacillin sus-
ceptibility tests of staphylococci).

Reading of zones of inhibition

Measures zones of inhibition from the edge of the
disc to the edge of the zone. As the control and test
organism are adjacent on the same plate the differ-
ence between the respective zone sizes may be eas-
ily seen. If the test zones are obviously larger than
the control or give no zone at all, it is not necessary
to make any measurement. If there is any doubt,
measure zones with callipers (preferably), dividers
or a millimetre rule.

Interpretation
Interpret each zone size as follows:

® Sensitive: zone diameter equal to, wider than,
or not more than 3 mm smaller than the
control.

® Intermediate: zone diameter > 2 mm but
smaller than the control by > 3 mm.
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® Resistant: zone diameter < 2 mm.

Exceptions

® DPenicillinase-producing staphylococci show
heaped-up, clearly defined zone edges, and
should be reported as resistant, irrespective of
zone size.

® Polymyxins diffuse poorly in agar so that
zones are small and the above criteria cannot
be applied. Tests with polymyxins should
therefore be interpreted thus:

— sensitive: zone diameter equal to, wider
than, or not more than 3 mm smaller than
the control

— resistant: zone diameter > 3 mm smaller
than the control.

® Zones around ciprofloxacin discs are large
with some of the sensitive control strains so

tests should be interpreted thus (1) if S.

aureus or P. aeruginosa is used as control; or

(2) if H. influenzae or E. coli is used as

control:

— sensitive: zone diameter equal to, wider
than or not more than 7 mm, or 10 mm
smaller than the control

— intermediate: zone diameter > 2 mm but
smaller than the control by > 7 mm or
10 mm

— resistant: zone diameter < 2 mm,

Agar dilution methods

The agar dilution method for determining MICs
has advantages over broth dilution methods in that
contamination is more easily seen and re-isolation
of the required organism is usually not a problem.

Medium

As for diffusion tests a medium optimized for sus-
ceptibility testing should be used.

Antimicrobial agents

Use generic rather than proprietary names of
agents. Obtain antimicrobial powders directly

from the manufacturer or from commercial
sources. The agent should be supplied with a cer-
tificate of analysis stating the potency (ug or inter-
national unit [[U]/mg powder, or as percentage
potency), an expiry date, details of recommended
storage conditions and data on solubility. Ideally,
hygroscopic agents should be dispensed in small
amounts and one used on each test occasion. Allow
containers to warm to room temperature before
opening them to avoid condensation of water on
the powder.

Range of concentrations tested

The range of concentrations will depend on the
particular organisms and antimicrobial agent being
tested. Recommended ranges for major groups of
organisms are given by the BSAC (Andrews,
2001b).

Preparation of stock solutions

To ensure accurate weighing of agents, use an ana-
lytical balance and, whenever possible, weigh at
least 100 mg of the powder. With a balance weigh-
ing to five decimal places the amount of powder
weighed may be reduced to 10 mg. Use the follow-
ing formula to make allowance for the potency of
the powder:

olume (ml) x Concentration (mg/l)

Weight of powder (mg) = v
& P ¢ Potency of powder (ug/mg)

Alternatively, given a weighed amount of antimi-
crobial powder, calculate the volume of diluent
needed from the formula:

Weight (mg) x Potency (ug/ml)
Concentration (mg/l)

Volume of diluent (ml) =

Concentrations of stock solutions should be made
up to = 1000 mg/l although the insolubility of some
agents will prevent this. The actual concentrations
of stock solutions will depend on the method of
preparing working solutions (see below). Agents
should be dissolved and diluted in sterile water
where possible and some agents may require other
solvents or diluents (Andrews, 2001b). If required,
sterilize by membrane filtration and compare sam-
ples before and after sterilization to ensure that



adsorption has not occurred. Unless otherwise
instructed by the manufacturer, store stock solu-
tions frozen in small amounts at —20°C or below.
Most agents will keep at —60°C for at least 6
months. Use stock solutions promptly on defrost-
ing and discard unused solutions.

Preparation of plates

Volumes of 20 ml agar are commonly used in 9-cm
Petri dishes for agar dilution MICs. Prepare a series
twofold dilutions of the agent at 20 times the final
required concentration. Add 1 ml of dilution to
19 ml cooled molten agar, mix and pour into pre-
labelled plates immediately. Allow the plates to set
at room temperature and dry them so that no drops
of moisture remain on the surface of the agar. Do
not over-dry the plates.

It is best to use plates immediately, particularly if
they contain labile agents such as B-lactams. If the
plates are not used immediately, store them in a
refrigerator (4-8°C) in sealed plastic bags and use
within 1 week.

Preparation of inoculum

Standardization of the density of inoculum is essen-
tial if variation in results is to be avoided. Follow
the procedures described above.

Inoculation of plates

Mark the plates so that the orientation is obvious.
Transfer diluted bacterial suspensions to the inocu-
lum wells of an inoculum-replicating apparatus.
Use the apparatus to transfer the inocula to the
series of agar plates, including control plates with-
out antimicrobial agent at the beginning and end of
the series. Inoculum pins 2.5 mm in diameter will
transfer close to 1 ul, i.e. an inoculum of
10* cfu/spot if the bacterial suspension contains
107 cfu/ml. If in doubt as to the volume delivered,
check with the supplier and adjust the inoculum
preparation procedure to yield a final inoculum of
10* cfu/spot. Allow the inoculum spots to dry at
room temperature before inverting the plates for
incubation.
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Incubation of plates

Incubate plates at 35-37°C in air for 18 h. To
avoid uneven heating do not stack them more than
four high. If the incubation period is extended for
slow-growing organisms, assess the stability of the
agent over the incubation period. Avoid incubation
in an atmosphere containing 5% CO, unless
absolutely necessary for growth of the organisms
(e.g. Neisseria spp.). Incubation at 30°C should be
used for methicillin/oxacillin susceptibility tests on
staphylococci.

Reading the results

The MIC is the lowest concentration of the agent
that completely inhibits growth, disregarding up to
four colonies or a thin haze in the inoculated spot.
A trailing endpoint, with a small number of
colonies growing on concentrations that are several
dilutions above that which inhibits most organisms
should be investigated. Subculture and re-testing
may be necessary because this may be caused by
contamination. It may also be the result of resistant
variants, B-lactamase-producing organisms or, if
incubation is prolonged, regrowth of susceptible
organisms after deterioration of the agent. With
sulphonamides and trimethoprim. endpoints may
be seen as only a reduction in growth if the inocu-
lum is too heavy or antagonists are present.

Broth dilution methods

This macrodilution method involves the use of test
tubes and culture volumes of 1-2 ml, and is most
suitable for small numbers of tests because prepa-
ration of many sets of tubes is tedious.
Microdilution methods involve the use of plastic
microdilution trays with culture volumes of
0.1-0.2 ml. In the microdilution method, multiple
plates may be conveniently produced by the use of
apparatus for automatically diluting and dispens-
ing solutions.

Medium

The requirements for broth media are similar to
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those for agar media. There are fewer broth media
than agar media designed specifically for antimi-
crobial susceptibility testing. Oxoid Iso-Sensitest
and Mueller-Hinton media are available in both
agar and broth formulations. Supplements, other
than blood, may be added to broth for fastidious
organisms as for agar media.

Preparation of dilutions

The total volume of each dilution prepared will
depend on the number of tests to be done. The
volumes should be adjusted according to the
number of tests to be done, but should not be less
than 10 ml. Dispense the solutions in 1-ml vol-
umes in tubes for the macrodilution method and
0.1-ml volumes into the wells of the microdilution
plate for the microdilution method. Include con-
trol tubes or wells containing broth without
antimicrobial agent to act as growth and sterility
controls.

Macrodilution tubes are commonly used immedi-
ately after preparation (preferable for labile agents
such as B-lactam agents), but may be stored at 4°C
for up to 1 week. Microdilution trays may be kept
in sealed plastic bags stored at —60°C or below for
up to 1 month. Do not refreeze trays once they
have been thawed.

Preparation of inoculum

Prepare the inoculum as for the agar dilution
method but adjust the density so that, after inocu-
lation, the final volume of test broth contains
10° = 5 x 10° cfu/ml. The density of the inoculum
required depends on the volume of broth in the
tubes or wells and the inoculation system used.

Inoculation of tubes/plates

Inoculate macrodilution tubes containing 1 ml
broth with 0.05 ml inoculum containing
5 x 10° cfu/ml or add 1 ml inoculum of
5 x 10° cfu/ml in broth to 1-ml volumes of broth.
The latter inoculum requires the preparation of a
double-strength dilution series of the agent to com-
pensate for the 1 in 2 dilution on inoculation.
Inoculate microdilution wells containing 0.1-ml

broth with 0.005 ml inoculum containing

5 % 10° cfu/ml. Manual inoculation with a pipette is
easier if 0.05 ml inoculum is added to 0.05-ml
volumes of broth in the dilution series. As with the
macrodilution method, inoculum density and
antimicrobial concentrations are adjusted to com-
pensate for the 1 in 2 dilution of agents on inocula-
tion.

Incubation of tubes/plates

Seal microdilution plates in a plastic bag, with plas-
tic tape or some other method to prevent the plates
from drying. To avoid uneven heating, do not stack
microdilution plates more than four high. Incubate
tubes or trays at 35-37°C as with agar dilution
plates.

Reading results

The MIC is the lowest concentration of the agent
that completely inhibits growth. The control con-
taining no agent should be turbid.

MINIMAL BACTERICIDAL
CONCENTRATION

The MBC is the lowest concentration of an agent
that kills a defined proportion (usually 99.9%) of
the population after incubation for a set time. The
method is usually an extension of the broth dilu-
tion MIC. After reading the MIC, organisms are
quantitatively subcultured from tubes or wells
showing no growth to antimicrobial-free agar
medium. After incubating the plates, the propor-
tion of non-viable organisms, compared with the
original inoculum, is assessed.

The MBC is used to guide therapy in situations
such as endocarditis, where the bactericidal activity
of an agent is considered essential.

TIME-KILL CURVES

These are an extension of the MBC and give infor-
mation on the rates at which organisms are killed.



The rate is measured by counting the number of
viable cells at different time intervals after exposure
to various concentrations of an agent.

TOLERANCE

This is the ability of strains to survive but not grow
in the presence of an agent and relates particularly
to Gram-positive organisms tested against agents
acting on the terminal stages of peptidoglycan syn-
thesis, i.e. B-lactam and glycopeptide agents.
Strains that have an MIC : MBC ratio of > 1:32
after 24-h incubation are usually termed ‘tolerant’.
However, MICs and MBCs are determined after
fixed periods of incubation and tolerance may be a
reflection of a lower rate of killing. Technical vari-
ation has a marked effect on the detection of toler-
ance (Sherris, 1986; Thrupp, 1986).

BREAKPOINT METHODS

Agar dilution breakpoint susceptibility testing
methods are essentially highly abbreviated agar
dilution MIC tests, in which only one or two criti-
cal antimicrobial concentrations are tested. With a
single breakpoint concentration growth = resistant
and no growth = susceptible.

Using a lower and a higher breakpoint concentra-
tion no growth at either concentration = suscepti-
ble, growth at the lower concentration only =
intermediate, and growth at both concentrations =
resistant.

The general considerations detailed in the section
on dilution methods apply equally to agar incorpo-
ration breakpoint susceptibility testing methods. It
is essential to inoculate growth control plates of the
same basal medium as the antimicrobial-containing
plates at the beginning and end of the inoculation
run and to incubate them under the same conditions
as the test. Adequate growth of the test isolates on
these control plates allows a confident interpreta-
tion of susceptibility based on the absence of growth
on antimicrobial containing plates because the
antimicrobial content is the only variable.
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Purity plates

Purity plates (which may be half, third or quarter
plates) are essential and should be of a suitable non-
selective growth medium, e.g. blood agar. Prepare
these by subculturing a standard 1-ul loopful from
the inoculum ‘pots’ used for the inoculation ’run’,
after all antimicrobial test and growth control
plates have been inoculated. In this way mixed cul-
tures should be detected and the use of a standard
loop allows an approximate check on the actual
inoculum density used for each test organism.

Preparation of breakpoint plates

Preparing sets of plates for breakpoint testing from
pure antimicrobial agent powders is a complex
task. Accurate weighing of powders, dilution of the
solutions and quality control of the plates are
essential. Pre-prepared antimicrobials at specific
concentrations for addition to molten agar are
available from a number of manufacturers (e.g.
Mast Adatabs).

Breakpoint concentrations to
be tested

Some examples of appropriate concentrations are
shown in Tables 12.2 and 12.3; for a full list con-
sult the BSAC or NCCLS publications (Andrews,
2001b; NCCLS, 1997, 1999).

Reading and interpretation of
breakpoint susceptibility tests

The ‘interpretation’ of breakpoint sensitivity test-
ing has two elements: the reading of the laboratory
tests and the assessment of their clinical relevance.
In practice, the selected breakpoints are those con-
sidered to provide clinically relevant results and are
usually based on one or two concentrations of a
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given agent. The results can then be interpreted as
‘susceptible’ or ‘resistant’ when one concentration
is used or as ‘susceptible’, ‘intermediate’ and ‘resist-
ant’ when two are used.

The reading of breakpoint plates is the final stage
of a susceptibility testing process, which should
adhere to standard methods for preparation and
storage of media and antimicrobial agents, for
preparation of the inoculum and for conditions of
incubation.

The results are usually unambiguous and free
from subjective interpretation. Automated comput-
erized equipment is available for reading plates and
recording the results, e.g. Mastascan Elite.

Quality assessment breakpoint
susceptibility tests

Check that the inoculum is pure, of the expected
species and of approximately the correct density —
the use of a standard loop to inoculate the purity
plate provides for both of these requirements.

Check that the control has grown adequately. It is
useful to have at least one antimicrobial agent in
the test set to which isolates are likely to be resist-
ant, e.g. aztreonam for Gram-positive and van-
comycin for Gram-negative isolates. This acts as an
additional control of adequate growth and can aid
the recognition of mixtures of Gram-positive and
Gram-negative organisms. Computer printouts of
data or manual lists are useful for this purpose.
These lists should also be checked for unexpected
sensitivity patterns that could be caused by mixed
cultures, incorrect subculture and inversion of the
plates, or simply reading the wrong plate. They are
also useful for alerting the control of infection and
medical teams to potential epidemiological or
treatment problems.

Organization of breakpoint
susceptibility testing schemes

The range of antimicrobial agents selected for inclu-

sion within a breakpoint testing scheme must be
related to the species of organisms to be tested and
the clinical site of infection from which they are iso-
lated. Some laboratories use breakpoint methods
only for infections for which the usual causative
organisms can be predicted with some accuracy, and
the range of agents to be tested is limited. The most
common example is urinary tract infections. Others
adopt a broader approach and test all aerobic Gram-
negative bacilli whatever their clinical source against
the same set of antimicrobial agents. Similarly a set
of antimicrobial agents may be selected for break-
point testing against staphylococci and enterococci.
If the susceptibility testing medium used is supple-
mented with growth additives, e.g. 5% lysed horse
blood and nicotinamide adenine dinucleotide
(NAD), the set of antimicrobial agents may be
extended to cover susceptibility testing of more fas-
tidious species such as pneumococci, other strepto-
cocci, H. influenzae and Branhamella catarrbalis.

One system described by Franklin (1990) uses a
susceptibility testing medium capable of supporting
the growth of virtually all bacteria of medical
importance. All bacterial isolates are tested against
the same wide range of agents, usually at more than
one breakpoint concentration. The results pro-
duced by such a scheme will not be relevant to a
particular species/genus or site of infection.
Selectivity in reporting is necessary.

THE E TEST

This system for testing MICs represents a different
approach from quantitative testing of antimicro-
bial activity and has some advantages over conven-
tional methods. The commercial E test strips are
50 mm X 5 mm plastic carriers with an exponential
antimicrobial gradient dried on one side and a
graduated MIC scale on the other. To set up an E
test, inoculate agar medium by flooding or with a
swab in the same way that plates are inoculated for
disc diffusion susceptibility tests. Up to six E test
strips can be placed in a radial pattern on a 15-cm
plate, or a single strip may be placed on a 9-cm
plate. On incubation, elliptical zones of inhibition



are produced and the MIC is read directly from the
graduated E test strip at the point of intersection of
the zone of inhibition with the strip. Include a con-
trol strain with each E test by inoculating one half
of a plate with the test organism and the other half
of the plate with the control organism and apply
the E test strip to the line between the two organ-
isms (ABBiodisk, Sweden).

B-LACTAMASE TESTING

Rapid biochemical tests may be used to detect B-lac-
tamase production (Livermore and Brown, 2001).
There are three main methods: those based on
chromogenic cephalosporins are the most sensitive
but are not suitable for staphylococci.
Staphylococcal B-lactamase may require induction
and can be detected with iodometric or acidometric
methods. The later methods are also suitable for
detecting production by N. gonorrboeae and
H. infuenzae. Extended spectrum [-lactamases
(ESBLs) are plasmid-mediated enzymes produced
by a number of enterobacteria and P. aeruginosa. In
E. coli and Klebsiella spp., these can be detected by
a combined disc method (Livermore and Brown,
2001). An Iso-Sensitest plate is inoculated with the
test strain to give a semi-confluent growth. A cef-
tazidime 30 pg disc and an amoxicillin/clavulanic
acid 20 + 10 pg disc are placed 25-30 mm apart.
After overnight incubation at 37°C, if the zone of
inhibition round ceftazidime disc is expanded ESBL
production is inferred. ESBL production may also
be detected by an E-test ESBL strip and by inference
from cephalosporin resistance. Methicillin (5 ug) or
oxacillin (1 pg) discs may be used to detect intrin-
sic resistance to penicillin of pneumococci.

DIRECT (PRIMARY) SUSCEPTIBILITY
TESTS

Tests in which the specimen is the inoculum can be
useful because the results are available a day earlier
than tests on pure cultures; isolation from mixed
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cultures may be easier if there are differences in sus-
ceptibility and small numbers of resistant variants
may be seen within zones of inhibition in diffusion
tests. There are some potential disadvantages, in
that the inoculum cannot be controlled, care must
be taken to avoid reporting results on commensal
organisms, and the specimens on which tests are
likely to be useful are limited to those from sites
that are normally sterile and, in the case of urine, to
specimens shown microscopically to contain
organisms. Direct tests should not be undertaken
with specimens from patients on antimicrobial
therapy (Waterworth and Del Piano, 1976)

For direct tests by the Stokes” method, pus swabs
may be streaked in place of the test organisms or
well-mixed urines used in place of broth cultures or
suspensions of pure cultures of organisms. Use
E. coli NCTC 10418 as a control for urines and
S. aureus NCTC 6571 for other specimens. With
breakpoint methods only urine specimens can be
tested. With the important and common exception
of direct susceptibility testing on urines, repeat all
tests on pure cultures and only report direct tests as
’provisional’.

QUALITY CONTROL

Departure from the usual range of routine suscepti-
bility may indicate gross errors in the method.
Routine quality control is necessary, however, to
maintain high standards (Franklin, 1990). External
quality control schemes provide independent
assessment of the performance of a test, and allows
performance to be compared with that of other lab-
oratories, although internal quality control is nec-
essary to detect day-to-day variation.

Standard strains must be used to control the per-
formance of the method. Test colonies of control
cultures in the same manner as test cultures.
Include control cultures in each batch of tests and
use them to evaluate new lots of agar or broth
before they are put into routine use.
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Diffusion tests

A rapid examination of control zone sizes will indi-
cate major problems. Recording of control zone
sizes on a chart allows problems to be more easily
detected. Greater control may be exercised by
establishing zone-size limits. If control tests indi-
cate problems the source of error should be investi-
gated. Common problems are:

® Inactivation of labile agents in discs as a
result of inadequate storage or handling in the
laboratory may be indicated by a gradual
decrease in zone sizes. New batches should be
tested before being put into routine use.

® Too heavy or too light an inoculum may be
indicated by a general decrease or increase in
zone sizes.

® Errors in transcription or measuring zone
sizes. In particular, different observers reading
zone edges differently will result in fluctuating
zone sizes.

® Problems with medium, e.g. high pH, will
produce larger zones with aminoglycoside
antimicrobials and erythromycin, and smaller
zones with tetracycline, methicillin and fusidic
acid. The reverse may occur if the pH is too
low. New batches of medium should be tested
before being put into routine use. Fluctuating
zone sizes may indicate variation in the depth
of medium.

e Contamination or mutational changes in the
control strain.

Minimum inhibitory concentrations

In general, the MICs of control organisms should
be within plus or minus one dilution step of the
target values. In addition:

® For broth dilution tests, incubate one set of
tubes or one microdilution plate uninoculated
to check for sterility (media contaminants on
agar dilution plates are usually obvious).

® The control without antimicrobial agents
should show adequate growth of test and

control strains.

® DPlate a sample of inoculum prepared for each
strain on a suitable agar medium to ensure
that the inoculum is pure.

® Occasionally check that the inoculum density
is correct by counting organisms in inocula
(taken from growth controls with broth
dilution methods).

® Check that endpoints are read consistently by
all staff independently reading a selection of
tests.

Breakpoint methods

In addition to the foregoing comments on quality
control, the following points should be borne in
mind by users of breakpoint methods. Monitor the
concentrations of antimicrobial agents in the plates
by using control strains with known MICs for the
agents. To achieve suitable control these strains
should have MICs only one or two dilutions above
(for the resistant control) or below (for the sensitive
control) the concentration in the breakpoint plates.

When breakpoint control strains of known MIC
are used, the breakpoint testing method must be
identical to that used for the initial selection of the
control strains in order to ensure reliability of per-
formance. However, a batch of ’breakpoint’ plates
with, say, six different antimicrobial agents with
two breakpoints each would require up to 24 con-
trol organisms with appropriate MICs to check the
levels of agents adequately in all plates. If per-
formed every day, this extensive control procedure
would leave little room for testing the clinical iso-
lates! As plates can be stored without deterioration
for up to 1 week, a sample of each batch of media
may be subjected to this degree of control. In addi-
tion, new batches of media may be checked by ini-
tially running them in parallel with the previously
controlled plates. For certain agents, where there is
some evidence that degradation of antimicrobial
activity may occur during storage of plates (e.g. co-
amoxiclav and imipenem), daily microbiological
quality control may be advisable. Similarly it is



advisable to include a ‘difficult’ control strain of
methicillin-resistant S. aureus (MRSA) on a daily
basis to ensure reliable detection of methicillin-
heteroresistant staphylococci. (Control strains for
some breakpoints are available from the Antibiotic
Reference Laboratory, Public Health Laboratory
Service, Colindale, London.)

Franklin (1990) described a method to overcome
the practical difficulties of using numerous control
strains. By cutting plugs of agar from a batch of the
prepared plates and placing them on the surface of
a seeded, non-inhibitory culture plate, the antimi-
crobial content can be monitored by the size of the
inhibition zone around the agar plug. As deviation
from the expected zone size indicates error, an
acceptable range has first to be determined.
Establishing and validating this method of quality
control may be at least as complex as searching for
a small number of strains with appropriate MICs.

Inoculum size is critical; therefore, the careful
cleaning, maintenance and calibration of inoculat-
ing pins are necessary.

Transcription errors are always possible and
appropriate staff training can reduce their likeli-
hood. Automated reading of the plates reduces this
risk. If plates are read visually then plates contain-
ing antimicrobial agents with similar sounding
names (e.g. the various cephalosporins) should be
separated in the order of plate reading to avoid
confusion. A legibly labelled template showing pin
positions should be available to the plate reader.
Worksheets should be simple and easy to fill in. All
isolates with unusual susceptibility patterns should
be checked and, if necessary, investigated further.
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Food poisoning and food-borne disease

13

In 1992, the Advisory Committee on the
Microbiological Safety of Food defined food poi-
soning as ‘any disease of an infectious or toxic nature
caused by or thought to be caused by the consump-
tion of food or water’. The definition had been pre-
viously adopted by the World Health Organization
(WHO, 1998). Although the words ‘food poison-
ing’ are used in public health legislation, ‘food-borne
disease’ is now the generally preferred term for these
conditions (Department of Health, 1994). Some pre-
dominantly food-borne infections, e.g. salmonel-
losis, can also be transferred by the faecal-oral route,
and some infections predominantly spread by the
faecal-oral route, e.g. hepatitis A and Shigella spp.,
can occasionally be food borne.

An outbreak of food-borne disease is an incident
in which two or more people, thought to have a com-
mon exposure, experience a similar illness or proven
infection with at least one of them having been ill.
A general outbreak is one that affects members of
more than one household, or residents of an insti-
tution. Food-borne disease encompasses illness
caused by a variety of different agents, including:

® bacterial infections (e.g. with salmonellas,
campylobacters)

® pre-formed bacterial toxins (e.g. botulism)

® other biological toxins (e.g. paralytic shellfish,
scombrotoxin, poisoning)
viral infections (e.g. noroviruses)
parasitic infections (e.g. protozoa)
toxic chemicals (e.g. heavy metals).

As a result of the diversity of the agents involved,
the clinical features of food-borne disease vary con-
siderably. Typical symptoms and incubation times
provide an indication of the likely cause, but micro-
biological tests are required to confirm any such
diagnosis. Most food-borne disease organisms
exert their influence on the gastrointestinal tract,
giving rise to ‘classic’ food-borne disease symptoms
such as nausea, vomiting, diarrhoea, abdominal
pains, fever, etc.

Some toxins, however, act on other systems (e.g.
nervous, immune), producing a wide variety of
symptoms. Some characteristics of the more
important food-borne disease bacteria are summa-
rized in Table 13.1, which gives details of main
sources, the types of food they are most com-
monly associated with and their preferred growth
conditions.

The true incidence of food-borne infection is diffi-
cult to determine because asymptomatic infection
is common, only a minority of people with sympto-
matic infection will seek medical treatment and
only a minority of patients will be investigated
microbiologically. There is a statutory requirement
to notify suspected food-borne disease in most
countries, and many countries also conduct surveil-
lance by collating laboratory results. Food-borne
infection appears to be one of the most common
infectious diseases, and the incidence is increasing.
For a review of the factors that have contributed to
the changing patterns of food-borne disease, see
WHO (1998).



Table 13.1 Food-borne disease: agents, symptoms and sources

Bacteria

Symptoms and possible

Incubation Duration of

Infective dose

Microbiology/Growth

Sources

Bacillus cereus

diarrhoea that may contain
blood, kidney failure

Can be fatal

Young children and elderly

people particularly vulnerable

Nausea, vomiting, diarrhoea,

abdominal pain

10 min—16 h 24-36 h

infectivity (e.g.
tens of cells)

~100000 or
preformed toxin

Temperature 10-45°C
Acid resistant (grows
at pH 4.5)

Heat resistant spores
Temperature 10-50°C
pH > 43

consequences period iliness (cells/g) characteristics
Salmonella spp. Diarrhoea, vomiting, Up to Up to Risk varies with Non-sporing, temperature Foods not cooked at an
abdominal pain, high 4 days’ 3 weeks" nature of food range 10-50°C but some adequate temperature
temperature and susceptibility grow down to 6-8°C), or contaminated by raw
Blood poisoning of individual acid resistant (grow at foods
(septicaemia) and pH > 4.0) Mainly meat (especially
inflammation of the poultry), eggs and dairy
abdominal wall (peritonitis products
in severe cases) Also infected food
handlers and pets
Clostridium perfringens Diarrhoea, abdominal pain 8-22 h° ~24 hours ~1000000 cells Heat-resistant spores Cooked meat dishes
in total Temperature 15-50°C stored at the wrong
Optimum pH 6-7, temperature
anaerobe
Escherichia coli O157  Abdominal pain, vomiting, 12-60 h Varies Very high Non-sporing Beef and beef products,

unpasteurized dairy
products
Unpasteurized fruit
juice, raw vegetables
Direct contact with
animals, infected people
and bathing in
contaminated water

Cooked food stored at
the wrong temperature
— mainly rice dishes and
pastry products
containing meat or
vegetables

Occasionally dairy
products and bakery
products




Table 13.1 (continued)

meningitis

Can cause miscarriage,
stillbirth or premature
labour in pregnant women

infectivity

optimum 30-37°C but
grows down to —1°C,
acid resistant (grows at
pH > 4.3)

Bacteria Symptoms and possible  Incubation Duration of Infective dose Microbiology/Growth  Sources
consequences period iliness (cells/g) characteristics
Campylobacter spp. Fever, headache and dizziness Up to Varies, usually ~100 Non-sporing, only grows  Raw or undercooked
followed by abdominal pain 10 days* a week > 30°C, pH 6.5-7.5, meat, especially poultry,
and diarrhoea prefers low oxygen, does  unpasteurized milk, milk
not generally grow in from bird-pecked
foods bottles, untreated water
Also pets
Staphylococcus aureus  Vomiting, abdominal pain, 1-7 h® Up to 2 days 100000 to Non-sporing, some Human contamination
diarrhoea 1 000000 cells strains grow down to of food
will produce 7°C, pH range 4.5-9.3 Mainly fish, prawns and
enough toxin to  (optimum ~7) cream cakes handled
cause illness and stored at the
wrong temperature
Listeria monocytogenes Mild flu to septicaemia and ~ 3-70 days Varies Relatively low Non-sporing, temperature Occurs naturally in the

environment

Mainly raw vegetables
and meat, patés and
soft cheeses

* Usually 12—-48 hours

¢ Usually 12—18 hours
¢ Usually 2-5 days
¢ Usually 2—4 hours

® But may be a carrier for 12 weeks or more after symptoms have gone

Source: Health Protection Agency, Communicable Disease Surveillance Centre
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INFECTIVITY

The infectivity of the different organisms depends
on the following:

® Type of bacteria: relatively large numbers
(e.g. 2 100000 cells) of most types of food-
borne disease bacteria are generally required
to cause illness, but verocytotoxin-producing
Escherichia coli (VTEC) and Campylobacter
spp., and some species of Shigella are notable
exceptions, where illness can result from just
a few tens or hundreds of cells.

® Type of food: some types of food (e.g. high
fat content) protect bacteria from the harsh
acidic conditions in the human stomach, so
that food-borne disease may result from very
much lower doses of bacteria than would
normally be the case (e.g. Salmonella in
chocolate).

® Susceptibility of the individual: in general,
very young, old or immunocompromised
individuals are most at risk.

DEALING WITH OUTBREAKS OF
FOOD-BORNE DISEASE

In the UK, responsibility and management of out-
breaks of food-borne disease fall jointly to the
local authority (LA) and the Primary Health Care
Trust (PHA). All LAs and PHAs have contingency
plans drawn up in consultation with other experts
such as the Health Protection Agency (HPA), local
consultants in communicable disease control
(CCDC:s), chief environmental health officers, etc.
Outbreaks are identified via surveillance systems,
public complaints, etc. Physicians have a statutory
duty to notify the appropriate local officer of all
cases (and suspected cases) of food-borne disease.
Identification may also arise by other routes, such
as through diagnostic laboratories alerting CCDCs
or LAs if they encounter pathogenic bacteria in
specimens that they have tested. Initial investiga-
tions will lead to a preliminary hypothesis as to
the likely cause of the outbreak, in terms of the

food and the food-borne disease agent involved,
the number of people exposed to it, etc. This, in
turn, should lead to an indication of the control
measures needed to protect public health.

In the US, physicians report outbreaks of food-
borne disease to the local Health Departments,
which inform the State Health Departments. They,
in turn, report to the Centers for Disease Control
and Prevention.

TYPES OF FOOD-BORNE AGENTS

Salmonellas

The two major groups are those causing enteric
fevers (typhoid and paratyphoid) and those causing
food-borne disease (non-typhoid salmonellas). The
enteric fever group consists of Salmonella typhi and
Sal. paratyphi A and B. With rare exceptions these
organisms infect only humans. The non-typhoid
group consists of 2200 serotypes, all of which have
their primary reservoirs in animals. Salmonellas
can grow in many foods at temperatures from 10°C
to 50°C. Pasteurization temperatures destroy them.
Salmonellas survive well outside a person or an ani-
mal in faeces, on vegetables, in animal feeds and in
many other foods for long periods. Fewer than 10
serotypes are responsible for most of the cases of
human salmonellosis in the UK - predominantly
S. enteritidis and S. typhimurium (PHLS, 2000).

Campylobacters

The species causing food-borne disease are
Campylobacter jejuni and C. coli. They are present
as part of the normal gut flora of many animals
including mammals, birds and reptiles. Their
growth temperatures are more exacting than for
salmonellas, and the organisms do not grow in
food under normal circumstances. Growth occurs
up to 42°C and the organisms survive well in water
and raw milk. Poultry appear to be responsible for
some sporadic outbreaks. The organisms are heat
sensitive and destroyed by pasteurization, and do



not survive in acid foods. In common with salmo-
nellas, control measures such as adequate cooking
and prevention of recontamination are successful.

Clostridium perfringens

This organism is found in animal faeces, soil, dust,
vegetation and elsewhere in the environment. It will
grow only anaerobically, and produces a variety of
enterotoxins, some of which act on the gastrointesti-
nal tract. Spores may be formed in adverse conditions
and enable the organism to survive circumstances that
would normally kill vegetative bacteria. Five types
are recognized on the basis of toxins and enzymes
produced. Type A strains are responsible for most
food-borne disease outbreaks. Young and long-stay
patients and hospital staff tend to become colonized
with C. perfringens. Counts of 10°/gram in the fae-
ces of sufferers are not uncommon.

Astheheatresistance of C. perfringens sporesvaries,
the organisms survive some cooking processes. Much
depends on the amount of heat that reaches the cells
and the period of exposure. If the spores survive and
are given suitable conditions, they will germinate and
multiply. It is common practice to cook a large joint
of meat, allow it to cool, slice it when cold and re-
heat it before serving. This is hazardous unless cool-
ing is rapid and re-heating is thorough and above
80°C. Growth of heat-sensitive strains in cooked food
may be the result of too low a cooking temperature
or recontamination after cooking.

Staphylococcus aureus

Many people carry S. aureus in their noses and many
carry it on their skin. Enterotoxin production is com-
mon and there are eight serologically distinct types
(A, B, C, C,, C,, D, E and F), all of which cause an
intoxication type of disease. Growth occurs on many
foods, particularly those with a high protein con-
tent, and the toxin is readily produced at ambient
temperatures. The organisms are killed at 60°C in
30 min, but the toxin will withstand heating at
100°C for 30 min. Infection occurs usually in the
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kitchen from human contamination (infected cuts,
boils and other lesions or from nasal carriers).

Bacillus cereus

This organism is widespread in the environment
and is particularly, but not exclusively, associated
with foods involving grains and cereals. Spores are
formed that resist boiling and frying for short peri-
ods, and will germinate in ideal conditions for
growth. Subsequent heating does not destroy any
toxins that may have formed. B. cereus strains pro-
duce two kinds of toxin: diarrhoeal and emetic.
The emetic type is more common. Occasionally
other Bacillus spp. may be responsible for similar
symptoms (see Gilbert et al., 1981).

Clostridium botulinum

The pre-formed toxin of C. botulinum affecting the
central nervous system (botulism) is rare in the UK,
but more prevalent in Europe and the USA where
home canning of meat and vegetables is common
practice. This anaerobic, spore-forming organism is
extensively distributed in the environment. The
organism will grow particularly well on low-acid
foods (i.e. with a pH value higher than 4.5) such as
fish, fruit and vegetables. There are seven antigenic
types, A—G, each with its own distinct toxin. Human
intoxications are usually with types A, B and E,
although type G has caused one outbreak. The tox-
ins, powerful as they are, are readily destroyed by
heat. The spores of type A resist boiling for several
hours; those of other types are slightly less resistant.
Conditions must be optimum for toxin formation:
complete anaerobiosis, neutral pH and absence of
competing organisms. Between 12 and 36 h after
eating food containing the toxin, patients develop
symptoms including thirst, vomiting, double vision
and pharyngeal paralysis, lasting 2—6 days and usu-
ally fatal. Vehicles are usually home-preserved meat
or vegetables, contaminated with soil or animal fae-
ces and insufficiently heated. Correct commercial
canning processes destroy the organisms.
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Listeria monocytogenes

This organism is widely distributed in the gastroin-
testinal tract of animals and therefore the environ-
ment generally. L. monocytogenes can grow over a
wide range of temperatures from as low as —-1°C,
are comparatively resistant to disinfectants and
changes in pH, and can survive extreme environ-
mental conditions (it is hardly surprising that they
are recovered from some ice-creams). Strains may
be distinguished by serotyping, types 1/2a and 4b
being most commonly found in strains isolated
from pathological
mainly young children, pregnant women and eld-
erly people. The organisms are present in small
numbers in many foods, but are unlikely to cause
disease unless they have the opportunity to multi-
ply. This may happen at quite low temperatures,
e.g. in improperly maintained cold storage cabinets
and refrigerators.

sources. Listeriosis affects

Yersinia enterocolitica

This is an uncommon cause of food poisoning but
its ability to grow at 4°C makes it unusual and a
potential hazard. The organism is widely distrib-
uted in animals and the environment. Foods impli-
cated include milk, ice-cream and seafoods. The
symptoms are diarrhoea, fever, abdominal pain
and vomiting.

Vibrio parahaemolyticus

This marine organism is found in coastal and
brackish waters. It is halophilic. Infection is rare in
the UK but it is one of the most common causes of
food-borne disease in Japan and has been incrimi-
nated in outbreaks in the USA and Australia.
Infection is associated with eating raw and
processed fish products. The organism has been fre-
quently isolated from seafoods, particularly those
harvested from warm coastal waters. Symptoms of
infection may appear from 2 to 96 h after inges-

tion, depending on the size of the infecting dose,
type of food and acidity of the stomach. They vary
from acute gastroenteritis with severe abdominal
pain to mild diarrhoea.

Escherichia coli

Large numbers of E. coli are present in the human
and animal intestines. They are often found in raw
foods where they may indicate poor quality. At
least four different types (see p. 287) may be
involved in food poisoning. E. coli may cause trav-
ellers’ diarrhoea when the source may be contami-
nated food or water. Verocytotoxin-producing E.
coli O157 is by far the most frequently reported
strain in human cases and appears to be largely of
beef or milk origin.

Shigellas

The dysentery group of organisms are pathogens of
humans and are usually transmitted by the fae-
cal-oral route in circumstances of poor general
hygiene. readily occurs,
although Shigella spp. are rarely associated with
food-borne disease in developed countries.

Food contamination

Mycotoxins and aflatoxins

Certain fungi, mainly Aspergillus spp., form toxins
in nuts and grains during storage. These toxins can
cause serious disease in humans and animals. The
toxins are detected chemically and commercial kits
are available. For information about these toxins,
see Moss et al. (1989).

Other organisms

Other agents of food-borne disease include

Brucella spp. and Mycobacterium bovis (both milk



borne), Aeromonas spp. and enterobacteria other
than those mentioned above. Some viruses, e.g.
hepatitis A, and parasites, not considered in this
book are also known to be associated with food-
borne disease.

EXAMINATION OF
PATHOLOGICAL MATERIAL AND
FOOD

Do a total viable count (methods are described in
Chapter 10) on all foods suspected of causing food
poisoning. In most cases this will be high. Relate
the findings to conditions of storage after serving. If
possible count the numbers of causative organisms.

Table 13.1 suggests the causative organism.
Isolation and identification methods are given in
the relevant chapters:

Salmonellas: Chapter 28
Campylobacters: Chapter 33
Staphylococcus: Chapter 36

Y. enterocolitica: Chapter 34

B. cereus: Chapter 42

V. parabaemolyticus: Chapter 24
Botulism: Chapter 44

E. coli: Chapter 26

C. perfringens: Chapter 44
Listeria: Chapter 40.

For further information on food poisoning, see
Eley (1996), Hobbs and Roberts (1987),
Parliamentary Office of Science and Technology
(POST, 1997) and the US Centers for Disease
Control.
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Food microbiology: general principles

There are many textbooks on the microbiological
safety and the keeping quality of food, e.g. those of
Adams and Moss (2000), Jay (2000), and Lund et
al. (2000), as well as the publications of the
International Commission for Microbiological
Standards for Foods (ICMSF, 1980, 1986, 1988,
2001) (website: www.dfst.csiro.au/icmsf.htm).
Food microbiologists often employ media and
methods first developed for clinical microbiology.
The International Standards Organization (ISO),
European Standards (CEN)
International Dairy Federation (IDF) have pub-
lished various procedures that include general
methods for the preparation of dilutions, total
colony counts, and various plate counts and MPN
(most probable number) counting methods for coli-
forms, members of the Enterobacteriaceae and
Escherichia coli. There are also standard methods
for the detection of pathogens, including salmonel-
las, thermophilic campylobacters, Listeria mono-
cytogenes, E. coli O157:H7, Staphylococcus
aureus and others, as well as methods for enumer-
ation of spoilage organisms, including lactic acid
bacteria, pseudomonads, Brochothrix thermos-
phacta, and yeasts and moulds. Almost all these
methods are also published by the British
Standards Institution (BSI). In North America the
AOAC International also publishes standard meth-
ods, as does the Food and Drug Administration
(FDA, 1998) and the American Public Health
Association (APHA) (Dowens and Ito, 2001). The
UK Public Health Laboratory Service (PHLS) has
also published a book of methods (Roberts and
Greenwood, 2002). Many laboratories use these
methods, which are mostly traditionally cultural,
but others use simplified or more rapid versions

Committee and

involving molecular (polymerase chain reaction or
PCR) or immunological methods (e.g. enzyme-
linked immunosorbent assay or ELISA).

Food microbiology laboratories doing official
testing are now required to be accredited to a qual-
ity assurance scheme. In the UK this is the UK
Accreditation Service (UKAS) scheme. Micro-
biology laboratories attached to food factories in
the UK are normally also accredited to UKAS or to
similar organizations (e.g. ‘LabCred’ run by Law
Laboratories or ‘CLAS’ [Campden Laboratory
Accreditation Scheme]|, run by Campden and
Chorleywood Food Research  Association])
approved by the major supermarkets, such as
Tesco, ]J. Sainsbury and Marks and Spencer.

Many UKAS-accredited contract laboratories
have opened up in the UK in recent years, taking
over the testing previously done in laboratories
owned by supermarkets and food manufacturing
companies. Quality assurance systems required in
accredited laboratories include: traceability of
samples and results, recording of results, standard
operating procedures, training of analysts, regular
calibration and checking of equipment, docu-
mented methods (and validated, if these differ
from standard methods) and monitoring of the
quality of media. Laboratories may have to vali-
date non-standard methods themselves, or they
may be able to use methods validated by organiza-
tions such as AOAC International or MicroVal. In
addition, laboratories have to take part in an
external proficiency testing scheme, such as those
in the UK run by the UK Central Public Health
Laboratory (see Snell et al., 1991) or the UK
Central Science Laboratory (FEPAS - Food
Examination Proficiency Scheme) as well as


www.dfst.csiro.au/icmsf.htm

several commercial schemes. Participating labora-
tories receive shelf-stable, simulated food samples
with instructions to examine them for particular
groups of microbes (presence/absence or enumera-
tion). Alternatively, information about the type of
food and the illness associated with it are given,
and the laboratory has to decide which organisms
to look for.

SCOPE OF MICROBIOLOGICAL
INVESTIGATIONS IN FOOD
MICROBIOLOGY

Four kinds of investigations are usually carried out:

1. Estimation of the viable (colony) count
(colony-forming units [cful/g, cfu/cm* or
cfu/ml).

2. Estimation of the numbers of E. coli,
coliforms (more often Enterobacteriaceae)
and/or Enterococcus spp. (‘faecal
streptococci’). These may indicate the
standard of hygiene during the preparation of
the foods, especially where processing (e.g.
heating) would be expected to kill these
organisms (see ‘Indicator organisms’,
below).

3. Detection of specific organisms known to be
associated with spoilage. This may be more
important than the viable count in
determining the potential shelf-life.

4. Detection of pathogens.

No single method is completely satisfactory for
the examination of all foodstuffs. The methods
selected will depend on local conditions, e.g. avail-
ability of staff, space and materials, numbers of
samples to be examined and the time allowed to
obtain a result. To these ends, rapid, automated
(validated) methods have much to offer (see
Chapter 8). It may be more desirable to examine a
large number of samples by a slightly suboptimal
method than a smaller number by an exhaustive
method.

Many of the micro-organisms in foods may be
sublethally damaged, e.g. by heat, cold or adverse
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conditions such as low pH, low water activity, or
high salt or sugar content. On the other hand, these
conditions may favour the growth of yeasts and
moulds, when mycotoxins may be formed.

An important problem in the microbiological
examination of foods is that micro-organisms are
usually not evenly distributed throughout a prod-
uct. This affects any sampling procedure; there is
no easy answer.

INDICATOR ORGANISMS

These are organisms that may indicate evidence of
contamination or pollution, especially of a faecal
nature, e.g. E. coli and coliform bacilli. The family
name Enterobacteriaceae is sometimes used
because ‘coliforms’ are poorly defined taxonomi-
cally. Enterobacteriaceae includes other bacteria,
e.g. important pathogens such as salmonellas and
various non-lactose fermenters that may be present
in human and animal faeces. It should be noted,
however, that the presence of these latter organ-
isms is not evidence, at first sight, of faecal contam-
ination: many of them are normally present in soil
and on plant material.

MICROBIOLOGICAL CRITERIA
(STANDARDS)

Limits for numbers of organisms (or their toxins)
are given various names. The terms are defined by
the ICMSF (2001) and summarized here.

Standard

This is a criterion set out in a law or regulation con-
trolling foods produced, processed or stored in the
area of jurisdiction, or imported into that area.
Foods not meeting the standard would be removed
from the market.
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Guidelines

These are criteria used by manufacturers or regula-
tory agencies in monitoring a food ingredient,
process or system (can be applied at points during
manufacture). Guidelines are advisory, and need
not lead to rejection of the food — but could be used
to help bring about changes to improve the safety
or quality of the food.

Microbiological (purchasing)
specifications

These are criteria that determine the acceptance of
a specific food or food ingredient by a food manu-
facturer or other private or public purchasing
agency.

QUALITY ASSURANCE SYSTEMS

It is widely appreciated that satisfactory results of
microbiological testing of the endproducts of food
manufacture cannot guarantee that the whole con-
signment is safe, although it may detect an unsatis-
factory batch. It is enough here to state that
endproduct testing alone is not sufficient to check,
with a reasonable degree of certainty, that a given
batch of food is satisfactory unless an impractic-
able number of samples is examined. Micro-
biological testing of the endproduct is only one of
many methods of checking that the system is pro-
viding safe food and is useful only as a check on the
whole process. The food manufacturing and cater-
ing industry is obliged by law, in the European
Union and many other countries, to use a hazard
analysis critical control point (HACCP) system,
which attempts to anticipate possible hazards in
the manufacturing process and devise methods of
controlling or minimizing them, as well as methods
of checking and correcting deviations. An example
is monitoring the temperature and time of pasteur-
ization. Details can be found in one of the many

publications on this subject (see, for example,
ICMSF, 1988).

If a sample of a perishable food is taken at a point
after manufacture and after an unknown period on
the shelf, the total colony count result is often diffi-
cult to interpret and is of little use in assessing the
quality at the point of manufacture. It is more
appropriate to test for pathogens.

SAMPLING PLANS

Limits are normally set in terms of numbers of
organisms (cfu/g or ml) or presence/absence of a
pathogen in a given amount of the food. The exact
number of organisms can never be determined pre-
cisely and it is therefore inappropriate to set crite-
ria with exact limits beyond which a food is
unacceptable. For this reason it is customary to use
three-class sampling plans for the numbers of
organisms. These classes are: ‘acceptable’ — under a
specified number (m); ‘marginally acceptable’ —
under a higher specified number (M); and ‘unac-
ceptable’ when numbers exceed M. M is usually at
least 10 times higher than i, e.g. the total count
limit for liquid, pasteurized, whole-egg products
suggested by ICMSF is:

n=5¢=2,m=5x104 M=10°

where 7 is the total number of samples tested and ¢
the number that may exceed m. None should
exceed M.

Two-class plans are usual for salmonella testing,
e.g. samples of 5, 10, 20 or > 25 g might be tested
for the presence/absence of salmonellas and the
food would be unacceptable if any sample was pos-
itive (n = 5, 10, 20 or more, ¢ = 0, 7 = 0). The num-
ber of samples examined would depend on the
perceived risk if the food was contaminated: foods
with the highest risk would be those eaten without
prior heating and by a very susceptible class of con-
sumer, e.g. dried milk for babies.

Limits in microbiological standards that are
applied by enforcement authorities normally
include those for pathogens and indictor organ-
isms, not total colony counts.



SAMPLING

The usefulness of laboratory tests depends largely
on correct sampling procedures. The sampling plan
(see above) must be applied to each situation so
that the samples submitted to the laboratory are
fully representative of the batch. In factory sam-
pling it is more useful to take small numbers of
samples at different times during the day than
larger numbers at any one time. Where resources
are limited sampling may concentrate on the fin-
ished product, but if there is an increase in counts it
is necessary to go back through the process and
take ‘in-line’ samples, especially of raw (starting)
materials because they may be the source of con-
tamination. It is also important to sample the food-
processing instruments.

Containers and samplers

Use screw-capped aluminium or polypropylene jars
or plastic bags; never use glass containers where
any breakages could contaminate the product or
cause injury to personnel. Instruments for sampling
from bulk material vary: for frozen samples use a
wrapped sterilized brace and bit, a cork borer or a
chopper that has been washed in 70% ethanol or
methylated spirit and flamed. Take care to avoid
cuts from ice splinters. Use individually wrapped
spoons, spatulas or wooden tongue depressors for
soft materials. With pre-packed food take several
packages as offered for sale.

When sampling carcass meat and fish, where con-
tamination occurs only on the surface, use a surface
swab over a defined area or excise a surface layer
2-3 mm thick (see p. 2035).

Transport and storage of samples

Carry samples (other than canned and bottled
foods) in insulated containers, cooled with ice
packs (‘coolboxes’). The ice should not have melted
by the time the samples arrive at the laboratory.
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Small refrigerated containers that are run off a car
battery can also be used. The samples should be
transferred to a laboratory refrigerator and exam-
ined as soon as possible. There is a code of practice
for sampling by authorized officers under the Food
Safety Act 1990 (see also Harrigan and Park, 1991;
Roberts and Greenwood, 2002).

PRE-TESTING CONSIDERATIONS

Before examining any particular food check the
type of spoilage and/or pathogens that might be
expected. In general, products with low pH and/or
low water activity (ay,) tend to be spoiled by yeasts
and moulds. At intermediate pH levels and low a,,
lactic acid bacteria and other Gram-positive organ-
isms such as micrococci and enterococci may pre-
dominate. At neutral pH and/or high a,, spoilage is
mostly the result of Gram-negative bacteria such as
Pseudomonas spp. In some heat-processed foods,
such as meat pies, spoilage is the result of out-
growth of surviving spores of Bacillus and/or
Clostridium spp., especially in the absence of com-
peting flora.

GENERAL METHODS

If the organisms are expected to be distributed
throughout the material, homogenize 10 g of the
food (weighed aseptically) in 90 ml maximum
recovery diluent (MRD, see p. 76) in a homoge-
nizer (e.g. a Stomacher). Make serial dilutions, e.g.
107"-10", and do colony counts on appropriate
agar media and inoculate enrichment media for rel-
evant pathogens (see below).

If the organisms are likely to be on the surface only
(e.g. of pieces of vegetable or dried fruit) weigh 50
or 100 g into a sterile jar and add 100 ml diluent.
Shake for 10 s, stand on the bench for 30 min and
shake again. The organisms are assumed to have
been washed into the diluent, i.e. 100 ml now con-
tains the organisms from the original weight of
sample. Make dilutions and proceed as above.
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Total and viable counts

Methods are given in Chapter 10. For total counts,
counting-chamber and DEFT (direct epifluores-
cence technique) counts are useful and suggest
appropriate dilutions for viable counts. For count-
ing mould hyphae and yeasts the Neubauer
chamber, used in haematology, is better than the
Helber chamber because it is deeper.

The methods and incubation temperatures for
viable counts depend on the nature and storage
conditions of the food. For most foods use pour
plates and incubate at 30°C for 24-48 h.

For chilled and frozen meat and frozen fish use
surface plating because the psychrophiles and psy-
chrotrophs that predominate in such foods may be
damaged if exposed to the temperature of melted
agar used in pour plating. Incubate at 20-25°C. To
count psychrophiles incubate at 1°C for 14 days. A
maximum of 200 ul can normally be spread on a 9-
cm agar plate. Two plates of each medium are nor-
mally inoculated from each dilution. Surface
plating can be more economic than pour plating if
more than one dilution is plated on each Petri dish.
Commonly four dilutions (10-50 pl of each dilu-
tion) per dish can be used if spread, or six if not
spread.

Use the ‘black tube’ method (see p. 377) for
counting anaerobes. Report counts as colony-form-
ing units per gram or millilitre. The tables on
p. 146 show the amount of food in grams con-
tained in the various dilutions.

Presence/absence tests

It may not be necessary to set up full viable counts.
If a standard is set on the basis of experience the
technique can be modified to give a present or
absent (‘pass’ or ‘fail’) response. If, for example, an
upper limit of 100000 cfu/g is set, then a plate
count method that uses 1 ml of a 1: 1000 dilution
will suffice. More than 100 colonies, easily
observed without laborious counting, will fail the
sample. Similarly, more than 100 colonies in roll

tubes containing 0.1 ml of a 1:100 dilution, or
more than 40 per drop in Miles and Misra counts
from a 1: 50 dilution, will suggest rejection.

Enterobacteriaceae, coliforms and
E. coli

There is a wide choice of media for these tests. Most
‘standard’ tests specify EE broth (which is brilliant
green glucose broth), violet red bile glucose agar
(VRBG) and violet red bile lactose agar (VRBL or
VRB). VRBG and VRB should not be autoclaved —
see manufacturers’ instructions. If these are not
available MacConkey broth and agar may be used.
Lauryl sulphate tryptose broth is also specified for
some tests. Some workers prefer minerals modified
glutamate medium (MMGM) instead of EE broth.

If small numbers are anticipated use the MPN or
presence/absence (P/A) methods, but for heavily
contaminated material plate or surface counts are
better.

Enterobacteriaceae

Presence/absence

If resuscitation of sublethally damaged organisms
is indicated add dilutions of the original suspension
(see above) to MRD, incubate at room temperature
for 6 h.

Add 10 ml suspension to 10 ml double-strength
EE broth and 1 ml suspension to 10 ml single-
strength EE broth. Incubate at 30°C for 18-24 h
and then plate on VRBG. Incubate plates at 30°C
and examine for typical colonies.

MPN method
For this method, see p. 150.

Pour plates

If resuscitation is necessary incubate the dilutions
in MRD (see p. 76) for 90 min. Use freshly pre-
pared VRBG for the counts.

Surface counts (with resuscitation)

Spread 0.1-ml volumes of the dilutions on non-
selective medium (e.g. plate count agar). Incubate



for 6 h at room temperature to resuscitate damaged
cells, overlay with 15 ml VRBG and incubate at
30°C overnight.

Coliforms

Use the methods outlined above but with lauryl
sulphate tryptose broth. Subculture positive tubes
to brilliant green lactose broth to check gas produc-
tion. For colony counts use VRB agar (with lactose).

Incubation temperatures

Incubate coliform tests on dairy products, etc. at
30°C. For other products use 37°C.

Escherichia coli (‘faecal coli’)

Subculture suspect colonies or broth tubes to bril-
liant green broth and peptone water and incubate
at 44 £ 0.2°C overnight. Only E. coli produces gas
and indole at 44°C. E. coli can be confirmed in the
membrane method (above) by immersing the mem-
brane in indole reagent and exposing it to ultravio-
let (UV) light for 30 min. E. coli colonies are pink.
For other confirmation tests, see Chapter 26.

Membrane method

Place the membranes on MMGM or other non-selec-
tive medium. Spread 1-ml volumes of the diluted sus-
pension on the membranes (do not invert plates).
Incubate for 4 h at 37°C. Transfer membranes to
tryptose bile agar and incubate at 44°C for 18-24 h.
Count colonies and subculture if necessary.

Counting enterococci
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described under Clostridium, in Chapter 44.
Direct plating for C. perfringens can be done on
tryptone sulphite cycloserine (TSC) or oleando-
mycin  polymyxin sulphadiazine perfringens
(OPSP) agar. Bacillus cereus is counted on poly-
myxin egg yolk mannitol bromothymol blue agar
(PEMBA) or mannitol egg yolk polymyxin agar
(MEYP).

Spoilage organisms

Table 14.1 shows organisms associated with non-
sterile food. Methods for enumerating spoilage
organisms are given under the headings of the
foods concerned. Table 14.2 shows the media used
for examining foods.

Food poisoning bacteria

‘Routine’ examination of all foods for salmonellas
and staphylococci, or other food-poisoning organ-
isms, is hardly worth while on account of the rela-
tive infrequency of isolation. Only those foods and
ingredients known to be vehicles need be tested.
Methods are given in Chapter 13 and under the
appropriate headings in later chapters.

Yeasts and moulds

Do surface counts as described on p. 147 with
kanamycin azide aesculin agar, azide blood agar,
MacConkey or Slanetz and Bartley medium.
Consult manufacturers’ for colonial
appearance.

manuals

Counting clostridia and bacilli

As counting these organisms usually requires
identifying them as well, the techniques are

Sampling

Circumstances vary. Obtain as much ‘background’
information as possible before deciding on the
method of examination. The number of samples
should be as large as is practicable. Sample whole
packages where possible and examine the casing
for damage and water staining.

Visual inspection

Open carefully and look for evidence of moulds.
Microscopy is rarely helpful.



Table 14.1 Types of organisms associated with various non-sterile foods

cheese and yogurt

bacteria present as these
products are fermented

pH Water Food Comments (chilled Microbial flora
activity unless otherwise stated)
(a.)
74-54 1.00-0.97  Animal protein — milk, whole Aerobic Pseudomonas, Acinetobacter and Aeromonas spp.,
liquid egg, raw red meat, fish, Enterobacteriaceae (Serratia, Hafnia, Enterobacter, Yersinia spp.),
poultry lactic acid bacteria, Bacillus spp. (in milk and egg), Brochothrix
thermosphacta (in meat), Shewanella spp. (in meat and poultry,
pH > 6.0, and fish)
Vacuum or gas packed (high  Lactic acid bacteria, B. thermosphacta, Pseudomonas spp.,
CoO) Enterobacteriaceae, psychrotolerant clostridia
Cooked, sliced, non-cured meats As raw meats
Bean sprouts and raw salads High counts normal Pseudomonas spp., Erwinia spp., Salmonella spp., other
Enterobacteriaceae, E. coli
Raw bacon and ham with salt Aerobic Micrococcus, Acinetobacter and Vibrio spp. (at pH > 5.9), yeasts,
and nitrite moulds
Vacuum or gas packed Lactic acid bacteria, Micrococcus and Enterococcus spp.,
(high CO,) Enterobacteriaceae (low salt, high temperature and high pH
favour Gram-negative bacteria)
Semi-preserved, cooked, cured Cans or flexible packs Enterococcus spp. and other lactic acid bacteria can survive, often
meats, e.g. ham pasteurized at 65-70°C and  occurring in large numbers, occasionally causing spoilage by
stored chilled gelatin liquefaction, gas production or souring
Clostridium and Bacillus spp. spoil when salt is low and
temperature > 10°C
<45 0.95-0.8 Cheeses, including cottage High numbers of lactic acid Yeasts and moulds

Yoghurt with added fruit is prone to spoil as a result of yeasts —
causes lids to dome

Surface (e.g. Brie) or mould-ripened cheeses (e.g. Stilton), which
raise pH locally, can be colonized by L. monocytogenes and can
contain (in cheese made from unpasteurized milk) low numbers
of Enterobacteriaceae, including E. coli and salmonellas




Table 14.1 (continued)

pH Woater Food Comments (chilled Microbial flora
activity unless otherwise stated)
(a.)
Fermented raw meats, e.g. High numbers of lactic acid Yeasts and moulds on surface
salami bacteria present as these Can contain low numbers of L. monocytogenes and
products are fermented Enterobacteriaceae, including E. coli and salmonellas

May also include enterococci, High numbers of S. aureus and/or staphyloenterotoxin if
micrococci and staphylococci  fermentation was delayed

4.5-3.0 1.0-0.97 Pasteurized fruit juices Ambient temperature Yeasts, lactic acid bacteria
Fruit, including tomatoes Ambient temperature Yeasts and moulds
Mayonnaise Yeasts and lactobacilli — salmonellas if raw eggs used
0.85-0.70  Dried fruits, jams Higher a, products contain Moulds and yeasts

preservatives — SO,, sorbate

Ambient temperature
Pickles and fermented vegetables, High numbers of lactic acid Yeasts, moulds, lactic acid bacteria. Bacillus spp. if pH > 4.0
e.g. sauerkraut bacteria present in fermented

products

Ambient temperature

74-54  0.8-06 Grains and flour Ambient temperature Moulds




Table 14.2 Plating media commonly used to examine foods

Medium Group selected Selective agents Indicator agents Inoculation Incubation: time, temperature,
atmosphere
Spoilage organisms
CFC Pseudomonas spp. Cephaloridine, fucidin, None Surface 48 h, 25°C, aerobic
cetrimide
MRS Lactic acid bacteria None None Surface 5 days, 25°C, anaerobic
STAA Brochothrix thermosphacta Streptomycin, thallium None Surface 25°C, 48 h, aerobic
acetate, cycloheximide
(actidione)
Iron agar  Shewanella putrefaciens and None Sulphite, cysteine and  Pour plate 20 or 25°C for 2-5 days
other H,S producers thiosulphate (with overlayer)
DGI8 Yeasts and moulds Chloramphenicol, dichloran, None Surface 25°C, 7 days, in dark, lids up
glycerol
RBC Yeasts and moulds Chloramphenicol, Rose None Surface 25°C, 5 days in dark, lids up
Bengal
DRBC Yeasts and moulds Chloramphenicol, Rose None Surface 25°C, 5 days in dark, lids up
Bengal dichloran
oGY Yeasts and moulds Oxytetracycline None Surface 25°C, 5 days in dark, lids up
Indicator organisms
VRBG Enterobacteriaceae Bile salts, crystal violet Glucose, neutral red Pour or surface 37 or 30°C for 24 h
with or without
overlayer
VRBL Coliforms (E. coli) Bile salts, crystal violet Lactose, neutral red Pour or surface 37 or 30°C for 24 h (44°C 24 h for
with or without  E. coli)
overlayer
KAA Enterococcus spp. Sodium azide, kanamycin Aesculin, ferric Surface 37 or 42°C 18-24 h, aerobic
ammonium citrate
M-E Enterococcus spp. Sodium azide Triphenyltetrazolium Surface 37°C for 4 h, then 44°C for 44 h, air
chloride
TBA Escherichia coli Bile salts None On membrane 44°C 18-24 h, aerobic
TBX Escherichia coli Bile salts 5-bromo-4-chloro-3- Pour or surface

indolyl B-D glucoronic
acid (BCIG)

or membrane




Table 14.2 (continued)

polymyxin, ceftazidime

ammonium citrate

Medium Group selected Selective agents Indicator agents Inoculation Incubation: time, temperature,
atmosphere
Pathogens
BP Staphylococcus aureus Lithium chloride, tellurite Tellurite, egg yolk Surface 37°C, 24-48 h aerobic
mCCD Campylobacter jejuni and Deoxycholate, cefoperazone, None Surface 37 or 42°C, 48 h microaerobic (5% O,,
C. coli amphotericin 10% CO,, 85% N, or H,)
PEMBA Bacillus cereus and other Polymyxin, cycloheximide Mannitol, bromothymol Surface 30°C, 18-24 h, and, if needed,
Bacillus spp. blue, egg yolk overnight at room temperature,
aerobic
MEYP Bacillus cereus and other Polymyxin B Mannitol/phenol red, Surface 30°C, 24-30 h, aerobic
Bacillus spp. egg yolk
Oxford Listeria spp. Lithium chloride, acriflavine, Aesculin, ferric Surface 30 or 37°C, 48 h aerobic
colistin, fosfomycin, ammonium citrate
cefotetan, cycloheximide
PALCAM Listeria spp. Lithium chloride, acriflavine, Aesculin, ferric Surface 30°C, 24-48 h, microaerobic (5% O,,

10% CO,, 85% N, or H,)

Pre-enrichment

Enrichment

Plating

Details

Salmonella spp.

18-24 h)

Thermophilic
Campylobacter spp.

E. coli O157:H7

25 g food in 225 ml buffered
peptone water (37°C,

0.1 mlin 10 ml Rappaport
Vassiliadis broth (42.5°C
24 h) or

I mlin 10 ml selenite broth

(37°C 24 and 48 h)

25 g food in 225 ml Bolton
broth 37°C 48 h or

4 h 37°C and 42°C 44 h.
25 g food in 225 ml of
tryptone soy broth with
novobiocin. Examine after
6—7 h and 41.5°C using
immuno-magnetic beads
(with anti 0157 antibodies)

Streak on to brilliant green
agar, XLD agar, Rambach
agar, 37°C 24 h

Streak on mCCD agar, 37
or 42°C 48 h, microaerobic
(see Table 25.3)

Plate on CT-SMAC agar;
incubate at 37°C for 24 h

Confirm biochemically and/or with
salmonella antisera

Presumptive confirmation of oxidase-
positive Gram-negative curved rods
not growing aerobically at 37°C

Send sorbitol-negative, indole positive
colonies agglutinating anti-0157
polystyrene beads to a reference
laboratory

Different manufacturers use alternative names for some media
BP, Baird-Parker medium; CFC, cephaloridine fucidin cetrimide medium; CT-SMAC, cefoxine tellurite sorbitol MacConkey agar; DG I8, dichloran glycerol medium; DRBC,
dichloran Rose Bengal chloramphenicol agar; KAA, kanamycin aesculin azide medium; mCCD, membrane campylobacter-selective medium; M-E, membrane enterococcus
medium; MEYP, mannitol egg yolk polymyxin agar; MRS, deMan, Rogosa and Sharp agar; Oxford, Oxford listeria medium; PALCAM, Listeria selective medium; PEMBA,
polymyxin egg yolk mannitol bromothymol blue agar; RBC, Rose Bengal chloramphenicol agar; STAA, Gardner’s (1966) medium; VRBL, violet red bile lactose agar
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Direct examination

Pre-incubation may be useful (Jarvis et al., 1983).
Place a filter paper soaked with glycerol in a large
glass Petri dish and autoclave it. Suspend a sample
above the filter paper, e.g. on glass rods, replace the
lid and incubate for up to 10 days. Examine daily
for moulds.

To estimate shelf-life relative to mould growth
under adverse conditions, incubate unopened pack-
ages in a controlled humidity cabinet.

Culture

Prepare a 10" suspension in MRD containing
0.1% Tween 80. Use a Stomacher if possible. Make
serial dilutions in the same diluent and surface
plate (in duplicate) on Rose Bengal chlorampheni-
col agar. Incubate at 22°C for 5 days. For low a,
foods use DG18 agar.
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Meat and poultry

FRESH AND FROZEN RAW
RED MEAT

Table 14.1 (see p. 200) summarizes the types of
bacteria that cause spoilage. Many different species
of bacteria are present on carcasses immediately
after slaughtering, but Gram-negative organisms
multiply and predominate during chill storage. The
deep muscle tissue is usually sterile but occasionally
may be contaminated. ‘Bone taint’ is revealed by an
unpleasant odour when the carcass is boned, and is
most common in the hip and shoulder joints, which
cool most slowly. Microbiological investigation
most often reveals clostridia or enterococci. The
source of contamination is not certain, but could be
from contaminated slaughter instruments, via
infected lymph nodes or by spread from the intes-
tine at the time of death. Meat from stressed ani-
mals may be of poor keeping quality because the
pH is higher than normal (> 6.0).

Carcass sampling

Microbial contamination is usually confined to the
skin or surface of carcasses. The most reliable
methods are destructive (which can affect the value
of the carcass), involving excising the top 2-3 mm
of a measured area (e.g. 25 or 50 cm?®). The most
practical non-destructive method is swabbing.
Impression plates or slides may also be used. In
general, excision methods recover more organisms
than swab methods, which in turn recover more
than impression methods. Microbiological testing
of five to ten carcasses on one day per week, after
dressing and before chilling (aerobic colony count

at 30°C and Enterobacteriaceae at 37°C) from four
sites on each carcass and from the abattoir envi-
ronment is now required in the European Union
(EC, 2001; SI, 2002). Excision sampling is recom-
mended, with swabbing as an alternative.

Excision sampling

Use aluminium templates with, for example, 25
or 50 cm” apertures. Remove the top 2—3 mm of the
meat defined by the template area with a scalpel or,
for frozen meat, a cork borer.

Homogenize an appropriate volume (e.g. 25 ml)
in 50 ml of maximum recovery diluent (MRD - see
p. 76) and do counts as described in Chapter 10
and above.

Swab sampling

Moisten a large plain cottonwool swab with a
wooden shaft with MRD and then rub it vigorously
over the area to be sampled, e.g. as defined by a
template. Repeat with a dry swab. Break off the
ends of both swabs into 10 ml MRD in the same
container and do total counts at 30°C as described
in Chapter 10 and above. This method cannot be
used for frozen meat.

Whole carcass sampling

To sample the whole carcass by a non-destructive
technique, use the following method (Kitchell et al.,
1973). Sterilize large cottonwool pads, wrapped in
cotton gauze in bulk, and transfer them to individ-
ual plastic bags. Moisten a pad with diluent, e.g.
MRD, and wipe the carcass with it, using the bag
as a glove. Take a dry pad and wipe the carcass
again. Place both pads in the same bag, then seal
and label it. Add 250 ml diluent to the pads and
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knead, e.g. in a Stomacher, to extract the organ-
isms. Prepare suitable dilutions from the extract
and do counts as above. Inoculate other media as
desired. This method is not usually practicable for
beef carcasses.

The areas on beef carcasses that are most likely to
be contaminated after dressing are the neck, rump,
brisket and flank — and similar parts of other red
meat carcasses. For excised samples, the daily log
mean limits of aerobic colony counts at 30°C and
of enterobacteria at 37°C for cattle, sheep, goats
and horses are shown in Table 15.1. Values for pig
carcasses are in most cases 0.5 log cycles higher.
Values for swab samples are about 20% of the
excision sample values.

In dry (about 80% relative humidity) chill condi-
tions, mould spoilage may occur on chilled (-1°C)
carcasses stored for several weeks. Carcasses are
now, however, seldom stored chilled for long peri-
ods. Mould and yeast colonies can also be seen on
primals (see below) in frozen storage when the cor-
rect temperature (< —12°C) has not been main-
tained. ‘Green spots’ are usually caused by
Penicillium spp., ‘white spots’ by Sporotrichum
spp., ‘black spots’ by Cladosporium spp. and
‘whiskers’ by Mucor and Thamnidium spp.

Boned-out meat

are sometimes stored at 0 + 1°C in vacuum-packs
for several weeks before being divided up into
smaller cuts for retail sale. Much meat is now
retailed in modified atmosphere packs (about 80%
0,, 20% CO,) in supermarkets. The oxygen pre-
serves the red colour of oxymyoglobin for as long
as possible, whereas the carbon dioxide inhibits the
pseudomonads, which predominate in meat stored
in aerobic packs.

As with carcass sampling, primals or smaller cuts
of red meat are usually sampled either by excision
or by swabbing. It may also be possible to sample
the liquid exudate (‘purge’) that accumulates in
vacuum packs. Two areas of 5 or 10 cm* are usu-
ally sampled per piece of meat. These could include
a sample from a cut edge and another from the
original exterior surface. The samples may be
pooled before microbiological
Results of excision or swabbing are expressed as
colony-forming units per square centimetre
(cfu/cm?®). In a meat production facility, where the
hygiene is good, more than 70% of samples may be
expected to have counts of less than 1000 cfu/cm’
(or log,, 3 cfu/ml).

examination.

Microbial flora of raw meat during
storage

Most carcasses are split into primals a few days
after slaughter. These are large pieces of meat that

In moist, aerobic chill conditions the predominant
spoilage organisms are pseudomonads, with lower

Table I5.1 Acceptable and unacceptable daily mean values of colony and enterobacteria counts for cattle, sheep, pig, goat and horse

carcasses

Daily mean values (log cfu/cm?) as

Acceptable range for

Cattle/sheep/ Pig

Marginal range (> m but
< M) for cattle/pig/sheep/

Unacceptable range
(> M) for cattlel/pig/

goat/horse goat/horse sheep/goat/horse
Total viable count <35 <40 3.5 (pig: 4.0) to 5.0 >5.0
Enterobacteriaceae <15 <20 1.5 (pig: 2.0) to 2.5 (pig: 3.0) > 2.5 (pig: > 3.0)

See Chapter |4 for definitions of sampling plans
From EC (2001) and SI (2002)




numbers of Acinetobacter spp., psychrotrophic
Enterobacteriaceae, including Enterobacter and
Hafnia spp., and Brochothrix thermosphacta.
Spoilage is imminent when numbers of
pseudomonads reach about 107/cm’.

In meat stored in a modified atmosphere or vac-
uum packs, lactic acid bacteria (LAB) normally out-
grow the pseudomonads; Lactobacillus sake and
L. curvatus are the most common LAB in vacuum-
packed raw meat. Carnobacterium, Leuconostoc
and Weissella spp. occur in lower numbers.
Psychrotrophic enterobacteria and B. thermo-
sphacta are sometimes present. B. thermosphacta is
more often found in lamb and pork. Numbers of
LAB on vacuum-packed meat frequently exceed 10*
(log 8)/cm* for several weeks before the meat is
judged spoiled (an initial rather cheesy smell often
dissipates if the pack is left open for a few minutes).
This is because the LAB produce much less obnox-
ious products than pseudomonads in aerobically
stored meat. There are a number of possible reasons
why vacuum-packed meat has apparently spoiled
before the end of its normal shelf-life. Meat with pH
> 6 will spoil rapidly as a result of the multiplica-
tion of Enterobacteriaceae and/or Shewanella putre-
faciens. Meat with apparently normal pH sometimes
has elevated numbers of enterobacteria or B. ther-
mosphacta (> 10°/cm?), which may be the result of
temperature abuse during storage, or possibly poor
hygiene. In addition, psychrotolerant clostridia,
most commonly the psychrophilic species C. ester-
theticum, have emerged during the last 15 years as
a very important cause of spoilage in vacuum-
packed beef and, to a lesser extent, lamb, stored at
proper chill temperature and with normal pH. Packs
sometimes ‘blow’ (become grossly distended with
gas, see Chapter 16) within 2 weeks of packing and
economic losses can be extremely high. The gas
consists largely of a mixture of CO, and H,. The
meat usually appears normal in colour, but has a
very unpleasant vomit-like odour. Gram stains of
the drip fluid sometimes reveal large Gram-positive
rods among the normal small rod-shaped LAB and
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the occasional yeast. Isolation of C. estertheticum is
difficult because there is no selective medium, but
spores may be selected by use of mild heat (65°C)
or ethanol for a few minutes before plating on to
blood agar and incubation at 10°C anaerobically for
2-3 weeks. Colonies of C. estertheticum are nor-
mally B-haemolytic. A more reliable and rapid
method of detection is to use a polymerase chain
reaction (PCR)-type method (e.g. Helps et al., 1999).
Fortunately, there is no evidence that C. ester-
theticum is pathogenic or produces toxins.

Many of the well-known pathogens may be found
on red meat in low numbers, as a result of cross-
contamination from hides and intestinal contents.
Salmonellas are not often present, however, except
in pork and minced products. Campylobacters are
most often found on offal, such as liver, and sur-
vive poorly during their shelf-life. C. perfringens,
and (less often) C. botulinum may be isolated from
raw meat, but pose no threat unless the meat is mis-
handled during processing and/or storage.
Enterohaemorrhagic E. coli O157:H7, which
causes severe disease and has a low infectious dose,
colonizes cattle and sheep, and so can be found on
raw meat. Careful attention to hygiene during
slaughter will minimize its presence on meat, but
cannot guarantee its absence.

The microflora detected on meat sampled during
chilled shelf-life will depend on the method of stor-
age (aerobic, gas or vacuum pack) and the point in
shelf-life. Thus, aerobic plate counts alone are
unlikely to be meaningful. Enumeration of
pseudomonads on aerobically stored meat might be
useful, because > log 7 cfu/cm* would indicate
imminent spoilage. The finding of high numbers of
LAB (> log 8 cfu/cm®) on vacuum- or gas-packed
meat would only confirm the presence of normal
flora. Detection of numbers of Enterobacteriaceae
or B. thermosphacta at 30°C (> log 5 cfu/cm’)
would be cause for concern that the meat might
have been stored at elevated temperature and/or
that hygiene had been lax during slaughter and
cutting.
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COMMINUTED MEAT

This is fresh meat, minced or chopped and with no
added preservative, sometimes prepared from trim-
mings. Instead of being confined to the surface,
organisms are therefore distributed throughout and
further contamination may occur during mincing.
In addition, the normal structure of the meat is dis-
rupted, making the nutrients more readily accessi-
ble to the microflora. Raw minced meat tends to be
spoiled by the same micro-organisms as larger
pieces of raw meat, with the exception that it often
contains significant numbers of yeasts.

Pathogens

As with whole red meat, salmonellas, clostridia and
staphylococci may be present. Tests for E. coli
0O157:H7 in 25 g minced beef are indicated because
minced beef is often used to make beefburgers
(hamburgers in the USA), which have been impli-
cated in outbreaks of disease. This organism is
more of a hazard in beefburgers than on whole
pieces of meat because the microflora occur
throughout the meat, and are more likely to survive
under-cooking.

The EU (EC, 1994) has set limits for freshly pre-
pared minced meat (Table 15.2).

This standard is likely to be revised soon to
include a requirement for the absence of E. coli

0157:H7. This standard is most appropriate for
minced meat intended for consumption without
further cooking, e.g. in steak tartare or filet ameri-
cain.

Numbers of microbes in stored minced meat can
reach considerably higher figures than those indi-
cated above. As the product may not be homoge-
neous, it is useful to take several samples. In a study
of retail minced beef in the UK (Nychas et al.,
1991) the microflora were similar whether the
product had been stored in air or with CO,. Counts
of B. thermosphacta, pseudomonads, LAB,
Enterobacteriaceae and yeasts were all in the region
of 10°-10" cfu/g and total counts were around
10* cfu/g. Aerobic colony counts at 30°C and
Enterobacteriaceae at 30 or 37°C should be
checked. Numbers of E. coli may be useful as an
indicator of hygiene during preparation, and E. coli
0157:H7 could also be sought. This organism is
almost certain to be present occasionally, however,
because it can be found in the faeces of many cattle.
The action to be taken if it is detected should there-
fore be decided in advance

BRITISH FRESH SAUSAGES

Fresh sausages contain comminuted raw meat (usu-
ally pork) and fat, and water mixed with other
ingredients such as phosphates, rind, rusk, season-
ing, spices and herbs. This is filled into a natural or

Table 15.2 European Union limits of bacterial counts for freshly prepared minced meat

Microbes Limits Sampling plan

n < m (/g) M (Ig)
Aerobic mesophilic bacteria 5 2 5x 10° 5x 10°
Escherichia coli 5 2 50 500
Salmonella spp. Absence in 10 g 5 0
Staphylococcus aureus 5 2 100 5000

¢, the number that may exceed m
From EC (1994)

See Chapter |4 for definitions of sampling plans; m, specified number; M, higher specified number; n, total number of samples tested;




artificial casing, with sodium metabisulphite or sul-
phite as preservative (not more than 450 ppm
measured as SO, at the point of sale). This product
should not be confused with smoked sausages,
which are popular in Europe and America

Microbial content

Without the preservative and spices, the microflora
that would develop in this product would be simi-
lar to that in raw minced meat. The preservative
selectively inhibits the Gram-negative organisms,
allowing yeasts and B. thermospbacta to predomi-
nate, with lower numbers of LAB. Spoilage occurs
as a result of slow souring. Shelf-life is longer than
for minced meat, and is extended by gas or vacuum
packing, which slows yeast growth. STAA medium
(Gardner, 1982) is useful for the isolation and enu-
meration of B. thermosphacta. Freshly prepared
sausages often contain about log 4 cfu/g yeasts and
log 5 cfu/g B. thermosphacta. After 7 days of chill
storage the numbers of yeasts can reach log 7 cfu/g
and numbers of B. thermosphacta log 8 cfulg,
whereas numbers of pseudomonads, Entero-
bacteriaceae and LAB remain static at around log
4 cfu/g (Banks et al., 1985).

Pathogens

Sulphite may have played a role in the relatively
good safety record of sausages as a cause of salmo-
nella food poisoning. Although salmonellas can be
isolated from sausages, sulphite will prevent them
multiplying if the product is stored at elevated tem-
perature. E. coli O157:H7 should be a hazard only
in sausages containing beef or lamb.

Viable counts

The Institute of Food Science and Technology
(IFST, 1999) suggests limits for aerobic plate
counts (cfu/g) on sausages immediately after pro-
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duction of < log 5 (and an upper limit of log 7, and
of log 4 and log 6 respectively for yeasts).

Remove the casing, if present, and do total viable
counts using dilutions from 10~ to 107, Incubate at
30°C for 48 h and at 22°C for 3 days. The use of
surfactants, e.g. Tween 80, does not seem particu-
larly advantageous. Sometimes they are inhibitory.

Counts of several million colony-forming units
per gram may be expected. Skinless sausages may
have lower counts than those with casings because
the process involves blanching with hot water to
remove the casings in which they are moulded.

Sausage casings, whether natural (stripped small
intestine of pig or sheep) or artificial, usually do not
present any microbiological problems.

MEAT PIES

Meat pies may be ‘hot eating’, e.g. steak and
chicken pies, or ‘cold eating’, e.g. pork, veal and
ham pies, and sausage rolls. Consumers, however,
cannot, be relied on to reheat ‘hot-eating’ pies thor-
oughly before consumption. In both cases, the pas-
try acts as a physical barrier against post-cooking
contamination of the filling. The filling in most
cold-eating pies includes preservatives, e.g. nitrite
in pork pies and sulphite in sausage rolls.
Temperature fluctuations during storage of these
products in films can result in condensation, soggy
pastry and subsequent spoilage.

‘Hot eating’ pies

The meat filling is pre-cooked, added to the pastry
casing and the whole is cooked again.

Viable counts

Examine the meat content only. Open the pie with
a sterile knife to remove the meat. Prepare a 1:10
suspension in MRD. Do counts on dilutions of
10" and 107 and incubate aerobically and anaero-
bically on blood agar at 37°C for 48 h. A reason-
able level is not more than 100 cfu/g. Numbers in
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excess of 1000 cfu/g may indicate temperature
abuse after cooking (Bacillus or Clostridium spp.),
or under-cooking.

Little other than heat-resistant spores should sur-
vive in these products.

‘Cold eating’ pies

These contain cured meat, cereal and spices which
are placed in uncooked pastry cases. The pies are
then baked and jelly, made from gelatin, spices,
seasoning, flavouring and water, is added. Provided
that the jelly is heated to, and maintained at, a suf-
ficiently high temperature until it reaches the pie,
there should be no problem.

Bad handling, insufficient heating and re-contam-
ination of cool jelly can cause gross contamination
by both spoilage organisms and pathogens.

The pies are cooled in a pie tunnel through which
cold air is blown. At this stage mould contamina-
tion is likely if the air filters are not properly
cleaned. Air in pie tunnels may be monitored by
exposing plates of malt agar or similar medium. As
with hot-eating pies, bad storage may result in out-
growth of spores of Bacillus and Clostridium spp.

Viable counts

Examine only the filling. Do counts on homoge-
nized material using dilutions of 10" and 107.
Incubate at 30°C for 48 h. A reasonable level is less
than 1000 cfu/g.

CURED MEAT

Cured raw meat

This is pork or beef that has been treated with salt
and nitrite, but could be applied to any meat. The
haemoglobin is altered so that the characteristic
pink colour is produced when the meat is cooked.
This is sold as bacon, gammon, cured shoulder, salt
beef or brisket, and has a lower water activity (a,)
and a higher salt content than raw meat.

Bacon has been studied most, but other cured raw
meats are likely to have similar characteristics.
Numbers and species of microbes on sides of bacon
can be very variable, as a result of the variety of
ecological niches present — rind, fat, lean, varia-
tions in pH, a,,, curing salts, etc. Surface spoilage of
refrigerated bacon is mainly caused by
Micrococcus, non-pathogenic Vibrio spp. and
Acinetobacter. Yeasts occur more commonly on
smoked and dried rather than ‘green’ (unsmoked)
bacon. Their growth may sometimes be visible to
the naked eye, and they can be physically removed
without any problem. The generally lower a, and
higher salt result in much lower total numbers of
microbes on the surface than on green bacon.
Gram-negative bacteria are rarely found. As smok-
ing and drying are sometimes carried out at ele-
vated temperatures, and curing salts are often
injected, ‘bone taint’ can sometimes be a problem
(see p. 205).

Vacuum-packed sliced bacon

Most bacon is now sold sliced and packed in
vacuum or CO,, which prevents the oxidation of the
red-coloured nitrosohaemoglobin to brown prod-
ucts such as metmyoglobin. This type of packaging
also extends the microbiological shelf-life to several
weeks at chill temperatures. The predominant flora
consist of LAB, with lower numbers of micrococci.
Numbers of organisms on fat tend to be higher than
on lean. As with vacuum-packed raw red meats,
numbers of these bacteria can reach high levels (up
to 10° cfu/g) during chill storage, producing gradual
souring before spoilage is evident. Table 14.1 (see
p. 200) indicates the types of spoilage organisms.
Storage at temperatures above ambient can result in
putrefactive spoilage as a result of multiplication of
Vibrio spp., and enterobacteria such as Proteus,
Serratia and Hafnia spp., Staphylococcus aureus,
Clostridium perfringens and C. botulinum could
theoretically multiply and produce toxins if bacon
were stored at elevated temperatures, but in practice
this product has not been associated with food-



borne illness. This is most probably because the
product is usually cooked before consumption and
the toxins produced are heat labile. In addition,
these organisms do not compete well with the
majority microflora. Spoilage also intervenes and
the product becomes inedible. Salmonellas might
also be found on bacon, but this food has not been
associated with disease caused by this organism.

Microbial content

The main groups of organisms found immediately
after packaging are micrococci and coagulase-
negative staphylococci. During storage at 20°C,
lactobacilli, enterococci and pediococci become
dominant. Yeasts may also be found. If large
numbers of Gram-negative rods are present it is
usually an indication that the initial salt content
was low.

Vacuum-packed whole and sliced
cooked meats and cooked cured
meats

These meats include cured products, such as ham,
as well as uncured ones, such as cooked beef,
boned chicken or turkey, and pork. The meat is
usually cooked inside a plastic film, which is left on
during distribution and storage, or removed after
cooking. In the former case the product normally
has very low counts; in the latter case some con-
tamination is inevitable. The meat may be used in
catering, or sliced and sold in vacuum or gas packs.
Spore formers will survive cooking, and so
pathogens such as C. perfringens or C. botulinum
could germinate and multiply if the products were
temperature abused. Spoilage caused by psychro-
tolerant clostridia has occasionally been reported
in cooked uncured meat after storage at slightly ele-
vated temperatures (Lawson et al., 1994; Broda et
al., 1997; Kalinowski and Tompkin, 1999).

Other organisms that sometimes survive cooking
include enterococci and some lactobacilli. As with
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vacuum- or gas-packed raw meats, LAB normally
predominate in packed sliced cooked meats, reach-
ing high numbers before gradual spoilage as a
result of souring. Spoilage organisms in aerobically
packed cooked sliced meat are similar to those in
aerobically stored raw meats (predominantly
pseudomonads). Multiplication of small numbers
of S. aureus, introduced during slicing, may occur,
especially in cured meats, such as ham, if the tem-
perature is raised about 10°C. Outbreaks of poi-
soning caused by staphylococcal toxins in ham are
not uncommon, but more often occur as a result of
poor practices in the catering industry (e.g. leaving
meat for extended periods at ambient temperature)
than in industrially produced sliced packed ham.
Multiplication of L. monocytogenes, which can
grow at refrigeration temperature, is possibly a
more important hazard, especially with the current
trend towards longer shelf-life. Levels in excess of
100 cfu/g at the end of the shelf-life are considered
potentially hazardous (EC, 1999).

Laboratory examinations

Whole joints in cooking bags

Do on blood agar and on
MacConkey agar for enterococci. These are useful
organisms for assessing the efficiency of cooking.
Total counts should be less than 1000 cfu/g.

surface counts

Sliced meats

Do total (surface) counts immediately after slicing
and packing. These should not exceed 10* cfu/g,
but much higher numbers can be found during
shelf-life. Numbers of L. monocytogenes should
not exceed 100 cfu/g by the end of the shelf-life
(EC, 1999), and numbers of S. aureus should be
< 1000 cfu/g.

Cooked sausages and paté

As with joints cooked in sealed film, whole cooked
sausages are protected by their casing and, pro-
vided cooking is sufficient, only low numbers of
spore formers will survive. Sometimes, however, a
few enterococci or lactobacilli may survive and
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grow. The spore formers cause no problem if the
product is stored at low temperature. Hydrogen
peroxide produced by lactobacilli can sometimes
cause grey—green, yellow or white discoloration
caused by oxidation of the nitrosyl myoglobin.

Belgian-type paté has similar characteristics to
cooked sausages, except that it is more prone to
post-cooking contamination. It is sometimes deco-
rated with gelatin and pieces of vegetable. LAB
may found at levels > 10° cfu/g. L. monocytogenes
should not be present at levels > 100 cfu/g at end of
the shelf-life.

POULTRY

Intensive rearing produces birds with very tender
flesh, but the close confinement necessary in this
method of production often results in cross-infec-
tion. Poultry meat is thought to be the source of a
large proportion of cases of salmonellosis, and
most cases of campylobacter diarrhoea in the UK
and the USA. Salmonella infections occur either as
a result of undercooking or of raw-to-cooked food
cross-contamination. Campylobacter infections
probably occur by a similar mechanism, as well as
by the hand-to-mouth route after handling the raw
product. Table 14.1 (see p. 200) indicates the type
of spoilage organisms.

Sampling

The neck skin is a good sampling site because (1) it
is the lowest point during processing and all fluids
pass over it, and (2) it is easy to sample and may be
removed without affecting the value of the remain-
der of the carcass. A good alternative is to rinse the
whole carcass.

Place the carcass in a large sterile plastic bag. Add
500 ml diluent (MRD) and (holding the bag tightly
closed) shake thoroughly for approximately 1 min.
Carefully decant the fluid back into the bottle that
held the sterile diluent. Do viable plate counts
on tenfold dilutions of this fluid. Normal counts

on carcass rinsed immediately after chill are listed
below.

Viable counts

Discard the subcutaneous fat from the neck skin,
homogenize a known weight of the remaining
material, prepare dilutions as described in Chapter
10 and use plate count agar. Incubate at 30°C or
37°C for 24-48 h. Express the counts as colony-
forming units per gram of neck skin. These counts
may be about 10 times higher than those obtained
from the skin on other parts of the carcass. Normal
ranges at the abattoir immediately after chill
(log,, cfu/g neck skin) are: viable count, 4.5-5.3;
coliforms, 2.7-3.8; pseudomonads, 2.9-3.9 (Mead
et al., 1993). Counts on carcass rinse are expressed
as log,, cfu or per millilitre rinse fluid: viable count
3.8-6.0; Enterobacteriaceae 2.6-4.6; pseudo-
monads 3.2-5.9 (Corry, unpublished, 2002). As
chlorine in wash water at levels above about 5 ppm
is no longer permitted for washing poultry in the
EU, numbers of coliforms/Enterobacteriaceae tend
to be a little higher than pre-2001.

Pathogens

Examine the carcass rinse or neck skin. Culture for
salmonellas and campylobacters as described in
Chapters 28, 33 and 36 (see also Chapter 14). High
S. aureus counts are sometimes found; these result
from colonization of plucking machines. They are
rarely toxin-producing, food-poisoning strains.
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Fresh, preserved and extended
shelf-life foods

FRESH FRUIT AND VEGETABLES

Spoilage of fresh fruit is mostly caused by moulds.
Mould and yeast counts may be indicated in fruit
intended for jam making or preserving. Orange
serum agar is useful for culturing fungi from citrus
fruit (Lund and Snowdon, 2000).

Washed, peeled and chopped vegetables, in packs
where the atmosphere has been modified either
deliberately, or as a result of the metabolic activity
of the vegetables, to give a raised level of CO, and
reduced O, content, are sold in most supermarkets.
They can include mixtures of vegetables for ‘stir-
fry’ dishes or stews, as well as various types of
salad and lettuce. High viable counts — up to
10’-10° — are normal; products such as bean
sprouts, cress, watercress and spring onions have
the highest counts (Roberts et al., 1981; Lund,
2000; Nyugen-the and Carlin, 2000). Spoilage is
caused by pseudomonads, psychrotrophic non-
pathogenic Enterobacteriaceae (mostly Entero-
bacter, Erwinia and Rahnella spp.),
pectinolytic bacteria and lactic acid bacteria, espe-
cially leuconostocs, as well as lower numbers of
yeasts and moulds. With the exception of the lactic
acid bacteria, which seem to be encouraged by the
raised level of CO,, similar numbers and types of
microflora can be found on loose vegetables.

Although the incidence of contamination with
pathogenic micro-organisms in plant foods is lower
than that on foods of animal origin, they can be
found from time to time. Contamination some-
times occurs as a result of the use of sewage-
polluted water for irrigation, or contamination
with animal or human faeces during harvest. Seeds
used to produce sprouts (e.g. mung beans for bean

various

sprouts) can sometimes contain low numbers of
salmonellas that multiply during germination, and
can be extremely difficult to eliminate from the
seeds. For this reason consumers are often advised
to blanch bean sprouts before eating them in
salads. For products that will be cooked before
consumption, the risk posed by pathogens is clearly
less. There have been outbreaks of various types of
food-borne disease from raw salad vegetables and
from fruit (mostly soft fruit, pre-sliced fruit or
unpasteurized juice), including Shigella sonnei,
salmonellas, pathogenic E. coli (including E. coli
0157:H7), hepatitis A virus, and the protozoa
Cryptosporidium, Giardia and Cyclospora spp. A
very large outbreak of E. coli O157:H7 infection,
caused by contaminated radish sprouts, occurred in
Japan (Michino et al., 1999). Listeria monocyto-
genes can sometimes be isolated from packed veg-
etable products, but rarely in numbers sufficient to
cause concern (i.e. > 100 colony-forming units
(cfu)/g).

Routine examination of these products for all the
pathogens listed above is not practicable (or even
possible). E. coli type 1 can be sought as an indica-
tor of faecal contamination, but coliform, ‘faecal
coliform’ or Enterobacteriaceae counts are not
appropriate because normal spoilage flora will be
included. Limits at use-by date for vegetables in
France are: salmonellas: absent in 25 g; E. coli per
gram: m = 100, M = 1000, #n = 5, ¢ = 25 L. monocy-
togenes: M = 100/g (Nyugen-the and Carlin, 2000).
(For this m is the threshold value for bacterial
count, result satisfactory if not exceeded; M is the
maximum value for bacterial count, result unsatis-
factory if exceeded in any sample; # is the number
of sample units comprising the sample; and c is the



number of sample units that may have bacterial
counts between m and M if the bacterial count of
the other samples is 72 or less.)

DEHYDRATED FRUIT AND
VEGETABLES

These rarely cause outbreaks of disease, although
they too may be contaminated in the same way as
fresh fruit and vegetables. Total counts on dried
vegetables are very variable, and can be as high as
10° cfu/g. Yeasts and moulds are also often present
at levels up to 10* cfu/g. Numbers of bacterial
spores can sometimes be raised, especially if the
vegetables were blanched before drying. In prod-
ucts that may be consumed with minimal heating
(e.g. ‘instant’ soups and dried herbs and spices)
salmonellas should be sought in 25 g, and counts of
E. coli type 1 (not more than 5/g) and Bacillus
cereus and Clostridium perfringens (m = 10, M =
10*) should be done.

Total counts on dried fruit are dominated by
moulds and yeasts. Hazards are most likely to
come from mycotoxins — particularly aflatoxin, in
dried figs or nuts (e.g. peanuts, pistachios, cashews,
Brazil nuts). Level should be < 4 ppb. Aflatoxin-
producing moulds can be enumerated on
Aspergillus  Flavus Parasiticus Agar (AFPA),
although direct detection of aflatoxin is preferable,
because the moulds may no longer be viable.
Desiccated coconut has sometimes been found to
be contaminated with salmonellas.

FROZEN VEGETABLES AND FRUIT

Freezing affects the microbial flora little, and the
microbiological profile should be similar to that of
the fresh product — similar tests should be carried
out (see above). Some vegetable products are
blanched before freezing, lowering the total count
by about 2 log cycles, but contamination frequently
occurs from the processing environment before
freezing. Frozen peas sometimes carry large
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numbers of Leuconostoc spp. and other lactic acid
bacteria (Lund, 2000). A particular hazard to
frozen vegetables from the processing environment
could be L. monocytogenes, although outbreaks
from this source have not been reported. Freezing
cannot be relied on to eliminate pathogens such as
salmonellas or hepatitis A virus.

PICKLES

Vegetables are first pickled in brine. The salt is then
leached out with water and they are immersed in
vinegar (for sour pickles) or vinegar and sugar (for
sweet pickles). Some products are pasteurized.
Spoilage is the result of low salt content of brine,
poor quality vinegar, underprocessing and poor
closures.

Counts

Use glucose tryptone agar at pH 6.8 for total counts
and at pH 4.5 for counts of acid-producing colonies
(these have a yellow halo caused by a colour change
of indicator). Count lactic acid bacteria on Rogosa,
MRS (de Man, Rogosa and Sharp) or other suitable
medium. Estimate yeasts either by the counting
chamber method (stain with 1 : 5000 erythrosin) or
on Rose Bengal chloramphenicol agar.

Culture

Use glucose tryptone and Rogosa or MRS agar for
lactic acid bacteria. Grow suspected film yeasts in a
liquid mycological medium, containing 5 and 10%
sodium chloride for 3 days at 30°C. For obligate
halophiles, use a broth medium containing 15%
sodium chloride.

Microbial content

Pickles are high-acid foods. Counts are usually low,
e.g. 1000 cfu/g. Yeasts are a frequent source of
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spoilage and may be either gas producing or film
producing. In the former, enough gas may be gen-
erated to burst the container. Bacterial spoilage
may be caused by acid-producing or acid-tolerant
bacteria such as acetic acid bacteria, lactic acid bac-
teria and aerobic spore bearers. Infected pickles are
often soft and slimy.

Pickles of the sauerkraut type are fermented and
therefore contain large numbers of lactic acid bac-
teria (Lactobacillus and Leuconostoc spp.) which
are responsible for their texture and flavour.

Acid-forming bacteria are active at salt concen-
trations below 15%. Above this concentration,
obligate halophiles are found.

KETCHUPS AND SAUCES

The most common cause of spoilage is
Zygosaccharomyces (Saccharomyces) baillii. This
yeast grows at pH 2, and from < 5°C up to 37°C, in
50-60% glucose; it is relatively heat resistant.

SUGAR AND CONFECTIONERY

Sugars, molasses and syrups

The importance of micro-organisms is related to the
intended use of the products, e.g. flat-sour bacteria
(see pp. 221 and 365) are more important in baking
than in canning. Do total counts, examine for spore-
forming thermophiles (B. stearothermophilus,
Desulfotomaculum (formerly Clostridium) nigrifi-
cans, C. thermosaccharolyticum), and for yeasts and
moulds. Spoilage is often caused by osmotolerant
yeasts; culture for these on a medium of low water
activity (DG18 agar).

Chocolate and cocoa powder

Chocolate has been shown to be the vehicle of sal-
monella infection in a number of cases (see the
review by D’Aoust, 1977).

Fresh, preserved and extended shelf-life foods

The standard method of examination for salmo-
nellas needs to be modified in order to neutralize the
natural inhibitory effect of cocoa products. Add 25 g
cocoa powder, or shave 25 g chocolate into 225 ml
buffered peptone water with 10% non-fat dried milk
and then proceed according to the standard method
(enrichment in
Rappaport Vassiliadis broth, etc. — see Chapter 14).
Do not place large lumps of chocolate into liquid
medium. Automated methods, especially those
employing impedimetric principles, are useful for
salmonella screening in industry. Examine spoiled
soft-centred chocolates for yeasts and moulds by
direct microscopy and culture on DG18 medium.

selenite or tetrathionate and

CAKE MIXES AND INSTANT
DESSERTS

Spores are likely to be present, e.g. of C. perfrin-
gens and B. cereus. Salmonellas and staphylococci
may survive processing or be post-processing con-
taminants. Any of these organisms may multiply if
the product is reconstituted and then kept under
unsuitable conditions. The powdered product may
also cross-contaminate other products that could
provide suitable conditions for growth.

Do total viable counts; test for C. perfringens and
B. cereus (m = 10>, M = 10%), E. coli (m =10, M =
100), Staphylococcus aureus (M = 10°) and salmo-
nellas (absent in 25 g).

Salmonellas and E. coli are potentially much more
hazardous in instant desserts than in cake mixes,
which will be cooked before consumption.

CEREALS

Contamination occurs from many sources — soil,
manure, insects, animals, birds and fungal infection
before or after harvest (see Legan, 2000).

Flour

White flour, freshly milled, contains relatively high
numbers of micro-organisms — total count 30°C:



5 x10° -= 5 x 10°; yeasts and moulds a factor of 10
lower, with higher numbers in whole-grain flour.
Numbers of vegetative bacteria, yeasts and moulds
decline during storage. Low numbers of coliforms
can be found in most samples of freshly milled
wheat flour, with E. coli in about 50% and salmo-
nellas in 0.3-2.3% of 1-g samples. Low numbers of
the food poisoning bacteria S. aureus and B. cereus
are commonly found (< 10%g) and could be a
source of illness if allowed to multiply to high
levels. Mycotoxins are probably the most serious
potential hazards in flour. Trichothecenes
(deoxynivalenol and to a lesser extent nivalenol)
and ochratoxin, produced by moulds of the genus
Fusarium, are relatively common in wheat, espe-
cially wheat imported into the UK. Aflatoxin and
deoxynivalenol can sometimes be found in North
American maize. These toxins are formed in the
field, not during storage. If flour gets damp it will
spoil as a result of the growth of moulds.

If the flour will be used to make bread without
preservatives (e.g. propionic or acetic acid), the
concentration of spore formers implicated in ‘ropey
bread’ (B. subtilis and B. lichenformis) will be of
interest. If it is to be used to make raw chilled pas-
try, the numbers of lactic acid bacteria present in
the flour will affect its shelf-life — this should be
< 1000/g. Numbers of spores of thermophilic spore
formers, stearothermophilus and
B. coagulans, are relevant if the flour is to be used
as an ingredient of a canned food.

such as B.

Pastry

Uncooked pastry, prepared for factory use or for
sale to the public, may suffer spoilage caused by lac-
tobacilli. Do counts of lactic acid bacteria on Rogosa
or MRS agar, and incubate at 30°C for 4 days.
Counts of up to 10 000/g are not unreasonable.

Pasta products

These are made without a heating step from wheat
flour, semolina, farina and water. Egg (powdered
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or frozen), spinach, vitamins and minerals may be
added. The egg in particular may contain salmonel-
las and, although these may be destroyed in the
subsequent cooking, there is the possibility of
cross-contamination from uncooked to cooked
products.

High levels of S. aureus and/or preformed staphy-
lococcal enterotoxin have been reported in dried
pasta with or filling (International
Commission on the Microbiological Specifications
for Foods, ICMSF, 1998).

without

Examination

As contamination is likely to occur during manu-
facture, it is necessary to liberate the organisms
from within the pasta.

Add 25 g pasta to 225 ml MRD and allow it to
soften at room temperature for about 1 h.
Macerate, e.g. in a Stomacher, and do total, E. coli
and S. aureus, B. cereus, and yeast and mould
counts.

Inoculate salt meat broth. Incubate at 37°C for
24 h and plate on Baird-Parker medium for staphy-
lococci. If staphylococcal enterotoxin is suspected,
in the absence of viable S. aureus (e.g. if
microscopy reveals large numbers of non-viable
Gram-positive cocci), use one of the commercial
kits see (p. 332). Examine 25 g for salmonellas.

Extrusion-cooked products

These include breakfast cereals and crispbreads,
and may be textured with vegetable protein and
bread crumbs. The liquid and solid ingredients are
blended, shaped and cooked within 1-2 min.
Examine as for pasta.

GELATIN (DRY PRODUCT)

Gelatin is often used to top up pastry cases of cold-
eating pies, in canned ham production and in ice-
cream manufacture. It should be free from spores
and coliforms.
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If the process involves low-temperature reconsti-
tution examine for S. awureus, salmonellas and
clostridia.

Examination

Weigh 5 g gelatin into a bottle containing 100 ml
sterile water and allow to stand at 0-4°C for 2 h.
Place the bottle in a water-bath at 50°C for 15 min
and then shake well. Mix 20 ml of this solution
with 80 ml sterile water. This gives a 1:100 dilu-
tion. Use 1.0 and 0.1 ml for total counts by the
pour-plate method. Incubate at 37°C for 48 h.
Examine 25 g of dry product for salmonellas.

Gelatin for ice-cream manufacture

Fresh, preserved and extended shelf-life foods

SPICES AND ONION POWDER

A plastic bag inverted over the hand is a satisfac-
tory way of sampling spices. Some of them are
toxic to bacteria and the initial dilution should be
1:100 in broth (except for cloves which should
be 1:1000). Do total viable counts and, if
indicated by intended usage, consider inoculating
B. cereus-selective agar (e.g. PEMBA, see Table
14.1) and one of the media for staphylococci and
salmonellas.

The total counts on these materials vary widely.
Total viable counts of 10%g are generally accept-
able, but low spore counts are important if these
materials are to be used for canned foods: an
acceptable level at 30 and 55°C is < 100/g.

COCONUT (DESICCATED)

Do a semi-quantitative coliform estimation using
MacConkey or similar broth. Add 10 ml 1:100
gelatin to 10 ml double-strength broth; add 1 ml
1:100 gelatin to 5 ml single-strength broth and
0.1 ml 1:100 gelatin to 5§ ml single-strength broth.
Incubate at 37°C for up to 48 h and do confirma-
tory tests where indicated (see p. 253). Thus, the
presence or absence of coliforms and E. coli in 0.1,
0.01 or 0.001 g of the original material can be
determined. It is desirable that coliforms should be
absent from 0.01 g and E. coli absent from 0.1 g.
The total count in gelatin to be used for ice-cream
manufacture should not exceed 10 000 cfu/g.

Gelatin for canned ham production

This should have a low spore count. After doing
the total counts, heat the remaining 1:100 solu-
tion of gelatin at 80°C for 10 min. Plate 4 X 1 ml of
this solution on standard plate count medium.
Incubate two plates at 37°C and two plates at 55°C
for 48 h. There should be no more than one colony

per plate. The total count should not exceed
10000 cfu/g.

In the 1950s and 1960s this product was often con-
taminated with salmonellas. In spite of improved
processing it is still a potential hazard in the con-
fectionery trade. Examine samples for salmonellas
by the method described on p. 295.

OILY MATERIAL

Mix 1.5 g tragacanth with 3 ml ethanol and add
10 g glucose, 1 ml 10% sodium tauroglycocholate
and 96 ml distilled water. Autoclave at 115°C for
10 min. Add 25 g of the oily material under test
and shake well. Make dilutions for examination in
warm diluent.

Salad creams

These contain edible oils and spoilage may be
caused by the lipolytic bacteria. Test for these with
tributyrin agar. Examine for coliform bacilli and
thermophiles. All these should be absent. There
should not be more than five yeasts or moulds per
gram.



Mayonnaise-based salads

Examine for lactobacilli. Yeasts will also grow so
colonies should be examined by Gram staining.
Alternatively, do parallel counts on both MRS
medium (lactobacilli plus yeasts) and MRS con-
taining 100 mg/ml chloramphenicol (yeasts only)
(Rose, 1985).

CANNED, PREPACKED AND
FROZEN FOODS

The practice of prolonging the shelf-life of foods by
sealing them in metal or glass containers and heat
processing them has long been established, but
modern packaging materials have given the con-
sumer a wider choice. Some products are sterilized
and then aseptically packed into sterile containers —
usually flexible. Excellent quality assurance during
these processes is of paramount importance, partic-
ularly for low acid products (Codex Alimentarius
Commission, CAC, 1993a), but the principles for
microbiological examination are similar to those
for products sterilized in pack.

Eating habits have changed. Single portions that
can be taken from the freezer or cupboard and
heated in a microwave oven are popular. With
these, packaging is important. It should:

prevent contamination by micro-organisms
preserve quality and nutritional value

be inert and offer no hazard in use

be economic to manufacture and distribute

be easily labelled.

Routine control of the product in the factory is
the responsibility of the quality assurance and lab-
oratory departments of the manufacturer, but
other laboratories may be asked to help when
defects or spoilage has developed after the products
have left the factory or where the product is sus-
pected of having caused food poisoning.
Occasionally, arbitration between suppliers of
ingredients and manufacturers of finished goods is
necessary.
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Sealed containers intended to be stored at ambient
temperature for long periods pose the highest risk if
errors occur during or after processing. Canned
foods are divided into two categories, depending
on whether they can support germination, multipli-
cation and toxin production by C. botulinum
spores. This organism cannot grow in a product
with a pH < 4.5. Hence only products with a pH
> 4.5 (‘low acid’) need to be heated sufficiently to
kill C. botulinum. This type of product is usually
given at least a ‘12D’ heat treatment, i.e. the time at
a particular temperature sufficient to kill 10"
spores of C. botulinum (3 min at 121°C, or equiv-
alent treatment at another temperature). Low acid
foods include meat and fish, as well as many veg-
etables. Acid canned foods are mostly fruits, and
can be preserved by a more gentle heat treatment
(< 100°C), although they are still occasionally
spoiled by spore formers if the raw material is
heavily contaminated. These can be Bacillus or
Clostridium spp. or ascospores of Byssochlamys
fulva and B. nivea or spores of Alicyclobacillus.

Microbiological examination of canned foods
should be carried out by specially trained person-
nel. Detailed instructions can be found in various
publications, e.g. CAC (1979b, 1993b), Food and
Drug Administration (FDA, 1998). Figures 16.1
and 16.2 are flow charts of procedures adapted
from CAC publications.

Investigations normally include detailed exami-
nation of the can seams. The following sections
provide information about the defects that can
occur during or after canning. Faults are usually
uncommon (< 1 per 1000 cans) and cannot be
detected by post-production quality control sam-
pling — the canning process must be run using a
quality assurance system such as the Hazard
Analysis Critical Control Point system (HACCP)
(ICMSF, 1988a; Shapton and Shapton, 1991). It is
customary, however, to hold all cans at 37°C for
about 14 days after production, while routine
quality control checks are carried out (e.g. exami-
nation of can seams) and to examine the cans
visually for signs of spoilage (i.e. bulging -
Shapton and Shapton, 1991).
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Sample
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Aerobic broth culture

|
30-37°C? up to 4 days

Growth

|
55°C up to 4 days

Growth (rods)

Microscopy —— Mixed flora: cocci, yeasts,

moulds indicate post-
process contamination

Rods only present

NAMR® 35°C up to
10 c{ays

I
Microscopy shows
spores

Heat for 10 min
at 100°C

NAMn, 35°C up

to 4 days 55°C up to 4 days

Growth suggests
insufficient heating

Growth suggests
insufficient heating

|
No spores, indicates post-
processing contamination

NAMn, 55°C up to 4 days

Microscopy shows spores

Heat for 10 min at 100°C

NAMn, 35°C up to 4 days, 55°C up to 4 days

|
Thermophile aerobic

Bacillus spp.

Mesophilic aerobic
Bacillus spp.

Normal, unless
product stored at high
temperature

Suggests insufficient
heating process

Figure 16.1 Flow diagram for the aerobic culture of low-acid canned foods.

* Incubation temperature may be varied according to environmental conditions. ® Nutrient agar plus 0.4 mg/l manganese chloride to
encourage sporulation of Bacillus subtilis (adapted from Codex Alimentarius Commission, 1979b)

Types of container

Cans

Tin plate and aluminium are widely used.
Lacquering gives resistance to corrosion. Welded
three-piece cans have largely superseded the
soldered type. Base metal thickness has been
reduced, giving lighter and cheaper cans, but these
have to be ‘beaded’ to withstand processing.
Two-piece cans with ‘easy-open ends’ are
popular.

Jars and bottles

These are made of glass and closed with metal cap
and resilient seals, sometimes under vacuum. Jars
and bottles should be tamper proof.

Trays
These are made of aluminium or aluminium/
polypropylene laminated, with lids.

Semi-rigid flexible plastic and laminate
containers

These are easy to stack, light and allow a shelf-life
of up to 2 years. Plastic-sided, metal-ended con-

tainers are used for fluids. For a review of contain-
ers, see Dennis (1987).

Types of blown can

Gas-producing organisms cause the can to swell.
The first stage is the ‘flipper” when the end of the
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Sample

Anaerobic broth culture

30-37°C? up to 10 days

Growth
Microscopy

Mixed flora: cocci,
yeasts, moulds,
indicate post-

55°C up to 4 days

Growth
Microscopy

process contamination

Rods with spores
present: indicates
insufficient heating.

If clostridia check
culture for botulinum
toxin

Rods without
spores: culture on
other anaerobic
media; absence of
spores indicates
post-process
contamination

Long, thin, poorly
stained rods:
probably thermophilic
anaerobes; indicates
insufficient cooling,
high temperature
storage or that
heating to >118°C
be used. Does not
indicate insufficient
heating

Shorter rods: possibly
facultative Bacillus
ssp. If product dark
possibly sulphide
spoilage sporebearer
Either indicates
insufficient cooling or
high temperature
spoilage. Does not
indicate insufficient
heating
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Heat for 10 min at
100°C in anaerobic
broth medium;
incubate at 35°C for
14 days

Figure 16.2 Flow diagram for the anaerobic culture of low-acid canned foods.

Note that spores of thermophilic anaerobes are rarely seen or found in microscopy or first subculture, hence no heating is suggested. It

may be used, however, followed by anaerobic subculture at 55°C. * Incubation temperature may be varied according to environmental
conditions (adapted from Codex Alimentarius Commission, CAC, 1979b)

can flips outward if the can is struck sharply. A
‘springer’ is caused by more gas formation.
Pressing the end of the can causes the other end
to spring out. The next stage is the ‘swell’ or
‘blower’ when both ends bulge. A ‘soft swell’ can
be pressed back but bulges again when the pres-
sure is released. ‘Hard swells’ cannot be com-
pressed.

Spoilage may not result in gas formation and
may be apparent only when the can is opened.
This kind of spoilage includes the ‘flat-sour’
defect. In addition, hydrogen gas is sometimes
produced in cans where microbial spoilage has
not occurred. This is usually the result of a reac-
tion between the contents of the can and the
metal.

Spoilage caused by micro-organisms

Microbiological examination of cans can be done
with or without prior incubation. If a can already
shows signs of spoilage, e.g. swelling, it may be
sufficient to open it with suitable precautions and
examine the contents. Cans that appear normal
may be incubated for up to 14 days at 37°C,
examining at intervals for progressive swelling.
Swollen cans are removed, and examined. Cans
that do not swell are examined after 14 days.
Initial microscopic examination is followed by cul-
tural tests. Cans must be opened in a way that the
seams are not damaged and so that the possibility
of contamination from outside the can is mini-
mized. This involves the use of a laminar flow or
safety cabinet, decontamination of the outside of
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the can, e.g. with 4% iodine in 70% ethanol, and
sterile instruments to open the can and sample the
contents. Samples of the contents should be taken
from below the surface. Blown cans (grossly dis-
tended) should be refrigerated before opening, and
precautions taken to prevent spillage of contents
during opening (e.g. put a cloth or funnel over the
can).

Leaker spoilage

Contrary to the usual understanding of this word,
leakage in canning usually refers to entry inwards
rather than exit outwards. After autoclaving and
during cooling there is negative pressure in the can,
and bacteria may be drawn in through minute
holes. These holes can occur because of faults in
can seams, particularly where the end-seams cross
the body seams, but leakage can occur in cans with
normal seams if hygienic conditions have not been
maintained during cooling and drying of the cans.
It is important therefore that water used to cool
cans is treated, e.g. with chlorine, to minimize
numbers of micro-organisms in the water. Even dry
surfaces in contact with wet cans need to be
cleaned and disinfected frequently in order to min-
imize contamination. Leakage can also be caused
by rough treatment of cans during processing or
cooling. When the seams are dry, the chances of
contamination are slight. Wetting cans during
shelf-life can also result in leakage. Cans contami-
nated by leakage usually contain a mixture of
bacteria, which can include pathogens such as
S. aureus or even C. botulinum, as well as (more
commonly) spoilage organisms. The cans may or
may not appear ‘blown’. Presence of holes can be
checked on the empty and thoroughly cleaned can
by use of vacuum or pressure.

Underprocessing or no processing

Gross underprocessing or no processing will usu-
ally have been found by the manufacturer’s tests.
Mixtures of micro-organisms (rods, cocci, yeasts
and moulds) will be found. When the processing
treatment is only slightly suboptimal, it is common
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to find only one type of (spore-forming) organism
consistently from can to can, often in a similar
position in each can.

Inadequate cooling

If cooling is too slow or inadequate or the cans are
stored at very high temperatures, e.g. in tropical
countries, there may be sufficient time for the
highly resistant spores of B. stearothermophilus to
grow and multiply. The optimum growth tempera-
ture for this organism is between 59 and 65°C. It
will not grow at 28°C or at a pH of less than S.
Together with B. coagulans, it is the chief cause of
“flat-sour’ spoilage in canned foods. Most strains of
B. coagulans will grow at 50-55°C. They will also
grow in more acid conditions.

Preprocessing spoilage

This can occur when the material to be canned is
mishandled before processing, e.g. if precooked
meats with a large number of surviving spores are
kept for too long at a high ambient temperature,
this may result in the outgrowth of spores and the
production of gas. When canned, the organisms
will be killed, leaving the gas to give the appearance
of a blown can.

Types of food and organisms causing
spoilage

Low-acid foods

If the pH is 4.5 or above, as in canned soups, meat,
vegetables and fish (usually about pH 5.0), the cans
are given a ‘12D’ process. One of the following
thermophiles is usually found in spoilage caused by
underprocessing.

® B. stearothermophilus, causing ‘flat-sour’
spoilage



o C. thermosaccharolyticum, causing ‘hard
swell’

® Desulfotomaculum (previously Clostridium)
nigrificans, causing ‘sulphur stinkers’

® Mesophilic spore bearers, obligate or
facultative anaerobes, causing putrefaction.

Leaker spoilage

This may be the result of a variety of organisms:
aerobic and anaerobic spore bearers, Gram-nega-
tive non-sporing rods and various cocci, including
Leuconostoc and Micrococcus spp., may be found.
S. aureus (food poisoning type) has been isolated.

Acid foods

Canned foods with pH 3.7-4.5 include most
canned fruits. As C. botulinum cannot grow at or
below pH 4.5, these foods are usually given a
much milder heat treatment than low acid foods.
Aerobic and anaerobic sporebearers may cause
spoilage but this is not common. Lactobacilli and
Leuconostoc spp. have been reported. Osmophilic
yeasts and the mould Byssochlamys spp., which
produces heat resistant spores, are sometimes
found. Acid canned foods are too acidic for the
growth of most bacteria and leaker spoilage is
uncommon.

High-acid foods

These foods are given a mild heat treatment, as
with acid foods. Spoilage is rare in processed foods
with a pH of 3.7 or less, e.g. pickles and citrus
fruits. Spores of Alicyclobacillus spp. sometimes
spoil these products. Yeasts may be found when
there has been serious underprocessing.

Canned cured meats, e.g. ham,
corned beef

As these are preserved with salt and nitrite, they
can be given a less severe heat treatment than other
low acid foods because, although C. botulinum
spores can survive this treatment, they are unable
to germinate and multiply.
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Some cured meats are deliberately given a non-
sterilizing process because they are rendered less
palatable by autoclaving. Catering-size cans of ham
and mixtures of ham and other meat are preserved
with salt and nitrite, and given the minimum heat
treatment. The manufacturers do not claim sterility
and the label on the can invariably recommends
cold or cool storage. The pH, salt, and nitrite con-
tent and storage temperature should be such that
the bacteria in the can are prevented from multi-
plying. There is evidence that some species of ente-
rococci produce antibacterial substances in canned
hams, which act antagonistically on some species
of clostridia, lactobacilli and members of the genus
Bacillus. This is most likely a factor in the success-
ful preservation of commercial products of this
nature (Spencer, 1966; Kafel and Ayres, 1969;
Gardner 1983).

Frozen foods

Some frozen convenience foods are mentioned
here, others — frozen meat, fish and ice-cream — are
included under their appropriate headings in
Chapters 15, 17 and 18. For frozen vegetables, see
p- 215 (see also CAC, 1999; Lund, 2000).

The minimum temperature for multiplication of
microbes in foods is generally accepted to be about
-10°C. Frozen foods are normally stored at -18 to
—-20°C, and so should be microbiologically stable.
If the temperature is allowed to rise to around
-10°C, spoilage is likely to occur as a result of
growth of yeasts and moulds. Freezing cannot be
relied on to destroy micro-organisms, however,
although it can be used in inactivate parasites such
as Trichinella spp. Frozen foods will therefore have
a microflora similar to the fresh foods from which
they were prepared. Their shelf-life is normally
limited by biochemical deterioration.

Examination

This can be carried out in a similar way to examin-
ing fresh foods, except that it should be understood
that a proportion of the population is likely to be
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sublethally damaged by freezing (Mackey, 2000).
This means, for instance, that colony counts of
Enterobacteriaceae or coliforms may be affected by
bile salts in VRB or VRBG agar. To compensate for
this, a resuscitation step can be inserted, such as
inoculating plates of non-selective agar for a few
hours before over-layering with selective medium,
or by putting the inoculum on a membrane filter that
can be transferred from a non-selective to a selec-
tive medium. Enrichment protocols for recovering
pathogens such as salmonellas or listerias from
foods usually include a resuscitation step, so special
procedures are not usually needed for frozen foods.

Precooked chilled (‘cook—chill’)
products

The safety and shelf-life of these foods depend on
sublethal treatment and aseptic packaging. Major
advances in transportation and handling of chilled
and frozen products have increased the availability
of these foods. Chilled foods account for over 40%
of expenditure on foods in the UK. Temperatures
should be controlled between +1°C and +4°C
throughout handling and storage. As many of these
foods are capable of supporting the growth of
food-poisoning organisms, it is important that they
are not mishandled.

The packaging and the food are sterilized sepa-
rately and united under ‘commercially sterile’ con-
ditions. Flexible pouches and semi-rigid pots and
cartons are used for low acid foods, e.g. ice-cream,
custards, soups and sauces.

Cook—chill catering

This system is used by hospitals, works canteens,
prisons, schools, and banqueting and travel organ-
izations. It demands a high level of technical con-
trol to ensure safety and quality. If handled and
stored according to the guidelines (Department of
Health, 1989) they should be safe.

Bacteriological examination

These products may be examined by the same
method as other foods, and the same standards
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should apply. These foods should conform to the
following standards:

Viable count after 48 h at 37°C - < 100 000/g
E. coli— < 10/g

S. aureus — < 100/g

Salmonella spp. not present in 25 g

Listeria monocytogenes not present in 25 g

C. perfringens not present in 100 g.

‘Sous vide’ products

These are cook—chilled foods that are vacuum
packed and given a mild heat treatment in the
range 65-75°C. They are used primarily in the
catering industry, The packaging prevents post-
cook recontamination, but the mild heat treatment
allows spores to survive, so these products must be
stored below 3°C in order to prevent growth of
psychrotrophic spore formers — especially non-pro-
teolytic C. botulinum. Shelf-life can be several
weeks. Clearly, it is important that the storage tem-
perature of these products is carefully controlled. It
has been suggested (Gould, 1999) that products
intended to have a long shelf-life should either be
treated in order to give a 6-log cycle reduction of
psychrotrophic C. botulinum spores, which is 90°C
for 10 min, or equivalent, or have other preserva-
tive factors (pH < 5 or water activity (a,) < 0.97 or
NaCl > 3.5% [salt on water]). The Advisory
Committee on the Microbiological Safety of Food
(ACMSEF, 1992) recommended that ‘sous vide’
products given a mild heat treatment should have a
shelf-life not exceeding 10 days.

Nissen et al. (2002) found that all studied ‘sous
vide’ meals heat treated at 85-100°C for 10-60
min had an initial total viable count (TVC) < 10%/g,
and 75% < 10/g. Similar numbers were found after
3-5 weeks’ shelf-life, storing at 4°C for the first
third and 7°C for the rest of the time. In another
study (Nyati, 2000), meat and other dishes were
heated to internal temperatures varying from 68 to
85°C. Reductions in total count varied from 4 to 6
log cycles and satisfactory results were obtained
after storage at 3°C for 4 weeks, but after 2 weeks
at 8°C 8 of the 18 products were spoiled — with
high counts of lactic acid bacteria and sometimes



pseudomonads. B. cereus (> 3 x 10* cfu/g) was
found in one chicken product.

Apart from B. cereus and non-proteolytic C. bot-
ulinum, other psychrotrophic pathogens that might
multiply in sous vide foods and hence could be
tested for, are Listeria spp., Yersinia spp. and
Aeromonas spp.

BABY FOODS

Direct breast-feeding allows little chance of infec-
tion of the infant with enteric pathogens. Testing of
human milk is described on p. 243. With other
feeds contamination may occur during the time lag
between production and consumption.

There are many milk preparations and weaning
formulae, as well as dried, bottled and canned
foods designed for small children. Dehydrated milk
may contain organisms that have survived process-
ing and these may multiply if the product is not
stored correctly after it is reconstituted. Dirty
equipment may contribute bacteria to an otherwise
sterile material. Unsuitable water may be used for
reconstitution. Since an outbreak of salmonellosis
in the UK, from a contaminated dried milk-based
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formula, attention has been paid to sampling plans
for salmonellas in dried milks. Sampling plans in
the Codex Code of Hygienic Practice for Foods for
infants and children (CAC, 1979a) are shown in
Table 16.1. Enterobacter sakazaki has recently
been found in infant food formulae and implicated
as the cause of severe disease in babies. It may be
sought using a sampling plan similar to that for
salmonellas (Iverson et al., 2004).

Central milk kitchens in maternity units should
have very high standards of hygiene (see p. 245 for
sampling surfaces, etc.). In-bottle terminal heating,
with teat in place, is good practice.

Viable counts should be low and pathogens
should be absent (see Robertson; 1974; Collins-
Thompson et al., 1980). Nasogastric feeds should
conform to the same standards.

Heat-treated jars and cans should be examined
as described for extended shelf-life foods on
p. 219.

SOFT DRINKS

Total counts should be low and coliform bacilli
absent, as in drinking water. Membrane filters can

Table 16.1 Advisory microbiological specifications for foods for infants and children

Product Test n c Limit per g
m M
Dried biscuit type products:
Plain None - - - -
Coated Coliforms 5 2 <3 (by MPN) 20
Salmonellas® (chocolate coatings only) 10 0 0 -
Dried and instant products (e.g. milk) Mesophilic aerobic bacteria 5 2 10° 10*
Coliforms 5 I <3 (by MPN) 20
Salmonellas® 60 0 0 -
Dried products requiring heating before Mesophilic aerobic bacteria 5 3 10* 10°
consumption Coliforms 5 2 10 100
Salmonellas® 5 0 0 -
* 25 g of sample examined
m is the threshold value for bacterial count, result satisfactory if not exceeded; M is the maximum value for bacterial count, result
unsatisfactory if exceeded in any sample; n is the number of sample units comprising the sample; and c is the number of sample units
that may have bacterial counts between m and M if the bacterial count of the other samples is m or less (from Codex Alimentarius
Commission, (1979a)
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be used to test water intended for soft drink
production as well as the end product. Millipore
publish a very useful booklet on the microbio-
logical examination of soft drinks. Yeast and
mould spoilages are not uncommon and they may
raise the pH and allow other less acid-tolerant
organisms to grow.

In non-carbonated fruit drinks, yeasts are not
inhibited by the amounts of preservatives that are
permitted by law. Spoilage is generally controlled
by acidity (except Zygosaccharomyces baillii) (see
‘Ketchups’, p. 216). In both these cases and car-
bonated drinks, the microbial count diminishes
with time.

FRUIT JUICES

Lactic acid and acetic acid bacteria may grow at
pH 4.0 or less in some fruit juices.

Heat-resistant fungi can cause problems in con-
centrated juices. Screen by heating at 77°C for
30 min. Cool and pour plates with 2% agar.
Incubate for up to 30 days. Dip slides, including
those with medium for yeasts and fungi, are useful.

Automated counting methods (e.g. ATP assay) are
useful. Fruit juices are incubated at 25°C for
24-48 h (72 h for tomato juice), the reagent is
added and incubated for 45 min when the instru-
ment gives the result.

BOTTLED WATERS

For information on bottled waters, see p. 257.

MILK-BASED DRINKS

For information on milk-based drinks, see p. 239.

VENDING MACHINES

Water and flavoured drinks in vending machines
may be of poor quality, with high counts
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(> 1000 cfu/ml) and coliforms. This may be the

result of inadequate cleaning (see Hunter and
Burge, 1986).

USEFUL REFERENCES

Food microbiology is a very large subject and in
addition to the references cited in this chapter and
those preceding it the following are recommended:
Hersom and Hulland (1980); Jowitt (1980);
Harrigan and Park (1991); Roberts and Skinner
(1983); ICMSF (1986, 1988, 1998a, 1998b,
2002); Shapton and Shapton (1991); Hayes (1992);
Jay (2000); Lund et al. (2000); Dowens and Ito
(2001).
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Fresh fish, shellfish and crustaceans

Examples of these three broad groups are shown in
Table 17.1. Quality is assessed best by appearance
and odour. As with other foods, bacteriological
examination involves assessing the presence and
numbers of micro-organisms that affect the quality
of the food (i.e. the spoilage flora that influence the
freshness or shelf-life of the product) and those that
may affect human health.

Table 17.1 Broad definition of fish species

Fish type Examples of species

Finfish Cod, plaice, mackerel, salmon,
trout
Molluscan shellfish Mussels, oysters, scallops, clams

Crustaceans Shrimp, prawns, crab, lobster

FRESH FISH

Microbial content

Total bacterial counts are still used today, although
usually in combination with other microbiological
indices such as numbers of spoilage bacteria and
the presence of potentially pathogenic bacteria.
Fish muscle taken aseptically from a newly killed
fish is sterile, but micro-organisms increase in num-
bers during storage. Numbers on the surface of fish
differ depending on where the sample was taken.
Liston et al. (1976) found that numbers on freshly
caught fish varied between 10> and 10° colony-
forming units (cfu)/cm’ on the skin, 1 log less in the

gills and up to 107 per g in the intestines of actively
feeding fish. Large numbers of pseudomonads,
flavobacteria, coryneforms, and Acinetobacter,
Aeromonas and Cytophaga spp. are often associ-
ated with the slime that occurs naturally on the
skin. Micrococci and photobacteria (luminescent in
the dark on some media) are often present.
Mycobacteria are also found in fish and cause
problems, especially in farmed fish raised in large
impoundments of water or in tanks in the southern
USA.

Numbers of bacteria increase with time of storage
but only a critical proportion of these affects the
organoleptic quality of the food. The total count
method should vary depending on the conditions
under which or where the fish was caught. In the
UK, local sea temperatures are generally low and
the temperature of agar plate incubation should
reflect this to estimate bacterial numbers as accu-
rately as possible. The former fisheries research
institute at Torry in Aberdeen, UK recommended
incubation at 20°C, which is the optimum growth
temperature for the majority of bacteria found in
local waters. Some fish-associated micro-organisms
grow rather slowly, however, and an incubation
period of 5 days was also recommended. This incu-
bation time produced maximum counts, although
numbers at 3 days were sometimes not significantly
lower.

Viable count

The method may vary depending on the type of fish
under investigation. For whole fish, select several
sites and aseptically peel back the skin and remove
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25 g muscle for testing. In the case of small fish
such as whitebait, the whole fish is often consumed
and so the whole should be tested. For fillets, select
from the cut surface. Counts will be influenced
greatly by any inclusion of skin or intestines in the
examination of filleted fish portions

Add 225 ml chilled phosphate-buffered saline to
25 g fish and homogenize for 2 min. Plate 0.1-ml
volumes (in duplicate) of serial dilutions on nutri-
ent agar containing 0.5% NaCl (some nutrient
media do not normally contain NaCl), and incu-
bate at 20°C for 3-5 days. Count the colonies on
plates containing between 30 and 300, and calcu-
late the numbers of colony-forming units per gram.
Counts of > 10%g in most fish indicate little or no
remaining shelf-life but if intestinal or skin tissue
were assayed then this value could be one- to ten-
fold greater.

Selective counts

count because it can be used to estimate remaining
shelf-life. Spoilage bacteria may be selectively
assessed (Wood and Baird, 1943) by their produc-
tion of hydrogen sulphide (black colonies) on cys-
teine-iron agar. Gibson and Ogden (1987) used
numbers of H,S-producing bacteria to predict the
shelf-life of packaged fish, as did Gram and Huss
(1999), who observed good correlation between
numbers of H,S-producing bacteria and remaining
shelf-life of iced cod (Table 17.2).

Plate homogenates directly on Iron Agar (Oxoid)
or add 1:10 dilutions to the melted medium (at
45°C), mix and allow to solidify. Then pour on an
overlayer (1-2 ml) of melted medium. This mini-
mizes oxidation of ferrous sulphide, which would
cause instability of the black precipitate. Incubate
the plates at 20-25°C for 3-4 days and count the
numbers of black colonies.

Rapid methods

A significant proportion of the viable count may
not contribute to the spoilage of the fish during
storage. Some, e.g. Moraxella spp. (now
Psychrobacter spp.) and Acinetobacter spp. are
biochemically inactive (relative to others found in
fish) and large numbers of them do not significantly
reduce shelf-life or cause food poisoning if con-
sumed. Others, however, including Shewanella
spp. and pseudomonads, are metabolically active
and are mainly responsible for spoilage. An inde-
pendent count of these is of more use than the total

Conductance techniques (Richards et al., 1978)
may be particularly useful to estimate the microbi-
ological status of fish because the metabolism of
the spoilage flora gives rise to significant changes in
conductance (see Chapter 8). Ogden (1986)
showed acceptable correlation between conduc-
tance measurements and total viable counts in dif-
ferent fish species and improved correlation when
plotted against numbers of spoilage bacteria
(counted selectively using the Wood and Baird
method).

Table 17.2 Relationship between numbers of H,S-producing bacteria and remaining shelf-life for iced cod

Shelf-life remaining (days)

Log,, cfu/g H,S-producing bacteria

14 2
I 3
9.5 4
7 5
5 6
2 7

Adapted from Gram and Huss (1999)




SHELLFISH AND CRUSTACEANS

These are usually harvested from inshore waters
or river estuaries that are prone to sewage pollu-
tion. The bivalve molluscs, in particular, are filter
feeders and hence tend to concentrate bacteria
and viruses from their environment. Escherichia
coli is used as an index of pollution. The most
probable number (MPN) technique is generally
used but alternatives have been investigated
(Ogden et al., 1998) because the MPN method is
time-consuming, labour intensive and of limited
accuracy. Although the methods given below are
primarily for shellfish, they may also be used for
crustaceans.

MPN method for E. coli determination
in shellfish

Use protective gloves to select 15-30 shellfish.
Reject any that show signs of gaping or damage.
Scrub them clean under running water of potable
standard and open with a sterile shucking knife.
Collect both meat and liquor in a weighed sterile
container (beaker or bag) and transfer to a
Stomacher for homogenization for 2-3 min in a fil-
ter bag.

Prepare 10" and 107 dilutions in sterile 0.1%
peptone water. Use minerals modified glutamate
medium (MMG) for the MPN test described on
p. 150, adding 10 ml of the 10~ dilution to five
10-ml tubes of double-strength MMG, 1 ml of the
same dilution to five 9-ml tubes of single-strength
MMG and 1 ml of the 107 dilution to five 9-ml
tubes of single-strength MMG media. Thus, there
are 1 g, 0.1 g and 0.01 g tissue per tube in each
set.

Incubate all tubes at 37 + 1°C for 18-24 h in a
water bath and note gas production. Re-incubate
the tubes that show no gas for a further 18-24 h.
Absence of gas confirms a negative result for
E. coli.

Subculture tubes with gas into (1) 5 ml brilliant
green bile broth (BGBB) and (2) 5 ml 1% tryptone
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water, and incubate both at 44 £ 0.5°C for 24 h.
Positive tubes for gas production in BGBB and
indole production from tryptone (Kovacs reagent)
confirm E. coli. Alternatively, the presence of
B-glucuronidase confirms E. coli and is recognized
by fluorescent colonies grown on MUG agar or
blue colonies on BCIG agar, the latter being prefer-
able because the colour remains within the
bacterial colony (unlike fluorescence), which aids
accurate counting. Calculate numbers from con-
ventional MPN tables (see p. 152).

Crustaceans

Wash crabs, lobsters, etc. in running water as
above. Break open, remove some meat and proceed
as above. Wash prawns, shrimps, etc. in running
water and proceed as above.

Standards

The European Union (EC, 1991) has set categories
of shellfish for human consumption. These are
shown in Table 17.3.

Those in category A are fit for human consump-
tion whereas those in category B require further
treatment. This can include repositioning in clean
seawater and waiting for E. coli levels to fall natu-
rally (relaying), or transferring the animals to a
tank where the water is circulated through a ultra-
violet (UV) source to kill bacteria (depuration).
Category C shellfish are deemed unfit for human
consumption.

Table 17.3 Microbiological definition of shellfish categories

Category Numbers of E. coli/100 g shellfish
A <230

B 2304600

C > 4600
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Pathogens
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Milk, dairy produce, eggs and ice-cream

These foods have a long history of spoilage and as
vehicles for microbial diseases, including tubercu-
losis, scarlet fever, diphtheria, and various kinds of
food poisoning and food-borne illnesses, all of
which result from low standards of hygiene in
production and distribution. This has resulted
in legislation that impinges on bacteriological
examinations.

MILK

In Europe, the European Commission (EC, 1992)
lays down microbiological tests and standards for
milk, etc. These are given under each test descrip-
tion. Similar tests and criteria are used in other
countries such as the USA (Downs and Ito, 2001).

Raw milk

Raw milk, which includes that from cows, goats,
ewes and buffaloes, is milk that is intended for:

1. The production of heat-treated drinking milk,
fermented milk, junket, jellies and flavoured
milk drinks

2. The manufacture of milk-based products
other than those specified in (1), e.g. cows’
milk, after packing for drinking in that state;
and cows’, ewes’ or goats’ milk sold directly
to the ultimate consumer.

The bacteriological tests required to satisfy legal
standards for these milks are:

® the plate count (total viable count, TVC) at
30°C

® enumeration of coliforms and Staphylococcus
aureus
e detection of salmonellas.

Pasteurized milk

This is raw milk that meets the above requirements
and has been heated at 71.7°C for 15 s or an equiv-
alent time/temperature combination, and then
immediately cooled to below 10°C. The tests
required by legislation are:

® the plate count at 21°C

® enumeration of coliforms

® detection of pathogens (Listeria
monocytogenes and salmonellas)

® the phosphatase test.

Ultra-heat-treated (UHT) milk

This is raw milk, as above, that has been heated at
135°C for 1 s. The statutory bacteriological test is
the plate count at 30°C.

Sterilized milk

This is raw milk, as above, that has been heated at
100°C for such a time that it will pass the turbidity
test. The statutory tests are:

® the plate count at 30°C
® the turbidity test.
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Collection and transport of samples

Raw milk intended for the manufacture of milk
drinks or milk-based products should be sampled
at the point of production using sampling pro-
grammes drawn up on risk assessment principles.
At least two samples a month should, however, be
sampled for the plate count. Cows’ milk packed for
drinking should be sampled at the point of sale.
Samples should be transported to the laboratory at
0-4°C.

Statutory testing

For legal purposes the reference methods specified
in the EC (1992) Directive or other internationally
accepted methods of analysis must be used, but for
routine practice the methods described below are
adequate. The targets, i.e. acceptable highest levels,
usually corresponding to legal standards, are given
below (see, however, the comments on the accu-
racy of viable counts in Chapter 10).

Total viable count

The method is that given on p. 145. Test raw milks
on arrival, use standard milk plate count agar and
for raw milks incubate at 30°C for 72 h. Pre-
incubate pasteurized milks at 6°C for 5 days before
testing and then incubate plate counts at 21°C. The
targets levels (as total viable counts per millilitre or

TVC/ml) are:

® Raw milk not intended for drinking in that
state: < 100 000

® Raw milk packed for drinking: < 50 000

® Raw milk sold directly to the ultimate
consumer: < 20 000

® Pasteurized milk: 72 = 50000; M = 500 000;
n = 5; ¢ = 1; where m is the threshold value
for bacterial count, result satisfactory if not
exceeded; M is the maximum value for
bacterial count, result unsatisfactory if
exceeded in any sample; 7 is the number of
sample units comprising the sample; and c is

the number of sample units that may have
bacterial counts between 7 and M if the
bacterial count of the other samples is 72 or
less. The test fails if any sample has a count
exceeding M.

Total viable count, UHT and sterilized
milk

Pre-incubate samples at 30°C for 15 days or 55°C
for 7 days after sampling at point of production.
Perform plate counts in duplicate using 0.1-ml vol-
umes of milk and plate count agar. Incubate at
30°C for 72 h. The target level is:

e UHT and sterilized milk: < 100/ml.

Coliform count

Make serial tenfold dilutions and perform plate
counts with violet red bile lactose agar. Incubate at
30°C for 24 h. Count only red colonies that are
0.5 mm in diameter or larger. Confirm if necessary
by subculture in brilliant green bile lactose broth at
30°C for 24 h. It is useful to test confirmed col-
iforms by the 44°C and indole tests (see p. 254) to
determine whether they are Escherichia coli. The
target coliform level per millilitre is:

® Raw milk: < 100/ml
® Pasteurized milk: m2, 0; M, 5; n, 5; ¢, 1.

Pathogens

Methods for these are given elsewhere: salmonel-
las, p. 295; S. aureus, p. 339; Listeria, p. 356;
E. coli O157, p. 288; and campylobacters, p. 314.
Pathogens should be absent in 25 ml in milk tested.

Phosphatase test

The enzyme phosphatase in milk is destroyed by the
time/temperature conditions used for pasteurization.



Detection of the enzyme indicates inadequate
pasteurization.

The fluorimetric method is an internationally rec-
ognized method and is more sensitive and repro-
ducible than the non-fluorimetric technique
(Greenwood and Rampling, 1997; BSI, 2000). The
alkaline phosphatase activity of the sample is meas-
ured by a continuous fluorimetric direct kinetic
assay. A non-fluorescent aromatic monophos-
phoric ester substrate, in the presence of any alka-
line phosphatase (ALP) derived from the sample,
undergoes hydrolysis of the phosphatase radical,
producing a  highly product.
Fluorimetric measurement of ALP activity is meas-
ured at 38°C for a 3-min period (BSI, 1997). The
fluorimeter will perform the necessary calculations
and display the sample number, the average
increase in fluorescence and the ALP activity in
milliunits per litre.

The legal level of phosphatase activity permitted
in pasteurized milk is 4 pg phenol/ml. This is equiv-
alent to 500 mU/I by the fluorimetric test and 10 pg
p-nitrophenol/ml by the Aschaffenberg—Mullen
(A-M) test.

The A-M test (SI, 1989) may be used but should
be validated against the FEuropean reference
method (EC, 1992a).

fluorescent

Turbidity test, sterilized milk

Weigh 4.0 g ammonium sulphate (AnalaR) into a
50-ml conical flask. Add 20 ml milk and shake for
1 min to ensure that the ammonium sulphate dis-
solves. Stand for 5 min and filter through a 12.5-cm
Whatman No. 12 folded filter paper into a test
tube. When 5 ml clear filtrate has collected, place
the tube in a water-bath at 100°C for 5 min.
Remove the tube and allow to cool. Examine the
filtrate for turbidity. Properly sterilized milk gives
no turbidity.

Sterilization alters the protein constituents and
the ammonium sulphate precipitates all non-heat-
coagulable protein. If heating is insufficient, some
protein remains unaltered and is not precipitated
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by the ammonium sulphate. It coagulates, giving
turbidity when the filtrate is boiled.

Microbial content of milk

Milk is at risk of faecal contamination from the
cow or other producer species, and is subject to
potential contamination from equipment and the
during milking and handling.
Refrigerated storage, which is normal practice after
milking, retards the multiplication of bacteria pres-
ent. Pasteurization, intended to kill pathogenic bac-
teria, does not necessarily reduce the count of other
organisms. It may increase the numbers of ther-
mophiles.

The ‘normal microflora’ depends on temperature:
at 15-30°C S. lactis predominates and many strep-
tococci and coryneform bacteria are present, but at
30-40°C they are replaced with lactobacilli and
coliform bacilli. All of these organisms ferment lac-
tose and increase the lactic acid contents, which
causes souring. The increased acid content prevents
the multiplication of putrefactive
Spoilage during cold storage is caused by psy-
chrophilic pseudomonads and Alcaligenes spp.,
psychrotrophic coliforms, e.g. Klebsiella aerogenes
and Enterobacter liquefaciens, which are anaero-
genic at 37°C; in pasteurized milk, thermoduric
coryneform organisms (Micrococcus lactis) may be
significant. These coryneforms probably come
from the animal skin or intestine and from utensils.
At temperatures above 45°C, thermophilic lacto-
bacilli  (Lactobacillus  thermophilus) rapidly
increase in numbers.

Gram-negative bacilli are rarely found in quarter
samples collected aseptically. These enter from the
animal skin and dairy equipment during milking
and handling. Alcaligenes spp. are very common in
milk. Pseudomonas fluorescens gels UHT milk.

Undesirable micro-organisms responsible for ‘off
flavours’ and spoilage include psychrophilic
Pseudomonas, Achromobacter, Alcaligenes and
Flavobacterium spp., which degrade fats and pro-
teins and give peculiar flavours. Coliform bacilli

environment

organisms.
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produce gas from lactose and cause ‘gassy milk’.
S. cremoris, Alcaligenes viscosus and certain
Aerobacter species, all capsulated, cause ‘ropy
milk’. Oospora lactis and yeasts are present in stale
milk. P. aeruginosa is responsible for ‘blue milk’
and Serratia marcescens for ‘red milk’ (differentiate
from bloody milk).

Pathogenic organisms that may be present include
E. coli O157, 8. aureus, campylobacters, salmonel-
las, Yersinia enterocolitica, listerias, Streptococcus
pyogenes and other streptococci from infected
udders in mastitis. Tubercle bacilli may be found
by culture of centrifuged milk deposits and gravity
cream. B. abortus is excreted in milk and can be
isolated by culture, or antibodies can be demon-
strated by the ring test or whey agglutination test.
Rickettsia burnetti, the agent of Q fever, may be
found by animal inoculation of milk from sus-
pected animals.

Mastitis

Looking for evidence of mastitis in bulk milk is
obviously unrewarding in any but farm or other
small samples. Heat the test sample in the water
bath at 35°C. Mix the test sample carefully and
cool to 20°C. Place 0.01 ml of the prepared test
sample on a clean slide and make a film. Dry the
film on a level hot plate. Dip the dried film in dye
solution containing methylene blue for 10 min.
Dip the film in tap water to wash away surplus
dye, and dry (BSI, 1997). Examine for somatic
cells and count the number. For bacteriological
examination and identification of causative organ-
isms, see p. 335.

EXAMINATION OF DAIRY
EQUIPMENT

See Chapter 19 for methods, etc.

Microbial content

The types of organisms found will be similar to those
in milk. Soil organisms, e.g. Bacillus spp., may be
present. B. cereus reduces methylene blue very rap-
idly and may also cause food poisoning. Organisms
originating from faeces, e.g. various coliforms and
Pseudomonas spp. are found. Coliform bacilli also
rapidly reduce methylene blue. Pseudomonads may
produce oily droplets in the milk.

CREAM

Natural cream

The Dairy Products (Hygiene) Regulations (SI,
1995) specify the temperature requirements for
production of all types of heat-treated cream except
clotted cream in the UK. These are national rather
than EC requirements which have been retained on
public health grounds. They do not apply to cream
from sheep and goats. There is a requirement to sat-
isfy the phosphatase test. The bacteriological tests
and targets required for cream are as follows.

Pasteurized cream

® Salmonellas: absent in 25 ml

® [.. monocytogenes: absent in 1 ml

e Coliforms (guideline level): m, 0; M, 5; n, S;
¢, 2 (see above).

Sterilized and UHT cream

Incubate in a closed container at 30°C for 15 days
or 55°C for 7 days.

® Plate count at 30°C: < 100/ml.

Coliform test for pasteurized cream

Place 10 g of the test sample into a container
containing glass beads. Add 90 ml buffered



peptone diluent (see p. 76) and shake to disperse. A
Stomacher may be used, but omit the glass beads.
The temperature of the diluent should be approxi-
mately that of the test sample. Prepare further dec-
imal dilutions if required.

The following method combines detection of col-
iforms and presumptive E. coli in a liquid medium
containing 4-methylumbelliferyl-B-p-glucuronide
(MUG) (from which fluorescent umbelliferone is
released by glucuronidase activity) and calculation
of the number of coliforms and/or presumptive
E. coli by the most probable number (MPN) tech-
nique after incubation at 30°C. It is particularly
suitable for use when levels are likely to be low
(< 10/ml). The enumeration of coliforms and
E. coli by the MPN technique involves six stages:

1. Inoculation of three tubes of lauryl tryptose
broth with Durham tubes and containing
0.01% MUG per dilution of the test sample,
using those dilutions appropriate to obtaining
the required detection requirements for that
product.

2. Incubation of those tubes at 30°C for 48 h.

3. Identification of tubes showing gas production
as positive for presumptive coliforms.

4. Confirmation of coliform presence by
subculture to brilliant green bile broth and
detection of gas formation after incubation at
30°C for 24 h.

5. Identification of tubes showing fluorescence
and formation of indole as positive for
presumptive E. coli.

6. Determination of the MPN index from the
number of positive tubes of selected dilutions
using an MPN table and calculating the
coliform count and/or E. coli count per gram
or millilitre of sample.

Plate (total viable) count

Do plate counts or Miles and Misra counts (see
p. 148) on serial dilutions ranging from 10> to 10
in a 0.1% peptone water solution, using milk plate
count agar.
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If the cream is solid or difficult to pipette, make
the initial 10" dilution by weight as described on
p. 197. The 107" dilution may be used, with appro-
priate media, for spiral plating for total viable, col-
iform and S. aureus counts.

Culture for pathogens

® Plate serial dilutions on Baird-Parker medium
for S. aureus.

® For salmonellas pre-enrich a 1 in 10 mixture
of cream (preferably 25 g) in buffered peptone
water (BWP) containing glass beads and
shake to disperse. Proceed as on p. 295.

® For campylobacters, use a 10-g sample and
the method on p. 314.

® For L. monocytogenes, use a 25-g sample and
the method on p. 356.

Phosphatase test

This is as for milk (see p. 234).

Microbial content

Fresh cream may contain large numbers of organ-
isms, including coliforms, B. cereus, E. coli, S.
aureus, other staphylococci, micrococci and strep-
tococci. Most fresh cream has been pasteurized and
therefore contamination by many of these organ-
isms is the result of pasteurization failure or faulty
dairy hygiene.

Cream should not be used in catering in circum-
stances where these organisms can multiply rapidly.

Imitation cream

Do plate counts as for milk, at 30°C, coliform counts,
and also examine for S. aureus (see p. 330). Examine
for staphylococci only, as for natural cream.
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PROCESSED MILKS

Salmonellas in dried milk

Dried milk

This often has a high count and, if stored under
damp conditions, is liable to mould spoilage.
Spray-dried milk may contain S. aureus. The bacte-
riological tests and targets required for dried milk
are:

Salmonellas: absent in 25 g; n, 10; ¢, 0

L. monocytogenes: absent in 1 g

S. aureus (per g): m, 10; M, 100; n, 5; ¢, 2
Coliforms 30°C (per g, guideline level): 11, 0;
M, 5; n, 5; ¢, 2.

TVC, coliform and S. aureus tests for
dried milk

Warm a solution of dipotassium hydrogen phos-
phate pH 7.5 to 45°C
Thoroughly mix the contents of the closed sample
container by repeatedly shaking and inverting. If
the volume of the contents is too great to allow
thorough mixing, transfer the contents to a larger
container and mix. Remove 10 g sample and add
to a bottle containing 90 ml dipotassium hydrogen
phosphate. To aid dissolution, swirl slowly to wet
the powder, then shake the bottle (e.g. 25 times in
7 s). The addition of sterile glass beads may help
reconstitution, particularly with roller-dried milk.
A Stomacher may be used, but omit the glass
beads. Replace the bottle in the water bath for
5 min, shaking occasionally. Prepare further deci-
mal dilutions if required:

in a water-bath.

® Do total counts as for fresh milk but prepare
extra plates for incubation at 55°C for 48 h
for thermophiles.

® Enumerate coliforms using the MPN method
as described for coliform testing of cream (see
p. 237).

® The 1in 10 and further serial dilutions may
be used to plate on Baird-Parker medium for
S. aureus (see p. 330).

Thoroughly mix the contents of the sample con-
tainer as described above. Place 225 ml sterile dis-
tilled water in an appropriate container and add
1 ml brilliant green solution. Weigh 25 g of the test
sample and pour it over the surface of the liquid.
Close the container but do not shake. Allow to
stand undisturbed for 60 £ 10 min before incuba-
tion at 37°C. If after 3 h incubation the dried milk
has not dissolved, shake the container to mix the
contents. Proceed as on p. 295.

Yeasts, moulds and spores

Examine for yeasts and moulds as described for
butter examination (see p. 239).

The number of spore bearers is important in milk
and milk powder intended for cheese making.
Inoculate 10-ml volumes of bromocresol purple
milk in triplicate with 10-, 1.0- and 0.1-g amounts
of milk. Heat at 80°C for 10 min, overlay with 3 ml
2% agar and incubate for 7 days. Read by noting
gas formation and use Jacobs and Gerstein’s MPN
tables to estimate the counts (see p. 154).

Condensed milk

This contains about 40% of sugar and is sometimes
attacked by (osmophilic) yeasts and moulds that
form ‘buttons’ in the product. Examine as for
butter (see p. 239).

Evaporated milk

This is liable to wunderprocessing and leaker
spoilage. Clostridium spp. may cause hard swell
and coagulation. Yeasts may cause swell. Open
aseptically and examine as appropriate (see
p. 219).



Fermented milk products

Yoghurt, leben, kefir, koumiss, etc., are made by fer-
mentation (controlled in factory-made products) of
milk with various lactic acid bacteria, and strepto-
cocci and/or yeasts. The pH is usually about 3.0-3.5
and only the intended bacteria are usually present,
although other lactobacilli, moulds and yeasts may
cause spoilage. The presence of large numbers of
yeasts and moulds can be indicative of poor hygiene.
Plate on potato glucose agar (pH adjusted to 3.5)
and incubate at 23 £ 2°C for 5 days.

Yoghurt is made from milk with Lactobacillus
bulgaricus and Streptococcus thermophilus. In the
finished product there should be more than 10%ml
of each and they should be present in equal num-
bers. Lower counts and unequal numbers predis-
pose to off-flavours and spoilage.

Make doubling dilutions of yoghurt in 0.1% pep-
tone water and mix 5 ml of each with 5 ml melted LS
Differential Medium. Pour into plates, allow to set and
incubate at 43°C for 48 h. Both organisms produce
red colonies, because the medium contains triphenyl
tetrazolium chloride. Those of L. bulgaricus are irreg-
ular or rhizoid, surrounded by a white opaque zone,
whereas those of S. thermophilus are small, round and
surrounded by a clear zone. Count the colonies and
calculate the relative numbers of each organism.

Post-pasteurization contamination with coliforms
may occur. One indicator of contamination or
spoilage is an increased pH, which is usually very acid.
If this is pH > 5.6, examine for coliforms, E. coli, sal-
monellas and other enteric pathogens. The bacterio-
logical tests and targets required for yoghurt are:

® Salmonellas: absent in 25 ml; 7, 5; ¢, 0

® [.. monocytogenes: absent in 1 ml

e Coliforms (per ml, guideline level): m, 0;
M, 5; n, 5; ¢, 2.

The methods are as described for cream above.

MILK-BASED DRINKS

The bacteriological tests and targets required for
liquid milk-based drinks are:
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® Salmonellas: absent in 25 ml; 7, 5; ¢, 0

® [. monocytogenes: absent in 1 ml

® Coliforms (per ml, guideline level): m, 0; M,
S;n, 5;5¢, 2.

The methods are as described for cream above.

Phosphatase test

This is as for milk (see p. 233).

BUTTERMILK

Test for coliforms only, using the MPN method as
described for coliform testing of cream (see p. 237).

BUTTER

Soured cream is pasteurized and inoculated with
the starter, usually S. cremoris or a Leuconostoc sp.
Salted butter contains up to 2% of sodium chloride
by weight.

Examination and culture

Emulsify 10 g butter in 90 ml warm (45°C) pep-
tone/saline diluent and do plate counts on tryptose
agar. Culture on a sugar-free nutrient medium and
tributyrin agar.

The bacteriological tests and targets required for
butter made from pasteurized milk or cream are:

® Salmonellas: absent in 25 g; n, 55 ¢, 0

® [. monocytogenes: absentin 1 g

® Coliforms (per gram, guideline level): m1, 0;
M, 10; n, 55 ¢, 2.

The methods are as described for cream above.

Microbial content

Correct flavours are caused by the starters, which
produce volatile acids from the acids in the soured
raw material.
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Rancidity may be caused by Pseudomonas and
Alcaligenes spp., which degrade butyric acids.
Anaerobic organisms (Clostridium spp.) may pro-
duce butyric acid and cause gas pockets. Some lac-
tic acid bacteria (Leuconostoc spp.) cause slimes
and others give cheese-like flavours. Coliforms,
lipolytic psychrophiles and casein-digesting prote-
olytic organisms, which give a bitter flavour, may
be found. To detect these, plate on Standard Plate
Count agar containing 10% sterile milk and incu-
bate at 23 + 2°C for 48 h. Flood the plates with 1%
hydrochloric acid or 10% acetic acid. Clear zones
appear round the proteolytic colonies.

Yeasts and moulds may be used as an index of
cleanliness in butter. Adjust the pH of potato glu-
cose agar to 3.5 with 10% tartaric acid and inocu-
late with the sample. Incubate at 23 + 2°C for 5§
days. Report the yeast and mould count per millil-
itre or gram. Various common moulds grow on the
surface but often these grow only in water droplets
or in pockets in the wrapper.

CHEESE

Many different cheeses are now available, includ-
ing varieties that contain herbs which may con-
tribute to the bacterial load. Some are traditionally
made from raw milk and may contain pathogens
such as S. aureus, brucellas, campylobacters and/or
listerias.

Milk is inoculated with a culture of a starter, e.g.
S. lactis, S. cremoris, S. thermophilus, and rennet
added at pH 6.2-6.4. To make hard cheeses, the
curd is cut and squeezed free from whey, incubated
for a short period, salted and pressed. The strepto-
cocci are replaced by lactobacilli (e.g. L. casei) nat-
urally at this stage and ripening begins. Some cheeses
are inoculated with Penicillium spp. (e.g. P. roque-
fortii), which give blue veining and characteristic
flavours as a result of the formation, under semi-
anaerobic conditions, of caproic and other alcohols.

Soft cheeses are not compressed, have a higher
moisture content and are inoculated with fungi,
usually Penicillium spp., which are proteolytic and
flavour the cheese.

Types and flavours of cheeses are caused by the
use of different starters and ripeners and varying
storage conditions.

Examination and culture

Take representative core samples aseptically, grate
with a sterile food grater, thoroughly mix and sub-
sample. Fill the holes, left as a result of boring, with
Hansen’s paraffin cheese wax to prevent aeration,
contamination and texture deterioration.

Make films, and de-fat with xylol and stain.
Bacteria may be present as colonies: examine thin
slices under a lower-power microscope. Weigh 10 g
and homogenize it in a blender with 90 ml 1 mol/l
sodium citrate solution or dipotassium hydrogen
phosphate pH 7.5. The methods for coliforms,
E. coli, S. aureus, L. monocytogenes and salmonel-
las (pre-warm BPW to 45°C) are as described for
cream above.

The bacteriological tests and targets required for
cheese are as follows.

Hard cheese made from raw milk or thermised

milk

® Salmonellas: absent in 25 g; 1, 5; ¢, 0

® [.. monocytogenes: absentin 1 g

® S. aureus (per gram): m, 1000; M, 10 000;
n,5;¢,2

® E. coli (per gram): m, 10000; M, 100 000;
n, 55 ¢, 2.

Hard cheese made from heat-treated milk

® Salmonellas: absent in 25 g; n, 5; ¢, 0
® [. monocytogenes: absent in 1 g.

Soft cheese made from raw or thermised milk

® Salmonellas: absent in 25 g; 1, 55 ¢, 0

® [.. monocytogenes: absent in 25 g; n, 55 ¢, 0

® S. aureus (per gram): m, 1000; M, 10 000;
n,S5;¢,2

® E. coli (per gram): m, 10 000; M, 100 000;
n, 55 ¢, 2.



Soft cheese made from heat-treated milk

® Salmonellas: absent in 25 g; 1, 5; ¢, 0

® [. monocytogenes: absent in 25 g; n, 5; ¢, 0

® S. aureus (per gram): m, 100; M, 1000; n, 5;

¢ 2

E. coli (per gram): m, 100; M, 1000; n, 5; c, 2

® Coliforms 30°C (per gram): mz, 10 000; M,
100 000; 7, 5; ¢, 2 (guideline level).

Fresh cheese

® Salmonellas: absent in 25 g; n, 55 ¢, 0
® [. monocytogenes: absent in 25 g; n, 5; ¢, 0
® S. aureus (per gram): m, 10; M, 100; », 5; c, 2.

Microbial content

Apart from streptococci, lactobacilli and fungi that
are deliberately inoculated or encouraged, other
micro-organisms may be found. Contaminant
moulds, and Penicillium, Scopulariopsis, Oospora,
Mucor and Geotrichum spp., give colours and off-
flavours. Putrefying anaerobes (Clostridium spp.)
give undesirable flavours. Rbhodotorula sp. gives
pink slime and Torulopsis sp. yellow slime.
Gassiness (unless deliberately encouraged by propi-
onibacteria in Swiss cheeses) is usually caused by
Enterobacter spp., but these are not found if the
milk is properly pasteurized.

Gram-negative rods, some of which may hydrol-
yse tributyrin, may also be present. Psychrophilic
spoilage is common and is caused by Alcaligenes
and Flavobacterium spp. Counts may be very high.
Bacteriophages that attack the starters and ripeners
can lead to spoilage.

Butyric blowing

Clostridium butyricum and C. tyrobutyricum may
cause gas pocket spoilage during the ripening of
hard cheeses.

Homogenize cheese samples in 1 mol/l sodium cit-
rate solution or dipotassium hydrogen phosphate
solution pH 7.5 and add dilutions to melted
sodium polyethanol sulphate (SPS) agar in tubes.
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Layer paraffin wax on the agar and incubate at
30°C. Butyric clostridia will produce gas bubbles in
the medium. The organisms may be enumerated by
the three- or five-tube MPN method with inocula
of 10, 1 and 0.1 ml homogenate.

Propionibacteria

Although deliberately introduced into some
cheeses, propionibacteria can cause spoilage in
others. Accurate counts require microaerophilic
conditions and media.

Prepare doubling dilutions of cheese homogenate
in 1 mol/l sodium citrate solution or dipotassium
hydrogen phosphate solution pH 7.5, and add 1 ml
of each to tubes of yeast extract agar containing
2% sodium lactate or acetate. Mix and seal the
surface with 2% agar. Incubate anaerobically or
under carbon dioxide at 30°C for 7-10 days.
Propionibacteria produce fissures and bubbles of
gas in the medium. Choose a tube with a countable
number of gas bubbles and calculate the numbers
of presumptive propionibacteria (some other
organisms may produce gas bubbles).

EGGS

Bacterial contamination of eggs can occur at differ-
ent stages ranging from production to storage,
processing,  distribution and  preparation.
Contaminants on the shell are potential contami-
nants of the liquid egg. Washing eggs in water is an
effective method of removing shell contaminants.
Spoilage bacteria of eggs are mostly Gram-negative
rods (P. fluorescens, Alicaligenes bookeri,
Paracolobacterium intermedium, P. melanovo-
genes, S. putrefaciens, P. vulgaris, Flavobacterium
spp.). Salmonella serotypes (enteritidis, gallinarum,
pullorum) are associated with eggs and egg prod-
ucts. The EC Directive on egg products (EC,
1992b) contains microbiological standards for sal-
monellas, Enterobacteriaceae, S. aureus, and TVCs
in the product from the treatment establishment.
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Shell eggs

Shell eggs may be contaminated with various sal-
monellas during their passage down the oviduct or
from the environment after laying. On the shell,
Salmonella spp. may be present with other bacte-
ria including coliforms, Spp.,
Bacillus spp., staphylococci and faecal strepto-
cocci. Shell eggs are normally examined for the
presence of Salmonella spp. Batch examination of
eggs can be carried out by testing pools of six
eggs.

Disinfect the shells by swabbing or immersing with
industrial alcohol. Break the eggs in batches of six,
keeping the shells and contents in separate, sterilized
containers, e.g. screw-capped jars. Add to each an
equal volume of buffered peptone water (BPW) (pre-
enrichment). Incubate at 37°C for 24 h and sub-
culture 0.1 ml to 10 ml Rappaport—Vassiliadis Soya
Broth (RVSB) and 1 ml to 10 ml selenite broth (SB).
Incubate the RVSB at 42°C and SB at 37°C for up to
48 h. Subculture to xylose lysine deoxycholate
(XLD) and brilliant green agar (BGA) or mannitol
lysine crystal violet agar (MLCB), and proceed as on
p- 295.

Pseudomonas

Pasteurized liquid egg

The American regulations require that liquid whole
egg be heated to at least 60°C and held for 3.5 min,
whereas the EC Directive specifies a heat treatment
at 64°C for 2.5 min. The EC Directive bacteriolog-
ical tests required are:

e TVC at 30°C

® enumeration of staphylococci (see p. 329) and
coliforms (see p. 284), and detection of
salmonellas (as above and see p. 295).

The targets levels are:

Plate count: M, 100 000/g or ml
Enterobacteriaceae: M, 100/g or ml
Staphylococci: absent in 1 g or ml
Salmonellas: absent in 25 g or ml.

Liquid egg albumen and crystalline egg
albumen

Bacteriological tests and target levels required are
as above for pasteurized liquid egg.

Powdered egg

Powdered egg products including whole egg, egg
yolk and albumen are recognized vehicles of salmo-
nellas and should be examined for them.
Bacteriological tests and target levels required are
as above for pasteurized liquid egg.

Frozen egg

Frozen egg must be pasteurized or otherwise
treated to destroy salmonellas present. The o-amy-
lase, bacteriological tests and target levels required
are as above for pasteurized liquid egg.

ICE-CREAM AND EDIBLE ICES
(ICE-LOLLIES)

These products vary in their composition and may
be ice-cream, as defined in the various food regula-
tions, mixtures of ice-cream and fruit or fruit
juices, or contain no ice-cream. In general, viable
(plate) counts, coliforms and tests for pathogens
should be applied to ice-cream and commodities
that are said to contain it whether as a core or as a
covering. Otherwise the pH should be ascertained.
If this is < 4.5 there is no point in proceeding
further. The EC (1992a) Directive specifies the
requirements for production of
pasteurized and sterilized ice-cream. The bacterio-
logical tests and targets required for ice-cream and
other frozen milk-based products are:

temperature

® Salmonellas: absent in 25 g; n, 5; ¢, 0
® [. monocytogenes: absentin 1 g
® S aureus (per gram): m, 10; M, 100; n, 5; ¢, 2



® Coliforms 30°C (per gram): m, 10; M, 100;
n, 5; ¢, 2 (guideline level)

® Plate count 30°C (per gram): 72, 100 000;
M, 5000005 n, 5; ¢, 2 (guideline level).

Sampling

Send samples to the laboratory in a frozen condi-
tion. Remove the wrappers of small samples asepti-
cally and transfer to a screw-capped jar. Sample
loose ice-cream with the vendor’s utensils (which
can be examined separately if required, see Chapter
19). Keep larger samples in their original cartons or
containers.

Hold edible ices by their sticks, remove the wrap-
per and place the lolly in a sterile screw-capped
500-ml jar. Break off the stick against the rim of
the jar. Reject samples received in a melting condi-
tion in their original wrappers. Allow the samples
to melt in the laboratory but do not allow their
temperature to rise above 20°C.

Examination

Weigh 10 g of the test sample into a container.
Place the container in a water-bath at 37°C until
the whole test portion has just melted. Add 90 ml
BPW diluent pre-warmed to 37°C. Mix in the
stomacher until thoroughly dispersed (1 min).

The methods for coliforms, S. aureus, L. monocy-
togenes and salmonellas are as described for cream
above.

Do plate counts using plate count agar and incu-
bate at 30°C for 72 h. The spiral plating method
(see p. 82) may be used for total counts.

Miles and Misra counts (see p. 148) are very con-
venient. Dilute the ice-cream 1:5 and drop three
0.02-ml amounts with a 50-dropper on blood agar
plates. Allow the drops to dry, incubate at 37°C
overnight and count the colonies with a hand lens.

Multiply the average number of colonies per drop
by 250 (i.e. dilution factor of 5 and volume factor
of 50) and report as count per millilitre. If there are
no colonies on any drops, the count can be
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reported as < 100/ml. It is difficult to count more
than 40 colonies per drop; therefore, report such
counts as > 10000 cfu/ml.

In counts, note the presence of B. cereus. This
sporebearer may be present in the raw materials. Its
spores resist pasteurization.

Counts at 0-5°C for psychrophiles may be useful
in soft ice-cream.

Ingredients and other products

Do plate counts at 5, 20 and 37°C. Although ice-
cream is pasteurized and then stored at a low tem-
perature, only high-quality ingredients with low
counts will give a satisfactory product.

In cases of poor grading or high counts on the fin-
ished ice-cream, test the ingredients and also the
mix at various stages of production. Swab rinses of
the plant are also useful (see p. 248).

HUMAN MILK

There are effective bactericidal and bacteriostatic
systems within raw breast milk that prohibit the
further proliferation of micro-organisms in the
milk. There is therefore no need for routine micro-
biological screening. Microbiological testing of
mother’s own milk should be carried out only
when there is a clinical indication.

Bacteriological criteria for feeding raw human
milk to babies on neonatal units have been recom-
mended by Carroll ez al. (1979). Samples contain-
ing 100 000 cfu/ml or less are classified as:

® class I — milk considered sterile (no growth
after overnight incubation)

® class I — milk containing saprophytes

® class Il - milk containing potential pathogens
(S. aureus, enterococci, group B streptococci,
Enterobacteriaceae and P. aeruginosa) — this
is rejected.

Samples containing more than 100 000 cfu/ml are
rejected. Pasteurization is recommended when the
bacterial contamination is too high and when
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potential pathogens are present in the milk. The
phosphatase test should be used to establish the
efficiency of pasteurisation (as for cows’ milk,
p. 234). For more information see Carroll ez al.
(1979) and DHSS (1982).

For further information on the microbiology of
milk and milk products see Greenwood (1995),
Rampling (1998) and Robinson (1990a, 1990b).
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Environmental microbiology

It may be necessary to estimate the numbers of
viable organisms on surfaces and in the air of build-
ings, in containers and on process equipment:

® o verify the standard of hygiene and
efficiency of cleaning procedures

® 1o trace contamination from dirty to clean
areas

® (o test for the escape of ‘process’ organisms in
industrial microbiology and biotechnology
plants

® 10 assess the level of bacterial contamination
in ’sterile’ environments

® (o investigate premises where humidifier fever,
sick building syndrome, etc. are suspected.

SURFACE SAMPLING

Few standards or guidelines have been published
on what is an acceptable level of micro-organism
The EC (2001)
Decision calls for regular checks to be carried out
on the general hygiene by meat establishment
operators. It provides that cleaned and disinfected
surfaces sampled using the agar contact plate or
swab technique should have an acceptable range of
0-10 colony-forming units (cfu)/cm’for total viable
counts (TVCs) and 0-1 cfu/cm® for Entero-
bacteriaceae. As a guideline, the US Public Health
Service (Downs and Ito, 2001) recommends that
adequately cleaned and disinfected food service
equipment should have a total number of not more
than 100 viable micro-organisms per utensil or sur-
face area of equipment sampled.

contamination on surfaces.

Agar contact plates

Contact plates consist of an agar surface that is
applied to the surface to be sampled. They are com-
mercially available as Rodac (Replica Organism
Direct Contact) plates. Non-selective or selective
media may be used. If the surface to be sampled has
been cleaned with a phenolic or quaternary ammo-
nium agent, 0.5% Tween 80 and 0.7% soya
lecithin should be added to the medium to neutral-
ize them.

To sample a surface remove the lid of the Rodac
plate and press the agar firmly on to the surface,
applying a rolling uniform pressure on the back of
the plate to effect contact. Replace the lid and incu-
bate the plate at an appropriate temperature. When
used on some surfaces, agar debris left on the sur-
face during sampling will have to be removed, e.g.
with an alcohol-impregnated wipe, to prevent
microbiological growth associated with such nutri-
ent debris.

Contact plates can be used only on flat non-
porous surfaces that are relatively easy to clean
and disinfect. They are suitable only to assess sur-
face populations in a range that can be accurately
counted on their surface, i.e. 10-100 colonies.
The technique itself is less accurate in predicting
surface populations than the surface swab tech-
nique (Holah, 1999). This is not a problem, how-
ever, when used for historical trend analysis
because it is the deviation from normal internal
standards in results over a period of time that is
important, not the accuracy of the results them-
selves.



246 Environmental microbiology

Surface swab counts

Rapid methods

The swab method may be used to sample any sur-
face up to 1 m*>. Wipes and sponges are preferred
for large surface areas (floors, walls), and fabric-
tipped swabs or sponges for equipment and small
food contact surfaces (100 ¢m?®). They are com-
mercially available in a range of sizes as individu-
ally packaged wunits in a purpose-designed
transport case, or individually wrapped in a dis-
posable sleeve and packed in bulk. Sterile tem-
plates are required to define the swabbing area for
flat surfaces, and are also commercially available
in a range of sizes.

Place the sterile template on the surface that is
to be swabbed. There should be one sterile pre-
moistened swab, cloth or sponge per container.
Open the package containing the sterile swab,
and aseptically remove it. Reseal the package.
Depending on the entire surface to be sampled,
either sterile forceps may be used or a sterile
glove worn to hold the swab. Rub swab firmly
and thoroughly over the surface to be sampled.
Rub five times from the bottom to the top and
five times from the left to the right. Return the
swab to its container and reseal. If fabric-tipped
swabs have been used, ensure that the part han-
dled during swabbing is broken off. For those sur-
faces that are difficult to swab because of their
contour, it may not be possible to swab a defined
area with this procedure.

Soak and squeeze swabs in nutrient broth or an
appropriate selective medium to recover the organ-
isms. If the surface has been washed or treated with
a phenolic or quaternary ammonium (QAC) disin-
fectant, add 0.5% Tween 80 and 0.7% soya
lecithin to the medium. Swabs are available com-
mercially with neutralizing buffer. The count per
25 cm’(or the area swabbed) is given by the num-
ber of colony-forming units per millilitre of rinse or
solvent multiplied by 10. With Miles and Misra
counts (see p. 148), it is given by the number of
colony-forming units per five drops multiplied by
100.

Rapid monitoring methods generate results in a
sufficiently short timeframe (usually within 20 min)
to allow process control, e.g. by measuring ATP
levels after cleaning to determine whether re-clean-
ing is necessary. Current methods allow the quan-
tification of micro-organisms (DEFT, DEM, ATP),
food soils (ATP, protein) or both (ATP). There are
no commercially available methods that allow the
detection of specific microbial types within this
timeframe. For more details on rapid sampling
methods, see Holah (1999).

AIR SAMPLING

Contamination of air in hospitals and other work-
places may be responsible for the spread of infec-
tion. In addition, in offices and factories, especially
where there is ‘air conditioning’, it may be related
to allergic illnesses such as humidifier fever and the
‘sick building syndrome’. It may also lead to con-
tamination of products (e.g. foods, pharmaceuti-
cals).

Airborne contaminants may be released by peo-
ple, industrial processes or poorly maintained air-
conditioning plants. Bacteria and fungal spores
may be suspended in the air singly, in large clumps,
or on the surfaces of skin scales and dust from
the materials being processed. Small particles (e.g.
5 um) may remain suspended in the air for long
periods and be moved around by air currents.
Filtration, as in some air-conditioning plants, may
not remove them. Larger particles settle rapidly
and contaminate surfaces.

Settle plates

Settle plates are typically 90-mm Petri dishes con-
taining appropriate agar. Non-selective or selective
media may be used. Several plates are exposed for
a given time, incubated at the appropriate temper-
ature, and colonies counted. Settle plates do not



give an assessment of the number of micro-organ-
isms in the air, only those that settle on the surface.
The accuracy of the technique is limited to the
number of colonies that can be accurately counted
on the surface of the plate, which in turn is related
to exposure time. Therefore, prior trials are
required to establish such exposure times. Those
who need to monitor the air over long periods, e.g.
in hospital cross-infection work, favour settle
plates.

Mechanical air samplers

In principle, known volumes of air are drawn
through the equipment and micro-organisms and
other particles are deposited on the surface of agar
media, on membrane filters or into broth media
where they may be enumerated. Some samplers
(e.g. the Andersen) and other cascade samplers not
only allow colony counting, but also provide infor-

Table 19.1 Examples of commonly used air-sampling devices
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mation about the sizes of the particles from which
the colonies develop. Particles deposited on mem-
branes may be analysed chemically, immunologi-
cally or by ATP detection kits.

Table 19.1 lists the characteristics of several
devices. Choice depends on the volume of air to be
sampled and the convenience of handling, e.g.
portability and power supply. The SAS and RCS
models are hand held and battery operated. Each of
the monitoring methods has limitations of which
the user should be aware. None of these samplers
gives the total number of viable organisms per unit
volume. Not all the bacteria or spores are trapped
on to the medium; some adhere to other parts of
the equipment. In addition, viability may be
impaired by physical conditions or inactivated by
impact. Nevertheless they are useful in the assess-
ment of the microbiological quality of air.

For more detailed information on air sampling see
Bennet et al. (1991), Ashton and Gill (1992),
Hambleton et al. (1992), Holah (1999), and
Downs and Ito (2001).

Type of sampler Advantages

Disadvantages

Cascade sieve impacter, e.g.
Andersen 6-stage sampler

Single-stage sieve impacter, e.g.
Andersen one-stage industrial use
Surface Air System (SAS)

MAS-100 and MicroBio MB2

Slit impacter, e.g. Casella
MK 1l

Centrifugal airstream, e.g.
Reuter Centrifugal Sampler
(RCS)

Impingement, e.g. All Glass
Impinger (AGI-30)
Multistage Liquid Impinger

yeast, and spores

Biosampler three-nozzle impinger

Filtration, e.g. MD8

Reliable results, information on
particle size distribution

MAS-100 and SAS are practical in

Efficient, easy to use

Practical in industrial use

Efficient for sampling of bacteria,

Practical in air sampling of isolaters;
efficient for sampling of spores

Not practical in industry use

Inefficient at small particle sizes
(< 5 um)

Static, bulky

Selectivity for larger particles

Not practical in industry use

Desiccation of vegetative microbial
cells
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WASHED BOTTLES AND
CONTAINERS

Swab-rinse method for utensils,
cartons and containers

Dip a cotton-tip swab in sterile 0.1% peptone
water and rub it over the surface to be tested, e.g.
the whole of the inside of the carton. Use one swab
for five such articles. Use one swab for a predeter-
mined area of a worktop surface, chopping board,
etc. Swab both sides of knives, ladles, etc. Return
this swab to the tube and swab the same surfaces
again with another, dry swab.

Add 10 ml 0.1% peptone water to the tube con-
taining both swabs. Shake and stand for
20-30 min. Do plate counts with 1.0- and 0.1-ml
amounts on yeast extract agar (YEA). Divide the
count per millilitre by 5 to obtain the count per
article. Inoculate three tubes of single-strength
MacConkey broth with 0.1-ml amounts to obtain
coliform counts.

Rinse method

For churns, bins and large utensils

Add 500 ml quarter-strength Ringer’s solution con-
taining 0.05% sodium thiosulphate to the vessel to
neutralize chlorine, if present. Rotate the vessel to
wash the whole of the inner surface and then tip the
rinse into a sterile screw-capped jar.

Do counts with 1.0- and 0.1-ml amounts of the
rinse in duplicate. Incubate one pair at 37°C for
48 h and one at 22°C for 72 h. Take the mean
counts/ml at 37°C and 22°C and multiply by 500
to give the count per container.

For churns, cans and other large containers,
counts of not more than 10000 cfu/container are
regarded as satisfactory, between 10000 and
100000 the cleaning procedure needs improve-
ment, and over 100000 as unsatisfactory
(Harrigan, 1998).

For milk bottles, soft drink bottles and jars

If bottles are sampled after they have been through
a washing plant in which a row of bottles travels
abreast through the machine, test all those in one
such row. This shows if one set of jets or carriers is
out of alignment. In any event, examine not less
than six bottles. Cap them immediately. To each
bottle add 20 ml quarter-strength Ringer’s solution
containing 0.05% sodium thiosulphate and recap.
Roll the bottles on their sides to rinse all of the
internal surface. Leave the bottles for 15-30 min in
a horizontal position. Roll the bottles again to
achieve thorough wetting.

Pipette 5 ml of the rinse from each bottle into each
of two Petri dishes. Add 15-20 ml molten YEA,
mix and incubate one plate from each bottle at
37°C for 48 h and one at 22°C for 72 h. Incubation
of both plates at 30°C or 25-30°C is also accept-
able. Pipette 5 ml from each bottle into 10 ml dou-
ble-strength MacConkey broth and incubate at
37°C for 48 h.

Take the mean of the count of the 37°C and 22°C
plates and multiply by 4 to give the count per bot-
tle. Find the average of the counts, omitting any fig-
ure that is 25 times greater than the others
(indicating a possible fault in that particular line).

The figure obtained is the average colony count
per container. Milk bottles giving average colony
counts < 200 cfu are regarded as satisfactory, from
200 to 1000 indicate that the cleaning procedure
needs improvement, and over 1000 as unsatisfac-
tory (Harrigan, 1998).

Coliforms should not be present in 5 ml of the
rinse.

Membrane filter method

Examine clean bottles and jars by passing the rinse
through a membrane filter. Place the membrane on
a pad saturated with an appropriate medium, e.g.
double-strength tryptone soya broth for total
count. Incubate at 35°C for 18-20 h. Stain the
membrane with methylene blue to assist in count-
ing colonies under a low-power lens. Examine
another membrane for coliforms using MacConkey
membrane broth or membrane-enriched lauryl



sulphate broth. Incubate at 35°C for 18-24 h.
Staining to reveal colonies is
Subculture suspect colonies into lactose peptone
water and incubate at 37°C for 48 h to confirm gas
production.

unnecessary.

Roll-tube method for bottles

Use nutrient or similar agar for most bacteria,
deMan, Rogosa and Sharp (MRS) medium for lac-
tobacilli, reinforced clostridial medium (RCM) for
clostridia and buffered yeast agar for yeasts.
Increase the agar concentration by 0.5%. Use the
roll-tube MacConkey agar for coliforms.

Melt the medium and cool it to §5°C. Add 100 ml
medium to 1-litre bottles and proportionally less to
smaller bottles. Stopper the bottles with sterile rub-
ber bungs and roll them under a cold water tap to
form a film of agar over the entire inner surface (see
‘Roll-tube counts’, p. 148). Incubate vertically and
count the colonies. For lactobacilli and clostridia,
replace the bung with a cottonwool plug and incu-
bate anaerobically.

Vats, hoppers and pipework

Large pieces of equipment are usually cleaned in
place (CIP). Test flat areas by agar contact or swab-
bing. Take swab samples of dead ends of pipework
and crevices. CIP pipelines are examined by the
rinse method where large quantities are pumped
around the system. Samples of rinse fluid are col-
lected from the discharge end of the system from
the first, middle and final portions of rinse fluid.
The first will contain any residual bacteria not
killed by CIP treatment. If this has not been effec-
tive, the first sample will give a higher count than
the middle and final samples. If all three samples
are satisfactory then the cleaning was efficient.
Rinse fluid samples may also be taken at various
points throughout the system.
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Examination of cloths, towels, etc.

To demonstrate unhygienic conditions and the
necessity for frequent changes of cloths, examine as
follows.

Spread a washcloth or drying cloth over the top of
a screw-capped jar of known diameter. Pipette
10 ml 0.1% peptone water on to the cloth so that
the area over the jar is rinsed into it. Do plate
counts. If a destructive technique is possible, cut
portions of cloths, sponges or brushes with sterile
scissors and add to diluent. Where the cloth is of a
small size add directly to diluent.

Mincers, grinders, etc.

After cleaning, rinse with 500 ml 0.1% peptone
water. Treat removable parts separately by rinsing
them in diluent in a plastic bag. Do colony count
on rinsings as for milk bottles.

Sampling dried material (scrapings,
sweepings, etc.)

Take a sample at each site selected, using appropri-
ate sterile equipment, and insert into sterile con-
tainers. If sufficient sample is available, the
quantity should approximate that used for determi-
nations applied to the finished product.

Biotechnology plant

To detect the release of aerosols sample the air by
one of the methods described on p. 246. To detect
leakage around pipe joins and valves use the swab
rinse method (see p. 248). Test surface contamina-
tion with Rodac plates (see p. 245). For more
details on sampling and monitoring in process
biotechnology, see Bennet et al. (1991)
Tuijnenburg-Muijs (1992).

and
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Pharmaceutical, etc. ‘clean rooms’

Use one of the mechanical air samplers (see p. 247),
preferably placed outside the room and sampling
through a probe. There are several different levels
of clean rooms and the standards, i.e. the number
of particles per unit volume, are set out in a British
Standard (BSI, 1999). Settle plates are also useful
but do not give comparable results.

Humidifier fever, etc.

Use one of the mechanical samplers (see p. 247) to
test the air in premises where there are suspected
cases of humidifier fever, sick building syndrome,
extrinsic allergic alveolitis, etc. Do counts for both
fungi and bacteria.

Sample the water and the biofilm in the humidifier
reservoir for bacteria and fungi (see pp. 256 and
257). See also Collins and Grange (1990),
Flannigan et al. (1991), and Ashton and Gill
(1992).

For further information on effective environmen-
tal microbiological sampling, see Holah (1999) and
Downs and Ito (2001).
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Water microbiology

The microbiological examination of water is used
world wide to monitor and control the quality and
safety of various types of water. These include
potable waters, treated recreational waters and
untreated waters, such as the sea, used for recre-
ational purposes. Microbiological examination of
water samples is usually undertaken to ensure that
water is safe to drink or to bathe in. The quality of
water intended for human consumption in the EU
is covered by a Directive (EC, 1998). This has been
enacted into UK law by the Water Industry Act
1991, the Water Supply (Water Quality)
Regulations 2000 (SI, 2000) and the Private Water
Supplies Regulations 1991 (SI, 1991a). In the UK
bottled water is subject to the Natural Minerals
Water, Spring Water, and Bottled Drinking Water
Regulations 1999 (SI, 1999). For a review of
microbiological standards of water and their rela-
tionship to health risk, see Barrell et al. (2000).
Officially approved methods for the bacteriologi-
cal examination of water are given by the UK
Environment Agency (EA, 2002) and in the USA by
the American Public Health Association (APHA,
1998). In relation to public health the principal tests
applied to water are the viable plate or colony count
and those for coliforms, Escherichia coli, faecal col-
iforms (includes species of Klebsiella, Enterobacter
and Citrobacter spp.), enterococci and sulphite-
reducing clostridia (Clostridium perfringens). In
addition to the conventional microbiological
parameters, UK legislation requires continuous
monitoring of ‘at-risk’ water treatment works for
cryptosporidial oocysts (the Water Supply [Water
Quality] Regulations — SI, 2001). Table 20.1 pro-
vides the UK microbiological guidelines and stan-
dards for drinking water. In the UK, the Health

Protection Agency (HPA) provides a water micro-
biology external quality assurance scheme for
laboratories to assess proficiency in testing.

SAMPLING

Water samples are usually collected by environ-
mental health officers and water engineers, who use
sterile 300-ml or 500-ml plastic or glass bottles
supplied by the laboratory.

For samples of chlorinated water the bottles must
contain sodium thiosulphate (0.1 ml of a 1.8 % solu-
tion per 100 ml capacity) to neutralize chlorine.

COLONY COUNTS

These are required under UK regulations and EC
Directives and are standard procedures in the USA.
The technique is described in Chapter 10. Yeast
extract agar (YEA) is used and tests are done in
duplicate with undiluted and serially diluted sam-
ples. One set is incubated at 22°C for 72 h and the
other at 37°C for 24 or 48 h. Permitted values are
provided in Table 20.1.

TOTAL COLIFORMS AND
E. COLI TEST

Most probable number method with
minerals modified glutamate medium

The principle of the most probable number (MPN)
method for estimating the numbers of micro-
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Table 20.1 Microbiological guidelines and standards for drinking water

Within 12 h of bottling

Vending machines

Meat premises
Routine sampling

If coliforms found

Colony counts at 22°C
and 37°C

As above +:
Colony count 22°C/72 h
Colony count 37°C/48 h

Coliforms/E. coli
Colony count 22°C/72 h
Colony count 37°C/24 h

Coliforms/E. coli
Colony count 22°C/72 h
Colony count 37°C/48 h

Resample as for routine
plus test for:

Enterococci
Sulphite-reducing clostridia

Should show no
appreciable increase
after bottling

100/ml
20/ml

0/100 ml
< 10 000/ml
< 1000/ml°

0/100 ml
0/20 ml

Type of water Parameters Permitted Guide level Imperative
concentration level
or value

Mains water

(continuous sampling Coliforms/E. coli 0/100 ml < 10/100 |

recommended) Cryptosporidium

oocysts®

Private supplies

Classes A—E and Coliforms/E. coli 0/100 ml

14 Colony counts at 22°C No significant increase

and 37°C over normal levels

Class F Coliforms/E. coli No organism detrimental

to public health

Natural mineral waters

Sampled any time Coliforms/E. coli 0/250 ml

up to sale Enterococci 0/250 ml

Pseudomonas aeruginosa 0/250 ml
Sulphite-reducing clostridia ~ 0/50 ml
Parasites/pathogens Absent
Within 12 h of bottling As above + colony count
22°C/72 h 100/ml
Colony count 37°C/48 h 20/ml
Drinking water in containers
At any time Coliforms/E. coli 0/100 ml
Enterococci 0/100 ml
Sulphite-reducing clostridia < /20 ml

* Applies to treatment works shown by risk assessment to be potentially contaminated
® Provided that colony counts are no more than |0 times greater than those in water entering the machine
Reproduced from Barrell et al. (2000) with permission of the publishers, HPA Communicable Disease Surveillance Centre




organisms is given in Chapter 10. For water exam-
ination the test involves the addition of known vol-
umes of the sample to a range of bottles or tubes
containing a fluid medium, in this case minerals
modified glutamate medium (MMGM), which has
replaced the original MacConkey broth.

Select the range according to the expected purity
of the water:

Mains chlorinated water: A and B

Piped water, not chlorinated: A, B and C
Deep well or borehole: A, B and C
Shallow well: B, C and D

No information: A, B, C and D.

A: Add 50 ml water to 50 ml double-strength
medium.

B: Add 10 ml water to each of five tubes of 10 ml
double-strength medium.

C: Add | ml water to each of five tubes of 5 ml
single-strength medium.

D: Add 0.1 ml water to each of five tubes of 5 ml
single-strength medium.

Incubate the bottles or tubes at 37°C for 18-24 h
and examine for acid production (as demonstrated
by the presence of a yellow coloration) and again
after a further 24 h. Retain all positive cultures
because they are required for confirmatory testing
for coliforms and E. coli.

The number o