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FOREWORD

THE GENESIS of this series, The American Lec-
ture Series in Clinical Microbiology, stems from the concerted ef-
forts of the Editor and the Publisher to provide a forum from
which well-qualified and distinguished authors may present, either
as a book or monograph, their views on any aspect of clinical mi-
crobiology. Our definition of clinical microbiology is conceived
to encompass the broadest aspects of medical microbiology not
only as it is applied to the clinical laboratory but equally to the
research laboratory and to theoretical considerations. In the
clinical microbiology laboratory we are concerned with differences
in morphology, biochemical behavior, and antigenic patterns as a
means of microbial identification. In the research laboratory or
when we employ microorganisms as a model in theoretical biology,
our interest is often focused not so much on the above differences
but rather on the similarities between microorganisms. How-
ever, it must be appreciated that even though there are many sim-
ilarities between cells, there are important differences between
major types of cells which set very definite limits on the cellular
behavior. Unless this is understood it is impossible to discern
common denominators.

We are also concerned with the relationships between micro-
organism and disease—any microorganisms and any disease. Im-
plicit in these relations is the role of the host which forms the
third arm of the triangle: microorganisms, disease, and host. In
this series we plan to explore each of these; singly where possible
for factual information and in combination for an understanding
of the myriad of interrelationships that exist. This necessitates
the application of basic principles of biology and may, at times,
require the emergence of new theoretical concepts which will
create new principles or modify existing ones. Above all, our aim
is to present well-documented books which will be informative,

ix
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instructive, and useful, creating a sense of satisfaction to both the
reader and the author.

Closely intertwined with the above raison d’étre is our desire
to produce a series which will be read not only for the pleasure of
knowledge but which will also enhance the reader’s professional
skill and extend his technical ability. The American ILeclure
Series in Clinical Microbiology is dedicated to biologists—be they
physicians, scientists, or teachers—in the hope that this series will
foster better appreciation of mutual problems and help close the
gap between theoretical and applied microbiology.

Attention has been sharply focused over the past decade on the
development of automated instruments which lend themselves to
one or more time, labor, or material saving aspects of laboratory
effort. Simultaneously, automated or semiautomated analytical
devices have also been developed in the laboratories of innovative
researchers. As a result of these and related activities, a number
of instruments, devices, and methodology improvements have oc-
curred in several areas within the broad scope of microbiology.

There has been at least one European international conference
designed specifically to provide a forum for the presentation and
discussion of rapid methods and automation as applied to micro-
biology. However, no such meetings had been organized for the
Western Hemisphere until Dr. A. N. Sharpe and Dr. D. S. Clark
of the Health and Welfare Branch of the Canadian Ministry of
Health and Welfare put such a conference together. The confer-
ence was held in Ottawa in the autumn of 1975. It was interna-
tional in scope and broad in the coverage of mechanization in mi-
crobiology. The meeting was well received and the organizers of
the conference were urged to publish the proceedings. Thus,
Drs. Sharpe and Clark assumed the role of editors and made pos-
sible this addition of the American Lecture Series in Microbiology.
It 1s a most welcome addition and one which should serve not only
as a source of baseline information and data on certain aspects of
mechanization but also to serve as an inspiration to those readers
who will be motivated to improve on these instruments described
in this book so that microbiology will continue to keep time with
the new drummer—automation.

ALBERT BArows, Pr.D.
Editor



PREFACE

THIS book grew out of the International Confer-
ence on Mechanized Microbiology held at Ottawa in September,
1975. We hoped that by inviting conference contributors to re-
write their manuscripts in the light of the general outcomes of the
conference, instead of simply publishing a verbatim conference
report, a more coherent and valuable work would be obtained.
By so doing, we also enabled many of the contributors to widen
the scope of their papers, particularly by the inclusion of more
review material.

Two other chapters, not originally presented as papers at the
conference, have been added. Chapter I, by R. E. Trotman, de-
scribes in very readable terms some of the frustrations, problems,
and prejudices surrounding the whole business of mechanizing
microbiology. Chapter 3, by A. N. Sharpe, attempts to show that
the detection of microorganisms, contrary to the opinions ol many
microbiologists, is subject to the same laws as the detection of any-
thing else. Other sciences have benefited from the application of
theories of communication, and the further exploration of micro-
biology by such means may well uncover processes inherently
more suited to mechanization than those we use at present.

The would-be inventor should find several areas described
within the book from which useful developments might be made.
The field of microbiology, particularly food microbiology, badly
needs new ideas, new enthusiasms, and strong research and de-
velopment investment. Chapter 5, by R. B. Read, paints a slightly
gloomy picture. However, the scientist-inventor should find in
Chapter 4, by D. Freedman, a friendly encouragement, some use-
ful guides and, for those who may have seen their brainchildren
dashed against the rocks, some appreciation that inventions are
not lightly tossed into the sea of commerce.

AN.S.
D.S.C.

Xi



GCOMETIDULOTS, + v v s v s i vmes sows 65 v suin s s siEs aessy s sas 55 i
TOTLTIOTE. .. o ooive o s vnrim mmonseio o aase oot a s, mvwims s 5 a4 a8 6 5ot 0
PHCFACE  iivs (s 5o nmns supamrmns: 6 5rsre woas: @ogsmssps wmgns wpaps o) 305 wepstng 5 @ravare & 918
Chapter
1. MECHANIZING MICROBIOLOGY: THE ADVANTAGES AND
FuTurE PROSPECTS: R. E. Trotman «...:csvsaeswssasmsis
2. A SURVEY OF POSSIBILITIES FOR MECHANIZATION OR
AUTOMATION OF MICROBIOLOGICAL PROCEDURES. R. Bohm. .
3. SOME THEORETICAL ASPECTS OF MICROBIOLOGICAL
ANALYSIS PERTINENT TO MECHANIZATION. A. N. Sharpe . ...
4. (CONSIDERATIONS AND PROBLEMS IN DEVELOPING AN
INSTRUMENT FROM CONCEPT TO COMMERCIAL PRODUCT.
I); BFECCAMIATYL i i cdimeimmnmrma nbibs o animiwni S iss
5. STATUS OF MECHANIZED MICROBIOLOGICAL STANDARD
MerHops FOR Foops. R. B. Read, Jr., J. E. Campbell,
and J.S. Winbush ..., ... ..
6. EVALUATION OF AUTOMATIC BACTERIOLOGICAL ANALYSIS
METHODS APPLICABLE TO TOTAL BACTERIAL COUNTS
IN MiLK. R. Grappin ........c.eeuievmeerominninenenne.
7. A RArip METHOD OF ESTIMATING TOTAL BACTERIAL
CounTs IN GrRounNDp Beer., L. R, Brown and G. W, Childers .
8. AUTOMATED FLUORESCENT ANTIBODY TEST FOR Salmonella.
T. E. Munson, J. P. Schrade, and N. B. Bisciello, Jr. ......
9. Rarm DETECTION OF WATER-BORNE FECAL COLIFORMS
BY "CO, RELEASE. D. J. Reasoner and E. E. Geldreich . ...
10. ENUMERATION OF BACTERIA UsiNnG HyprOPHOBIC GRID-

CONTENTS

MemBRANE Fierers. A, N. Sharpe and G. L. Michaud .. ...

xiii

Page

41

67

~1
=

87

104

120



Xiv Mechanizing Microbiology

Chapter
11. UsE or SPIRAL BACTERIAL PLATING AND LASER COLONY
CoOUNTING TECHNIQUES IN STUDIES OF THE MICROBIAL
Ecorocy or MAN. W. W. Briner, J. A. Wunder, D. W.
Blair, J. J. Parran, T. L. Blaney, and W. E. Jordan ........
12, A SEMIAUTOMATIC INSTRUMENT FOR THE DETERMINATION
oF GEL RIGIDITY IN MICROBIOLOGICAL NUTRIENTS AND
GELLING AGENTS. 1. D. Costin . ......c.oviniirinennanan..
13. THE BIODILUTOR AND BIOREACTOR FOR AUTOMATED
TESTS ON SERIAL DiLuTioNs oF Sampres. E. Engelbrecht ..
14. PROGRESS IN IMPEDANCE MEASUREMENTS IN MICRORI-
OEOGY. P, CAAF i cow s non o ommne o g loricdn 5w snesis mm saes aea ergs
15. Rarip, AUTOMATED BACTERIAL IDENTIFICATION WITH
COMPUTERIZED PROGRAMMING OF AUGMENTED AUTOBAC 1
REsurts.  J. M. Matsen, B. H. Sielaff, and G. E. Buck .....
16. RAPID ANTIMICROBIAL SUSCEPTIBILITY TESTING OF ANAER-
osic Bacteria with Autosac 1. D. W. Lambe, Jr.,
A. Curtiss, W. W. Laslie, J. McKie, and J. Seo ............
17. THE UsE or THE DI1GITAL COMPUTER IN THE MANAGE-
MENT AND ANALYSIS OF MICROBIOLOGICAL DATA. 1. J.
Pflug and R. G. Holcomb .............. ... ....... ...
18. COMPUTER-ASSISTED IDENTIFICATION OF UNKNOWN
BACTERIA. J. G.Edwards ............cocnieiniiaannoan.
19. ApprLICATIONS OF COMPUTERS AND COMPUTER DIAGNOSTIC
Mopkgrs.  J. D. MacLowry and E. A. Robertson ..........

Page

210

265

280



MECHANIZING
MICROBIOLOGY






Chapter 1

MECHANIZING MICROBIOLOGY: THE
ADVANTAGES AND FUTURE PROSPECTS

R. E. TROTMAN

IT IS usually claimed that the primary advantages
of mechanization in any discipline are that it increases productivi-
ty and that it relieves human beings of having to perform soul-de-
stroying, menial, and repetitive tasks (sometimes necessarily per-
formed in unhealthy environments) so that they may be released
to perform mainly those tasks requiring the special training and
skills only the technologist possesses. Those are undoubtedly some
of the advantages of mechanizing microbiology (except perhaps
in the developing countries in which there is a profusion of un-
skilled labor) . However, despite the many attempts to devise and
introduce automatic methods into routine use, even simple aids
such as semiautomatic dilutors, dispensers, and turbidometric de-
vices, as well as more sophisticated techniques based on the com-
puter or on impedance or on differential light-scattering meas-
urements, are still used sparingly in medical and other branches
of microbiology. Those techniques will be discussed later in this
volume, and in Hedén & Illéni (1975) and in Trotman (1977),
but the question of why this is so will be examined here.

One reason sometimes advanced is that the technology is not
available. It is of course true that it is not yet possible to, for
instance, identify the organisms in a mixed culture without first
isolating them, although claims that one can do this with some
techniques, such as impedance measurements, differential light
scattering, and gas-liquid chromatography, have been made. How-
ever there is a great deal of technology available. Very much is
technically feasible.

Of course, it does not follow that, because development of a
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specific technique and/or apparatus is technically feasible, it is a
useful objective; many designers, both amateur and professional,
have fallen into the trap of devising very ingenious but rarely re-
quired methods and devices. Some designers have attempted, and
failed, to overcome the many technical problems involved, espe-
cially in mechanically handling infected material. Furthermore,
badly designed, unreliable, costly to run, and misapplied equip-
ment, of which, unfortunately, one knows so many examples, will
put an apparatus into disrepute, even though in principle it is
very valuable, thereby raising doubts about its value and that of
similar equipment. This encourages the belief that it is not
possible to produce useful automatic methods in microbiology.
Additionally, designers have produced apparatus capable of such
outputs that only a few machines would be required to perform
all the work in a country of the size of the United Kingdom.
These practices waste resources and can permanently discourage
a microbiologist from introducing mechanization. One should
not rush in and develop one’s brainchild without having first
firmly established that it really is potentially a tool that is needed
and likely to be economic when all overheads, not just the cost of
the capital equipment and consumables, are taken into account.

We are far from having produced all the feasible and practical
methods and devices for use in routine laboratories and are far
from overcoming the difficulties of introducing good equipment
into routine use. The latter is a major problem arising partially
because there are those who doubt that mechanizing microbio-
logical laboratories, even if technically feasible, serves a useful
purpose. But there is no doubt that there are many advantages,
in addition to the primary ones outlined above, in using auto-
matic methods, provided equipment is designed to perform a
specific microbiological function. Modifying equipment designed
for a different application can be valuable but is often carried out
badly and inappropriately.

The variations in the results obtained by two or more workers,
ostensibly carrying out identical test procedures, even in the same
laboratory, are well known (Gavan, 1974) . Much of this variation
can be eliminated by the use of a well-designed and constructed
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machine, provided it is functioning properly, because it is more
consistent than human beings. Furthermore, the contribution of
the observer error to the total variation is significantly reduced.
In addition, machines can be more sensitive and more accurate
than human beings. We must stop such practices as holding a
culture up to the light and saying “Oh vyes, that's about 10°
organisms per ml."”" In this day and age a more scientific approach
should be the norm.

An additional advantage of automatic methods is that the re-
sults obtained from machines are readily sent directly to data
processing equipment. Furthermore, mechanized equipment can
be programmed, and it can and should be designed in such a way
as to indicate when parameters are outside predetermined limits,
when it is out of sequence, and when it has failed. However, one
must not overlook the fact that even well-designed and well-
constructed equipment needs routine calibration, maintenance,
and servicing, and that its proper use requires an operator with
appropriate aptitudes.

There is at present very little quality control in microbiology,
although the situation is beginning to improve. The use of auto-
matic apparatus facilitates much wider use of such control, al-
though control of media and reagents is required even in manual
methods (Russell et al., 1969) .

The above seem to be very important reasons for introducing
automatic methods into microbiology, but are they in themselves
adequate to justify the investments needed to design, develop, and
produce such methods? Bearing in mind the harsh world in which
we live, can automatic methods be more than bonuses, the main or
sole purpose of introducing them being to increase productivity?

One wonders whether the cost of developing automated equip-
ment is a justifiable deterrent, because the bases for economic
comparisons are difficult to determine. For example, it would be
very difficult to establish the cost of, say, a false diagnosis due to
an error in performing a manual test (although some industrial-
ists no doubt have a shrewd idea). Also, is not an improvement
in the quality of service to clinicians or food technologists, ensuing
from the introduction of well-designed automatic methods, sulfli-



