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Preface to fifth edition

The two of us new to this edition were
honored and delighted when Elvyn G.
Scott invited us to work with him on this
book, which we have long regarded as a
classic in its field. We hope to maintain
the high standards of this important work
so that it will continue to serve micro-
biologists and students of medical micro-
biology. The three of us have made it our
aim also to make the book useful to in-
fectious disease clinicians and trainees,
to clinical pathologists, to public health
workers, and to nurses and nursing stu-
dents.

The text is changed significantly from
the last edition. There is some reorgani-
zation, much new material is added, and
everything is updated. Only medically
relevant material is included, and clinical
correlations are presented. A new chapter
has been added on our philosophy and
general approach to clinical specimens,
and a separate chapter has been created
for the anaerobic cocci. Many other chap-
ters have been completely rewritten, in-
cluding the chapter on parasites by
Lynne Shore Garcia. Among the new top-
ics treated in this edition are evaluation
of sputum for culture; enterotoxigenic
versus enteropathogenic Escherichia
coli; new methods for detection of bac-

teriuria; role of Chlamydia in nonspecific
urethritis; new classification of gram-
positive cocci; new descriptive material
on certain nonfermentative gram-nega-
tive bacilli not previously discussed;
Acidaminococcus; Megasphaera; newly
described mycobacteria; Plesiomonas,
Cardiobacterium, and other uncommon-
ly encountered gram-negative bacilli;
new methods for susceptibility testing;
several new tests for identification; and
updated procedures in serology and clin-
ical immunology.

We acknowledge, with gratitude, the
assistance of numerous individuals. Par-
ticularly, we appreciate the help of
Richard Addison, Pamela Byatt, Dorothy
Citronbaum, Rick Greenwood, Myrna
James, Teri Landis, Gene Marso, Vera
Sutter, Donna Taratoot, and Palma Wide-
man. We would like to thank Nobuko
Kitamura for the preparation of a number
of excellent new illustrations for Chapter
35.

To our wives, Mary, Marcia, and Lois,
we express our thanks for their patience,
indulgence, and assistance.

Sydney M. Finegold
William J. Martin
Elvyn G. Scott
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Preface to first edition

Diagnostic Microbiology is the firstedi-
tion of a new series and not a revision of
the former publication Diagnostic Bac-
teriology, the latest edition of which we
revised (1958). This new title derives in
part from the fact that the new volume
includes microorganisms other than bac-
teria. The reader will note, for example,
that the former Society of American Bac-
teriologists has now become the Ameri-
can Society for Microbiology.

Since this book is designed to be used
as a reference text in medical bacteriol-
ogy laboratories and as a textbook for
courses in diagnostic bacteriology at the
college level, the material has been con-
solidated and placed in separate parts and
chapters. The selected sequence will be
commensurate with the needs of both the
diagnostician and the student.

For purposes of orientation in taxon-
omy and ready reference, an outline of
bacterial classification has been in-
cluded. For the student beginning diag-
nostic work, some pertinent background
information is presented on the cultiva-
tion of microorganisms, the microscopic
examination of microorganisms, and the
proper methods for collecting and han-
dling specimens.

A number of chapters include recom-
mended procedures for the cultivation of
both the common and the rare pathogens
isolated from clinical material and should
serve to familiarize the microbiologist
with the wide variety of pathogens that

may be encountered. An additional chap-
ter has been devoted to the methods em-
ployed in the microbiological examina-
tion of surgical tissue and autopsy mate-
rial.

To effect further consolidation of the
book’s content, one part has been devoted
to a series of chapters which cover the
various groups of bacteria of medical im-
portance—their  taxonomic  position,
general characteristics, and procedures
for their identification. The chapter on
the enteric bacteria introduces the new
classification of the family Enterobacte-
riaceae, outlines the group biochemical
characteristics, and discusses the serolog-
ical aspects. The chapter on the myco-
bacteria includes a discussion of the
increasingly importantunclassified (anon-
ymous) acid-fast bacilli, giving the meth-
ods for their identification, certain cyto-
chemical tests, and animal inoculation
procedures.

The chapter on laboratory diagnosis of
viral and rickettsial diseases includes a
guide to the collection of specimens and
offers recommendations for the appro-
priate time of collection. In the chapter
on laboratory diagnosis of systemic my-
cotic infections, the biochemical ap-
proach in identifying the pathogenic
fungi is brought to the reader’s attention.

The remainder of the book includes
prescribed tests for the susceptibility of
bacteria to antibiotics, serological proce-
dures on microorganisms and patients’
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x Preface to first edition

sera, and a technical section on culture
media, stains, reagents, and tests, each in
alphabetical sequence.

We would like to express our gratitude
to Mrs. Isabelle Schaub and to Sister
Marie Judith for committing the contin-
uation of the original publication, Diag-
nostic Bacteriology, to our care and re-

sponsibility. We also acknowledge the
many kindnesses extended by a number
of microbiologists and clinicians in per-
mitting the use of published and un-
published materials.

W. Robert Bailey
Elvyn G. Scott
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CHAPTER 1

General requirements for cultivation

of microorganisms

Great advances relative to the nutri-
tional requirements of bacteria and other
microorganisms have been realized dur-
ing the current century. Consequently,
with the exception of a few fastidious
forms, most pathogens can be cultivated
in the laboratory on artificial media. Em-
phasis should be placed, therefore, on the
proper preparation and selection of cul-
ture media in order to isolate and grow
the various microbes. The need for qual-
ity control should be stressed. A good cul-
ture medium contains the essential nu-
trients in the proper concentration, an
adequate amount of salt, and an adequate
supply of water; is free of inhibitory sub-
stances for the organism to be cultivated;
is of the desired consistency; has the prop-
er reaction (pH) for the metabolism of that
organism; and is sterile. It is obvious that
such a definition applies only to the
preparation of inanimate media because
different requirements exist for obligate
parasites.

Additional requirements, such as those
generated by the temperature and oxygen
relationships of the culture and by the
lack of synthetic ability of certain fastid-
ious pathogens, must also be met.

Heterotrophic microorganisms, the
group to which the pathogens belong,
exhibit a wide variety of needs. De-
spite this, however, numerous dehy-
drated media that are stable and emi-
nently suitable for use in a diagnostic
laboratory are available commercially.
This ready supply minimizes concern
regarding deterioration of prepared
media and reduces storage needs. It is
strongly recommended that media

makers follow the directions given on
the container labels.

PREPARATION OF MEDIA

Clean, detergent-free glassware and
equipment are essential to good media
preparation. The screw cap, the metal clo-
sure, and the plastic plug have virtually
replaced the cotton plug in tubes of me-
dia, but personnel are cautioned concern-
ing the exclusive use of the push-on metal
closure. When tubes of media are stored
over a long period, air contamination is
likely to occur. Tubes cooling after sterili-
zation take in air—the most likely means
of initial contamination.

If a culture medium is to be prepared
from its ingredients, the latter should be
weighed out accurately in a suitable con-
tainer. Approximately half of the re-
quired amount of water is added first to
dissolve the ingredients; then the remain-
der is added. If it is an agar-containing
medium, heat will be necessary to dis-
solve the agar. Heating on an open flame
is not recommended, although it is often
practiced. The use of a boiling water bath
or steam bath is preferred. Complete dis-
solution of the ingredients of the medium
in the required amount of water before
sterilization gives a consistent and homo-
geneous product. Flasks. of agar-con-
taining media should be mixed after
sterilization to promote a uniform consis-
tency for pouring plates.

Media may be liquid (broth) or solid
(containing agar). Sometimes a semisolid
consistency is desired, in which case a
low concentration of agar is used. Culture
media may be also synthetic, in which all
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4 Laboratory methods

ingredients are known, or nonsynthetic,
in which the exact chemical composition
is unknown.

The inclusion of small amounts of a
carbohydrate, such as glucose, is often
recommended for the enhancement of
growth in routine plating or broth media.
The presence of such a carbohydrate in
some instances can lead to a product of
fermentation that may alter the charac-
teristic appearance of a reaction pro-
duced by a microorganism. Examples are
cited later.

Dehydrated media or media prepared
according to accepted formulas are now
available for the cultivation of anaerobic
bacteria, which often precludes the ne-
cessity for cultivation in an anaerobic jar.
Thioglycollate broth or agar is an excel-
lent example of this type. The major use
of such a medium is for biochemical tests
on strains of anaerobes that have been
previously isolated in pure culture. In
the preparation of this medium (which
contains peptone, an amino acid, and
other ingredients), sodium thioglycollate
is added as a reducing agent. This sub-
stance possesses sulthydryl groups (SH-),
which tie up molecular oxygen and pre-
vent the formation and accumulation of
hydrogen peroxide in the medium.

The cultivation of catalase-negative mi-
croorganisms, such as the clostridia,
which are unable to break down this tox-
ic substance, becomes possible under
these conditions. The addition of thiogly-
collate or other reducing agents, for
example, cysteine or glutathione, to cul-
ture media such as nutrient gelatin, milk,

and others renders them more suitable for
anaerobic or microaerophilic cultivation.

STERILIZATION OF MEDIA

Sterilization may be effected by heat,
filtration, or chemical methods. The meth-
od of choice will depend on the medium,
its consistency, and its labile constitu-
ents. Moist heat rather than dry heat is
employed in the sterilization of culture
media, and the method of application will
vary with the type of medium.

Moist heat
Steam under pressure

The usual application for most media is
steam under pressure in an autoclave
where temperatures in excess of 100 C
are obtained. Although the principle
of the autoclave need not be discussed
here at length, one important rule about
autoclave sterilization must be stressed.
In the normal procedure, using 15
pounds of steam for 15 minutes, the
autoclave chamber should be flushed free
of air before the outlet valve is closed. A
temperature of 105 C on the chamber
thermometer is used as an index of com-
plete live steam content. When this tem-
perature is reached, the outlet valve may
be closed and the pressure allowed to
build up to the required level of 15
pounds to attain generally a temperature
of 121 C. Automation, however, takes
care of such operational needs.

The time of exposure to this tempera-
ture and pressure may be allowed to
exceed 15 minutes if large volumes of ma-
terial are being sterilized. It is not recom-

Table 1-1. Autoclave temperatures corresponding to steam pressures in the chamber

Pressure Temperature Pressure Temperature Pressure Temperature
(pounds) (o) (pounds) ()] (pounds) (o]

] 102.3 10 115.6 15 121.3

3 105.7 11 116.8 16 122.4

5 108.8 12 118.0 17 123.3

7 111.7 13 119.1 18 124.3

9 114.3 14 120.2 20 126.2
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mended that an exposure of more than 30
minutes be used, because overheating
can cause a breakdown of nutrient con-
stituents.

A lower pressure may be necessary at
times, such as in the heat sterilization of
certain carbohydrate solutions. A pres-
sure of 10 to 12 pounds for 10 to 15
minutes will reduce the possibility of
hydrolysis.

The temperatures of the autoclave that
correspond to the various live steam pres-
sures (above atmospheric) are given in Ta-
ble 1-1.

It is strongly recommended that the ef-
ficiency of the autoclave be checked at
regular intervals. This may be con-
veniently done with the use of filter paper
strips impregnated with spores of the ther-
mophile Bacillus stearothermophilus
and an appropriate amount of dehydrated
culture medium with an indicator.?

The paper strips,* contained in small
envelopes, are inserted in the center of a
basket of tubes of media of other articles
to be tested. The basket or article is then
placed near the bottom at the front of the
autoclave chamber and the usual steriliz-
ing cycle is carried out. When the cycle is
complete, the load is removed from the
sterilizer and the sporestrip envelope is
sent to the laboratory.

In the microbiology laboratory the
sporestrips are individually removed,
using aseptic technique, and placed di-
rectly into tubes containing 12 to 15 ml of
sterile distilled water. After dissolution of
the medium on the strips, the tubes are
gently shaken and placed at 55 C and
then observed daily for several days. An
unexposed sporestrip is processed in like
manner as a control with each steriliza-
tion check.

The control is examined after appropri-
ate incubation. This should reveal a
change in the color of the indicator, show-
ing that acid (yellow if bromcresol purple
is used) has been produced through fer-

*Kilit Sporestrips No. 1, Baltimore Biological Lab-
oratory, Cockeysville, Md.

mentation of the glucose. If the remain-
der of the tubes are of the same appear-
ance, sterilization has not been effected.

Successful sterilization is indicated by
the unchanged appearance of the heated
tubes after 7 days’ incubation at 55 C. The
spores of B. stearothermophilus are de-
stroyed when exposed to 121 C for 15
minutes.

A test kit more convenient for use in the
microbiology laboratory consists of a
sealed glass ampule containing a stan-
dardized spore suspension of B. stearo-
thermophilus, culture medium and
indicator.* The ampule is exposed, incu-
bated, and read as previously described
for the sporestrip; an unheated ampule is
also included as a positive control.

These ampules are for professional use
only and are used just once. Because they
contain live cultures, they should be han-
dled with care to prevent breakage. Each
ampule is destroyed after using, prefer-
ably by incineration; unused ampules are
stored in a refrigerator at 2 to 10 C.

A third but less reliable alternative is to
use adhesive tape on which the word
“sterile” is printed invisibly. The word
becomes visible if the autoclaving is effi-
cient. The tape may be placed on any
suitable container to be autoclaved.

Flowing steam

The flowing steam procedure repre-
sents another application of moist heat
and may be employed in the sterilization
of materials that cannot withstand the
elevated temperatures of an autoclave.
Fractional sterilization, or tyndallization,
introduced by John Tyndall in 1877, is a
procedure involving the use of flowing
steam in an Arnold sterilizer.

Material to be so sterilized is exposed
for 30 minutes on 3 successive days. After
the first and second days the material is
placed at room temperature to permit any
viable spores present to germinate. Veg-
etative bacteria are destroyed at flowing

*Kilit ampule, Baltimore Biological Laboratory,

Cockeysville, Md.



6 Laboratory methods

steam temperature, whereas their endo-
spores are resistant. This procedure is
used for media such as milk containing an
indicator and others that may be precip-
itated or changed chemically by the nor-
mal autoclave treatment.

Inspissation

A third type of moist heat application is
the process known as inspissation, or
thickening through evaporation. This is
used in the sterilization of high-protein-
containing media that cannot withstand
the high temperatures of the autoclave.
The procedure causes coagulation of the
material without greatly altering the sub-
stance and appearance. Materials such as
the Lowenstein-Jensen egg medium, the
Loeffler serum medium, and the Dorset
egg medium are inspissated.

Modern autoclaves are equipped to al-
low inspissation procedures. If the Ar-
nold sterilizer or a regular inspissator is
used, the tubes containing the medium
are placed in a slanted position and ex-
posed to a temperature of 75 to 80 C for 2
hours on 3 successive days. Precautions
should be taken during such treatment to
prevent excessive dehydration of the me-
dium.

Manually operated autoclaves may also
be used successfully. Tubes of medium
are placed in the autoclave chamber in a
slanted position in a rack with adequate
spacing. The tubes may be closed with a
screw cap, loosely fitted initially, when
Lowenstein, Loeffler, and Dorset egg
media are being prepared. For operation,
the exhaust valve of the autoclave is
closed and the door is shut tightly. This
traps air in the chamber. The steam is
turned on, and the chamber contains an
air-steam mixture. The pressure is then
raised to 15 pounds and should be rigidly
maintained for 10 minutes. The temper-
ature ranges between 85 and 90 C. After
this period, through manipulation of the
steam valve and the exhaust valve, the
air-steam mixture is replaced with live
steam while the pressure is kept constant

at 15 pounds. When the temperature
reaches 105 C, the chamber contains only
live steam. The outlet valve is then
closed, and an additional 15 minutes at 15
pounds is allowed to effect complete ster-
ilization. During the final phase the cham-
ber temperature rises to 121 C. At the end
of this period the pressure should be per-
mitted to subside very slowly. This is
achieved by closing the steam valve and
keeping the outlet valve tightly closed.
The chamber temperature should drop
below 60 C before the door is opened.
When the tubes of media are cool, their
caps should be tightened.

Filtration

Certain materials cannot tolerate the
high temperatures used in heat steriliza-
tion procedures without deterioration;
thus other methods must be devised. Ma-
terials such as urea, certain carbohydrate
solutions, serum, plasma, ascitic fluid,
and some others must be filter sterilized.
Filters made of sintered Pyrex, com-
pressed asbestos, or membranes are em-
ployed. These are placed in sidearm
flasks, and the entire assembly of filter
and flask is sterilized in the autoclave. A
test tube of appropriate length may be
placed around and under the delivery
tube of the filter and sterilized with the
unit when only a small quantity of filtrate
is to be required. Negative pressure (suc-
tion) is applied to draw or positive pres-
sure is applied to force the materials
through the filter. Membrane filters are
used in preference to the Seitz asbestos
filter for some materials because of the
high adsorption capacity of the latter
type. The Swinney filter,* consisting of a
filter attachment affixed to a hypodermic
syringe and needle, is fast and simple for
small quantities of material. The non-
sterile material is taken up in the syringe,
the sterile filter attachment is affixed, and
the material is expressed by positive pres-
sure (exerted by the plunger) into a ster-

*Millipore Filter Corp., Bedford, Mass.



