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PREFACE

IN the preparation of the present edition war con-
ditions and printing difficulties have limited the
revision of the text to a minimum, but the short time
that has elapsed since the publication of the sixth
edition has made it possible to bring the book up-to-
date in most essentials without substantial recon-
struction. In the last edition, owing to delay in pro-
duction, an appendix was introduced for the inclusion
of new contributions to bacteriological knowledge and
technique which had assumed special importance after
the text had already been revised, and the production
of the new edition has been greatly facilitated by
extending this appendix. In adopting this expedient
we beg the indulgence of our readers. We have
endeavoured, by appropriate references, to link up the
matter in the appendix with the main text of the book,
and have also subdivided it into sections under the
appropriate chapter numbers.

As in the preparation of ecarlier editions, we are
again under a debt of gratitude to various colleagues
and friends for advice and information on special
subjects and we have to express our sincere thanks
to the following for their generous help in this respect :
Professor S. P. Bedson, Dr. W. J. M. Beveridge, Dr.
S. W. Challinor, Dr. R. Cruickshank, Dr. G. Dempster,
Dr. Cranston Low, Dr. G. B. Ludlam, Dr. F. O. Mac-
Callum, Dr. H. J. Parish, Dr. G. W. Richardson,
Professor G. S. Wilson, and Dr. Helen A. Wright.

We have also to thank Dr. Cranston Low for his
assistance in reading the proofs.

T.J. M.

1945. J. E. McC.

In the reprinting of this edition the opportunity has been
taken of making a few alterations in the text. T.J. M.

19486. J. E. McC.
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PART 1

General Biology of Micro-Organisms
and Immunity in Relation to Practical
Bacteriology






CHAPTER 1

THE GENERAL BIOLOGY OF
MICRO-ORGANISMS

THE BIOLOGICAL DIVISIONS REPRESENTED
BY THE PATHOGENIC MICROBES

BacTteRrIoLOGY or Microbiology, as applied to medicine,
embraces the study of those micro-organisms which
are pathogenic to, or commensals of, man. The term
‘ pathogenic " implies the power of producing disease ;
organisms that occur on the skin or in certain parts
of the body—e.g. mouth, throat, intestine—with-
out exerting any harmful effect arc described as
‘“ commensals.” Various commensal organisms are,
however, potential pathogens, and some recognised
pathogenic microbes may, under certain conditions,
assume a commensal réle—e.g. in the so-called infec-
tion carriers.

In veterinary science, bacteriology is specially
concerned with the micro-organisms responsible for
disease in domesticated animals. As many infective
diseases are common to man and animals, medical and
veterinary bacteriology are closely related branches
of the general subject. Pathogenic organisms, how-
ever, show great diversity in their parasitism to
different animal species, certain being associated with
disease in the human species only, while others are
highly virulent towards particular animals though
nonspathogenic to man.

The pathogenic and commensal micro-organisms
may be classified broadly in the following biological

8



4 PRACTICAL BACTERIOLOGY

divisions : (a) the bacteria or schizomycetes (** fission
fungi ”); (b) the fungi proper, which include the
moulds and the yeasts ; (¢) the protozoa.

The exact biological relationships of some patho-
genic micro-organisms, e.g. the Rickettsia group (which
includes the organism of typhus fever), still remain
undetermined, and it is difficult to assign such forms
to any one of these divisions.

Moreover, certain infective agents, probably of
organismal nature, are so minute that they can pass
through a filter which is impervious to the recognised
bacteria, and are designated * filterable viruses.”
Some of these are beyond the range of microscopic
visibility (‘‘ ultra-microscopic ’’); many, however, have
been demonstrated as minute bodies which are smaller
than the bacteria. The filterable viruses are still
undefined biologically.

The differential characterisation of thesc biological
divisions referred to is as follows :—

BacTERIA. — Morphologically simple, unicellular
organisms of microscopic dimensions, multiplying
usually with great rapidity and by simple fission ;
cellular units spherical, cylindrical, comma-shaped,
spiral or filamentous; devoid of chlorophyll and
exhibiting, as a rule, no ‘‘ morphological ”’ nucleus ;
certain species develop a resting-phase in the form of
‘“ spores ’; some of the filamentous types produce
* conidia > (vide p. 11); in certain specics the cells are
motile and possess flagella; some forms are flexuous.

Funei: Mould forms.— Branching filaments
(hyphae) interlacing and forming a meshwork (my-
celium); more highly organised than the bacteria,
often septate and multicellular, and reproduce usually
by means of spores developed in ‘ fruiting organs.”
Yeast forms (saccharomycetes).— Round, oval or
elongated units, generally larger than bacteria and
multiply by “ budding ” ; in certain species multiple
* endospores " formed ; in some, hyphae occur.
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ProTozoa.—Generally regarded as the lowest forms
of animal life ; minute unicellular organisms with the
protoplasm differentiated into nucleus and cytoplasm ;
reproduce by fission and spore-formation, and often
exhibit a definite life-cycle with both sexual and
asexual phases.

The bacteria and the filterable viruses play the most
important part in the causation of human infective
disease. Protozoal infections are most prevalent in
tropical and subtropical countries.

THE BACTERIA

For practical work some scheme of biological classi-
fication is necessary. Various systems have been used,
but in medical bacteriology a simple classification,
with an expressive nomenclature, serves for all practi-
cal purposes. Thus, in the first instance, bacteria can
be classified into the following subdivisions :—

LOWER BACTERIA
(or EUBACTERIA)

HIGHER BACTERIA
Elongated sheathed fila-

ments, often showing true
branching; unitsmay bein-
terdependent, some being
specialised for reproduc-
tion ; more highly organ-
ised than the lower bac-
teria.

Groups of Medical
Importance

1. Leptothrices—un-
branched filamentous
organisms —c.g. Lepto-
thriz buccalis (p. 588).

Simple unicellular struc-
tures, never in the form of
sheathed filaments ; each
unit equivalent; many
species motile, usually
due to their possessing
flagella.

Main Morphological
Classes

1. Cocci—globosein shape
—e.g. the streptococci
(p. 882).
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Groups of Medical Main Morphological
Importance—contd. Classes—contd.

2. Streptothrices — fila- | 2. Bacilli—straight rod-
mentous  organisms shaped organisms —
which  show true eg. B. typhosus
branching, and form (p. 480). o
a mycelium—e.g. | 8. Vibrios and spirilla—
Actinomyces (p. 525). definitely curved non-

flexuous rods (vibrios)
or spirals (spirilla)—
e.g. V. cholerae (p. 471).

4. Spirochaetes—flexuous
spiral filaments—e.g.
Treponema  pallidum
of syphilis (p. 588).

MORPHOLOGICAL STUDY OF THE BACTERIA

UNSTAINED PREPARATIONS OF L1viNg ORGANISMS.—
The morphology of the bacteria can be studied by
examining them first in the unstained condition,
suspended in fluid. In this way their general shape
can be observed and motility determined (vide p. 67).
Certain very slender organisms, however, such as the
spirochaetes, are so feebly refractile that they cannot
be seen by the ordinary microscopic methods, and
dark-ground illumination (vide p. 69) is necessary for
their demonstration.

For the study of the development of individual organisms
and the growth of bacteria in colonies, the ‘ agar-block
method of Orskov or-the microscope-incubator may be used
(vide p. 188)., These methods enable living bacteria to be
observed at intervals during their actual growth on a suitable
substrate, and present a truer and more natural picture of
bacterial morphology than other procedures which may involve
such manipulations as to create artificial appearances.
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STAINED PREPARATIONS.—The examination of
stained organisms is usually an essential routine
procedure. For this purpose various dyes are em-
ployed, often along with a mordant.

“ Negative” staining is of value for the sxmple
morphological study of bacteria—i.e. the organisms
are mixed with some substance which, in film pre-
parations, yields a dark or coloured background,
while the organisms stand out as clear unstained
objects. India ink and nigrosin are examples of
substances uscd for this purpose (vide p. 196). Nega-
tive staining has also been applied to the demonstra-
tion of spirochaetes.

Silver impregnation mecthods (vide p. 221) are
utilised for the staining of spirochaetes and are
particularly applicable for demonstrating these organ-
isms in tissues.

* Impression preparations ”’ are specially valuable for the
microscopic study of organisms in their natural state, e.g. in a
colony on culture medium. For this purpose whole colonies are
transferred to cover-slips and then suitably stained (p. 226).

StaINING REAcTIONS. — The staining reactions of
the bacteria are of the greatest importance both in
their morphological study and for their differentiation
and identification. Thus, all the bacteria can be divided
into two categories by the so-called Gram’s staining
reaction (vide p. 197)—t.e. according to whether they
resist decolorisation with aniline oil, alcohol or acetone
after staining with a pararosaniline dye—e.g. crystal
or methyl violet, and subsequent treatment with
iodine.  Those retaining the dye are designated
* Gram-positive ”’ ; those decolorised by this method
are spoken of as ‘“ Gram-negative.”

The essential difference between these two categories appears
to be that the Gram-positive organisms have the magnesium
salt of ribo-nucleic acid as part of their surface structure. By
treatment with bile-salt magnesium ribo-nucleate has been
extracted from Gram-positive organisms (but not from
Gram-negative), leaving & Gram-negative * cytoskeleton,” and
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Gram-positivity may be restored by recombination between
this and magnesium ribo-nucleate (Henry and Stacey, Nature,

1048, 151, 671).

Same bacteria when treated with a strong stain-
ing solution resist decolorisation by acid, and are
spoken of as ‘‘ acid-fast ’—e.g. the tubercle bacillus
(vide p. 208). This property is generally regarded as
due to the lipoid content of these organisms, but may
depend on texture as well as chemical composition.

Certain organisms do not stain uniformly and this
may be a characteristic feature. Thus, the diphtheria
bacillus shows a “ beaded ” or ‘ barred” appearance
when stained with methylenec blue. The plague
bacillus displays * bipolar staining,”” the ends being
more deeply coloured than the centre.

A staining reaction which is characteristic of cer-
tain species—e.g. B. diphtheriae—is the appearance
of metachromatic granules—i.e. certain granules are
demonstrable in the bacterial cell, which can be
stained with one dyc while the rest of the proto-
plasm stains with a dye of different colour (vide p. 206).
These structures are sometimes called * volutin
granules. They exhibit a special affinity for nuclear
stains and with polychrome methylene blue (vide
p. 195) are colourcd purple. They are apparently rich
in nucleo-protein but do not represent nuclear elements,
and are probably not vital constituents of the bacterial
protoplasm. Their occurrence and number depend on
the culture medium on which the organism is growing.

PLEOMORPHISM AND INvOLUTION.—It must be re-
membered that, especially in artificial culture, bacteria
may show considerable variation in shape and size
(pleomorphism), and may also exhibit degeneration or
‘“ involution ” forms which are different morphologi-
cally from the normal cell.

Mortirity.—The motility of bacteria (observed in a
fluid medium) is generally due to dclicate prolongations
of the protoplasm (flagella) which act as locomotory
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organs. These are not seen in unstained preparations
and can be demonstrated only by special staining
methods (vide p. 212). Brownian movement must not
be confused with true motility. In the latter case the
organism definitely changes its position in the micro-
scope field (vide p. 69). Brownian movement is generally
regarded as due to the impact of the molecules of the
medium in which the organisms are suspended
(‘ molecular bombardment ’’) and is an oscillatory
movement within a limited radius.

Flagella may be ‘‘ terminal ” (or * polar ’)—i.e. at
one or both ends of the bactertum—and single or
multiple. They may be distributed all round the
organism, and this arrangement is described as
‘* peritrichous.”

When there is a single terminal flagellum the term ** mono-
trichous ”’ can be applied ; ** amphitrichous ” indicates the
presence of a flagellum at each pole; ** lophotrichous * refers
to the arrangement of multiple flagella at one or both poles.

Among the spirochaetes motility is generally con-
sidered to be a function of the contractility of the
cell protoplasm. Flagella, or flagella-like structures,
have becen demonstrated, however, in certain spiro-
chaetes, e.g. Treponema pallidum (vide p. 538).

BACTERIAL SPORES.—Some species develop a highly
resistant resting-phase or spore, by which the indi-
vidual survives unfavourable external conditions. The
spore is not a reproductive structure. In the vast
majority of spore-bearing species only one spore is
developed by each vegetative form. This structure
appears in the cell protoplasm (“ endogenous ) and
may increase in size, appearing as a round, oval or
elongated body, which is situated in the centre of
the bacterium (** central ), at the end (*‘ terminal ),
or between the centre and end (‘‘ subterminal ). The
relative size of the spore varies with different species.
Spores can withstand all injurious chemical and physical
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mﬂuences better than the vegetative forms, and
probably owe their resistant properties to a dense
outer protective membrane and their relatively low
water-content. Under favourable external conditions
the membrane ruptures and the vegetative form is
resumed. This process is described as the ‘‘ germina-
tion ” of the spore.

The spore is not stained by the ordinary methods
but appears as a clear, unstained portion of the
bacterial structure. In some cases, however, the
spore stains by Gram’s method. Special methods are
employed for the differential staining of spores
(vide p. 208).

It has been found that the antigen (p. 84) of a spore is
distinct from that of the vegetative form, which indicates an
essential difference in chemical constitution between the two
phases.

BacreEriaL CapsuLes.—Certain bacteria may ex-
hibit a relatively thick outer capsule and are described
as ‘‘ capsulated.” In certain species complex carbo-
hydrate substances enter into the composition of
such capsules, and are of great importance in deter-
mining specific characters (vide p. 85). Virulence may
also depend on capsule formation (vide pneumococcus,
p. 858). By ordinary methods of staining, the capsule
appears as an unstained zone round the organism.
Special methods are available for the differential
staining of capsules (vide p. 210). * Negative”
staining is also of particular value for demonstratmg
capsules (vide p. 210).

THE BACTERIAL ProTOoPLASM.—No structure corre-
sponding to a nucleus can be defined readily in the
bacterial protoplasm. In all probability bacteria
possess nuclear material, but either it is scattered in
granular form throughout the cytoplasm or the nuclear
apparatus exists in some form incapable of exact
demonstration by existing methods. It is of interest
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that the cell protoplasm exhibits an affinity for
those basic dyes which are used as nuclear stains.

MULTIPLICATION AMONG THE BACTERIA.—Among
the lower bacteria multiplication takes place by
simple binary fission. The cell enlarges or elongates,
and a constriction develops equatorially or trans-
versely ; this ultimately divides the original individual
into two new cells. Division may occur with great
rapidity—e.g. every half-hour—so that one individual
may soon reproduce several millions of new organisms.
Among the spirochaetes transverse fission occurs as
in other bacteria.

In the higher bacteria transverse division of the
filaments into shorter forms is observed. Certain
filaments also divide up at their free ends into a
number of oval ‘ conidia,” which are set free, and
each of these, besides representing a resting-phase,
may develop a new colony.

Some observers have described more complex processes of
reproduction among bacteria, and have regarded the usual
forms which multiply by simple fission as one phase only in a life-
cycle which they postulate. The evidence at present does not
warrant acceptance of such views as applicable generally to the
pathogenic bacteria.

coccl

Cocci are classified morphologically as follows :—

Staphylococcus.—The individuals tend to be grouped
in clusters, due to the irregularity of the planes of
successive divisions.

Streptococcus.—The cocci are arranged in chains,
successive divisions being always in a similar axis.

Tetracoccus.—Plates of four (or multiples of four)
cocci, division occurring successively in two planes at
right angles.

Sarcina.—Packets of eight (or multiples of eight)
cocci, division occurring successively in three planes
at right angles.
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Diplococcus.—The cells tend to be arranged uni-
formly in pairs.

The different cocci are relatively uniform in size,
1p (0001 millimetre) being the average diameter.
Some species are capsulated. Form varies with
species, being spherical, oval, lanceolate or kidney-
shaped. The reaction to Gram’s stain is an important
criterion in their identification.

BACILLI

Morphological features of importance in the study
and identification of these organisms are :—
Size—some being relatively large—c.g. B. anthracis
(p. 414), others small—e.g. B. influenzae (p. 495).
Shape—rectangular—e.g. B. anthracis; oval (cocco-
bacilli}—e.g. B. pestis (p. 478).

Arrangement—in pairs—c.g. diplobacillus of Morax
(p. 858) ; in chains—e.g. B. anthracis.

Occurrence of a capsule—e.g. pneumobacillus.
Motility, flagella and their arrangement—e.g. B.
typhosus possesses numerous flagclla which are peri-
trichous in arrangement.

Spores, their shape and position—e.g. B. tetani is
characterised by its spherical terminal spore.
Reaction to Gram’s stain (p. 208).

Acid-fastness—e.g. tubercle bacillus.

Staining of cytoplasm—e.g. ‘ beading,” bipolar stain-
ing, metachromatic granules (vide supra).

The bacilli cannot be classified readily into mor-
phological genera, and physiological characters have
to be taken into account in their classification. In
the past the term ‘ bacillus” has been used as a
generic name for all the straight rod-shaped forms,
but it must be recognised that such application of
the term can hardly be justified in the strict biological
sense in view of the great diversity of species which
exhibit this morphological form. On the other hand
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until there is complcte agreement on the nomen-
clature of bacteria the long cstablished use of this
generic name in medical and scientific literature would
provisionally warrant its continuance.

VIBRIOS AND SPIRILLA

Comma- and S-shaped forms and non-flexuous
spirals are characteristic (vide supra). Most species
arc very actively motile (e.g. “ darting” motility)
and the flagella are terminal. They are mostly
Gram-negative.

While there is no sharp line of demarcation between
the vibrios and spirilla, these organisms have usually
been classified into two morphological genera: Vibrio
—the typically short curved rod-shaped form; and
Spirillum-—the spiral filamentous type.

SPIROCHAETES

Some spirochactes are relatively large, refractile
and easily stained by ordinary methods—ec.g. Borrelia
(or Spironema) refringens (p. 545) ; others are delicate,
feebly refractile and difficult to stain—e.g. Treponema
pallidum. Among different species the coils vary
considerably in wave-length and amplitude. Move-
ment is undulating or rotatory. Terminal flagella have
been demonstrated in some spirochaetes. It has been
stated that in ccrtain pathogenic species granules are
developed in the protoplasm and extruded from the
cell, and these are regarded as a phase in the life
history of the organism.

The pathogenic forms can be classified broadly into
the following genera :—

(1) Borrelia—coils are large and wavy, the wave-
length being about 2-8u, and generally three to seven
in number. These organisms are usually more
refractile and more readily stained by the ordinary
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dye solutions than the other pathogenic spirochaetes.
They are exemplified by the relapsing fever spiro-
chaetes (vide p. 546) and certain commensal species,
such as Borr. refringens (vide p. 545).

(2) Treponema—coils are of shorter wave-length
(e.g. 1u), generally regular, sometimes relatively rigid,
the organism presenting typically a “ corkscrew-like »
structure. These spirochaetes are usually feebly
refractile and difficult to stain by the ordinary dye
solutions. T'r. pallidum excmplifies this genus (vide
p. 588).

(Some systematists classify all the spirochaetes
included in these two genera into one composite genus,
designated Treponema.)

(3) Leptospira—sharply twisted filaments with one
or both extremities * hooked ” or recurved ; the coils
are fine, closely wound and numerous, and may be
difficult to demonstrate except by dark-ground
illumination. Spirochaetes of this group, like the
Treponemata, are feebly refractile and not readily
stained by the ordinary methods. They differ from the
other genera in being able to survive in water. L.
icterohaemorrhagiae of infectious jaundice is an example
of the genus (vide p. 550).

NEWER CLASSIFICATION AND NOMENCLATURE

A system of classification and nomenclature of the bacteria
(or Schizomycetes) was introduced some years ago by the
Society of American Bacteriologists followinlg1 strictly the
accepted rules of biological classification, and has since been
elaborated by American systematists. A brief outline of this
system is given here, but only those orders, families and genera
which are of special importance in medical and ;
bacteriology are dealt with, The object of this outline is merely
to enable the new grouping and nomenclature to be correlated
with the older system. Detailed generic characters are not
given, but these are indicated in a general way by the
various type-species quoted, the characters of which are de-
scribed in later chapters. It should be noted that this system
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of classification is based on physiological as well as morphologi-
cal characters. For full details, the fifth edition of Bergey's
Manual of Determinative Bacteriology should be consulted.

ORDERS OF BACTERIA (OR SCHIZOMYCETES)

1. EUBACTERIALES.—Undifferentiated simple forms, with-
out true branching—spheroidal or rod-shaped, short or long,
straight or curved—some motile, due to flagella—non-flexuous
—some species produce endospores—some pigmented—some
store volutin, glycogen or fat—include many pathogenic
species.

2. ACTINOMYCETALES.—Mould-like differentiated forms,
rod-shaped or elongated and filamentous—may show true
branching and formation of mycelium—endospores not pro-
duced—conidia may be formed—non-motile—usually Gram-
positive—include a number of important pathogenic species.

8. SPIROCHAETALES. — Usually slender flexuous spiral
forms—endospores absent—include certain important patho-
genic species. .

g g{:ﬁ?ﬁ;‘iﬂﬁ;{’g‘mw Include no  species which' are

6. Thiobacteriales J pathogenic to man or higher

7. Myxobacteriales animals.

EUBACTERIALES
Families:

1. Nitrobacteriaceae. ]

2. Azotobacteriaceae. = Include no pathogens.

3. Acetobacteriaceae.

4. Rhizobiaceae.—Rod-shaped forms—single polar or lateral
flagellum or 24 peritrichous flagella or non-motile—
ususlly Gram-negative—utilising dextrose and some-
times other sugars without appreciable acid production.

5. Pseudomonadaceae.—Straight or spirally curved rod-
shaped or elongated forms—usually motile with polar
flagella—non-flexuous—Gram-negative.

6. Microooccaceae.—Spheroidal forms—usually non-motile—
not arranged in chains—usually Gram-positive-—~not
obligate parasites.

7. X .—Spheroidal Gram-negative forms—gener-
ally obligate parasites.
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8. Streptobacteriaceae (or Lactobacteriaceae). — Spheroidal
or rod-shaped units with tendency to chain formation—
Gram-positive—decompose sugars with marked acid
production.

9. Parvobacteriaceae. — Small rod-shaped forms-— Gram-
negative—aerobic or anaerobic—usually obligate para-
sites—frequently require body-fluids for growth—not
active fermenters of carbohydrates.

10. Enterobacteriaceae. — Rod - shaped forms — frequently
motile with peritrichous flagella—Gram-negative—
active fermenters of various sugars with acid, or acid
and gas, production.

11. Bacteriaceae. — Miscellaneous non-sporing rod-shaped
forms not included in other families.

12. Bacillaceae. — Rod-shaped forms-—with endospores —
usually Gram-positive—aerobic or anaerobic.

Note.—Numbers 6 to 11 are typically heterotrophic organisms

(vide p. 22).

Genera :
Rhizobiaceae
Alcaligenes.—e.g. B. faecalis alkaligenes (p. 457).
Pseudomonadaceae

Psgeudomonas.—e.g. B. pyocyaneus (p. 348).
Vibrio.—e.g. V. cholerae (p. 471).
Spirillum.—Rigid spiral organisms—usually motile with
multiple polar flagella —mostly found in water.
Micrococcaceae
Micrococcus.—Cocci occurring in plates or irregular masses—
Gram-positive—some produce yellow, orange or red pig-
ment—saprophytes or facultative parasites—type-species
is M. luteus.
Staphylococcus (p. 827).
Gaffkya.—e.g. M. telragenus (p. 347).
Sarcina.—Cocci arranged in regular packets of eight or
multiples of eight (p. 11).
Neisseriaceae
Neisseria.—e.g. meningococeus, gonococcus, ete. (p. 361).
Veillonella.—e.g. Veill. parvula (p. 878).

Streptobacteriaceae (or Lactobacteriaceae)
Diplococcus.—e.g. pneumococcus (p. 354).
Streptococcus (p. 332).

Lactobacillus.—e.g. B. acidophilus (p. 469).
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Parvobacteriaceae
Pusteurella.—e.g. B. pestis (p. 478).
Brucella.—e.g. Br. melitensis (p. 488).
Malleomyces.—e.g. B. mallei (p. $10).
Haemophilus.—e.g. B. influenzae (p. 495).
Noguchia.—e.g. Bact. granulosis (p. 629).
Dialister.—e.g. Bact. pneumpsintes (p. 501),

Enterobacteriaceae
Escherichia.—e.g. B, coli communis (p. +2t).
Aerobacter.—e.g. B. lactis aerogenes (p. +27).
Klebsiella.—e.g. pneumobacillus (p. 128).
Proteus.—e.g. B. proteus (p. 348).
Eberthella.— e.g. B. typhosus (p. +30).
Salmonella.— e.g. B. enteritidis (p. +13).
Shigella.—e.g. B. dysenteriae (p. +52).
Serratia.—e.g. S. marcescens (B. prodigiosus, p. 397).

Bacteriaceae
Listerella.—- e.g. Bacl. monocytogenes (p. 393).
Actinobacillus (p. 531).
Bacterotdes.—e.g. B. fragilis (p. 470).
Fusobacterium.—e.g. B. fusiformis (p. 536).
Bacterium.—Generic term retained for non-sporing, rod-
shaped forms whose taxonomic position has not yet been
definitely established.

Bacillaceae

Bacillus.—e.g. B. anthracis (p. +14%).
Clostridium.—e.g. B. tetani (p. 50#%).

ACTINOMYCETALES
Families :

1. Actinomycetaceae. — Filaments, often branched and
forming mycelium -conidia sometimes produced.

2. Mycobacteriaceae.— -Rod-shaped, rarely filamentous—only
occasional branching--no conidia.

Genera :
Actinomycetaceae
Leptothrichia.—e.g. Leptothrixz buccalis (p. 533).
Actinomyces (p. 525).
Erysipelothriz.—e.g. B. rhusiopathiae (p. 588).
B
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Mycobacteriaceae
Mycobacierium.—e.g. B. tuberculosis (p. 894).
Corynebacterium.—e.g. B. diphtheriae (p. 874).

SPIROCHAETALES
Genera : -
Borrelia.—e.g. Borr. recurrentis (p. 546).
Treponema.—e.g. Tr. pallidum (p. 538).
Leptospira.—e.g. L. icterohaemorrhagiae (p. 550).

At present there is no general acceptanee of any standard
system of classification or nomenclature. However, much of
the classification and many of the names given above are coming
into general use, though older designations are still being applied
in medical and bacteriological literature. There is also diversity
in the use of particular names. Thus, the generic name
Bacterium is often applied in bacteriological literature in this
country to the organisms which have been described as the
** coli-typhoid ” group, i.e. Escherichia, Aerobacter, Klebsiella,
Eberthella, Salmonella and Shigella, though in the American
classification the generic name Bacterium is now given only to
certain Bacteriaceae whose taxonomic position has not yet
been defined. The latter seems the more appropriate usage.
It is, of course, customary to speak of all the schizomycetes as
* bacteria.” In this book the older conventional designations
are retained but new names are also given.

PHYSIOLOGY OF THE BACTERIA

The physiology and biochemistry of bacteria can
be studied by observations made with * cultures”
growing in the laboratory in a nutrient medium.

Bacteria are subject, as regards their growth and
vitality, to various external influences—e.g. atmo-
sphere, temperature and moisture of their environ-
ment, light, nutrient and other chemical substances,
ete..

ATMOSPHERE.—Some species grow most abundantly
in the presence of free oxygen—i.e. when exposed to
air—and are described as * aerobes "—e.g. B. tubercu-
losis. Others fail to grow in the presence of free oxygen,
‘“ obligatory anaerobes ’—e.g. B. tetani. Evidence
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has been obtained that in the presence of free oxygen
these organisms formn hydrogen peroxide which is
inhibitory to their growth, and unlike certain other
peroxide-forming bacteria do not produce catalase
(vide p. 172). The majority of pathogens are, however,
indifferent as regards atmospheric conditions and will
flourish in either the presence or absence of oxygen
(* facultative anaerobes ’—e.g. B. typhosus). Certain
pathogenic bacteria grow best in the presence of a
trace only of free oxygen and are designated ‘‘ micro-
aerophile ”—e.g. one type of the Streptothriz actino-
myces. An atmosphere with a certain concentration
of carbon dioxide (5-10 per cent.) is essential for the
growth of some bacteria, e.g. the bovine type of B.
abortus when first isolated from the body.

Recent studies have shown that bacterial respiration de-
pends on complex oxidative mechanisms, the consideration of
which is beyond the scope of this book. For further informa-
tion on the subject, reference should be made to one of the
larger works.

TEMPERATURE.—(a) Influence on Growth.—For each
species there is a definite temperature range within
which growth takes place. The limits are the *“ maxi-
mum ” and ‘ minimum > temperatures, and an
intermediate ‘‘ optimum *’ temperature can usually be
recognised at which the best growth occurs. The
optimum temperature of a bacterium is approximately
that of its natural habitat—i.e. about 87° C. in the
case of the micro-organisms which are pathogenic to
man. Some organisms have a wide temperature range
(e.8. 5°-44° C.), others are more restricted (e.g. 25°-
40° C.). Below the minimum, viability is not neces-
sarily interfered with, but above the maximum death
more or less quickly ensues, except in spore-bearing
species.

Some species of saprophytic bacteria grow best at remark-
ably hi%.!:l:empemtures (¢.8. 60°-70° C.). These are designated
thermophile.
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(b) Influence on Viability—Heat is an important
agent in the artificial destruction of micro-organisms,
the effect depending on coagulation and denaturation
of cell proteins. In gencral, among the bacteria which
are parasites of mammalian anupals, non-sporing
forms, in the moist state, cannot withstand tempera-
tures above 45° C. for any length of time.

The * thermal death-point” is defined as the lowest
temperature (above the maximum for growth) which
kills a particular organism in a given time—e.g. ten
minutes. Thus, the thermal death-point of the
pneumococcus is approximately 52° C..

Bacteria are more susceptible to moist than dry
heat. Spores are much more resistant to heat than
vegetative bacteria, but their degree of resistance
varies in different species. Further data on this
subject are given in later chapters.

Some species die if kept at 0° C., but others may
survive much lower temperatures.

Moisture.—Four-fifths by weight of the bacterial
cell consists of water, and, as in the case of other
organisms, moisture is necessary for growth. Drying
in air is generally injurious; spores, however, ean
resist this influence for long periods —e.g. spores of
B. anthracis, for several ycars. Certain non-sporing
bacteria also may exhibit considerable resistance to
drying—e.g. the tubercle bacillus (g.v.). If cultures of
non-sporing bacteria arc rapidly dried and kept in
vacuo in the dark they may survive for long periods,
even for several years.

Licar.—The optimum condition for growth and
viability is darkness. Ultra-violet rays are markedly
bactericidal—e.g. direct sunlight or radiation from an
arc or mercury-vapour lamp.

ANTISEPTICS, AND CHEMOTHERAPEUTIC SUBSTANCES.
—A great variety of inorganic and organic chemicals
are bacteriostatic (inhibit bacterial growth) or bac-
tericidal (kill bacteria), depending on the coneen-
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tration brought into contact with the particular
organism.

Substances possessing marked bacteriostatic or
bactericidal properties are usually designated anti-
septics, and their practical applications are now well
known. Various chemical substances exhibit anti-
septic action and have been used for that purpose :
acids—e.g. boric acid ; alkalis—e.g. sodium hydrox-
ide ; metallic salts —e.g. perchloride and biniodide of
mereury ; organic metallic compounds—e.g. merthio-
late ; halogens —e.g. chlorine (as derived from bleach-
ing powder, cte.), iodine; alcohols and ethers—
e.g. ethyl alcohol; aldehydes—e.g. formaldehyde ;
cyclic hydrocarbons—e.g. benzol; cyclic alcohols—
e.g. phenol, cresol ; volatile oils and their products—
e.g. thymol ; omdunng agents—e.g. hydrogen peroxide ;
reducing agents—e.g. sulphurous acid ; various dyes—
e.g. brilliant green, proflavine, ete..

These various antiseptic chemicals may exhibit
considerable’ differences in their intensity and rapidity
of action. Morcover, bacterial species may differ
greatly in susceptibility to particular antiseptics ;
this will be illustrated later in connection with
sclective methods of cultivation.

It should be noted that even neutral salis, such
as sodium chloride, may exert bacteriostatic or
bactericidal propertics_in certain concentrations.

Certain chemical substances are successfully used
for therapeutic purposes in bacterial and other infec-
tions in virtue of their capacity of directly or indirectly
controlling the development of the particular micro-
organism in the blood or tissues. These substances,
however, in the concentrations in which they can be
applied in the body may not directly kill the parasitic
organism though they may interfere with its metabol-
ism, inhibit growth or reduce virulence, thus allowing
the natural defences of the body to play their full part
in combating the infection. This is exemplified by
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the sulphonamide compounds (sulphanilamide, sulpha-
pyridine, sulphathiazole, etc.). Various ‘ antibiotic ”
substances (p. 28) derived from plan?s, fungi and
saprophytic bacteria are potent bactericidal or bac-
teriostatic agents, e.g. penicillin. The properties
and application of these substances are referred to in
later chapters and in the Appendix.

ELecTRICAL INFLUENCES.—Bacteria may be killed by
the passage of an electrical current through the medium
inwhich they are contained. Thisis not duetoany direct
electrical effect. In the case of an alternating current,
the resultant heating effect may be bactericidal per se,
and, if a direct current is used, electrolytic changes
with the liberation of acid, nascent oxygen or chlorine
may lead to bactericidal effects of a chemical nature.

Foob SuppLy.—The growth of bacteria is, of course,
dependent on an adequate supply of suitable food
material. This varies with the natural adaptations

.of different species. Thus, the general rule has been
followed, in the artificial culture of the pathogens, that
the medium should approximate, as far as possible, to
the composition of the tissues and body fluids (vide
p- 91). Certain bacteria can be cultivated in a variety
of food media; others are highly restricted in their
special food requirements. All bacteria require sources
of nitrogen, carbon and the other elements which enter
into the constitution of living matter. Some sapro-
phytic forms utilise inorganic nitrogen and the carbon
dioxide of the atmosphere like plants, and are desig-
nated autotrophic. The pathogenic bacteria generally
require organic nitrogenous and carbonaceous food
material, e.g. amino-acids and carbohydrates. To
such organisms the term heterotrophic is applied.
Some of these, nevertheless, are able to synthesise
amino-acids, e.g. tryptophane, from ammonium salts
if suitable organic carbonaceous material is also
available. This subject is dealt with in detail from
the practical standpoint in Chapter IV. The H-ion
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concentration of the medium is also an essential factor
in influencing growth (vide p. 110). The majority of
bacteria grow best at a slightly alkaline reaction.
MuruarL INFLUENCES.—Diffcrent bacteria may
flourish well together, the presence of one species
favouring the growth of another—-symbiosis—e.g.
staphylococci favour the growth of B. influenzae.
The reverse effect may also be observed—antibiosis
--where one species is antagonistic to another. This
phenomenon is dealt with in the Appendix.
BacTERIAL ENZYMES.—In the metabolism of bacteria
and in the biochemistry of bacterial action enzymes
play an essential part. One of the great functions of
bacteria in nature is to produce chemical decomposi-
tion of complex organic substances—e.g. proteins and
carbohydrates—by means of their enzymes. Among
the pathogens, fermentative properties are important
features in the identification of certain species. Thus,
various bacteria decompose particular carbohydrates
(e.g. sugars, hexahydric alcohols, polysaccharides)
with the formation of acids (e.g. formic, acetic and
lactic acids) and, in many cases,- gases (e.g. carbon
dioxide and hydrogen). Certain species are also
capable of breaking down salts of the organic acids.
Some bacteria possess marked proteolytic pro-
perties and digest complex protein substances, such as
gelatin, coagulated serum, etc., liberating the various
products of protein disintegration—e.g. amino-acids,
ammonia compounds, indole, skatole, hydrogen
sulphide, etc.. (See also p. 94.)
CHROMOGENESIS.—Some bacteria, including certain
pathogens, produce characteristic pigments, e.g. yellow,
green, etc., which in some cases diffuse readily from
the bacterial cells into the surrounding medium.

GrowTH PHASES.—When bacteria are introduced into a
sterile culture medium, their growth proceeds as follows : thereis
first & period of ** lag » (e.y. two hours) during which there is no
increase in number or only slow multiplication ; this is followed
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by a phase of rapid multiplication (e.g. during seven to eight
hours at optimum temperature) ; the increase in number is in
geometric progression and the logarithmic curve of growth is a
straight line ; this is called the * logarithmic ” phase ; then
follows a * stationary * phase, multiplication gradually ceasing ;
in this phase (lasting from a few hours to several days) the
number of new individuals tends to be equalled by those dying ;
finally there is a phase of decline or diminution of viable
individuals, the organisms progressively dying until (after
several days to months) no living bacteria remain. It should
be noted that the initial ‘ lag *’ phase may be absent when
fresh medium is inoculated with organisms which are already in
the phase of multiplication. The ** lag ™ period is probably due
to the fact that the organisms after being injured by the pro-
ducts of their previous growth require to undergo ** rejuvena-
tion  before they begin to divide and multiply.

BactEriaL Toxins.—These are defined as the pro-
ducts of bacteria which are injurious to the tissues and
in virtue of which disease processes result from bacterial
infection. They have generally been regarded as of
protein nature but it has proved exceedingly difficult
to isolate them in a state of purity and, in general,
their true chemical constitution remains undeter-
mined. In some cases complex carbohydrates and
phosphatides may enter into the composition of
bacterial toxins.

They are classificd broadly as :—

(1) Extracellular toxins, or exotoxins, which diffuse
readily from the bacteria into the surrounding medium.

(2) Intracellular toxins, or endotoxins, which are
retained within the cclls until the bacteria die and
disintegrate.

The majority of the pathogens produce endotoxin
only, but some develop powerful exotoxins—e.g.
B. diphtheriae, B. tetani, B. botulinus, certain types of
staphylococci and streptococei.

Exotoxins are generally unstable substances, their
toxic effect being annulled readily by chemicals, free
oxygen, and heat—e.g. in the case of the diphtheria
toxin, at 65° C.. They tend to be highly specialised in
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their action on particular tissues. Preparations of
these toxins can be obtained by growing the bacteria
in fluid culture which is then filtered through an
earthenware or other bacterial filter-—the filtrate
contains the toxin (vide pp. 88, 878). After intro-
duction into the body there is usually a short in-
cubation period (e.g. some hours) béfore symptoms
of poisoning are manifest. By immunising animals
with such preparations a specific neutralising antibody
(antitoxin) is developed which can be demonstrated
in the blood serum of the immune animals (vide p. 86).

Most pathogenic organisms do not produce such
diffusible toxins, and their culture-filtrates are non-
toxic ; on the other hand, their dead bodies are toxie,
and it is assumed that their poisons are bound up in
the bacterial cell-—hence the designation endotoxin.

These toxins are less specialised in their action and
produce a more general poisoning effect. They are
more stable than exotoxins and can withstand a
temperature of 100° C.. They can be demonstrated
experimentally by injecting dead cultures or bacterial
extracts into animals. There is no definite incuba-
tion period following their introduction as in the case
of the exotoxins. Immunisation with endotoxins
does not lead usually to the formation of antitoxin.

Certain toxins are designated according to their
particular effects, irrespective of the organism pro-
ducing them—e.g. haemolysin (producing lysis of red
blood cells), leucocidin (destructive to leucocytes),
necrotozin (producing necrosis of tissue).

Some pathogenic bacteria neither produce exotoxin
in culture nor are their dead bodics definitely toxic—
e.g. B. anthracis. It is probable that such organisms
can produce their toxins only when growing in the
tissues.

Many pathogenic bacteria, especially when growing
in the tissues, form substances which increase their
aggressiveness (vide infra), and this type of product
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has been designated aggressin. It is supposed that
it acts mainly by interfering with opsonisation and
phagocytosis (vide p. 89), and that by its agency
bacteria are able to break down the first defences of
the tissues. Various bacterial products, however,
may possess aggressin-like properties, and the existence
of a specialised substance of this type is doubtful.

VIRULENCE OF MICRO-ORGANISMS.—Virulence is an
important property of micro-organisms in relation to
their pathogenic action, and is defined as the capacity
to invade the tissues, multiply and produce toxic
effects. Virulence is estimated by the minimum
lethal dose—i.e. the smallest dose of the organism
(e.g. in the form of a culture) which will kill a particular
species of animal. As a result of the varying suseepti-
bility of individual animals to bacteria and their
toxins, it is often impossible to state the exact mini-
mum dose, and it is now customary to refer to the
average lethal dose for a number of individual animals.
In other parts of this book the symbol M.L.D. (mini-
mum lethal dose) may be taken to denote the average
lethal dose. It must be noted that virulence depends
on two factors which may be quite independent of one
another : the invasive power or aggressiveness, and
the toxigenic property of the organism. Thus, the
tetanus bacillus is highly toxigenic but only weakly
aggressive ; the anthrax bacillus is markedly aggressive
but its toxicity is relatively less pronounced.

The virulence of an organism can be either
* exalted ”’ or *‘ attenuated » artificially.

Exaltation of virulence may be produced by passing
the strain through a series of individuals of tlie same
species, inoculating the animals one from another in
succession—i.e. * passage.” In this way the virulence
is increased for that particular species.

Attenuation usually results when organisms are
cultivated artificially for some time; thus, stock
laboratory cultures are usually of low virulence, as
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compared with recently isolated strains, Other
methods of lowering virulence are referred to on
p. 82.

VARIATION AND DiIssocCIATION.—Bacterial cultures may,
under certain conditions, ** dissociate ”” and develop variants
which differ in certain respects from the original strain—e.g.
morphological features, absence of motility, loss of capsules,
the characters of colonies on culture medium, fermentatiyc
and other biochemical properties, virulence, antigenic charac-
ters as indicated by serological reactions, etc. (vide p. 28). The
variant strain may retain the new feature or property as a
stable character. Such dissociation is met with in various
groups but has been specially investigated among the Gram-
negative bacilli occurring as commensals or pathogens in the
intestine (vide Chapter XV). For example, a strain of coliform
bacillus may at first fail to ferment lactose (vide p. 427) but
develop a lactose-fermenting variant. In colonies on solid
media such variants may appear as small papillae. Variation
in the physical characters of colonies may also be noted in pure
cultures of certain organisms—e.g. the * smooth™ (S) and
*“ rough *’ (R) colonies as seen in the typhoid-paratyphoid and
other groups. These differences in colony-characters are
associated with difference in virulence, antigenic constitution
and immunising properties. Thus, the rough (R) variant of
the pnewmnococcus is avirulent and this variation is associated
also with absence of capsule-formation and loss of a specific
chemical constituent present in the capsule (vide p. 358).
Motile bacteria may develop non-motile variants. The
relationship of these variations to antigenic characters is dealt
with later in connection with agglutinating antibodies (vide p.
41). For further information on this subject one of the larger
works should be consulted.

SYSTEM OF IDENTIFICATION OF
THE BACTERIA

(1) Tee MORPHOLOGY, TOGETHER WITH THE STAIN-
ING REAcTIONS, OF INDIVIDUAL ORGANISMS generally
serves as a preliminary criterion, particularly for
placing an unknown species in its appropriate biological
group. In medical bacteriology the microscopic
characters of certain organisms in pathological speci-
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mens may be sufficient for diagnostic identification—
e.g. tubercle bacilli in sputum. Morphology among
the bacteria usually fails, however, to differentiate
allied organisms—e.g. meningococcus, gonococcus and
Diplococcus catarrhalis.

(2) CuLTUrRAL CHARACTERS, OR THE MORPHOLOGY
oF GrowTHs ON CuULTURE MEDIUM—e.g. the appear-
ances of * colonies ”’ to the naked eye or with certain
magnifications. This criterion is important in identi-
fication, but may also be insufficient to differentiate
species—e.g. different species of the typhoid-para-
typhoid and dysentery groups produce indistinguish-
able colonies.

(8) PuYSIOLOGICAL AND BrocHEMICAL CHARACTERS
—-e.g. the fermentation of various carbohydrates.
Species which cannot be distinguished by morphology
and cultural characters may .exhibit distinct differ-
ences in their biochemical reactions—e.g. typhoid-
paratyphoid group. Different species or types may,
however, resemble one another closely in fermentative
properties—e.g. B. paratyphosus B and B. aertrycke.

(4) SeroroGicaL REeacrioNs. — In  bacteriology,
species and types can often be identificd by specific
‘““antibody reactions.” These depend on the fact
that the serum of an animal immunised against a
micro-organism contains specific antibodies (for the
homologous species or type) which react in a character-
istic manner with the particular organism (vide p. 86).
Such antisera, for example, may agglutinate or clump
the homologous organism in test-tube experiment,
and this effect can be observed easily with the naked
eye.

It should be noted here that the serum of a person
or animal suffering from a bacterial infection may also
exhibit specific antibody reactions, and in this way
the agglutination reaction can be used for diagnostic
purposes —e.g. the Widal reaction in enteric fever.

(5) ANmMAL EXPERIMENT.—In the case of patho-
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genic organisms—e.g. B. tuberculosis —which are viru-
lent to, and produce characteristic lesions in laboratory
animals, the inoculation test provides a reliable
method of identification.

FUNGI ; PROTOZOA

The general morphology and physiology of these organisms
will not be dealt with here. The biological aspects of the
groups that are of special importance in practical bacteriology
as applied to medicine will be referred to later in the considera-
tion of particular organisms (Chapters XXII and XXIII).

FILTERABLE VIRUSES

Little is yet known regarding the biology of these
viruses. It has been generally assumed that they are
living organisms, owing to the fact that they can be
propagated through a serics of animals. Many of them,
though demonstrable as viruses by the experimental
method, have not been observed microscopically, and
the designation ‘‘ultramicroscopic’ has often been
used. In certain cases, however, exceedingly minute
bodies (‘‘ elementary bodies ) within the limits of
microscopic visibility have been defined as the actual
virus. So far none of these filterable viruses has been
cultivated like the bacteria, i.e. on a substrate of
inanimate material, though they may flourish in vitre
in association with living tissue cells, e.g. a tissue
culture.

It should be noted that certgin very minute bacteria
which are easily recognised by ordinary microscopic
methods and are quite readily cultivable may pass the
coarser types of filter, c.g. Bacterium pneumosintes
(vide p. 501), and the organism of bovine pleuro-
pneumonia (vide p. 535).

The filterable viruses are casily inactivated by
various physical and chemical agencies, e.g. heat and
antiseptics, but on the whole are more resistant than
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the non-sporing bacteria. They often possess a high
degree of resistance to glycerol.

In general their demonstration and identification
depend on the experimental production of a char-
acteristic pathological condition in animals (or man)
by means of filtrates after subjecting material from
the particular disease (e.g. nasal washings, serum) to
filtration through a filter capable of arresting the
ordinary bacteria (vide p. 88).

The subject of the filterable viruses is dealt with
further in Chapter XXIV.



CHAPTER II

IMMUNITY IN RELATION TO
PRACTICAL BACTERIOLOGY

THE subject of immunity is intimately related to
practical bacteriology, and immunological principles
underlie certain bacteriological methods.

The term ‘ immunity,” in its usual application,
significs the power of the animal body to resist (a)
infection by parasitic micro-organisms,! or (b) the
injurious cffects of their products or toxins.

Immunity may be acquired, as in the natural
recovery from infection, and is due to the develop-
ment, during the illness, of specific resisting powers
against the causal organism or its toxin. Once
developed, acquired immunity may persist for long
periods, even practically throughout life, as exempli-
fied by the immunity following smallpox. On the
other hand it may be transient—e.g. after pneu-
monia.

An acquired immunity may also be developed arti-
ficially by inoculating an animal with a micro-organ-
ism or toxin in such modified form that it is incapable
of reproducing the typical diseasc though still able to
brmg about an xmmumty reaction. Such immunity
is described as an active artificial immunity.

A modified form of micro-organism used for immun-
isation has generally been designated a vaccine, and the
inoculation of it is described as vaccination, these terms
being derived from Jenner’s method of inoculating

! The terms ‘‘ micro-organism ™ and ‘* organism ™ used in
this chapter on immunity apply also to the viruses (vide p. 29).

81
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vaccinia virus for preventive immunisation against
smallpox (vide infra).

The blood serum of an actively immunised animal
injected into the body of a non-immune animal
renders the latter temporarily immune, and this state
is termed passtve immunity.

The most frequent methods of producing active
artificial tmmunity are :—

(1) Introduction (into the body) of living organisms
in a state of attenuated virulence. Various methods
have been used to reduce virulence for purposes of
immunisation—e.g. (a) subjecting them to drying, as
in Pasteur’s method of attenuating the rabies virus
(present in the spinal cord of experimentally infected
rabbits) ; (b) cultivating at a temperature above the
optimum, as in the case of Pasteur’s anthrax vaccine ;
(c) passage through animals of a different species ;
thus vaccinia (cow-pox) virus (as used for smallpox
vaccination) may be regarded as a form of the small-
pox virus attenuated for the human species by its
propagation in bovines; (d) continued cultivation in
the presence of an antagonistic substance; thus,
the “ B.C.G.” vaccine advocated for immunisation
against tuberculosis is an avirulent strain of the
tubercle bacillus attenuated by prolonged cultivation
on a medium containing bile.

(2) Introduction of organisms—usually in the form
of cultures—killed by heat or antiseptics—e.g. the
usual form of bacterial vaccine. Repeated and in-
creasing doses are administered. This system is
applied in the prophylaxis of certain infections (e.g.
anti-typhoid vaccination), in therapeutic immunisa-
tion (e.g. treatment of chronic infections with vaccines),
and also in the preparation of antibacterial sera
in animals. Viruses killed or inactivated by anti-
septics—e.g. phenol—have also been used for im-
munisation.

Immunity may be produced in some cases by means
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of bacterial extracts which illustrates the fact that
the immunising stimulus depends on a chemical con-
stituent of the bacterial cell (i.e. the ** antigen ”—
vide infra), and a further development in artificial
immunisation has been the use of purified prepar-
ations of the specific antigen extracted from bacterial
cultures.

In immunising animals the process may be started with dead
organisms, followed by doses of virulent living organisms. In
some cases, immunisation is carried out by giving non-lethal
doses of unaltered living organisms without previous injection
of dead or attenuated organisms, but this method may be
difficult to control. A further method is to introduce living

organisms and at the same time a specific antiserum which
affords the necessary protection against them.

(8) Introduction of exotoxins in repeated and
increasing doses, starting with small and harmless
doses, and graduating the series, so that, as the im-
munity progressively develops, each dose is devoid of
harmful effect. This is exemplified in the preparation
of diphtheria and tetanus antitoxins by immunising
animals—e.g. horses—with the respective toxins. To
ensure that no injurious effects may result from
immunisation, toxin which has been rendered non-
toxic (toxoid or anatoxin) by certain chemicals—
e.g. formalin, etc.—or by heat, or has been partially
neutralised by antitoxin, is frequently used. Thus,
immunisation with diphtheria toxoid has been exten-
sively applied in the prophylaxis of diphtheria in the
human subject (vide p. 884).

In some cases the treatment of a culture of a toxigenic
sporing bacterium, e.g. Vibrion septique, with formalin in oer-
tain concentrations may yield a most effective vaccine for
lmmumsing animals against the particular infection; the

rganisms are killed and the toxin is converted to toxoid.
Thls type of vaccine has sometimes been designated anacwlture.

The injection of an exudate rendered free from bacteria by

ﬁltratlon (the so-called ** aggressin,” vide p. 26) may, in certain

cases, be used to immunise animals against the organism

rupomiblefortheinfcctiontmmwhichtheexudmhobuined
]
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Such * aggressins * have been used in the control of particular
animal diseases, e.g. blackleg (vide p. 524).

The serum of an actively immunised animal is
designated an immune serum or antiserum, and owes
its effect to specitic immune bodies or antibodies which
act adversely on the homologous organism or neutralise
its toxins.

The special constituent or product of the organism
which incites antibody production is termed an
antigen and is generally of protein nature though
other substances such as carbohydrates may enter into
the composition of bacterial antigens.

A serum containing antibodics antagonistic to the
particular bacterium 1s spoken of as an antibacterial
serum ; one containing antibodies which neutralise
toxin, as an antitoric serum.

It has to be noted that, apart from bacteria and
their toxins, other foreign cells, and in fact all soluble
complete protein substances forcign to the animal body,
may act as antigens and incite specific antibody pro-
duction—-e.g. red blood corpuscles, blood serum,
animal venoms, cte..

Thus, the red corpuscles of one species injected into
an animal of differentspecies incite the development of
an antibody which, under certain conditions, can effect
lysis of the red cells of the former. This antibody is
described as a haemolysin and the serum contaix{ing
it as a haemolytic antiserum.

As a general rule, an antigen, to produce immunity,
must be injected parenterally— i.e. by some route
other than the alimentary tract (subcutaneously,
intravenously, etc.).

Usually an animal can be immunised only against
an antigen which is foreign to its own tissues. Thus,
a rabbit can be immuniscd against ox or sheep
red cells, but not against the cells of its own
species.

Certain non-protein substances—e.g. lipoids, carbo-
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hydrates, etc.—though unable to act as antigens
in vivo,! may when combined with protein be capable
of inciting the formation of antibodies which in vitro*
react specifically with the non-protein substance—
e.g. in the precipitation or complement-fixation reac-
tion (vide p. 87). To these substances the term hapten
is applied. The specific characters of the antigen of
a bacterium may, in fact, depend on a non-protein
constituent—e.g. a polysaccharide as in the case of the
diffcrent types of the pneumococecus (vide p. 858), and
groups of haemolytic streptococci (vide p. 888).

The action of haptens may be represented schem-
atically as follows :—

.y in o . . .

[Carboh_vdratc-protcxn] ﬁ.;o Animal (immunised)

” (antigen)
in vitro y . . N
Carbohydrate<————>Specific antibody (in serum)
(hapten) clpi:.p:gx?mon

Specificity is onc of the pronounced characters of
acquired immunity and of antibodies, and is usually
for the biological species, as in the case of B. typhosus
(vide p. 432), though in certain organisms it may be
more restricted—e.g. to ‘‘types” within the sup-
posed specics, such as the serological types of the
pneumococcus (vide p. 856).

The specificity of antibodies depends on the specificity of the
corresponding antigens. An organism may contain more than
one antigenic constituent, and for each of these, on immunisa-
tion, a separate antibody is produced. When related bacterial
species have certain antigenic constituents in common, as may
be the case, an antiserum for one of these species exhibits to a
greater or less degree group action towards the others.

It must be remembered that, in some instances,
the occurrence of antibodies may have no aetiological
significance. Thus, in typhus fever a serum-antibody
is demonstrable which is specific for a particular type

1 In vivo" denotes **in the living body ™ ; **in vitro"
(literally, ** in glass'’) means * in test-tube experiment.”
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of B. proteus—though this organism has no aetiological
relationship to the discase (vide p. 559).

Specific antibodies may also occur naturally : thu§,
the serum of the guinea-pig contains a haemolytic anti-
body for ox red corpuscles ; specific bactericidal and
agglutinating antibodies (vide infra) for various ba.cterla
may be demonstrated in the serum of normal animals.

Antitoxic sera are produced by immunising an
animal with exotoxins. For example, ‘‘diphtheria
antitoxin ” is the serum of a horse which has
been immunised with graded doses of diphtheria
toxin. When appropriate amounts of toxin and anti-
toxin are mixed together the mixture is non-toxie.
This process of neutralisation is complex and need
not be dealt with here. It occurs both #n vivo and
in vitro.

The antitoxic principle is associated with the
globulin of the serum ; by a process of precipitating
the globulin with half-saturated ammonium sulphate
solution, separating the precipitate, dialysing out the
ammonium sulphate, and then redissolving the pre-
cipitated globulin in a quantity of physiological salt
solution much less than the original volume of the
serum, an antitoxic serum can be ‘‘ concentrated *’
and “ refined.” Other methods of concentrating and
refining antisera have also been used, e.g. precipitation
by diluting serum with a large bulk of distilled water
or weakly acid buffer solutions (Felton). Recently
“refined ” antitoxins have been obtained by treating
the serum with proteolytic enzymes (vide p. 882).

Endotoxins unlike exotoxins do not as a rule incite
the production of antitoxins.

Antibacterial sera are generally produced by immun-
ising with the actual bacteria, or bacterial extracts.
These scra may exhibit the following properties :—

Bacteriolytic or bactericidal—i.e. directly lysing or
destroying the bacteria.
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Opsonic or bacteriotropic — i.e. rendering the
bacteria susceptible to phagocytosis.

Agglutinating—immobilising and clumping the
bacteria.

Precipitating or producing a precipitate along with
the soluble products of the bacteria, e.g. a
bacterial extract.

Complement-fixing—i.e. along with the bacterial
antigen ‘fixing” or ‘‘absorbing’ comple-
ment, a normal constituent of serum (vide

infra).

These effects may be demonstrated in vitro. They
are all relatively specific for the particular organism
and are quantitatively marked—e.g. they may be pro-
duced by exceedingly minute amounts of the antigen
or antiserum.

The serum of a person or animal infected with a patho-
genic bacterium may exhibit also similar properties
and constitutes an antibacterial serum. Thus, the
serum of a person suffering from typhoid fever exhibits
these properties when tested in vitro with the typhoid
bacillus.

It has to be noted that normal serum may
possess bactericidal, opsonic and agglutinating effects.
These are relatively weak as compared with the corre-
sponding effects produced by an immune serum.

The bactericidal action of an immune serum is due
to a specific thermostable! antibody (bacteriolysin or
bactericidin) acting along with a normal non-specific
constituent of serum (complement) which is thermo-
labile® (at 55° C.). The antibody apparently com-
bines firmly with the antigen (the bacteria) and the
complement then unites with the combined antigen

! “ Thermosatable * denotes the ability to withstand a certain
degree of heat.

* “ Thermolabile " indicates that a particular property is
lost on exposure to a certain degree of heat,
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and antibody. The antibody and complement have
no independent combining affinity. It has thus been
supposed that the antibody acts by * sensitising "
the bacteria to the action of complement, and that
the latter is the essential lytic agent.

Thus :
. Specific \ Bactericidal
Bacteria+- { ag tei%o d y} +-Complement = " e 0
., |Specific _
Bacteria+ {antibo dy} No effect.
Bacteria 4 Complement = No effect.

It may be noted here that complement is an exceedingly
unstable substance and becomes quickly inactivated when
serum is kept under ordinary conditions.

Owing to the original mistaken idea that the anti-
body acts merely as a combining link between the
antigen and complement, the term ‘‘ amboceptor ”’
has been applied to it.

In vivo bacteriolysis can be demonstrated readily
by Pfeiffer’s reaction : a suspension of cholera vibrios is
injected intraperitoneally in a guinea-pig along with an
anticholera serum which is devoid of complement as
a result of heating (e.g. at 55° C.) or keeping for some
time, and if peritoncal fluid be drawn off with a
hypodermic syringe at intervals within an hour, it
is seen that the vibrios undergo progressive lysis and
disappear from the fluid. In this case the complement
of the blood plasma of the animal acts along with the
antibody of the immune serum.

Bactericidal action by a normal serum, in many cases, is
analogous to that produced by an immune serum, and is
dependent on a natural antibody (vide supra) and complement.
This mechanism, which is active mainly on Gram-negative
bacteria, has been designated the * a lysin.”” Normal bac-
tericidal effects towards various Gram-positive bacteria are
independent of complement and are due to a thermostable

(53° C.) principle * g lysin” the exact nature of which is still
undetermined.
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Haemolysis by a haemolytic antiserum is analogous
to bacteriolysis—i.e. it is due to a specific thermo-
stable antibody acting along with the normal comple-
ment.

Thus :
Red Cells 4 { Egtelcblgsy} +Complement=Haemolysis.
Red Cells + :nglcllgc(;y: =No effect.
Red Cells +Complement =No effect.

The phenomenon of haemolysis by serum can be
demonstrated in vitro with blood suspensions and is
easily visible with the naked eye, the blood becoming
laked or transparent.

A suspension of red blood corpuscles in isotonic salt
solution plus the antiserum which has been hcated
at 55° C. to annul complement (i.e. red cells+specific
antibody only) serves as an indicator for the presence or
absence of complement—e.g. in complement-fixation
tests—and is spoken of as a haemolytic system (vide
p. 48).

The opsonic action of normal kerum is dependent on a
non-specific thermolabile principle, the normal opsonin,
which in some respeets resembles complement (v. supra).

The increased opsonic action of an antibacterial serum
is due to a specific thermostable antibody (immune
opsonin) which can function independently of com-
plement.

The opsonins combine with the bacteria, rendering
them in some way susceptible to phagoeytosis but
without directly affecting their viability. Thus, if a
scrum is allowed to interact with organisms, which
arc then separated from it by centrifuging and
washing with salt solution, they are still susceptible
to phagocytosis by lcucocytes though the serum has
been removed and the lcucocytes have also been
freed from serum. The opsonin is apparently
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“ absorbed ” from the serum by the organisms and
bound by them.

The opsonic index is a numerical expression of the opsonic
power of the serum of a person for a given ox:gaqism as com-
pared with normal, and has been regarded as significant of the
degree of resistance possessed by the person to the particular
infection. The index can be estimated according to the follow-
ing system: a preparation of leucocytes, the bacteria in
question and the patient’s serum are mixed, and, after a period
of incubation, film preparations are made from the mixture
and suitab y stained ; by counting under the microscope the
number of bacteria phagocytosed by fifty, or preferably a
larger number of, leucocytes, the average for one leucocyte can
be calculated—the phagocytic index. A similar experiment is
carried out, substituting the pooled serum of two or three
normal persons, and the phagocytic index again estimated.
The opsonic index is then calculated by dividing the phago-
cytic index of the serum in question by that of the normal
serum. Thus unity is normal, and the opsonic power of the
serum is greater or less than normal according as the index is
greater or less than unity.!

It has been shown that the results of counting bacteria in a
small number of leucocytes, e.g. 50, may not be a statistically
accurate representation of the actual number phagocytosed.

Agglutination is the most easily observed effcct of
an antibacterial serum. If the serum is added in vitro
to a uniform suspension of the particular organism
and the mixture is incubated, the bacteria become
aggregated in clumps and the suspension appears
flocculent or granular, the clumps or floccules being
easily visible to the naked eye. The phenomenon
is attributed to a specific antibody designated agglu-
tinin. The agglutinin does not affect the vitality of
the bacteria. It also clumps dead bacteria in the same
way as the living organisms. It is relatively thermo-
stable—e.g. as compared with complement. Salts
(electrolytes) are necessary for its action, and agglu-
tination tests are usually carried out in a medium of
physiological saline. The physies of bacterial agglu-

! See Wright, Technique of the Teat and Capillary Glass Tube
London, 1921 ;' Studies in Immunity, 1909, '
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tination has not yet been fully elucidated but depends
apparently on a disturbance in the balance between
the cohesive force of surface tension tending to
aggregate the bacterial cells and the mutually repellent
influence of the similar electrical charges carried by
the cells. The electrolyte present, as well as the
agglutinin, contributes to the physical changes
involved in the process of agglutination. Agglutina-
tion tests are applied in diagnostic work, and for the
identification of species and types (vide p. 28).

As in the case of other antibody reactions, normal
serum may contain agglutinins for various bacteria.
In general, normal agglutination is quantitatively
weak.

AGGLUTINATION REACTIONS IN RELATION TO ANTIGENIC
STRUCTURE AND ANTIGENIC VARIATION.—Among motile
bacterial species (e.g. B. typhosus) two different kinds of agglu-
tinogen (i.e. the antigen which stimulates agglutinin production)
can be recognised : flagellar (contained in the flagella) and
somatic (in the body of the organism). The flagellar antigen is
usually designated by the symbol H and the somatic by O. For
these different types of antigen separate agglutinins are like-
wise produced also designated H and O, and the agglutination
which results from the interaction of these antigens and

lutinins are described by the same symbols. Further,

-agglutination is of a ‘‘large-flake ™ type, f.e. large easily
visible clumps, whercas O-agglutination is of the **small-
flake  or granular type. Differential testing of H and O
agglutinins can be carried out by varying the condition of the
bacterial suspension. For H-agglutination a motile strain of
the particular organism must of course be used and if the
suspension is treated with formalin an almost pure H reaction
is obtained since formalin interferes with O agglutination.
Treatment of the suspension with alcohol, on the other hand,
inactivates the H antigen and an alcoholised suspension is
therefore a suitable reagent for testing O agglutination (vide
p. 257). Another method is to use a non-motile variant of the
organism. The H and O antigens differ in thermostability :
thus the H antigen is labile at 80°-100° C. whereas the O antigen
withstanda 100° C.. A bacterial suspension which has been kept
at 100° C. for about 20 minutes yields an almost purc O agglu-
tination,

Some motile bacteria are diphasic as regards the constitution
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of their H antigens, e.g. B. paratyphosus B, and may occur in
two different forms, one in which the H antigen is highly specific,
the other in which this antigen shows characters common to
related species or types. These specific and non-q)eciﬁc.fnrms
may be represented in a culture by different colonies so
that if one colony is subcultured the ‘‘ specific”” phase is
obtained, if another the * non-specific ** phase, but such colonies
may not show any morphological differences. Other species
are monophasic as regards their H antigen, occurring only in the
specific or in the non-specific form. A further variation may
also be observed : the specific form may itself be diphasic :
in one of these phases the H antigen has a different constitution
from that of the other. These have been described as the a
and B phases. It must be recognised that even a particular
kind of antigen is frequently composite and consists of multiple
components for each of which a separate agglutinin is produced
on immunisation.

All these aspects of antigenic structure are well illustrated
by the Salmonella group of bacteria, as is shown in the table on
p. 450 which should be referred to.

In laboratory cultures of the typhoid-paratyphoid-dysentery
bacilli two types of colony may be observed : (1) the normal
smooth, round and transparent form—S (smnoth) type, and
(2) a rough, irregular and opaque variant— R (rough) type.
The S type when suspended in 085 per cent. saline forms a
stable suspension; the R type tends to auto-agglutinate,
though it may remain stable in weaker saline solutions (e.g.
02 per cent.). A similar variation with the development of
R colonies is seen in other bacterial groups. These types are
antigenically different; thus, an antiserum for S may not
agglutinate R and an antiserum for R may not agglutinate S,

The variation from S to R is associated with a change in the
somatic antigen, the variant antigen being designated by the
symbol O (or R) ; the H antigen is either unaltered or lost, the
variant becoming non-flagellate. Among pathogenic bacteria
this transformation from S—>R is frequently associated with
loss of virulence. Moreover, while the antigen characteristic
of the S type is often highly specific, the R antigen may
exhibit characters common to other, though related, species.

It has also been shown that the typhoid bacillus when freshly
isolated possesses an additional somatic antigen which is associ-
ated with its virulence (as judged by injection of cultures in
mice). When the organism js continuously cultivated arti-
ficially and loses virulence this antigen is no longer present.
It has been designated the Vi antigen and can be detected by
agglutination tests with an appropriate antiserum. Further
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reference to this subject is made later (p. 482). It seems likely
that various organisms possess analogous * virulence > antigens
and the capsular hapten of the pneumococcus has a somewhat
similar rdle (g.v.).

These facts summarise briefly the variations in antigenic
composition which have to be allowed for in the practical
application of the agglutination phenomenon for diagnostic
purposes. Further references to this question are made in
later chapters. IFor more detailed information on the subject
one of the text-books should be consulted.

The precipitating action of an antibacterial serum
is analogous in many respects to agglutination and is
spoken of as being due to an antibody called precipitin.
For this test a suitable extract of the bacterial sub-
stance is required ; this is exemplified in the pre-
cipitation test used for determining groups among
the streptococci (vide p. 337).

Complement-fixation. -Complement plays an cssen-
tial part in the bactericidal action of an immune serum,
and is absorbed by the bacteria plus bactcricidal
immune body. Even in the absence of bactericidal
action, an immune serum may contain antibodies
which, along with antigen, fix or absorb complement ;
and a complement-fixing antibody is therefore spoken of.

Thus :

[A ntigen4- :f: :l(l:g((iy] < Complement.

To test for this effect the haemolytie system is used
as an indicator : if complement has been fixed, then
on adding the haemolytic system no haemolysis will
occur (vide p. 39).

Complement-fixation tests are cmployed in diag-
nosis, and occasionally for the identification of species
in the same way as the agglutination reaction.

The various immune properties of an antibacterial
serum have been described above in terms of multiple
antibodies, each designated according to its effect
on the antigen (bacteriolysin, agglutinin, opsonin,
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precipitin, complement-fixing antibody), but it is still
an open question whether these reactions are actually
due to separate principles in the serum or are merely
different manifestations of the activity of a single
antibody.

Antiviral sera.—The serum of a person or animal
immunised against a filterable virus may exhibit pro-
perties which are analogous to those of an antibacterial
serum. Thus, the virus is specifically inactivated by
the serum, and this has been spoken of as due to a
‘ viricidal ”’ antibody, the term implying the killing
of the virus. The actual effect of this antibody on
the virus has not been fully determined. Specific
precipitating and complement-fixing reactions have
also been observed with antiviral sera. Where
‘“ elementary > or virus bodies can be separated and
concentrated to form a suitable suspension, their
specific agglutination by an antiserum can be demon-
strated. This is well exemplified in the case of the
elementary bodies of vaccinia (vide p. 619).

ANAPHYLAXIS AND HYPERSENSITIVENESS

Under certain conditions the parenteral injection of
foreign protein leads to a specific sensitising effect so
that the subsequent injection of the same substance
may produce toxic and even fatal results.

Thus, if a guinea-pig is injected subcutaneously
with horse serum (even an extremely small dose—
e.g. 0:001-0-01 c.c.), and after an interval of ten days
receives a larger second dose of the same serum
(e.g- 02 c.c. intravenously or 5 c.c. subcutaneously),
it may develop a sudden illness or anaphylactic shock
in which the chief manifestation is spasmodic con-
striction of unstriped muscle, particularly that of the
small bronchi. The serum may be quite non-toxic
per se when given to an unsensitised animal even in
large doses.
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Substances that lead to anaphylaxis (anaphylac-
togens) are those which act as antigens in relation to
immunity, and the phenomenon of anaphylaxis is
regarded as due to the interaction of antigen and
antibody (precipitin) in the tissues. Passive hyper-
sensitiveness can also be conferred by injecting the
serum of a sensitised animal into a normal animal.

The results of anaphylaxis depend on the mode of
injection of the substance into the sensitised animal
and the quantity introduced. Anaphylactic shock is
more liable to occur and is more marked when the
injection is intravenous or intraspinal, and when a
large dose is given, than when the injection is sub-
cutaneous or a small quantity is introduced. Thus,
a dose which would produce shock if given at once,
when introduced in small fractions may not lead to an
anaphylactic shock and the animal is * desensitised
in this way. The state of hypersensitiveness, once
developed, may persist for long periods. If, after
the sensitising injection but before sensitiveness has
developed, a second dose of the substance is given,
the animal is protected for a time against a subsequent
injection—i.e. anti-anaphylaxis has been developed.

Haptens (p. 85) may produce anaphylactic shock
in specifically sensitised animals.

The nature of these phenomena has not been com-
pletely elucidated. Various theoretical explanations
have been advanced on the basis of experimental data.
For further details one of the larger works should be
consulted. Serum anaphylaxis has, of course, become
of practical importance in medicine in relation to
serum therapy—for example, when it is necessary
to give a second dose of a therapeutic serum after an
interval, and especially by intravenous injection ; the
risk of anaphylactic shock can, in such cases, be
obviated by desensitisation with very small doses of
serum (vide supra). The human subject, however, is
not so liable to anaphylaxis as certain animals.
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Such hypersensitiveness can be tested for by in-
jecting intracutaneously (vide p. 848) 0-1 c.c. of the
serum. A positive result is denoted by the occurrence
within thirty minutes of an urticarial reaction at the
site of inoculation, which may develop a vesicle and
may be surrounded by a wide erythematous zone.
Hypersensitiveness can also be demonstrated by
instillation of serum into the conjunctival sae, or by
applying it to a small scarified area of skin.

Serum sickness or serum disease.—It should be noted that
after a single dose of foreign serum (e.g. a therapeutic antiserum
from the horse) given for the first time, in a considerable
proportion of normal persons toxic effects may ensue. These
occur after an interval of eight to twelve days, and may consist
of fever, an erythematous or urticarial eruption, swelling of
lymph glands and joints, albuminuria, etc., and there may be
an inflammatory reaction at the site of the injection. Such
symptoms have been regarded as due to a natural hypersensi-
tiveness to the horse serum. It is still doubtful whether this
condition is related to anaphylaxis or to the so-called ** atopy >
which is referred to later.

A single intravenous injection of foreign serum, especially
in large amount, may in certain persons produce symptoms of
shock. In the administration of therapeutic antisera such
severe reactions can be avoided by a preliminary test for
hypersensitiveness (vide supra). If this is detected, the required
dose should be subdivided into fractions separately adminis-
tered, starting with a small quantity.

Specific hypersensitiveness to the products of the
infecting organism (allergy of infection) is a feature
of various discases in man and animals, and can be
demonstrated by the general and local reaction
manifested on injection of preparations from cultures
of the particular organism—e.g. the tuberculin re-
action (vide p. 402). In such cases the sensitiveness
can also be elicited by simple cutaneous or intra-
cutaneous tests. This form of hypersensitiveness
differs from anaphylaxis in certain respects. Thus,
it is doubtful whether such allergy is dependent on a
serum antibody, and it has not been generally possible
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to transfer the sensitiveness to a normal individual
by injection of serum.

Atopy.—In certain persons as a result of genetic
factors, hypersensitiveness may occur towards a con-
siderable variety of substances of protein nature, so
that when the person is exposed to contact with the
substance to which he is sensitive, toxic effects result
—e.g. coryza, asthma, urticaria, gastro-intestinal
disturbanece, cte.. This form of sensitiveness has been
designated atopy, and is responsible for such condi-
tions as hay fever, asthma, cte.. Substances to which
such sensitiveness can be attributed (atopens) are :
plant pollens (as in hay fever), dandruff of animals
(e.g. horse), proteins of various articles of food (e.g.
shell fish), bacteria, moulds, etc.. Atopy can be tested
for by cutancous reactions with preparations of the
particular atopen, as in testing infection-allergy.
While atopy cannot be transferred in the same way as
anaphylaxis, it has been found that when the serum of
an atopic person is injected into the skin of a non-
sensitive person, and after an interval the atopen is
injected at the same site, an urticarial wheal results
(Prausnitz-Kiistner reaction). The serum therefore
contains some active substance (designated reagin).
This principle, however, cannot be definitely identified
with antibodies.

Shwartzman phenomenon.—This reaction merits considera-
tion in relation to the general subject of hypersensitiveness.
It was observed by Shwartzman that, when a filtrate of
B. typhosus culture had been injected into the skin of a rabbit and
after 24 hours the same filtrate was injected intravenously, an
intense reaction occurred at the site of the intradermal injection,
viz. an area of haemorrhagic inflammation with subsequent
necrosis. After a longer period had elapsed, e.g. 82 hours,
intravenous injection might have no such effect. The reaction
is not specific: thus, after the intradermal injection of B.
typhosus filtrate, a B. coli filtrate injected intravenously may
excite the reaction. The precise significance and the underlying
biological mechanismm of this phcnomenon are still somewhat
obscure.
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CHAPTER III

THE USE OF THE MICROSCOPE
IN BACTERIOLOGY

Microscory is of primary importance in bacteriology,
and a suitable microscope and a knowledge of its use
are essential to those engaged in bacteriological work.
To obtain satisfactory results, the microscope should
be used under the best possible conditions, and the
worker must know the capabilities of the instrument.

The component parts of the microscope are as
follows :—

The eye-piece fits into a graduated draw-tube, which
in turn slides in the body-tube. The lower end of the
tube is furnished with a revolving nose-piece (preferably
* triple ”’) into which are screwed the objectives. The
tube and objectives are moved up and down by means
of a rack and pinion termed the coarse adjustment,
while the fine movements necessary for accurate
focussing are performed with the fine adjustment. The
tube and adjustments are supported by an upright
which is connected to the foot by means of a hinged
joint. Attached to the upright near the joint is a
platform called the stage, on which is placed the micro-
scopical preparation to be examined. In the centre
of the stage is an aperture through which the object
can be illuminated from below. A mechanical stage
may be fitted cither to the stand or the fixed stage, so
that the preparation can be moved about horizontally,
thus ensuring steady and controlled movement.
Below the stage is the substage, which should be
furnished with & means of raising or lowering it—

81
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usually a rack and pinion or a spiral screw. The sub-
stage is fitted with a substage condenser, attached to
which is the iris diaphragm. Fitted to the end of the
tail-piece is a mirror, mounted on a gimbal fitting. The
plane side of the mirror is employed when a condenser
is used ; the concave side is used only in the absence of
a condenser, and its focal length is such that light
comes to a focus on the object examined.

The draw-tube should be adjusted to the tube length
(vide p. 55) for which the objective is corrected ; for
the majority of microscopes this is usually 160 mm.,
but as the revolving nose-picce has a length of 18 mm.
the draw-tube should be extended only to the 142 mm.
mark. Leitz objectives, however, are corrected for
a tube length of 170 mm. It is essential that an
objective should be used at its proper tube length,
particularly the apochromatic objectives (vide infra),
if the maximum resolution is to be obtained.

The working of the fine adjustinent varies according to the
make of the microscope, for different manufacturers have their
own particular type of mechanism. The older forms were
actuated by means of a milled head mounted on a pillar behind
the coarse adjustment, which turned a screw with a fine thread.
Present models have a milled head parallel to the coarse adjust-
ment. The movements of the milled head raise or lower the
tube in the same direction as the coarse adjustment. The
milled head is graduated in |} ths, and one division corre-
sponds usually to a movement of the tube of 0-002 mm. The
mannger of securing a fine movement is by a system of levers,
cams or cogwheels. ’

The fixed stage should be large enough to take a
4 in, Petri dish, and should be fitted with two clips.
A mechanical stage is of great advantage, and is
particularly useful when a large area of a microscopic
preparation has to be searched, as in the examination
of films of sputum for tubercle bacilli, or of blood for
malaria parasites. An attachable mechanical stage
works satisfactorily and can be obtained for almost
any model. The ‘ built-in ” mechanical stage is more
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costly, but.is recommended for routine bacteriological
work, as it is steadier and not likely to get out of
order.

The substage is an important part of the microscope
and one to which frequently little attention is
paid. The mechanism for raising the substage should
be rigid and free from lateral movement. Where
critical work has to be done with highly corrected
objectives and condenser, centring screws should be
fitted. The condenser, which is used for focussing light
on the object to be examined, is usually of the two-
lens Abbe type; but if apochromatic or semi-apo-
chromatic objectives are used, a condenser of similar
optical quality must be employed. The irts dia
phragm is an important part of the substage, as it
controls the angle of light which passes into the
condenser. For egample if the diaphragm is partially
closed and a high numerical aperture objective is used,
the definition will be much impaired.

Binocular microscopes.—Where much microscopic
work has to be done and for routine examinations we
recommend that the microscope should have a bin-
ocular body, as, by using both eyes, a considerable
amount of eye strain and fatigue is avoided. In the
binocular body the rays of light from the objective
are divided by a half-silvered surface inclined at an
angle of 45 degrees which permits one half of the light
to pass vertically, while the remainder is reflected
horizontally. Each half of the rays is directed into its
appropriate eye-piece by means of prisms. The eye-
piece sockets can be adjusted to the interocular distance
of the observer, whileone of the oculartubesisadjustable
to correct individual difference between the two eyes.

Inclined binocular microscopes are very suitable for routine
use as the eye-pieces are inclined towards the observer and it
is not necessary to tilt the stand as with the straight binocular
or monocular bodies. Consequently the stage is kept hori-
zontal and this is of particular advantage when dealing with
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wet films or using dark-ground illumination. (Similarly an
inclined eye-piece fitting for a monocular tube may be obtained.)

Binocular microscopes have interchangeable mono-
cular and binocular bodies, which are removable
without disturbing the objectives, so that a monocular
body can be used for photography, micrometry, etc..

OBJECTIVES AND EYE-PIECES

For general purposes, ordinary achromatic objectives
are quite satisfactory, and are admirable for routine
work and students’ use. The quality of the present-
day objective is extremely good, and for ordinary
work the purchase of the more expensive types is not
recommended. The most useful objectives are §-in. or
16 mm., }-in. or 4 mm., the /;-in. (thus designated,
but actually y-in.) or 2 mm. oil-ithmersion, and, for
dark-ground illumination and blood work, the !-in.
oil-immersion lens should also be added. These should
be used in conjunction with a 10-magnification (10 x )
Huygens eye-piece. A 5 Xeye-piece is often supplied,
and is sometimes employed for searching when a
larger field is desired without altering the objective.
It is not practicable to use the ordinary (Huygens)
eye-piece above 12X, and even this magnification
gives some distortion and haziness of outline. Higher
magnifications may be obtained by the use of apo-
chromatic objectives and compensating eye-pieces.
With binocular microscopes 6 X or 8 X eye-pieces are
sufficient, as, owing to the division of the rays, less
light enters each eye-piece. With 10X eye-pieces the
field is apt to be too dark when ordinary illuminants
are used.

MAGNIFICATION

The objective works at a distance from the object
somewhat less than its focal length. A real, inverted
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and enlarged image is formed in the upper part of the
tube, and this real image is magnified further by the
eye-piece. Thus, the total magnification is the product
of the separate magnifications of the objective and of
the eye-piece, and depends on three factors : —

(1) The focal length of the objcctive.

(2) The magnifying power of the cye-piece.

(8) The distance between the lens system of the
objective and the image produced — the
* optical tube length.”

In actual practice, however, when calculating the magnifica-
tion, the *‘ mechanical tube length ™ is used ; the diagram on
p. 56 illustrates optical and mechanical tube lengths.

The * optical tube length "—AB—is the distance between
the posterior principal plane of the lens system of the objective
and the plane of the image which is in the upper part of the
draw-tube.

The * mechanical tube length "—CD—is the distance between
the eye-lens of the eye-piece and the point where the objective
fits into the lower end of the body-tube or nose-piece. In
adjusting the draw-tube to a given tube length, it must be
remembered that the draw-tube scale may read from the foot of
the body-tube and does not include the nose-piece, the length
of which is 18 mm. Allowance must be made for this—e.g. if
the objective works at 160 mm. tube length, the scale of the
draw-tube is set at 142 mm., which, with the length of the
nose-piece, gives the required total length of 160 mm. In
modern instruments the draw-tube scale includes the length
of the nose-piece and the correct tube length is indicated on
the draw-tube by an engraved ring. The tube length may easily
be verified by measuring with a ruler from the bottom of the
nose-piece to the upper end of the draw-tube.

When calculating the magnifying power of a given objective
and eye-piece, the optical tube length may be taken for practical
purposes as equal to the mechanical tube length.

It is emphasised that objectives are designed to work at a
definite tube length and any variation from this distance may
seriously impair the definition obtained, particularly when
apochromatic and high-power achromatic objectives are used.

The initial magnifying power of the objective is first deter-
mined, and then multiplied by the magnifying power of
the eye-piece, when the total magnification is obtained. The



56 PRACTICAL BACTERIOLOGY

objective acts as a convex lens and its magnification can easily
be calculated as follows :—
size of image
size of object
distance of image from objective
" distance of object from objective

magnification of objective =

c’
A
0PTICAL MECHANICAL
TUBE TU8E
LENGTH LENGTH
B

The distance of the image from the objective is tye ** opti
nce of th f cal
tube length * which is approximately eunal to the "I:nechfnieal
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tube length,” and this is determined from the draw-tube scale,
as described above.

The distance between the object and the objective depends
on the objective used, and this distance is adjusted by means
of the coarse adjustment when the object is focussed. It may
be taken as equal to the focal length of the objective. Suppose
an object is examined with a 16 mm. (§-in.) objective and a
10 x eye-piece, the tube length being 160 mm. ; the size of the
image produced by the objective alone depends on the ratio
of the tube length to the focal length of the objective—i.e.
160 mm. : 16 mm. (ten times) ; this real image is now magnified
ten times by the 10 x eye-piece, making a total magnification
of 100 diameters. If a 4 mm. (}-in.) objective is employed the
distance of the image is the same (160 mm.), but the distance
between objective and object is only 4 mm., hence the initial
magnification of the objective is 160 : 4—i.e. 40. This is
further magnified by the 10 x eye-piece to 400 diameters.
Similarly a 2 mm. objective has an initial magnification of
80, and when used in conjunction with a 10 x eye-piece gives
a total magnification of 800 diameters.

Thus : total magnification ==
tube length

focal length of objective

To find the magnification of any system of objective
and eye-piece, divide the tube length employed by the
focal length of the objective ; multiply this figure by the
magnification of the eye-piece, and the total magnification
is obtained.

It is thus scen that the magnification varies inversely
as the focal length of the objcctive, the shorter the
focal length the greater the magnification.

Makers now cngrave the initial magnification of
the objective on the objective mount, and as the eye-
pieces are also designated by their magnifying power,
the total magnification is easily and correctly deter-
mined, provided of course that the proper tube length
is used.

The -in. objective has, in reality, a shorter focal length
than that by which it is designated, and gives a magnification
of 100 diameters. When used in conjunction with a 10 x eye-
piece the total magnification is 1000 diameters.

x eye-piece magnification.
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~—;h—e r:mgniﬂoation usually employed in bacteriological work
is 800-1000 diameters.

»

The ¢4-in. oil-immersion lens works very close to the
cover-slip, and the intervening space between objective
and cover-slip is filled with cedar-wood immersion oil.

GLASS.

4q.

AAR .
A. ~

Diagram showing the paths of rays through (1) a
lens (on right), and (2) an oil-immeorsion

lens (on left) (after Spitta).
Note the refraction of the oblique ray Ané‘x')’ 2 g

from the glass slide to air, as com my
FBEG. L isthe front lens of the objsctive.

The reason for this is that when an oblique ray of light
emerges from a dense medium (glass) into a rare
medium (air) it is refracted outwards—i.e. away
from the normal (see diagram—ABCD), As the
brightness of the image depends upon the light enter-
ing the objective, and the resolution (vide infra)
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depends on the effective aperture, this refraction of
light diminishes not only the brightness but the clear-
ness of the image. If, however, the space between
objective and object is occupied by immersion oil,
which has the same refractive index as glass, the rays
of light do not undergo refraction and pass into the
objective (see diagram —FBEG).

The high-power (}-in.) is a ** dry ” lens and must not be used
with immersion oil. Oil must be used only with lenses specially
computed to work with this fluid. Such objectives have * oil
immersion "’ engraved on them.

NUMERICAL APERTURE

Objectives are rated not only by their focal length
but also by their Numerical Aperture (N.A.). The
numerical aperture may be defined simply as the
ratio of the diameter of the lens to the focal length.!
It is expressed mathematically as follows : —

NA.=nSinU

where n is the refractive index of the medium between
object and objective (air, 1-0 ; cedar-wood immersion
oil, approximately 1-5), and 2U the angle of aperture—
i.e. the angle formed by the two extreme rays of light,
which, starting from the centre point of the object,
reach the eye of the observer (see diagram, p. 60).

That is, DAC =2U
BAC=U

. EF
Sin U aiﬁ

It is thus seen that the numerical aperture, other

things being equal, depends on EF, which is half the

! The numerical aperture has been expressed in this manner
to simplify deseription, but this is true only for objectives of
long focal length, where EA is approximately equal to FA.
With short-focus lenses of high numerical aperture this definition
18 not correct. The length EA is then much greater than the
distance of the objective from the slide (FA). .
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diameter of the lens. Lenses, therefore, may have equal
focal lengths, but different numerical apertures depend-
ing on the diameter of the lens. It is to be noted, how-
ever, that the numerical aperture is not measured
directly by the diameter of the lens, but is approxi-
mately the ratio of that diameter to the focal length.

c B8 0.

manlr  Lans
oF CATECTIVE

G

Diagram to illustrate numerical aperture.

The theoretical limit of the angle DAC is 180°—-
i.e. when the objective is actually on the object—and
therefore the theoretical limit of U is 90°. The
greatest possible N.A. of a dry lens cannot exceed 1,
since the refractive index of air (n)=1, and Sin 90°=1.
Actually the highest practical N.A. of a dry lens is
0-95. On the other hand, the introduction of oil
between the objective and object gives n a value of 1-5.
The highest possible value, therefore, of n Sin U for an
oil-immersion objective is 1:5X Sin 90°—i.e. 1-5. In
practice, however, the highest N.A. of an oil-immer-
sion objective (attained in an apochromat) is 1-40.
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The ordinary +%-in. objective for bacteriological
purposes has a N.A. of 1-80.

The essential qualities of an objective depend on its
numerical aperture, and these are :—

(1) brightness of image, which, other things being
equal, varies as the square of the N.A. ;

(2) resolving power and defining power, which vary
directly as the N.A.

The depth of focus, while not dependent entirely on the
N.A,, varies in inverse proportion to it.

It is thus apparent why oil-immersion objectives
give such good results—the N.A. being increased by
the high refractive index of the oil. In general it may
be said that in the case of two lenses of equal focal
length the one with the higher N.A. is the better lens
and is to be preferred. The 16 mm. or §-in. objective
should have a minimum N.A. of 0-25; the 4 mm. or
3-in. 2 minimum N.A. of 0:65; while the ,';-in. oil-
immersion should have a N.A. of 1-30.

The resolving power (as apart from magnifying
power) of a lens is its capacity to separate two ad-
jacent points, and this property determines the
amount of structural detail that can be observed
microscopically. The limit of resolution is attained
when the magnification recaches 1450 diameters.
Theoretically, with axial illumination two points
closer together than half the wave length of the light
used cannot be resolved. It is not possible to attain
this theoretical limit under visual working conditions,
and in practice the limit is reached at about 0-00025
mm. (0-25pu).

Resolution, however, must not be confused with visibility,
because it i8 possible to see ‘‘ elementary bodies™ (of virus
diseases) as small as 0-074p with ordinary white light and even
smaller, 0-087u, with green light (Coles). It should also be
realised that the bodies observed have been stained and often
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treated with a mordant (vide Paschen’s method, p. 225), so that
the stained elementary body may be larger than the natural
one, and thus brought within the limits of visibility, With
ordinary microscopic methods, by using at the correct tube
length an apochromatic objective of N.A. 1-40, and a high
power compensating eye-piece, in conjunction with an oil-
immersion condenser, the whole optical system and illuminant
being carefully centred, stained particles of a diameter smaller
than 0-25u can be seen.

To illustrate the difference between visibility and resolution,
if this printed page be placed a certain distance away (about
10 feet) it is possible to see that the print consists of a number
of letters. It is not possible, however, to distinguish the form
and shape of the actual letters as such at this distance. The
letters are visible but their details cannot be resolved.

With ultra-violet light, which has a much shorter wave-
length than visible light, greater resolution can be obtained.
Advances with this method have been made by J. E. Barnard,
using a specially constructed microscope, which requires
special technical knowledge and skill for its use. As optical
glass does not transmit short-wave ultra-violet light, special
quartz lenses have to be employed. The wave-length employed
is so short that objects illuminated by it are not seen by the
naked eye, but must be recorded photographically. By this
means Barnard has succeeded in photographing several of the
filterable viruses (vide p. 659).

DEFINITION

This is the capacity of the objective to render the out-
line of an object distinct, and depends on the elimina-
tion of * spherical ” and ‘ chromatic *’ aberration.

Spherical aberration is caused by the periphery of
the lens refracting more than the central portion. The
peripheral rays, therefore, focus on the axis at a
shorter distance from the lens than the central ones,
with the result that thc image is distorted.

Chromatic aberration is caused by the ray of white
light being dispersed into its component colours as it
is refracted through the lens, a spectrum being formed.
The blue rays are refracted more, and come to a
focus nearer the lens than the red rays. The different
component colours do not come to the same focus
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and hence cannot blend to form white light. As a
result, the image is fringed with colours and the out-
line is hazy.

Both chromatic and spherical aberration may be
corrected by the combination of lenses of different
dispersive power—e.g. convergent convex lenses of
crown glass having low dispersive power, and divergent
concave lenses of flint glass having high dispersive
power. By this means two of the spectrum colours
are combined, and the ordinary achromatic objective
is constructed in this manner.

APOCHROMATIC OBJECTIVES

While achromatic objectives fulfil all ordinary purposes,
they are not sufficiently corrected for critical weork, such as
photography and resolution of minute objects, for which
apochromatic objectives must be employed. These represent
the highest degree of optical perfection, and are, in consequence,
very expensive. Apochromats surpass all others in the matter
of colour correction, and the essential factor in their construction
is the use of the mineral fluorite. Fluorite possesses the follow-
ing valuable optical properties :—

(1) high degree of transparency ; (2) low refractive index ;
(8) extremely small dispersion.

As a result of the use of fluorite #®least three colours may be
united, thus eliminating the secondary spectrum. This endows
the objectives with a brilliance and * crispness * of image not
attainable with ordinary lenses, and enables the maximum
resolving power to be obtained.

Apochromatic dbjectives must be used only in conjunction
with ** compensating ™ eye-pieces, and care must be taken to
adjust the tube length carefully and to employ a highly
corrected and properly centred condenser.

A series of objectives containing a certain amount of fluorite,
and which are intermediate in quaﬁty between the apochromatic
and achromatic objectives, has been introduced by several
makers. They are known as * semi-apochromatic® or
“ fluorite "’ lenses, and some of them have a performance
approaching that of the apochromatic objectives. The oil-
immersion lenses of this series are very useful for dark-ground
illumination,

The student or beginner in microscopy is advised not to
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purchase apochromatic or fluorite lenses, as the present-day
achromatic or ordinary objectives have been brought to such a
pitch of excellence that all routine examinations and much
research work can be done with them.

CARE OF THE MICROSCOPE

The microscope is an instrument of precision, and
care must be taken to preserve its accuracy. The in-
strument should be kept at a uniform temperature and
not exposed to sunlight or any source of heat. When
not in use it must be protected from dust under a
cover or in its box. Failing these, it should be covered
with a clean duster or cloth. The microscope should
be cleaned at intervals and its working surfaces very
lightly smeared with soft paraflin (vaseline). With
binocular microscopes dust may collect on the surfaces
of the prisms. This may be removed by passing a
soft camel-hair brush down the eye-piece tubes after
removing the eye-pieces. On no account must the
prism case be opened and the prisms removed, as this
will complectely alter the optical alignment and
necessitate the return of the instrument to the maker
hefore it can be used again.

If the microscope has to be moved, it should be lifted
by the upright limb and not held by the body tube.

The oil-immersion objective must be cleaned each
day after use by wiping the front lens with a well-
washed silk or cotton handkerchief. Alternatively a fine
tissue paper known as ‘‘lens paper” may be used,
which is very suitable for the purposc. Oil remaining
on the lens-front dries and becomes sticky ; later it
hardens and is then difficult to remove. Canada balsam
accidentally present on the lens from a mounted micro-
scopic specimen may also dry hard in the same way.
When cleaning the objective do not use alcohol, as the
cement that unites the component lenses is soluble in
alcohol, and in consequence the lens systems may
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become disorganised and the objective spoiled. Benzol
or xylol must be used to remove dried oil, and if the
oil is hard, repeated applications on a soft cloth are
necessary.

Dry objectives—e.g. §-in. and }-in. -are cleaned
with a piece of well-washed silk or fine cotton, or lens
paper. If any oil or Canada balsam is accidentally
present on the front lens it must be removed with
a soft cloth moistened in benzol or xylol and the
lens quickly dried with a soft cloth. On no account
must the component parts of an objective be un-
screwed.

DIRECTIONS FOR USING THE MICROSCOPE
WITH CONDENSER AND OIL-IMMERSION LENS

Before commencing to examine a specimen special
attention must be paid to the following : —

(1) The objectives and eye-piece must be clean.

(2) The draw-tube must be adjusted to the correct
length.

(8) The plane side of the mirror must be used.

(4) The condenser must be properly fitted into the
substage, so that it can be racked up practically flush
with the stage. In microscopes where the condenser is
inserted from below into a sleeve fitting, the condenser
is often not properly pushed into place and cannot be
racked up sufficiently high for its focus to be in the
same horizontal plane as the specimen.

For bacteriological work it is recommended that arti-
ficial light always be used. A 40 or 60 watt gas-filled
electric lamp with a bulb of opal glass is highly suitable.
It {s convenient to have some form of microscope lamp
which partially encloses the bulb, so that no glare
reaches the cyes. It is not advisable to use the
microscope at a window, as the daylight entering
the eyes renders the vision less acute. A suitable
arrangement is to use the microscope on a small

E
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table at one side of the room so that the observer’s
back is towards the window.

With binocular microscopes the amount of light reaching
each tube is only half that of a monocular instrument, while
some light is absorbed by the glass prisms. With high magni-
fications, therefore, the field may not be as brightly illuminated
aswould be wished. It is convenient, therefore, to ‘‘ over-run”
the lamp by using a bulb of lower voltage than that of the electric
supply, e.g. a 200 volt bulb on a 230 volt circuit or a 150 volt
bulb on a 200 volt circuit. The intensity of light is very much
increased and satisfactory illumination secured. The amount
of light may be controlled, and the life of the bulb prolonged by
using a sliding resistance of 300 ohms to carry 1 amp. in series
with the lamp. With low powers the intensity of light is
dimmed by the resistance while for higher powers the full
intensity is used.

When examining an object, the manipulations of
the microscope should be carried out in the following
order :—

(1) Set up the microscope, place the object on the
stage, and adjust the plane side of the mirror to the
illuminant so that the light is reflected into the
condenser.

(2) Focus the specimen with the low-power ob-
jective, using the coarse adjustment.

(3) Manipulate the mirror until the image of the
illuminant is scen in the centre of the field; then
lower the condenser so that the whole field is evenly
illuminated.

It is essential, particularly when examining tissues,
to use the low-power first, in order to locate organisms
and observe the tissue changes. A suitable field
having been obtained, the slide must be kept in place
by means of the right-hand clip if a mechanical stage
is not used. ‘

(4) Rack up the objective a short distance and
place a drop of cedar-wood immersion oil on the

portion of the specimen immediately below the
objective.
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(8) Raise the condenser so that its upper surface
is practically level with the stage, and make sure that
the iris diaphragm is widely open.

(6) Rotate the nose-piece until the oil-immersion
lens is in position.

(7) With the eye at t}e level of the stage, lower
the objective by means of the coarse adjustment until
the lens is seen just to touch the oil.

(8) Apply the eye to the microscope and observe
if the field is well illuminated. If not, adjust the
mirror until maximum illumination is secured.

(9) Carefully focus down, using the coarse adjust-
ment, and when the object has come into view, use
the fine adjustment to secure sharp definition. It is
often necessary at this stage to raise or lower the
condenser very slightly so that the optimum illumina-
tion is secured.

When the object is sharply focussed and the con-
denser is so adjusted that the image of the illuminant
is seen in the field, the condition is termed critical
tllumination.

When using a binocular microscope the same directions
should be observed, but, in addition, the eye-pieces should be
adjusted to the correct interocular distance of the observer
when the specimen is focussed with the low-power objective
(vide direction No. 2).

When the observer has to examine a specimen for
any length of time, as when searching for bacteria,
he must adopt a comfortable position. Both forearms
should rest on the table, and if there is no mechanical
stage the slide is moved with the left hand while the
right hand manipulates the fine adjustment.

EXAMINATION OF LIVING UNSTAINED
ORGANISMS

In the case of bacteria. “ hanging-drop ” prepara-
tions are frequently used for this purpose, and a glass
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slide having a circular concavity in the centre is
employed.

There should be no difficulty in observing a
satisfactory specimen if the following procedure is
adopted :—

(1) By means of a matcly dipped in vaseline, a ring
or square (according to the shape and size of the cover-
slip) is outlined round the concavity.

(2) With a platinum loop (vide p. 163) place a drop
of fluid containing the organismns on a cover-slip laid
on the bench.

For this purpose a fluid culture is used or the
condensation fluid of a slope culture (vide p. 161). A
further alternative is to emulsify a small amount of
culture from the surface of a solid medium in a drop
of broth or normal saline, taking care that the emulsion
is not too dense.

(8) Invert the slide over the cover-slip, allowing
the glass to adhere to the vaseline, and quickly turn
round the slide so that the cover-slip is uppermost.
The drop should then be “ hanging ” from the cover-
slip in the centre of the concavity.

(4) Place the slide on the microscope, rack down
the condenser slightly and partially close the iris
diaphragm. (Excessive illumination renders the
organisms invisible.)

(5) With the low-power, focus the edge of the drop
so that it appears across the centre of the ficld.

((.3). Turn the high-power (3-in. or 4 mm.) lens into
position and focus the edge of the drop. Obtain the
best illumination by lowering or raising the condenser
and secure sharp definition by reducing the apcrturé
of the diaphragm.

Instead of employing a hanging-drop preparati
a film of the fluid between an orgliniry sgdg arll)d (::)t:'?::
s}gp nlllay ll()le l;xsed, 1bt(;t in ;his case the edge of the cover-
slip should be sealed with vaseline to preven -
tion of the fluid. prevent evepora
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Motility of organisms can be detected in this way
and their shape, approximate size and general structure
can be observed. It is advisable to use the high-power
dry lens and not the oil-immersion objective. Owing
to the viscosity of the oil, the cover-slip is apt to move
during focussing, and currents are thus caused in the
fluid, which produce an appearance of motility in the
organisms.

It is essential to distinguish between true motility,
where the organism changes its position in the field,
and Brownian movement, which is an oscillatory
movement possessed by all small bodies (whether
living or not) suspended in fluid (p. 9).

A warm stage is very convenient when examining fresh
unstained preparations for amoebae and other protozoa. There
are several types of warm stage available, some of which
consist of a thin, flat metal box filled with hot water, or through
which warm water can circulate, and having an aperture in the
centre by which the light passes to the preparation. Other
forms are electrically heated and have an automatic tem-
perature control. The warm stage keeps the preparation at
body temperature, and enables the movement of organisms to
be studied, as these movements may cease if the material is
kept for any length of time at room temperature.

A simple warm stage may easily be improvised from a sheet
of thin copper (18-gauge) shaped like the letter * T, with the
long arm 5-8 in. in length. The top of the “ T is the size
of a microscope slide (3 in. x 1 in.) and in the centre is an
aperture ¢ in. in diameter. The copper ** T ™ is placed on the
microscope stage with the long arm projecting forward, and
the aperture over the condenser. The preparation is placed on
the copper strip and secured by the stage clips. The projecting
part of the ** T " is warmed by means of a small Bunsen flame
or spirit lamp. Care must be taken that the preparation is not
overheated.

DARK-GROUND ILLUMINATION

This method renders visible delicate organisms, such
as the spirochaete of syphilis, which cannot be seen in
unstained preparations with an ordinary microscope.

By means of a special condenser the specimen is
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illuminated by oblique light only. The rays do not
enter the tube of the microscope, and, in consequence,
do not reach the eye of the observer unless they are
“scattered ” by objects (e.g. bacteria) of different
refractive index from the medium in which they are
suspended. As a result, the organisms appear brightly
illuminated on a dark background.

‘ (—- FUNNEL STOP
\ /
\ V4

\

Diagram showing the paths of rays through the con-
denser and a ,',-in. oil-immersion lens fitted with a
funnel stop. AB and CDC are reflecting surfacos. The
surface at CC is opaque. (After E. Leitz.)
Three requisites are necessary for adapting a micro-
scope for dark-ground illumination :—

(1) A * dark-ground ” condenser.

(2) A suitable illuminant of sufficient intensity.

(8) A stop which reduces the numerical aperture of
the objective to less than 1-0, if the ordinary
oil-immergion lens is used.
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The Condenser.—A special condenser must be em-
ployed and may be of the paraboloid or of the con-
centric spherical reflecting type. The latter is re-
commended. The function of the special condenser
is to focus the light on the object, the paths of the
rays being such that no direct light passes into the
front of the lens. The illustration shows the paths
of rays through the concentric reflecting condenser.
The condenser should be furnished with a centring
device. It must be emphasised here that success
with dark-ground illumination depends on the accurate
centring of the condenser.

The Illuminant.—A lamp of sufficiently powerful
intensity should be employed.

If direct current only is available, the small arc lamp or the
* pointolite ”’ lamp (a proprietary name applied to a lamp
consisting of two tungsten electrodes in a vacuum across which
an arc is struck) should be used. The arc lamp is provided with
a condensing lens and gives a higher intensity of light, but re-
quires constant attention to keep the width of the arc adjusted
as the carbons burn away. Arc lamps with a clockwork feed
may be used to obviate this difficulty, but they are apt to be
unrcliable. The pointolite lamp which is adapted primarily
for direct current requires a special resistance, and, in addition,
an enclosed chamber with a condensing lens has also to be
provided. On the other hand, the lamp requires no further
attention, and gives a constant light for any length of time.
The ** pointolite ** is more convenient to use than the arc lamp.

Alternating current is now rapidly becoming universal, and
small filament lamps of high intensity worked through a
transformer are inexpensive, economical and satisfactory.
The bulbs are gas-filled and have a short, thick and tightly
wound spiral filament. They take 4-5 amperes at 6 volts.

A powerful and intense source of light is the ribbon filament
lamp. It consists of a broad flat ribbon of tungsten between
two stout electrodes. It consumes 18 amperes at 6 volts and
must be worked through a transformer. This lamp, which is
also specially suitable for photomicrography, is recommended
where much dark-ground illumination work has to be carried
out,

A ventilated enclosed chamber with a condensing lens is

necessury with both types of bulbs, and complete lamps are
obtainable from several makers.
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A pointolite lamp for alternating current is available, but
is not so satisfactory as the direct current lamp. It is, in
addition, more expensive than the coiled filament lamp and not
so efficient as the ribbon filament lamp.

The Funnel Stop.—When the objectives employed
for dark-ground illumination have a numerical aper-
ture of more than 1-0 (as in the case of ordinary oil-
immersion lenses), a special stop to reduce the N.A. to
less than 10 must be employed. This consists of a
small funnel-shaped picee of metal or vuleanite which fits
into the objective behind the back lens. Tt is advisable
to procure the stop from the maker of the lens employed.
The stop is easily inserted and removed, and the
objective can at once be converted for ordinary use.

Alternatively an objective adapter, with a small iris dia-
phragm, may be used. The front part of the oil-immersion
objective is removed and screwed to the adapter, which then
takes the place of the objective on the nose-piece. The numeri-
cal aperture of the objective may be reduced as desired by
manipulating the iris diaphragm in the adapter. Some makers
incorporate an iris diaphragm in the mount of the objective
itself so that it can be used for bright or dark-ground illumina-
tion without fucther alteration.

Certain manufacturers have introduced for dark-ground
illumination with bicentric condensers, special oil-immersion
fluorite objectives, which are used without a funnel stop. These
are %;-in. N.A. 1-15, and !-in. N.A. 0 95. The latter lens can
be recommended for routine dark-ground observation, and in
addition is very useful for histological work in place of the }-in.

The Preparation.—The preparation should be as thin
as possible in order to securce a satisfactory dark back-
ground, and so that the moving objects shall, as far
as possible, be in one plane. A preparation which is
too thick greatly diminishes the contrast in the dark
field, and in order to obtain satisfactory contrast the
objective has to be stopped down considecrably, thus
diminishing its resolving power. The preparation
should not be too dense, otherwise there is an ex-
cessive number of particles which * scatter » the light.
This causes lack of contrast even to a greatcr degree
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than a thick preparation. Some manufacturers supply
special cells for dark-ground work so that when the
cover-slip is placed on the slide the preparation has a
definite and uniform thickness.

The thickness of the slide employed is important.
The slides should be 1:0-1-1 mm. thick, and when a
suitable supply has becn obtained they should be used
only for dark-ground work. They should be thoroughly
clean and free from grease. The object to be examined
must be at the focus of the condenser, the focal length
of which is about 1-2 mm. If, therefore, too thick a
slide is used, the focus of the condenser will be below
the specimen and poor illumination will result ; if the
slide is too thin, the distance betwecn the condenser
and slide is such that a large amount of oil must be
cmployed to make contact.

METHOD OF USING DARK-GROUND ILLUMINA-
TION WITH THE OIL-IMMERSION OBJECTIVE

The microscope with special condenser and with the
N.A. of the objective reduced by a funnel stop or
iris diaphragm adapter is placed in front of the
illuminant. It is advisable to have the microscope
in the upright position and not inclined, to avoid
running of the oil. The condensing lens of the lamp is
adjusted so that a slightly converging beam of light is
obtained. With the plane side of the mirror the light
is directed into the dark-ground condenser. Using the
low-power (%-in. or 16 mm.) objective, focus the
surface of the condenser so that the engraved con-
centric rings on the surface come into view. These
rings show the centre of the condenser, and if the
condenser is out of centre adjust the centring screws

so that the rings become concentric with the edge of
the field.

Should the condenser have no engraved rings the centring
may be accomplished as follows :—
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A slide preparation is placed on the stage and oil contact
between it and the condenser established. The preparation is
focussed with the §-in. objective, and, particularly if an arc
or ribbon filament lamp be used and the mirror properly
adjusted, a bright ring of light is noticed in the ficld. Focus the
condenser up or down so that the ring of light contracts to the
smallest bright spot obtainable. If this spot of light is not in
the centre of the field the centring screws of the condenser
must be altered accordingly.

The accurate centring of the condenser is of the
utmost importance, and the time spent in this manip-
ulation will be amply rewarded by the brilliant
illumination obtained. The preparation to be exam-
ined must be covered with a No. 1 cover-slip, and it is
advisable to ring round the cover-slip with vaseline to
prevent evaporation, Place a large drop of immersion
oil upon the under surface of the slide and also on the
upper lens of the condenser, and a similar drop on the
cover-slip. Place the slide on the microscope stage,
taking care that the upper surface of the condenser
is well below the slide. Rack up the condenser until
oil-contact is madc between the whole surface of the
upper lens of the condenser and the slide ; then bring
the oil-immersion lens into position so that it touches
the oil on the cover-slip. Now carefully focus the
specimen. A slight adjustment of the condenser, up
or down, may be necessary, and some manipulation
of the mirror may also be required. After a little
practice an evenly illuminated ficld with an intensely
dark background and brilliantly lit objects may be
obtained with a minimum of trouble.

Where much dark-ground examination has to be
done, it is recommended that a microscope be re-
served solely for this work and kept rcady with the
illuminant in position, so that it is always available
for immediate use. It is convenient to have the lamp
and microscope fixed to a board for this purpose. The
microscope, when not in use, should be covered to
exclude dust.
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After use the condenser and objective should be
carefully wiped free from oil. Discarded preparations
should be dropped into a covered jar of benzol kept
for the purpose. When a sufficient quantity has been
accumulated it will be found that they can easily be
cleaned, as the oil and vaseline have been dissolved
off by the benzol.

DARK-GROUND ILLUMINATION WITH LOW AND MEDIUM
POWER LENSES

Dark-ground illumination is easily obtained with a low-

wer lens whose numerical aperture does not exceed 0-3,
e.g. the §-in. objective, by placing a central patch or stop below
the Abbe condenser. Most manufacturers supply a set of stops
which fit into the ring below the iris dinphragm. Alternatively,
a circle of glass with a central patch of black gummed paper
about 10-12 mm. in diameter may be used. The ordinary
source of illumination is quite sufficient. Such dark-ground
illumination may be used for observing slide-agglutination and
for cells, casts, etc., in urinary deposits. With the higher
power dry lenses, however, it is not so easy to secure satis-
factory dark-ground illumination unless special condensers are
used. Most microscope manufacturers make dry dark-ground
condensers to work with }-in. objectives up to numerical
apertures of 0-85, but these are expensive and usually require
a high intensity lamp to work satisfactorily. The results,
however, are very beautiful.

Where the N.A. of the objective does not exceed 0-65, dark-
ground illumination can be secured with an ** achromatic ™ or
** aplanatic  condenser (not Abbe condenser), an expanding
iris or suitably large central stop being used. As such con-
densers are suitable for ordinary microscopy it is possible to
change over from direct transmitted light to dark-ground
illumination, without removing the condenser, by merely
inserting the stop. A high intensity illuminant is, however,
necessary. An intermediate objective adapter with iris
diaphragm (p. 72) is often of value in reducing the N.A. of the
i-in. objective sufficiently to obtain a uniform dark field.

MICROMETRY

In bacteriological work the unit of measurcment is 0-001 mm.
designated a micron or . The measurement of microsoopic
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objects is accomplished by means of the stage micrometer in
conjunction with a micrometer eye-piece. The stage micro-
meter consists of a 8 x1 in, slide on which is a millimetre scale
graduated in hundredths of a millimetre. This scale is either
engraved or made by. a photographic process. The micrometer
eye-piece consists of a special eye-piece in which a graduated
scale, mounted on the diaphragm, can be focussed by means of
the movable eye-lens.

When measurements are to be made the micrometer eye-
piece is inserted into the draw-tube, the tube length being
accurately noted, and the rulings on the stage micrometer
focussed by the appropriate objective according to the size
of the object to be measured. The number of divisions on the
eye-piece scale corresponding to a definite number of divisions
of the millimetre stage scale is determined. The stage micro-
meter is removed, and the object to be measured is next
focussed. The number of divisions of the eye-piece scale which
just cover the object are noted.

The millimetre value of each division of the eye-piece scale
depends on the objective used and the tube length employed,
and is usually determined each time a measurcment is taken,
Sometimes it is advisable to increase or diminish the draw-
tube length so that the stage and eye-piece scales coincide or
bear a geometric relation to each other—e.g. 1 division of the
former to 10 of the latter.

Ezxample : Using a ;-in. objective and a 6 x micrometer
eye-piece at 165 mm. tube length, it was found that 100
divisions on the eye-piece scale exactly covered 11 divisions
of the stage micrometer. Each division of the stage micrometer
is 1§, mm.

100 eye-piece divisions =11 stage divisions =-11 mm.
1 eye-piece division =-0011 mm. =1-1u.
1 eye-piece division, therefore, with the
given objective, eye-piece and tube
length =1-1u,
The stage micrometer was removed and a stained slide of
blood showing malaria crescents was substituted. The diameter
of a red blood corpuscle covered 7 divisions of the eye-piece
scale—t.e. 7-7Tu. A polymorph leucocyte covered 11 divisions,
while the length of a malaria crescent was equal to 10 divisions,
s?ovlving the sizes of these objects to be 12-1u and 11u respec-
tively.

If the draw-tube is so adjusted that 1 division of the stage
micrometer equals 10 of the eye-piece scale, then each division
of the latter corresponds to 1u.
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Photographic Method of Micromelry.—A more accurate
method is to photograph a film of the organisms or cells under
a high magnification. Without disturbing the microscope or
camera, the slide is removed from the microscope stage and
the stage micrometer substituted. A photograph of the stage
micrometer is then taken at exactly the same magnification.
By means of a pair of fine dividers the length of the organism
on the print is taken, and its exact measurement found by
applying this distance to the micrometer print.

For brief notes on Fluorescence Microscopy and the
Electron Microscope sec Appendix (pp. 658 and 659).



CHAPTER 1V
CULTIVATION OF MICRO-ORGANISMS

ONLY in exceptional cases can the identity of a
bacterium be established by its morphological char-
acters (p. 27). It is essential to obtain a culture by
growing the organism in an artificial medium, and if
more than one species or type are present these require
to be carefully scparated or isolated in pure culture. In
this process there are three distinct operations :—

(1) The preparation of suitable culture media.

(2) The removal of other organisms from the
medium, glass-ware, etc., by sterilisation. Bacteria
are ubiquitous, and are present in the material and
on the articles used for making media. These con-
taminating organisms must be destroyed so that the
culture medium is sterile.

(3) The cultivation of the organism and its isolation
from others present in the material to be examined.
It is only occasionally that organisms can be grown
directly from the body in pure culture.

CONTAINERS FOR MEDIUM AND CULTURES

In the past, flasks and test-tubes, stoppered with
cotton-wool, have been universally employed as con-
tainers for medium and cultures. Recently, however,
improved methods for the distribution and storage of
culture media have been introduced, in which screw-
capped bottles of varying capacity and shape are used
for these purposes and substituted for the original
types of container. Thus, medium can be distributed

78
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and preserved in hermetically sealed bottles on the
same principle as the canning of foodstuffs. The
designation “‘bottled” has been applied to media
preserved in this way. These methods are partic-
ularly valuable in large laboratories where culture
media are prepared in quantity for distribution.

In the following pages the original methods are
described, as in previous editions of the book, but
the use of screw-capped bottles and bottled media
is specially dealt with for the guidance of laboratory
workers, as apart from students who may be more
interested in the ordinary methods applicable to the
preparation and use of the simpler culture media.

PREPARATION OF GLASS-WARE

Washing and Cleansing.—New glass-ware requires special
attention because of the resistant spores which are present in
the straw and other packing material. Thorough mechaniecal
cleansing with soap and hot water and the aid of a brush is not
sufficient ; neither are the spores always killed in the hot-air
oven (vide infra). It is advisable to boil new glass for half an
hour in 5 per cent, soft-soap solution. Some of the soap powders
on the market cause clouding of the glass and in consequence
should not be used. Glass containers with discarded cultures
are usually placed in 3 per cent. lysol immediately after use,
but those containing tubercle bacilli or spore-bearing patho-
genic organisms, such as B. anthracis or B. tetani, must be
autoclaved (p. 84). The discarded cultures and their containers
are then boiled in 5 per cent. soft-soap solution for fifteen
minutes in a covered boiler. The glass-ware is cleansed with
a test-tube brush (or other suitable brush) and washed in
running water to remove the soap. If the tap water is very
* hard ** and contains a considerable amount of calcium salts,
rinsing in distilled water is nccessary. The glass-ware is then
allowed to drain and dry. Sce also Appendix.

Neutralisation of Glass-Ware.—New glass-ware, especially
the cheaper varieties, gives off free alkali, and this may be
sufficient to interfere with the growth of certain organisms.
Where such slight changes of reaction are of importance, the
glass-ware should be placed in 1 per cent. commercial hydro-
chloric acid for several hours, thereafter well washed in tap
water, and finally in distilled water.
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Screw-capped bottles (described later) are subjected to a
special cleansing process by the makers whereby surface alkali
is removed, and the treatment described above is not necessary.
The bottles may be used, without further treatment, as received
from the manufacturers.

METHODS OF STERILISATION

Various methods are employed for the destruction
of bacteria, according to the nature of the article
to be sterilised ; and cach method has its own par-
ticular use, with well-defined limitations. The usual
methods of sterilising are either (a) destruction of
the organisms by some form of heat or by chemical
antiseptics, or (b) mechanical removal by filtration.

Chemical methods of sterilisation are not employed
in the preparation of culture media, as the presence
of the chemical which destroys the contaminating
organisms will either kill or prevent the growth of the
bacteria artificially introduced into the medium.

For the sterilisation of most culture media and
apparatus, heat is applied in some appropriate form,
depending on the nature of the object to be sterilised.

STERILISATION BY HEAT

Objects may be sterilised by heat in two forms—
dry heat (Bunsen flame or hot air) and moist heat
(steam or hot water). Sterilisation by dry heat
requires a much higher temperature, or a much longer
time at the same temperature, than in the case of
moist heat.

To ensure complete sterilisation, all forms of bac-
terial life must be destroyed, and the time of steril-
tsation is that necessary to kill the most resistant forms.
Spores are extremely resistant to all methods of
destruction, whether by means of heat or chemicals,
and whereas the vegetative phase of an organism
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such as B. anthracis is killed by moist heat at 100° C.
in a few seconds, the spores resist boiling for five
minutes. Spores of some saprophytic bacteria may
survive boiling for periods up to 1} hours. The time
for effective sterilisation, therefore, by any method is
that which ensures complete destruction of all spores.

STERILISATION BY DRY HEAT

(1) Red Heat.—Inoculating wires or necdles, points
of forceps, and searing spatulas are sterilised by this
method, the heat from an ordinary Bunsen burner
being utilised.

(2) Hot-Air Oven.—In its original form this consists
of a chamber having double walls between which hot
air passes from a Bunsen burner. The oven may,
however, be heated electrically. It is desirable to
have an automatic device which keeps the temperature
constant at any predetermincd level. A temperature
of 160° C. for one hour or 180° C. for half-an-hour is
necessary for complete destruction of bacterial spores.
(It is obvious that such a temperature cannot be
utilised for the sterilisation of culture media.) This
is the best method for sterilising dry glass-ware, such
as test-tubes, Petri dishes, flasks, throat swabs, quill
tubes, graduated and capillary pipettes, and certain
instruments, such as forceps and scissors and all-glass
syringes. Before sterilisation test-tubes or flasks
should be plugged with cotton-wool stoppers which
are covered with kraft paper (vide p. 90).

Although serew-capped bottles themselves will withstand the
temperature of the hot-air oven, the rubber liners in the screw
caps will not. Bottles already capped, therefore, cannot be
sterilised by this method, but should be autoclaved (p. 84).

It should be noted that from certain brands of cotton-wool,
volatile substances are given off during sterilisation ; these
condense on the tube and may interfere later with the growth
of certain bacteria, e.g. pneumococcus.

F
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Certain precautions have to be observed when
sterilising glass-ware : (a) the glass should be perfectly
dry; (b) the oven must be cold when the apparatus
is inserted, then heated to the requisite temperature
and kept at that temperature for the full time neces-
sary for sterilisation ; (c¢) the oven should be allowed
to cool before the articles are removed, as sudden or
uneven cooling is apt to cause cracking of the glass.

The advantage of this method is that all the articles
are kept dry.

(8) Flaming, by passing the article through the
Bunsen flame without allowing it to become red hot.
This method is useful for sterilising scalpels, needles,
the mouths of culture tubes, cotton-wool stoppers,
glass slides and cover-slips. Needles and scalpels may
also be sterilised by dipping them in methylated spirit
and then burning off the spirit, the process being
repeated several times.

STERILISATION BY MOIST HEAT

(1) Boiling in a Water-Bath.—A suitable form of
steriliser is the fish-kettle type made of enamel-ware
or tinned copper. It should have a removable tray
provided with a raised edge to prevent cylindrical
instruments, such as syringes, from falling off. Five
minutes at 100° C. is sufficient to kill all non-sporing
and many sporing organisms ; the spores of certain
species, however, may resist longer exposures, for one
hour or more. This method of sterilisation has only
a limited use in bactcriology, and is employed for tubes,
instruments (forceps, scissors, etc.), syringes, pipettes,
measuring cylinders, etc.. The addition of a small
amount of sodium carbonate obviates rusting of steel
instruments, but with stainless steel this isnot necessary.

If the water supply is * hard,” it is preferable to use distilled
water, otherwigse tﬁe instruments on removal become covered
with a film of caleium salts,
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The interior of a test-tube may be sterilised quickly
for ordinary purposes by boiling water in it.

(2) Steam at 100° C.—This method is extensively
used in bacteriology. A Koch or Arnold steam steril-
iser (sometimes called ‘ steamer ”’) heated by steam,
gas or electricity with an automatic regulator is em-
ployed, and is particularly useful for the sterilisation
of culture media. In its simplest form this is a vertical
metal cylinder with a removable conical lid (having
a small opening at the top for the escaping steam)
and containing water which is heated by a gas burner
under the bottom of the cylinder. A perforated dia-
phragm situated above the water holds the articles
to be sterilised. Its advantages are : (a) the apparatus
need not be costly ; (b) both the container and the
medium are sterilised ; (¢) as the medium is in an
atmosphere of steam, there is no loss from evaporation;
(d) the apparatus requires little or no attention.

Sterilisation is effected in two ways :—

(a) One exposure for 1} hours. This usually ensures
complete sterilisation, and can be used for such media
as broth or nutrient agar (vide p. 98). It cannot be
used for nutrient gelatin (vide p. 103), as this medium,
after prolonged heating, fails to solidify on cooling.

(b) Exposure at 100° C. for twenty minutes on each
of three successive days. The usually accepted prin-
ciple of this * intermittent " method of sterilisation is
that one exposure is sufficient to kill the vegetative
forms of bacteria; between the heatings, the spores,
being in a favourable medium, become vegetative
forms which are destroyed during the subsequent
heating. This method, which is sometimes referred
to as “ Tyndallisation,” is employed in sterilising
media containing sugars (vide p. 119) which may be
decomposed by higher temperatures or by prolonged
hea(;:}ng. It is used also for the sterilisation of gelatin
media.

It is advisable to cover the cotton-wool stoppers of
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tubes or flasks with two layers of parchment paper or
kraft paper to avoid drenching.

(8) Steam at High Pressure in the Autoclave.—The
principle on which the autoclave is used is that water
boils when its vapour pressure is equal to the pressure
of the surrounding atmosphere. If, therefore, the
pressure be increased inside a closed vessel, the tem-
perature at which the water boils will rise above 100°
C., the exact temperature depending on the pressure
cmployed. The usual form of laboratory autoclave
consists of a vertical cylinder of gun-mectal which is
supported by a sheet-iron case. (The larger forms of
autoclave have the cylinder arranged horizontally.)
The lid is fastened by screw clamps, and is rendered
air-tight by means of an asbestos washer. The cylinder
contains water up to a certain level (e.g. 34 in. for a
vertical autoclave of 19 in. internal height) and this
is heated by a Bunsen gas ring below the cylinder.
The bottles, tubes, ete., to be sterilised are placed
on a perforated diaphragm situated above the water
level. The apparatus is furnished with a steam-tap
and pressure-gauge, and also a safety-valve, which
can be set to ‘““blow off” at any desired pressure.
The pressure originally employed was 15 Ibs. per square
inch above atmospheric pressure, making a total of
80 lbs. per square inch absolute pressure. Under this
pressure water boils at 120° C., and fifteen minutes’
exposure to this temperature (with few exceptions)
kills all forms of organisms including spores. This
pressure is still used for sterilising surgical dressings,
empty glass containers, pathogenic cultures containing
spores, etc.. When sterilising broth and agar, the high
temperature resulting from 15 lbs. of steam pressure
may have a detrimental effect on the nutritive pro-
perties of the medium. An exposurc of thirty minutes
at 5 lbs. pressurc is preferable. Autoclaving must not
be used for sugar media or gelatin, as the former are
decomposed and the latter will not solidify on cooling.
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Directions for using the Autoclave.—See that there
is sufficient water in the cylinder. Insert material
to be sterilised and light the gas. Place the lid in
position, see that the tap is open, adjust the safety-
valve to the required pressure! and screw down the
lid. As the temperature inside the autoclave rises,
air is forced out of the tap and eventually steam
issues. Make sure that all air has been expelled from
the cylinder, as indicated by steam tissuing freely, and
then close the tap. The pressure now rises until it
reaches the desired level, when the safety-valve opens
and the excess steam escapes. Allow the sterilisation
to continue for the requisite time, fiftcen or thirty
minutes as the case may be, from this point. When
sterilisation is complete, turn out the gas and allow
the autoclave to cool until the pressure-gauge indicates
that the inside is at atmospheric pressure. Now open
the tap very slowly to allow air to pass into the auto-
clave, and remove the lid. If the pressure is suddenly
released, the liquid media, being at a temperature
above 100° C. and suddenly exposed to ordinary
atmospheric pressure, will boil violently and be ex-
pelled from their containers with almost explosive
force. In order to avoid drenching by the steam,
cotton-wool stoppers should be covered with parch-
ment paper or kraft paper.

Autoclaves heated by other means—e.g. steam or electricity
—are operated in a similar manner.

Steam-heated Auloclaves.—In some laboratories autoclaves
are heated by steam from the main steam supply. Such auto-
claves are of the horizontal pattern, made of copper or gun-
metal tinned inside, with a swing door fastened either with
swing bolts and nuts, or by a * capstan head” which, on being
turned, manipulates radial bolts. A convenient size is 30 in.
diameter and 80 in. long (internal) fitted with two perforated
shelves of stainless steel. The steam pipe entering the auto-
clave should have a baffle plate to distribute the steam and

! In some varieties of autoclave the adjustment of the safety-
valve has to be determined previously by trial.
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prevent it from impinging directly on the material to be auto-
claved. A special reducing valve, which permits any pressure
of steam from 0-15 lbs., is an advantage. It is important
to have a thermometer, either of the ordinary mercury or
recording type, fixed to the autoclave if steam is obtained
direct from a steam main. When the steam is turned on the
pressure-gauge rapidly registers the desired pressure, whereas
the thermometer may show that the necessary temperature
has not yet been reached. The duration of sterilising should
be reckoned from the time when the proper temperature is
attained.

Attention should be paid to the steam trap of the autoclave.
If a bottle or tube containing agar breaks during sterilisation
and the agar gains access to the trap and solidifies there,
the autoclave may become half-filled with condensed water,
which is unable to escape.

Auwdoclaving in ** free steum.”—A useful method when the
autoclave is connected to a main steam supply is to sterilise
by ** free steam.” The culture medium is placed in the auto-
clave, which is then tightly closed, and the steam supply
turned on. When all the air has been expelled from the auto-
clave, steam issues freely from the escape-tap. Adjust the
steam supply so that an adequate amount of steam is emitted
from the autoclave, and allow this to continue during the period
of sterilisation. Although the interior of the autoclave is open
to the air the steam pressure inside is about 1-2 lbs. (above
atmospheric pressure), which maintains the temperature just
over 100° C. while the latent heat of the steam quickly warms
up the contents of the autoclave, and maintains them at
100° C. or over during the time of sterilisation, which can be
less than with the ordinary steam steriliser.

Alternatively, the contents of the autoclave can be thoroughly
heated up by half-an-hour’s exposure to ‘‘ free steam,” the
escape-tap is then closed and the contents raised to 5 lbs.
pressure for fifteen minutes. This is a very useful method for
culture media such as broth and agar.

OTHER METHODS OF STERILISATION BY HEAT

The sterilisation of serum or body fluids containing
coagulable protein can sometimes be cffected by heat-
ing for one hour at 57° C. on several successive days.
The principle is the same as in the case of intermittent
sterilisation at 100° C. (vide p. 83). It may be neces-
sary to repeat the heating eight times to ensure com-
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plete sterilisation. Care must be taken not to allow
the temperature to rise above 59° C., as inspissation
may occur. The exposure to 57° C. is best carried out
in a water-bath, but a 57° C. oven may be used. This
procedure is not always effective—e.g. 'if certain
resistant types of sporing organisms are present.

Vaccines.—Vaccines should be sterilised in a special
water-bath (** vaccine bath ) at a comparatively low
temperature, one hour at 60° C. being usually sufficient.
Higher temperatures may diminish the immunising
power of the vaccine.

The vaccine bath consists of a copper container sometimes
lagged with linoleum or other non-conducting material and is
heated either by gas or electricity. The bath is fitted with a
suitable removable rack for holding the tubes, while the lid
has a hole into which a thermometer is placed. The bath is
maintained at a constant temperature, usually 60° C., by means
of a thermostatic control, which is either a * capsule”, similar
to that in an incubator, or a bimetallic device. When the
temperature rises above the desired level, the thermostatic
control diminishes the gas supply or cuts off the electricity.
When the temperature falls the heating is resumed. By means
of an adjusting screw the temperature can be regulated to 4 1°
C. of that required. The bath should be inspected at weekly
intervals and any loss of water, due to evaporation, etc., restored.

METHODS OF STERILISATION EMPLOYED
FOR SPECIAL PURPOSES

STERILISATION BY CHEMICALS

(1) Volatile antiseptics, e.g. chloroform.— This
method is sometimes used in the sterilisation and
preservation of serum (for culture media), and the
chloroform, which is added in the proportion of 0-25
per cent., can later be removed by heating at 57° C.
If the serum is to be used for making a coagulated
serum medium (e.g. Loffler’s medium) the chloroform
will be removed by the heating applied for coagulation.
Chloroform is used also for preserving media in bulk.
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(2) Antiseptics of the phenol group.—Liquor cresolis
saponatus (lysol) and cresol are powerful antiseptics.
Their chief use in a laboratory is for sterilising surgical
instruments and discarded cultures, and for dis-
infecting the hands and killing cultures accidentally
spilt by the worker. Lysol is generally used in a
3 per cent. solution. Phenol, 0-5 per cent., or p-chloro-
m-cresol, 0-1 per cent., is used for preserving sera and
vaccines (vide p. 287).

(8) Metallic salts or organic compounds of metals.—
One of the most important in this group is perchloride
of mercury (1 : 1000 solution). A bowl of this solution
(conveniently prepared from tablets) may be kept
on the laboratory bench for sterilising the hands after
working with infected material or cultures.

** Merthiolate,” a proprietary name for sodium-cethyl-mercuri-
thiosalicylate, is used in a dilution of 1 in 10,000 for the preserva-
tion of antitoxic and other sera.

(4) Glycerol.—This is used as a 50 per cent. solution
for the preservation of certain of the viruses, which
retain their virulence in it for many months. In
addition the glycerol kills off contaminating organ-
isms, so that in time the virus-material contains no
living bacteria of the ordinary type. This method is
used in the preparation of vaccinia virus for vaccina-
tion against smallpox (vide p. 619). Glycerol isalsoused
as a preservative in agglutinating and other sera (vide
p. 261).

STERILISATION BY FILTRATION

This is effected by the use of filters of unglazed
porcelain (Chamberland, Maassen type) or of diatom-
aceous earth (Berkefeld, Mandler clay filter), the
pores of which arc so small that ordinary bacteria
are prevented from passing through.

Seitz filters, in which filtration is effected through
asbestos ‘ disks,” are very useful and reliable. The
actual filter consists of a flat disk of ashestos material of
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special composition, and is inserted into metal holders
which ensure a tight joint being made. After use the
asbestos disk is discarded and a new one employed
for each filtration. The disks are inexpensive, and
filters of various sizes may be obtained according to
the amount of fluid to be handled. The large size of
Seitz laboratory filter, with 14 cm. diameter disks,
can be recommended for the sterilisation of large
amounts of serum to be used in the preparation of
media (vide p. 127). The K. type of disk is used for
clarifying and the E.K. type for sterilising.

Asbestos disks, similar to, and as efficient as, Seitz filters, are
now made in England. The G.S. type is used for sterilising
and corresponds to the E.K., while the F.C.B. type is used for
clarifying.!

Extremely fine filters made of collodion membranes
are used in the study of the filterable viruses.

Further details are given on pp. 599, 645.

MAINTENANCE OF STERILITY

It is necessary that apparatus, after sterilisation,
should be kept sterile.

Test-Tubes and Flasks. —--The interiors of test-tubes,
flasks, bottles, cte., must be carefully protected from
bacterial contamination due to access of air, dust, etc.,
before and after the addition of medium and during the
subsequent cultivation of organisms. This has usually
been done by means of cotton-wool stoppers. These
should be 1}-14 in. long, §-1 in. being inscrted into the
mouth of the tube, ete. and the remainder projecting.
They should fit firmly, but not so tightly as to render
their removal difficult.

Stoppering of Tubes.-—Long-fibre cotton-wool is essential, and
must be free from short broken fibres and dust. Non-absorbent
cotton is preferable, because, after steaming, plugs tend to re-
main moist, and if the medium is to be kept for any length of

! Supplied by A. Gallenkamp & Co. Ltd., London.
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time and absorbent wool is used, moulds will grow through the
stopper and contaminate the medium. A sufficient amount of
cotton-wool (vide supra) should be forced into the tube with a
rod or pair of forceps, but should not be twisted in, as creases
are formed along the sides of the glass and create channels for

contaminating organisms.

Instead of the ordinary roll of cotton-wool being used, it is
recommended that the non-absorbent wool be obtained in the
form of a long thin ribbon known as ** rope wool ™ or ““ neck
wool ” of the type used by hairdressers. It is kept in a tin
container with a hole in the lid, and the appropriate amount
of wool for the stopper is easily obtained without waste.

When tubes or flasks have to be stored for some
time the stoppers or tops of the crates or boxes should
be covered with sterile kraft paper, kept in place
by means of fine string or a rubber band. Sterile
rubber stoppers may, in some cases, be used instead
of cotton-wool, particularly where the contents of the
flask or tube have to be kept a considerable time, as
in the case of immune sera ; this also applics to vessels
which have to be transported by post or by messenger.

Screw-capped Bottles.—Flasks for storing culture
media have now been replaced by serew-capped bottles
of 2, 4, 6, 10 and 20 oz. capacity, while the smaller
bottles of }, 4 and 1 oz. capacity are employed instead
of test-tubes.  Their use is referred to later.

Petri  Dishes.—Each individual dish should be
wrapped in kraft paper before sterilisation, and kept
in the paper until used. For a 4 in. dish the
size of paper should be 12 in. square. The dishes may
also be sterilised (unwrapped) and kept in cylindrical
tinned-copper boxes.

Pipettes.—1 ec.c. and 10 c.c. graduated pipettes
should be wrapped in a long strip of kraft paper,
which is wound round them in a spiral manner
before sterilising in the hot-air oven. Bulb pipettes
(10 c.c., 50 c.c., ctc.) are also covered with kraft
paper. Under these conditions pipettes remain sterile
in their wrappers for considerable periods of time.
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Capillary‘ pipettes are sterilised in large test-tubes,
15 in.X 24 in., having a cotton-wool stopper, or in
tinned-copper boxes. The former method is preferable.
Alternatively, 8 in. lengths of 5 mm. glass tubing
are plugged with cotton-wool at both ends, wrapped
in batches of a dozen in kraft paper, sterilised and
stored. When capillary pipettes are required, the
middle of the tubing is heated in a Bunsen or blowpipe
and pulled out, the ends of the two pipettes being
sealed in the making.

Ampoules are sterilised in the hot-air oven with the
necks sealed and are kept in metal boxes. If unsealed
ampoules are used, they should be plugged with cotton-
wool before sterilisation.

PREPARATION OF CULTURE MEDIA

The majority of the organisms to be studied are
pathogenic, and in order to obtain suitable growths
the artificial culture media should approximate to the
composition and reaction of the tissues and body
fluids in which these organisms grow.

FOOD SUPPLY AND ENERGY REQUIREMENTS
OF BACTERIA

Most bacteria derive their energy by oxidative
dccomposition of organic food material such as
proteins and carbohydrates. At the same time simple
organic substances--¢.g. amino-acids and other pro-
ducts of protein disintegration—are utilised in the
synthetic metabolism of thesc organisms.

The food requircments of hacteria vary with the
natural environment and the particular r6le they have
in nature. Soine organisms arc able to grow under a
wide range of conditions, whereas other more highly
parasitic bacteria, such as the gonococcus, are re-
stricted in their requirements, with regard not only to
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food but also to temperature and other factors. It is
usually impossible to reproduce exactly the natural
conditions under which pathogenic micro-organisms
flourish. On the other hand it must be realised that a
considerable degree of adaptability exists among them,
and for the great majority of pathogcnic bacteria
suitable artificial media have been found.

Bacteria require nitrogenous food material, and in
the case of the pathogenic organisms this generally con-
sists of protein derivatives. In the usual culture media
nitrogen is conveniently supplied in the form of
‘“ peptone ”’ which is a commercial product obtained
by peptic digestion. Peptone is a crude product and
consists of a mixture of proteoses, peptones, poly-
peptides and amino-acids. This simple digested form
of protein is soluble and does not coagulate on heating.
It can therefore be incorporated in media which later
have to undergo sterilisation by heat. Morcover, it
is well adapted to the synthetic metabolism of bacteria,
especially if it contains a sufficiency of amino-acids.
Alternatively, instead of adding the digested protein
in the form of commercial peptone, native proteins
are split up during the preparation of the medium
by the action of pepsin or trypsin to form simpler
uncoagulable nitrogenous compounds. This is the
principle of the so-called ** digest media,” of which
Hartley’s broth (vide p. 101) is an example. Other
forms in which nitrogenous material is incorporated in
culture media are animal serum —e.g. serum-agar and
Loffler’s medium - -and egg protein as exemplified by
Dorset’s egg medium for the tubercle bacillus, but
bacteria do not directly utilise complete proteins.

Carbon as a constituent of bacterial protoplasm is
derived mainly by the breaking up of carbohydrates.
This process is essential in the case of many organisms.
Carbohydrates are supplied generally in the form of
sugars (vide p. 119), and if fermented they are usually
valuable in promoting growth —e.g. B. diphtheriae
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grows much better if a small quantity of glucose is
added.

Various ‘‘ growth factors” are important in the
cultivation of many pathogenic bacteria, and these
can be supplied in fresh body fluids, such as blood,
serum and ascitic fluid, which at the same time may
yield other nutritive substances. It must be recog-
nised that these growth factors are often susceptible
to heat and adsorption, and that excessive hcating
and filtration of media must be avoided if they are to
be retained.

Mineral salts are cssential to growth, particularly
the chlorides, phosphates and sulphates among the
acid radicles, and calcium, potassium and sodium
among the bases.

The value of meat extract incorporated in culture
media is recognised although its precise properties
have not yet been fully determined. In composition
it is practically devoid of protein, and consists of
mineral salts, a small amount of sugar and some
nitrogenous muscle extractives. It probably supplies
certain amino-acids and growth factors.

There are certain pathogens with particular require-
ments which have to be fulfilled before growth takes
place. Some highly parasitic organisms may require
the presence of serum—e.g. the gonococcus. The
haemophilic bacteria— ¢.g. B. influenzae—do not grow
on ordinary media, but multiply if blood is present ;
two growth-promoting factors present in blood, desig-
nated “X " and “ V", appear to be essential. The
“X ™ factor is thermostable and resists autoclaving
at 120°C. It consists of haematin, and the suggestion
has been made that it is required for the synthesis
of catalase which is essential for the acrobic growth
of the organism (vide p. 496). The “ V" factor is
more casily destroyed by heat, and at one time was
considered to be a vitamin but has now been shown
to be an enzyme, coenzyme I (cozymase). Egg media

] I
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are especially suitable for the growth of the tubercle
bacillus. The bacillus of Johne’s disease can be grown
if an extract of other acid-fast bacilli is present, and
it would appear that some substance is synthesised
by these organisms which is necessary for the growth
of the former. The filterable viruses are unable to
multiply on the usual artificial media, but many of
them have been cultivated in association with em-
bryonic cells as in tissue cultures or with surviving
tissue cells.

Certain atmospheric conditions also are essential
for growth of various bacteria; these are dealt
with on pp. 18, 172.

Bacterial Nutrition.—In recent years attention has been
directed towards the essential requirements of bacterial nutri-
tion, and the mechanism by which growth is obtained.

The classes of bacterial nutrients, e.g. nitrogenous, carbon-
aceous, mineral, cte., have already been enumerated above,
but it is the enzymic content of the bacteria that determines
which substances can be utilised for growth. In this country
the main work on the subject has been carried out by Kildes
and his colleagues. By using simple solutions of amino-acids
as a basis, it can be shown that certain well-defined chemical
substances are necessary for the growth of particular bacteria,
Thus, it was found that pantothenic acid was necessary for the
growth of yeast, and later the first two chemically known sub-
stances essential for bacterial growth were described, namely
riboflavin for certain lactic acid bacteria and uracil for staphylo-
cocci grown anaerobically. More recently numerous other
essential growth factors have been defined, e.g. glutamine for
streptococei, pimelic acid and nicotinic acid for B. diphtheriae,
etc..

It has been shown that free-living, non-parasitic bacteria
are capable of synthesising for themselves the various
metaholites necessary for their growth. They have the requisite
enzymes to produce these substances by catalysis from more
simple compounds. Presumably, as an organism becomes more
parasitic, so it obtains increasingly its essential metabolites
from the host, and loses the function of elaborating them for
itself. In the most highly parasitic organisms there is con-
siderable lack of enzymes, and in consequence such specics are
more difficult to grow on artificial media and in fact cannot be
grown satisfactorily unless the essential metabolites are added.
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Sometimes, however, an ;)rganism while unable to synthesise
a growth factor from simple compounds, is able to utilise to
some extent substances closely related to this factor. Thus,
a streptococcus which requires glutamine can utilise glutamate.
It has been shown also that bacteria may be ** trained ” to
grow without the essential growth factor being added, by
offering in its place another material from which it is thought
the organisms might be able to synthesise the necessary
growth substance. Once this has been achieved, successive
subcultures maintain the synthesising property. This is what
happens when a highly parasitic organism, at first difficult to
cultivate on an artificial culture medium, becomes adapted to
and flourishes on the medium and later grows abundantly on
even simpler media,

It is thus seen that with the dcevelopment of the parasitic
habit, organisms have lost the capacity to synthesise their
essential metabolites.  As they have become more and more
parasitic they have lost not only their enzymic activity but
also their substance, as illustrated by the viruses which are
exceedingly small and are unable to synthesise any growth
metabolites, obtaining the essential enzyme-sy stems only from
the living cell. This explains why the viruses cannot be culti-
vated on artificial media, or on cell extracts, but only in the
living cell (vide p. 595).

BOTTLED CULTURE MEDIA

Hitherto culture media have been stored in bulk
in flasks with cotton-wool or rubber stoppers, or in
some form of *“ milk ** or ** whisky ”’ bottle. In recent
years the use of screw-capped bottles which enables
the medium to be stored! has become widespread.
This consists essentially in placing the medium in a
container, which is then hermctically sealed and there-
after sterilised. The result is that, the container being
completely closed, the contents remain sterile in-
definitely, in exactly the same way as canned foods.
There is no necessity to store in a cold room, while
transport is much more easily accomplished. The
principle is applied to media not only in bulk, but also

! See J. E. McCartney, * Screw-capped Bottles in the Pre-
paration and Storage of Culture Media,” Lancet, 1988, ii, 488.
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in smaller quantities, and small screw-capped bottles
can be substituted for test-tubes for bacteriological
purposes. It should be noted that though the use of
screw-capped bottles was introduced to facilitate the
distribution, storage and transport of culture media
in a large laboratory organisation, it can equally well
be applied in smaller laboratories, and where com-
paratively small quantities of culture media are made
and used. The methods of using these bottles are
particularly recommended, as considerable saving in
material and labour will result.

The original methods of employing flasks and test-
tubes as containers of culture media are given through-
out this chapter, but the practical application of the
above-mentioned system is also described.

For culture media in bulk, serew-capped plain
white bottles are employed. They are supplied in
various sizes, ranging from 2 oz. to 20 oz., but the
sizes most commonly used arec 2 oz., 4 oz, 10 oz.
and 20 oz., in which are placed 50, 100, 250 and 500
c.c. of media respectively. As a substitute for test-
tubes small round screw-capped bottles of }, } and 1 oz.
capacity are used. The bottles are made of clear
white flint glass and the neck has an external screw
thread. The screw caps are made of aluminium (the
smaller sizes are sprayed with white cellulose paint)
and the washer is made of red rubber.

Types of Screw-capped Botiles. — Screw-capped
bottles are now extensively used in laboratory work
and the following range, which covers practically all
needs, indicates the most useful types.

Details of the caps are given to show how com-
paratively few varieties are needed for a complete
series. It should be noted that six of the smaller
bottles (which are the most used) need only two sizes
of caps, which is economical in supplying and main-
taining stocks. Bottles may be obtained with the
caps perforated (for blood cultures, p. 185).
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Capacity.
Botile. n c.c. Cap. Washer.

1 gallon, narrow mouth 4600  Special, to fit  * Compo ' cork
and 3 mi'w‘ ”

liner.
80 oz. Winchester series 2400  Charltongenior 3 mm. red
aluminium rubber.
140 oz. ’ i 1190 Ditto v "
120 oz. " " 600 Ditto " ”
10 oz. " v 290  Charlton junior 2 mm. red
alurminium rubber.
6 oz. round ** Limes "’ 170 M.3 sprayed ”» »
white
40z. , ’ 115 M.3 v . '
2 oz. medical flat . 60 .2 v . "
t] oz. round (H 63) . 28 M3 " " ’
$oz. . 15 M2 ' . '
$oz. ,, (bijou) . 6 M.2 " ’ .
1 oz. universal container 28  Special, to fit ; » "
aluminium
lacquered

As “medical flat ”” bottles with the cap on may crack
when sterilised in the autoclave, their use in laboratory
work has been discontinued cxcept in the smallest
sizes. The round bottles stand autoclaving repeatedly
with scarcely a casualty.

These bottles are made by the United Glass Bottle
Manufacturers, Ltd., 8 Leicester Strect, London, W.C.2.
With the exception of the first two, they are supplied
cleaned and washed by a special process which removes
the surface alkali. The caps are already fitted, the
rubber washers having previously been well boiled
before insertion. No further treatment is necessary
before they are used, and culture media can be added
to them after which they are capped and the contents
sterilised in the appropriate manner. The introduction
of this new process of cleaning and washing by the
makers saves all the tedious work of preparing new
glassware in the laboratory, which is time-consuming
and expensive. It is of especial value where large

1 Theee bottles are also used for intravenous infusion solutions,
A saline, glucose-saline, otc., and as blood transfusion bottles.

* Bee Fig. on p. 181.
a
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quantities of culture media are produced. Normally
the cleaned bottles are supplied in cardboard cartons
which not only keep the bottles clean and facilitate
storage before use, but are very useful for storing and
despatching the culture medium after it has been made.

These bottles can be autoclaved with the caps
tightly screwed on, either empty or containing media,
with little risk of breakage. Carc must be taken that
the bottles are placed in the steriliser loosely, and not
packed tightly in a wire crate or other container,
otherwise breakages will incvitably occur. They must
not be sterilised in the hot-air oven with the caps on,
as the tempcrature will injure the rubber washer.

In addition to the bottles the following screw-capped
containers are uscful in laboratory work :-—

2 oz. ** pomade pot.” See p. 318.

6 oz. ‘‘ honey pot.” See p. 319.

1 Ib. jar fsame size o

1 1b. jar | of cap. }Sce p. 321

3 gallon wide-mouth jar} For the preparation of
1 gallon ,, ' » culture media.

BROTH (or BOUILLON), NUTRIENT GELATIN
AND AGAR

The basis for the media ordinarily employed in the
study of the common pathogenic bacteria is nutrient
broth. Agar or gelatin is added mercly to solidify it.

It should be noted here that the various * digest °’ media to
be described are of great value for obtaining very luxuriant
growths of organisms, but the cultures may die out rapidly.

For maintaining stock cultures the use of inedia prepared from
ordinary meat extract is advisable,

BROTH

The first stage in the preparation is the making
of a watery extract of meat. The type of meat used
is an important factor in the quality of the broth
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obtained. Freshly killed (not frozen) lean beef or ox
heart should be used. Horse-flesh is cheaper, but is
usually not so fresh, and, in addition, contains a
higher percentage of fermentable sugar, which may
make the broth unsuitable for many purposes, such
as the preparation of toxins. The meat is care-
fully freed from fat, minced as finely as possible, and
added to tap water in the proportion of 500 grams
to 1 litre. After extraction for twenty-four hours at
a low temperature —e.g. in the refrigerator —the
mixture is strained through muslin to kecp back
the small particles of meat, and the meat residue
expressed. The fluid is bright red in colour and
there is often a thin layer of fat on the surface,
which may be removed by skimming with a piece
of filter paper. It is boiled for fifteen minutes, or
steamed in a steam steriliser for two hours, when it
becomes brown in colour and turbid on account of
the alteration of the haemoglobin and the small
particles of coagulated protein. It is now filtered
and the clear fluid is made up to the original volume by
the addition of distilled water. The unheated material
contains soluble proteins along with other extractives.
As a result of the heating the meat proteins are
coagulated, and arc removed by filtration. The finished
extract should be clear and light ycllow in colour, but
is not suitable as a culture medium owing to the lack
of nitrogenous material. Digested and uncoagulable
protein in the form of commercial peptone! is added in
the proportion of 1-2 per cent., and the salt content is
increased by the addition of sodium chloride (05 per
cent.). These are dissolved by heat and the extract is
again filtered. Owing to the sarcolactic acid present in
the meat, the reaction of the extract is acid, and this
reaction is unsuitable for the growth of most organisms.

! For ordinary purposes ‘‘ commercial ’ peptone is satis-

factory, but for special purposes sugar and indole must be
absent.
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When the reaction has been adjusted to the optimum
by suitable means (vide p. 118), the medium is sterilised
in the autoclave or steam steriliser, and the resulting
preparation is designated Infusion Broth or Bouillon.

In the preparation of culture media it should be noted
that very small quantities of copper salts are inimical to the
growth of many organisms. Copper utensils should be avoided,
but heavily tinned copper articles, e.g. funnels, containers, are
safe to use. Should the tinning show signs of wear the article
must be re-tinned. Commercial brands of peptone may
contain copper salts derived from the vessels used in their
manufacture, and it is essential that any peptone used should
be copper-free.

It has been shown by H. D. Wright that broth may be un-
suitable for the cultivation of the more delicate organisms if the
peptone is incompletely reduced. When the peptone is added
to the meat and water and the whole boiled togcther, the
resultant broth gives good results, particularly with the
pneumococcus. The broth, however, is not so suitable for
the cultivation of many anaerobes such as the tetanus bacillus.
Wright's method is as follows: To 1 litre of distilled water
add 10 grams of peptone, 5 grams of sodium chloride, and 500
grams of meat, preferably veal, finely minced after removal of
excess of fat. Mix well and heat for 20 minutes at 68° C.,
stirring at intervals. Shake well and steam in the steam
steriliser for 30 minutes, filter through paper and adjust the
reaction to pH 7-8-8-0 (vide p. 113). Again steam for 30 minutes
and filter through paper. Check the reaction of the filtrate (pH
7-6-7-8) and add 1-5 grams of glucose per litre. Distribute as
required and sterilise by autoclaving for 10 minutes at 10 Ibs.
pressure. This broth can be used for ordinary purposes, when
the glucose may be omitted.

Lab.-Lemco.—A meat extract known as ‘ Lab.-Lemco *’ may
be used as a substitute for the extract of fresh ineat in the
proportion of 10 grams of Lab.-Lemco to a litre of water. The
addition of salt (0-5 per cent.) and peptone (1 per cent.) converts
it into ordinary broth. The reaction must be standardised as
in the case of the ordinary infusion broth.

Infusion broth and nutrient agar made from it are identified
by means of a YELLow bead in the container (p. 157).

DIGEST MEDIA

In the ordinary medis, digested protein is added in the form
of peptone, but in the * digest ” media the meat is digested
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by the action of trypsin, and the products of this digestion
constitute the basis of the medium. The simpler uncoagulable
nitrogenous compounds necessary for the growth of organisms
are therefore not added as such, but are formed during the
preparation of the medium.

A useful form of ** digest ’* medium for general use, which
is also particularly suitable for the production of diphtheria
toxin, is :

HARTLEY'S BrOTH

Ox heart or lean beef (free from fat and
minced) . . . . . . 1500 grams
Tap water . . . . . . 2500 c.c.
Mix together and heat in the steam steriliser until a temperature
of 80° C. is reached. Then add :
Sodium carbonate (anhydrous) 0-8 per cent.

solution (cold) . 2500 c.c.

Cool to 45° C. and add :
Pancreatic extract! . . . . 50 c.c.
Chloroform . . . . . . 50 c.c.

1

The mixture is then incubated at 387° C. for six hours, or
43° C. for 3 hours, the liquid being frequently stirred. After
digestion is completed, add 40 c.c. of pure strong hydrochloric
acid, steam for half-an-hour, and then filter. Adjust the reaction

1CoLE AND ONSLOW'S PANCREATIC EXTRACT

Fresh pig pancreas (fat-frce and minced) . 500 grams
Distilled water . . . 1500 c.c.
Absolute alcohol . . . . . 500 c.c.

Industrial methylated spirit may be used instead of absolute
alcohol (vide note on p. 193).

Shake the mixture thoroughly in a large stoppered bottle
and allow to stand for three days at room temperature, the
shaking being repeated occasionally. Strain through muslin,
and filter through Chardin paper. Measure the filtrate and
add pure strong hydrochloric acid in the proportion of 0-1 per
cent. This causes a cloudy precipitate which settles in a few
days and can be filtered off.

Filtration of the extract is not essential and it can be kept
exactly as mixed, with the addition of hydrochloric acid.

This extract keeps for several months in stoppered bottles.
If used at once the hydrochloric acid need not be added as its
action is to retard the slow deterioration of the trypsin.
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with normal solution of caustic soda so as to be neutral to
phenolphthalein (pH 8:4) and steam for one hour to precipitate
phosphates. Filter while hot and allow to cool. Adjust the
reaction to pH 7-6 and distribute in 250 c.c. and 500 c.c. amounts
in 10 and 20 oz. screw-capped ‘* Winchester » bottles, or in
smaller amounts, e.g. in blood-culture bottles (p. 184) or in
1 oz. and } oz. bottles according to requirements. The caps are
tightly screwed on and the bottles sterilised.

If the broth is to be stored in bulk, the precipitate of phos-
phates is not removed after steaming. When the broth is cool,
distribute into one-gallon screw-capped bottles. Add 0-25
per cent. of chloroform and shake vigorously. Shake the bottles
frequently during the next 2 or 8 days and store in a cool
dark place.

Digest broth and the nutrient agar made from it are identified
by a Brack bead in the container (p. 157).

Horse Frisn Dicesr Meprosm

This medium is specially suitable for cultivating haemolytic
streptococei when an abundant growth is required.

Mix 2 lbs. minced horse flesh with 1500 c.c. cold water and
raise temperature to 80° C.; add 2000 c.c. cold water and
12 grams sodium carbonate (anhydrous). Adjust pH to 8,
Add 05 per cent. pancreatin and keep at 56° C. for six hours ;
then add 20 c.c. pure hydrochloric acid, boil for half-an-hour
to arrest digestion, and filter. Incorporate in the digest 1 per
cent. de Fresne's peptone (or other high quality peptone) and
adjust to pH 8 ; add 0-125 per cent. calcium chloride ; steam
and filter when cold. Add 0-2 per cent. sodium bicarbonate
and filter through a Seitz filter ; store in bottles; incubate at
37° C. to test for sterility.

Broth being a fluid medium has certain disadvan-

tages :

(1) growths do not exhibit specially characteristic
appearances in this medium, and therefore it
1s of little use in identifying specics ;

(2) organisms cannot be separated from mixtures
by growth in this medium (vide p. 167).

It can, however, be rendered solid by the addition of
gelatin, 10-15 per cent., or agar-agar, 2 per cent,



CULTIVATION OF MICRO-ORGANISMS 108

NUTRIENT GELATIN

This medium, first introduced by Koch, is made by
dissolving the best sheet-gelatin, 10-15 per cent. by
weight, in broth. Solution is cffected by heating
in a steam steriliser. The product is acid and
is made alkaline to phenolphthalein. The mixture
is filtered and cleared with white of cgg (see Agar).
The finished product is adjusted to pH 76 and
sterilised in the steam steriliser —-twenty minutes each
day on three successive days.  Prolonged exposure
to 100° C. or autoclaving destroys its property of
solidifving when cooled, thus rendering it useless for
bacteriological purposes.

The resulting medium is perfectly transparent when
solid, and should be of tirm consistence, vet not so
stiffl that it is split by the wire when inoculated
(vide p. 160).

The proportion of gelatin used varies with the time of
year, and in very hot summer weather 15 per cent. may
be necessary. A suitable consistence may be obtained
by adding 10 per cent. in the winter and 12 per cent.
in the summer. Gelatin at this strength melts at
about 21° C.. and is therefore fluid at incubator
temperature. Organisms, however, can be grown at
37° C. and liquefaction then tested by placing the
culture in cold water.

Gelatin is a protein, and therefore is digested
and liquefied by the proteolytic ferments of many
bacteria. This property of liquefving gelatin is
used as a means of differentinting certain organisms.
As gelatin is not frequently used in routine work
it should be kept in small screw-capped bottles
(vide p. 161). When the medium is made it is distri-
buted into the bottles, the caps are tightly screwed
on, and thc whole batch is sterilised. Under these
circumstances the medium keeps indefinitely. After
the gelatin has been inoculated (vide p. 161) the
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cap is again screwed on, which prevents evaporation
during the growth of the organism.

NUTRIENT AGAR

Agar-agar, or * Agar” for short, comes into the
market in the form of dried strands prepared from a
seaweed found in the Japanese and Chinese seas. It
is also obtained powdered, which is preferable.

Agar powder or fibre, as bought, contains many solid
impurities, and when nutrient agar is made it must
be filtered to produce a clear and transparent medium.
Owing to the large amount of minute colloidal par-
ticles present, filtration through filter paper is slow,
and in consequence before filtration the nutrient agar
is * cleared ”’ with egg albumin.

The proportion of agar generally used to solidify
broth is 2 per cent. of the powder, and 2-5 per cent. of
the fibre. After the agar has been added, the broth
is placed in the steam steriliser for one hour to effect
solution. The mixture is then cooled to 55° C., and
the switched whites of two eggs, or 10 grams of egg
albumin dissolved in 50 c.c. water, are added per
litre.! The medium is now stecamed for two hours,
or preferably autoclaved for one hour at a pressure
of 5 lbs. per square inch. The agar solution is then
filtered through Chardin filter paper in the stecamer,
distributed into bottles or tubes, and finally sterilised
either by autoclaving at 5 lbs. pressurc for half-an-
hour, or by stcaming for half-an-hour each day on
three successive days.

When dealing with large quantities of medium, it will be
found quicker and easier to filter nutrient agar through sand
and paper pulp ? instead of through filter paper. For amounts

! As an alternative to eggs, 40 c.c. of ox s-erum' per htre io‘f
medium may be used.

* A suitable paper pulp is *“ White Heather ” brand, also
T. B. Ford’s filter pulp. Both these are sold in slabs.
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up to five litres we can recommend the following method.
Into a 10 in. glass funnel place about a dozen round clean
pebbles to form a support for the sand and paper pulp. The
paper pulp is thoroughly shredded and soaked in warm water.
Take a large sheet of muslin 24 in. square, and place it over
the funnel with the ends hanging over the side. Place moist
paper pulp on top of the muslin until the layer is two inches
deep, and pack it firmly (with the bottom of a 100 c.c. cylindrical
measure), especially round the edge. Turn the ends of the

FPAPER PULP
AND SAND

FILTERING
FLASK

muslin over the surfuce of the paper pulp, so as to form a sort
of bag. Now superimpose on this a one-inch layer consisting
of equal parts of moist paper pulp and well-washed finely
crushed flint. The funnel and its contents are placed in the
steamer or autoclave at the same time as the broth and agar
powder when the latter is to be dissolved. It is important to
note that no egg or egg albumin is required. The funnel is taken
while hot from the steriliser, connected to the water-pump or
other suction apparatus (vide p. 638), and melted agar poured
into it, Gentle suction is applied and the water in the pulp
and sand first runs from the lower end of the funnel and after
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a few seconds agar begins to appear. Suction is stopped, the
water and dilute agar discarded, and the filtration now pro-
ceeded with. As the filtration continues the amount of suction
should be slightly increased. The agar passes through very
rapidly, and with the apparatus figured five litres can be filtered
in thirty to forty minutes. It is not advisable to filter any
greater quantity without changing the paper pulp and sand.
For larger quantities of medium, a one- or two-gallon cylindrical
stone jar with a false bottom or a specially made tinned copper
container is used, and amounts of agar up to fifty litres an hour
can be dealt with.

This agar-broth medium is known as Nutrient Agar
or ** Ordinary Agar.”

When fluid, it is perfectly clear, but when solidified
is faintly opaleseent.  Its advantage is that it is solid
at 37° C. which is the optimum temperature for most
pathogenic organisins.  The medium must be heated to
98° C. to melt it, but when melted it may be cooled down to
42° C. before solidifying. This property is utilised in the
preparation of scrum-agar and blood-agar (vide p. 129).
The agar may thus be cooled below the coagulating
point of the serum proteins—60° C.—and yet remain
fluid so that the serum or blood is present unaltered in
the medium.

Agar-agar differs from gelatin inasmuch as it is a
carbohydrate and is not generally liquefied by bacteria.

Nutrient agar made from infusion broth is distinguished by
a YELLow bead in the container, whereas nutrient agar made
from digest broth (Hartley's broth) is identified by a Brack
bead (p. 157).

Both broth and agar media may be enriched or
modificd by the addition of various substances.

GrLucose Broru.--Broth plus § or 1 per cent. of glucose.

Since glucose acts as a reducing agent, this medium may be
used for the growth of anucrobes.

GrYcERoOL Brori.-—Broth to which glycerol is added in the
proportion of 5-8 per cent. This medium is sometimes used
for the growth of the tubercle bacillus.

Similarly, Grucosk: Acar is made by the addition of -1
per cent. of glucose, and GryckroL Acar by adding 5-8 per
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cent. of glycerol to ordinary agar. The former is used chiefly
for deep stab cultures of anaerobes (vide p. 173).

GLADSTONE AND FILDES’ MEDIUM (Casein-Yeast Agar)’

This medium dispenses with meat extract and peptone. Its
cost of production is small and most organisms generally met
with will grow on it. The basal stock solutions keep indefinitely,
so that successive hatches are simple to make and are uniform
in quality.

The necessary amino-nitrogen content of the medium is
supplied by an acid hydrolysate of casein. Since acid hydrolysis
partially destroys certain amino-acids, e.g. tryptophane, the
hydrolysate is supplemented with a small quantity of tryptic
digest of casein. V‘atery extract of yeast and glutamine are
added to provide most of the essential growth factors. The
medium is buffered with sodium glycerophosphate, which may
also act as a source of energy. Sodium lactate is added as a
further source of energv. Other additions, e.g. blood and
serum, may also be made, depending on the purpose for which
the medium is required.

STOCK SOLUTIONS AND SUBSTANCES

() Preparation of stock hydrolysed casein. ~To 200 grams of
commercial casein in a litre conical heaker, add a mixture of
170 c.c. concentrated HCI with 110 c.c. distilled water. Stir
quickly with a glass rod to obtain a uniform suspension before
the cascin swells and becomes solid. Autoclave at 120° C. for
3 hour. Cool and add 40 per cent. NaOH till neutral (about
180 c.c.); cool again and filter through pulp? on a Buchner
funnel. Dilute to 1 litre, place in a Winchester quart bottle
and add 1 per cent. chloroform. Shake vigorously immediately

! For full details, including modifications for special pur-
poses, see Gladstone, G. P., and Fildes, P, Brit. J. Exp. Path.,
1940, 21, 161, from which this account is taken.

* The pulp may be T. B. Ford’s 4 per cent. asbestos-cotton
filter pulp, sold in slabs. For use, 5 grams are thoroughly
suspended in 500 c.c. of distilled water. The suspension is
placed on a 5} in. Buchner funnel, already protected with a
No. 1 Whatman filter paper, and allowed to drain by gravity.
It is then sucked dry and covered with another No. 1 filter
paper (see also footnote, p. 104).
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and at intervals to emulsify the chloroform. Store in the dark.
One litre of this solution makes about 30 litres of complete
medium.

(B) Stock tryptic digest of casein.—Place 200 grams of casein
(** light white ”’) and 20 grams sodium carbonate crystals in a
Winchester quart bottle. Add 2 litres of warm (87° C.) tap
water in two lots of 1 litre cach, shaking well after each addition.
Add 100 c.c. of a suspension of minced pancreas! and 10 e.c.
chloroform, shake well and test pH which should be 7-4-7-5
(p. 114). Incubate for sixteen days at 37° C., shaking each
day. Samples should be taken daily to check the pH, which
should be adjusted if necessary.

After removal from the incubator, allow to stand for two
days and filter off the tyrosine crystals, which settle as a white
deposit. To 2 litres of the filtrate add 15 c.c. of concentrated
HC(l in 150 c.c. of water and steam for one hour.

Cool, filter and adjust the reaction to pH 7-4 (6-7 c.c. of
40 per cent. NaOH are required). Place in a Winchester quart
bottle, add 1 per cent. chloroform, shake thoroughly at once
and at intervals to keep the chloroform emulsified, and store
in the dark.

(C) Stock extract of wyeuast. -Crumble 250 grams pressed
brewer’s yeast into 1 litre of distilled water, boiling over a
naked flame. Stir continuously until frothing ceases (about
five minutes). Filter on a Buchner filter through pulp. Store
in Winchester quart bottles in the dark, after adding 1 per cent.
chloroform and shaking vigorously.

For mass production, each boiling may be pooled and left
in the cold overnight. The supernatant fluid is then syphoned
off, filtered through pulp and bottled as above. The deposit
may be discarded.

(D) Sodinum glycerophosphate. —This is kept as the solid salt
of commercial grade.

(E) Glutamine.*—.\ 0-05 per cent. solution in distilled water
is sterilised by filtration and kept in the ice-chest. Glutamine
solutions are not stable indefinitely and small quantities only
should be made up. The stock of glutamine crystals should
be preserved in a desiceator in the ice-chest. Glutamine is used
in a final concentration of 0-00023 per cent. ; 1 gram, therefore,
will be sufficient for 400 litres of medium,

(F) Sodium lactate.—Commercial sodium lactate may be
bought as a 50 per cent. syrupy solution.

! Cole and Onslow’s pancreatic extract (footnote, p. 101).
t Obtainable from the British Drug Houses, Ltd.
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PREPARATION OF THE BA8SAL CASEIN-CASEIN-
Yeast Mevium (CCY)

Solid medium.—Mix 15 grams powdered agar in 830 c.c.
distilled water, adding the water gradually to make a smooth
paste and finally a uniform suspension. Place in the autoclave,
already hot, and allow to steam for five minutes, then run up
to 15 lbs. and turn off heat. Open in half-an-hour.

Take—
Casein (A) . . . . . 35c.c.
Casein (B) . . . . .15,
Yeast (C) . . 100 ,,
Sodium glyccrophosph.nte (D) . . 10 grams
Sodium lactate (F) . . .10 e

Shake to dissolve the glycerophosphate, heat the mixture to
100° C. and mix with the hot (100° C.) agar solution. Add
8:6 c.c. of 40 per cent. NaOH (to increase the pH to about 9-3),!
place in the steamer and test the temperature, which should
not be less than 90°-93° C. At this point a precipitate forms
and is allowed to deposit. Filter at once as follows: prepare
a Buchner funnel with pulp as already described (footnote,
p. 104); fit it to a filter flask attached to a water pump and
stand in the steamer until the funnel is very hot. Turn on
the purmap and pour the hot agar on to the upper filter paper.
To avoid prolonged heating at a high pll, filtration should be
as rapid as possible. For this purpose the hulk of the pre-
cipitate, which soon settles to the bottom, should not be shaken
up. The supernatant fluid passes through the filter rapidly
(about five to ten minutes) and can be removed from the
steamer. The small amount of residue may then be passed
through the filter or may be discarded. The filtered agar must
not be allowed to stand at this high pH ; therefore, without
delay, add 205 c.c. concentrated HCI (sp. gr. 1:142, 82 per cent.)
per litre. If more than 1 litre of medium is being made, the
NaOH should only be added to 1 litre at a timne, this is filtered
and the pH readjusted, before another litre is treated in the
same way. Meanwhile the rest of the medium before the
addition of NaOH is kept hot in the steamer. Not more than
1 litre should be passed through each filter. Finally pool the

! To remove phosphates present in the commercial glycero-
phosphate,
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filtered agar and check the pH, which should be 78, cresol red
being used as the indicator.

Add : Glutamine solution (E) * . . 5 c.c. per litre.

Distribute in bottles and autoclave.

Liquid medium.—The preparation of the liquid medium is
similar to that of agar, except that the agar solution is replaced
by 850 c.c. of distilled water. In the absence of agar, calcium
is not present in a sufficient concentration to produce a pre-
cipitate with the phosphate present in the medium. There is,
therefore, no necessity to heat the medium at an alkaline pH
during the preparation.

'This medium, whether solid or liquid, is a suitable substitute
for meat infusion agar and broth for general purposes. It will
support the growth of all bacteria of medical interest which
have been tested and are able to grow on meat media.

STANDARDISATION OF MEDIA

While many bacteria show vigorous growth within
a fairly wide range of acidity or alkalinity, there are
others which require the reaction of the medium to be
adjusted within narrow limits before multiplication
takes place. Morcover, all organisms have a particular
reaction at which the growth is optimal.

In order, therefore, to sccure the best growth,
particularly of the highly parasitic organisms, it is
necessary that the adjustment of the reaction should
be made as accuratcly as possible.

Two methods are in use—the one in which the
acidity or alkahlinity is cxpressed in terms of the
absolute acidity which depends on the hydrogen-ion
concentration ; the other, in terms of the neutral
point of an indicator (phenolphthalein) is referred to
as Eyre’s method. The former method is the more
satisfactory and is now almost exclusively used.

STANDARDISATION ACCORDING TO IIYDROGEN-1ON
CONCENTRATION. — The true acidity of any fluid

! Glutamine, although rapidly destroyed by Heat in watery
solution, appears to be stable to autoclaving in CCY agar.
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depends on the number of dissociated hydrogen ions
present, and the reaction of the medium is dependent
on, and measured by, the hydrogen-ion concentration.
The greater the concentration, the more acid the
medium. ]

Even a typically neutral liquid such as pure water
undergoes dissociation (though extremely slight)
into hydrogen and hydroxyl ions. It can easily be
shown (a) that the hydrogen and hydroxyl ions are
cqual in number and exactly balance and necutralise
each other; (b) that the greater part of the water
is undissociated (un-ionised):; (c) that an equilibrium
exists between the ions and un-ionised water ; and
(d) that, at equilibrium, the product of the concentra-
tions of the hydrogen and hydroxyl ions is a constant,
which is termed the ionisation constant (or dissociation
constant). From conductivity measurements it has
been found that the concentration of the hydrogen ions
(and therefore of the hydroxyl ions) in pure water is
107, This means that in onc litre of pure neutral
water there is 1 107 gram of hydrogen ions and
the cquivalent weight of hydroxyl ions. If an acid,
e.g. hydrochloric acid, is now added, it dissociates
liberating hydrogen ions, the amount of which depends
on the amount of acid added and the degree to which
it dissociates. The hydrogen-ion concentration is ac-
cordingly incrcased, while to maintain equilibrium, the
number of hydroxyl ions is proportionately reduced.
When an alkali, e.g. sodium hydroxide, is dissolved in
water. it undergoes ionisation with the production of
hydroxyl ions, the amount of these being proportional
to the amount of alkali and its degree of ionisation,
and a corresponding decrease in hydrogen ions occurs.
However alkaline the solution may be, there will still
be some hydrogen ions left, in such proportion that the
ionisation constant remains unchanged. It will be
seen, therefore, in spite of the fact that a solution may
be alkaline, its reaction can still be expressed in terms



112 PRACTICAL BACTERI OLOG Y

of the hydrogen ions present, the stronger the alkali
the smaller the concentration of the hydrogen ions.

It is, however, inconvenient to express acidity, for
example, as 2 X 107° or alkalinity as 1-5 X 10-°
grams of hydrogen ions per litre, and to simplify the
matter the pH or hydrogen exponent scale has been
introduced.

The pH value of a liquid is defined as the logarithm of
the reciprocal of the hydrogen-ion concentration. Thus:

H 1 1
pH concentration of H-ions ocacidity

For neutral water where the concentration of hydrogen

. . . . 1
ions is 1077 grams per litre the pH is log oF=T

In the two examples quoted above, for the acid the

1 .
pH = IOgW:—' 6 — lOg 2 = 5-699, while for
1
i = — = 8-824.
the alkali the pH = log 15 % 107 8-8

Since this is a logarithmic scale a change of one unit
in pH is equivalent to a tenfold change of hydrogen-ion
concentration, that is a tenfold change of acidity ;
thus, a liquid of pH 5 is ten times more acid than one
of pH 6, while a liquid of pH 9 is ten times more alka-
line than one of pH 8. It will also be seen that as the
pH depends on the reciprocal of the hydrogen-ion
concentration, the lower the pH number the greater
will be the acidity. As the ncutral value is pH 7, a
pH value of less than this number indicates an acid
solution, and greater thar this an alkaline solution.}

The pH value of blood plasma is about 75, that is, it
is slightly alkaline. This reaction is about the optimum
for the growth of most pathogenic organisms.

It is not practicable to use the hydrogen electrode
for general laboratory use, and a simple and satis-

1 N/10 HCI has an approximate pH value of 1
N/100 HCI ” » " 2
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factory colorimetric method has been devised whereby
media can be adjusted to any desired pH. The method
depends on the fact that when a fluid contains buffer
salts such as phosphates, and an indicator, the addition
of alkali or acid does not cause an abrupt change in
the colour of the indicator. For example, phenol
sulphone-phthalein (phenol red) is yellow in acid
solution and purplish pink in alkaline solution. If
an alkali be added gradually to an acid phosphate
solution containing phenol red, the change in colour
will commence at pH 6-8, and the colour will become
more purplish pink, until the final change is reached
at pII 8-4; thus the “ range " is pH 6-8 —pH 8-4, and
as it covers the optimum reaction for culture media—
namely, pll 7-4 to 7-8—this particular indicator is
used.

Other dyes have their own definite range of pH in which
colour change occurs, and there is now available a complete
series of indicators which exhibit colour changes between
pH 1 and pH 11 as follows: —

Indicator. Range of pH. Colour change.
Thymol blue (acid range) 1-2-28 red to ycllow.
Bromo-phenol blue . . 2846 yellow to violet.
Bromo-cresol green. . 36-5-2 vellow to blue.
Methyl red . . . 4-4-62 red to yellow.
Bromo-cresol purple . 5268 vellow to violet.
Bromo-thymol blue 6-0-7-6 vellow to blue.
Phenol red . . . 68814 vellow to purple-pink.
Cresol red . . . 72-88 vellow to violet-red.
Thymol blue (alkaline

range) . . . 80-96 vellow to blue.
Cresolphthalein . . 82-9-8 colourless to red.
Phenolphthalein . . 8:3-100 colourless to red.
Thymolphthalein . . 9-3-10:5  colourless to blue.
B.D.H. ** Universal - . 30-11'0  red -—orange—yellow
—blue—

reddish violet.

The procedure for adjusting culture media to a
definite pH is comparatively simple. Solutions of
fixed and known hydrogen-ion concentrations are

H
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prepared and to each solution a delinite amount of
indicator (for this purpose phenol red) is added. The
resulting tint is the standard to which the medium
must be brought by titration with alkali, and so the
amount of alkali to be added per litre may easily be
calculated.

Apparatus required :

1. A set of tubes of standard bore containing buffer
solutions of known pH to which the indicator has
been added. These solutions are made up by mixing
N/15 Na,HPO, and N/15 KH,PO, in certain propor-
tions. The tubes with the standard solutions, which
have a range of plI 6-6 8:0 at intervals of pII 0-2,
can be purchased.? Details of their preparation may
be found in larger works.

2. A special comparator rack.

8. *““ Cordite ” tubes, which have a uniform thick-
ness of wall and bore, and are identical with the tubes
containing the standard solutions.

PLAN OF COMPARATOR RACK

OIST WATER

CRIAUND

il bl bl i e L o M L s ik R GLASS

STANDARD _|
PH TUBE
MEDIUM —-—@ @» — MEOIUM

Scc MEOIUM + 0 5¢ c. OF 0-01% PHENOL RED

| STANDARD
,o/f TUBE

! These can be obtained from British Drug Houses, Ltd.,
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4. A solution of phenol red, 0-01 per cent.,! in
distilled water.
5. N/20 NaOH made up as follows : —

500 c.c. N/10 NaOH
91 c.c. 0-01 per cent. phenol red
distilled water to 1000 c.c.

6. A burette, preferably a microburette, measuring
to 0-01 c.c. (An improvised one may be made from
a 1 c.c. graduated pipette, a short picce of rubber
tubing, a glass tube drawn out to a fine point, and a
pinchcock.)

Tube 8 contains 5 c.c. of the medium + 05 c.c. of
0-01 per cent. solution of phenol red.

Tubes 1 and 5 contain the medium only.

Tube 4 contains distilled water only.

Tubes 2 and 6 arc the standard tubes for com-
parison. By this arrangement of the tubes the colours
of 1 and 2, and of 5 and 6 are supcrimposed when
examined in the rack.

It has been found easier to bring the solution to a
tint midway between two standard colours than to
make the tint match a given standard. Thus, suppose
a reaction of pH 7-5 is required, then standard tubes
pH 7-4 and pH 7-6 are placed in positions 2 and 6 of
the rack.

The N/20 NaOH solution is run into tube 8 until the
tint produced is midway between the tints of tubes
2 and 6, and the amount noted. The average of two
readings is taken and the calculation is as follows :—

1 First prepare a stock 0:02 per cent. solution as follows :—
weigh out 0-1 gram phenol red, add to this 10 c.c. (accurately)
of N/10 NaOH and 20 c.c. of distilled water. Dissolve by gentle
heat. Transfer the contents to a 500 c.c. volumetric flask,
washing out all the indicator into the flask. Now add accur-
ately 10 c.c. N/10 HCI, and fill up to the mark. The 0-01
per cent, solution of phenol red is made by diluting the stock
solution with an equal part of distilled water.
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Let the number of c.c. of N/20 NaOH = y.
5 c.c. medium require y c.c. N/20 NaOH
to adjust reaction to pH 7-5.
1000 c.c. medium require 200y c.c. N/20 NaOH.
1000 c.c. medium require 10y c.c. N/1 NaOH.

Ezample: Suppose y=1-15, then 11-5 c.c. N/1 NaOH
are required per litre of the medium to adjust the
reaction to pH 7-5.

It will readily be seen that the tint due to the
mixture of the medium and the indicator in tube 8
is compensated for by the medium in tubes 1 and 5.

The indicator is incorporated in the standard alkali
solution, so that when the medium in tube 8 is ti-
trated, the actual concentration of the dye always
remains constant.

It is preferable when making media in bulk to have the reaction
distinctly alkaline, and to adjust it for use by the addition of
acid. The addition of alkali to an acid medium causes a pre-
cipitation of phosphates and the medium has to be filtered
again before use. If, however, the medium be made distinctly
alkaline, acid has to be added to obtain the correct reaction ;
no precipitate occurs and the medium is perfectly clear. In
this case the titration with the standard pH tubes is carried
out in exactly the same manner, except that, instead of caustic
soda solution, N/20 HCI containing the indicator is employed,
and the calculated amount of normal hydrochloric acid is
added per litre to obtain the desired reaction.

The standardisation of a solid medium such as
nutricnt agar presents greater difficulty than in the
case of fluid media. The medium may be titrated
when liquid, but the exact determination is not easy
to obtain with any degree of accuracy. It has been
found that agar of good quality has very little effect
on the reaction of the broth to which it is added, but
the reaction of the finished agar should be controlled
by titrating the melted medium and then comparing
the colour when cold. We have found the following
method satisfactory : Mix together 0-5 c.c. of the
melted agar, 4-5 c.c. of hot neutral distilled water and
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0-5 c.c. of 0-01 per cent. phenol red solution; cool
and compare with the standard tubes. Gelatin may
conveniently be adjusted if the medium is liquefied
and kept at about 87° C.

Other indicators used for bacteriological work are bromo-
cresol-purple, which changes colour from yellow to violet over
the range pH 5:2-6 8, and bromo-thymol-blue, which has a
colour range from yellow to blue between pH 6:0-7-6 (vide
p. 118).

Lovibond Comparator.'—This instrument is very
convenient for estimating the pH of culture media.
The indicator is added to a tube of medium and the
colour is compared with that of a series of standard
coloured glasses corresponding to various pH values.
In matching colours the natural tint of the medium is
compensated for by viewing the colour of the glass
with a tube of the medium placed behind it.

DETERMINATION OF pH VALUES OF BACTERIAL
CULTURES

A knowledge of the pH of bacterial cultures and of the pH
changes which they undergo during cultivation is often of
importance and is sometimes of practical value (e.g. in the
differentiation of Streptococcus agalactiae from Streptococcus
pyogenes). Accurate determinations of pH values can be
obtained by use of the glass or hydrogen electrode, but, for
general purposes, the colorimetric methods already described
(vide p. 114) are suitable. However, in the case of bacterial
cultures often only small quantities of the fluid are available
and it becomes necessary to use the capillator for the pH
determinations. The ‘“ B.D.H. Capillator Outfit ’* is the best
method and is available with indicators and cards to cover a
range from pH 1-2-pH 110 (see p. 113).

The technique is as follows : The pH is first approximately
determined by the use of a universal indicator. Such an
indicator is a mixture of indicators which operate over a wide
range of pH (e.g. the B.D.H. Universal Indicator—range pH 3-
PH 11; or better, an indicator such as the B.D.H. * Four-

! Obtainable from British Drug Houses, Ltd.

* For full details see catalogue, British Drug Houses, Ltd.
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Eleven,” which is now available in capillator sets, and has a
range pH 4-pH 11). A list of the colours which may be obtained,
and the corresponding pH values are supplied with the in-
dicator. A small quantity of the bacterial culture is with-
drawn with a sterile capillary pipette and transferred to a
white tile and the appropriate amount of indicator added.
From the resulting colour of the mixture the approximate
value of the pH is obtained ; for example, pH 4. The tile
is appropriately sterilised after use in a 3 per cent. lysol
solution.

The pH is then determined more accurately, using a capillator
and choosing an indicator which operates over the desired range;
for the example given above bromo-cresol green (pH range
3:6-5-2) would be chosen. The capillator consists of a series of
capillary tubes filled with buffer solutions containing an indi-
cator. These tubes show the colours corresponding to different
pH values over the whole range of the indicator, and the pH
value corresponding to each colour is marked on the card.

The determination of the pH is carried out by mixing
together equal quantities of the indicator and culture, and
then matching against the colour standards. A capillary tube,
identical in size with those in the capillator, is fitted with a
teat and is used for withdrawing the indicator, which is pipetted
on to a tile or small watch glass. The same * pipette ” is used
for withdrawing an equal amount of culture and the two fluids
are mixed on the tile or watch glass, sucked back into the
capillary tube, and the resulting colour matched against the
standards and the pH value thus obtained.

Errors due to the colour of the medium itself can be corrected
by using a compensating cell. Care should be taken when
working with pathogenic cultures, and the used capillary tubes
should be dropped into lysol.

PEPTONE WATER

This is a simple medium, consisting of

Peptone 1 per cent.

Sodium chloride 0-5 per cent.
dissolved in warm water and then filtered. It is
sterilised in the autoclave. It is used chiefly as the
basis for sugar fermentation media, since broth and
nutrient agar, being made from meat, may contain a
small amount of muscle sugar, and it is essential that
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the basic medium, to which various carbohydrates are
added for fermentation tests, should be free from
natural sugar.

Peptone water is best made up in bulk and distributed in
250 c.c. amounts in 10 oz. screw-capped bottles. The caps are
tightly screwed on and the whole batch of bottles is sterilised
in the autoclave at 5 Ibs. pressure for thirty minutes. The
peptone water is later distributed into tubes or small bottles
as required.

Plain peptone water without indicator is distinguished by
a WHITE bead in the container, while peptone water with
indicator is identified by a Browx~ bead.

Peptone water is used to test the formation of
indole (vide p. 425), and also for the enrichment of
the Vibrio cholerae, when isolating this organism from
infected material. In the latter case the medium
should be adjusted to a reaction ncutral to phenol-
phthalein (approximatcly pH 8-1), as V. cholerae
grows better in an alkaline medium.

PeproNE WATER AGAR.—This consists of peptone water
solidified with 2 per cent. agar, and is used as a basis for solid
media containing sugars (vide p. 333).

SUGAR MEDIA

Under the designation of ‘‘sugars” are included
a varicty of fermentable substances, chiefly carbo-
hydrates, which are used in the identification and
classification of organisms. These arc fermented with
the formation of acid, and in many cases gas is formed
in addition.

The substances most commonly employed are the
following :—

Monosaccharides :
(a) Pentoses—
- (1) Arabinose (from gum acacia; and from sugar beet
boiled with dilute sulphuric acid).
(2) Xylose (from corn cobs boiled with dilute acid).
(8) Rhamnose, obtained by hydrolysis of quercitin
(from dyer’s oak).
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(b) Hexoses—
(1) Glucose (Dextrose or grape sugar). )
(2) Laevulose (from many plants; formed in the
inversion of cane sugar).
(8) Mannose (from the ivory nut).
(4) Galactose (made by the hydrolysis of lactose).

Disaccharides :
(1) Saccharose (Sucrose or cane sugar).
(2) Maltose (Malt Sugar).
(3) Lactose (Milk Sugar).
(4) Trehalose (from ergot and several species of yeasts
and fungi).

T'risaccharide :
Raffinose (from cotton-seed meal and sugar beet
residues).

Polysaccharides :
(1) Starch (soluble starch is usually prepared from
potato starch).
(2) Inulin (from dahlia tubers).
(8) Dextrin (made by the partial hydrolysis of starch).
(4) Glycogen (from the livers of mammals and lower
animals ; occurs also in yeasts and certain fungi).
Alcohols :
(a) Trihydric.-—Glycerol (Glycerin ; from hydrolysis of fats).
(b) Tetrahydric.—Erythritol (Erythrite; from Protococcus
vulgaris, also present in many lichens).
(c) Pentahydric.—Adonitol (Adonite ; from Adonis vernalis).
(d) Hexahydric—
(1) Mannitol (Mannite ; from manna),
(2) Dulcitol (Dulcite ; from dulcitol-manna and various
plants).
(3) Sorbitol (Sorbite), produced from dextrose by
treatment with hydrogen under pressure.

Glucosides (vegetable products which on hydrolysis yield a sugar):
(1) Salicin (from the bark and leaves of some willows
and poplars).
(2) Coniferin (from coniferous woods and asparagus).
(8) Aesculin (from the inner bark of the horse-
chestnut tree),

Nomn-carbohydrate Substance :
Inositol (Inosite)—a benzene derivative; widely dis-

tributed in plants; extracted from walnut
leaves and mistletoe.
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The mediurn consists of peptone water, to which the
fermentable substance is added in the proportion of 0'5
or 1 per cent. An indicator is incorporated to detect
acid change. This may be Kubel-Tiemann litmus
solution (now rarely used), neutral red (0-25 per cent.
of a 1 per cent. solution), Andrade’s indicator (1 per
cent.),! or phenol red (about 1'5-2 per cent. of a 0-02
per cent. solution). If acid is produced, the litmus
turns bright red ; the neutral red, pink ; Andrade’s
indicator, reddish pink; and phenol red, yellow. In
order to detect gas, a small inverted tube is placed
in each culture tube (Durham’s fermentation tube).
During the process of sterilisation the heat drives out
the air from the inverted tubes, which when cool
should be completcly filled with liquid and contain
no air bubbles.

The original method of making the medium is as
follows :—

The stoppered test-tubes containing the small
inverted tubes are sterilised by dry heat in the hot-
air oven. The peptone water (with the indicator
added) is sterilised by autoclaving. The sugars are
made up separately in 10 per cent. solutions in dis-
tilled water, which are sterilised in the steamer or by
filtration. The requisitc amount of sugar solution is
added to the peptone water. The medium is tubed
(vide p. 159), and steamed for twenty minutes on three
successive days.

The various sugar media in tubes can be distinguished by
having the cotton-wool stoppers of different colours. It is
better to employ wool dyed in bulk rather than to colour
white-wool stoppers with various stains (p. 155).

The following alternative method of making sugar
media is recommended :

Peptone water with an indicator is tubed, the Durham
fermentatlon tube mserted and the test«tubes stoppered with

lMacle by adding Nll sodxum hydrate to a 0-5 per cent.
solution of acid fuchsin until the colour just becomes yellow.
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coloured cotton-wool. They are then sterilised in the steam
steriliser, or in the autoclave for half-an-hour at 5 lbs. pressure.
The sugars are made up separately in 10 per cent. solutions
in distilled water, and are sterilised, preferably by filtration
(Seitz filter), or in the steamer. The sterile sugars are kept
conveniently in 10 oz. screw-neck bottles fitted with a siphon
and hooded pipette, as shown in the diagram (p. 123).

This method of obtaining small quantities of sterile fluid
from bulk can be applied to serum as well as to sugars (vide
p. 127).

The apparatus recommended consists of a special chromium-
plated metal fitting adapted to a 10 oz. bottle with a screw
neck. It consists of a straight piece of tube (A), with a
curved side arm (B); around this is a slightly wider tube
(C), with a side arm (D), and fitted to a screw cap (E) which
screws on to the bottle, a rubber washer (F) ensuring an
air-tight joint. To the upper end of tube (A) is connected
a Seitz filter by means of a short piece of pressure tubing
furnished with a screw clamp, while attached to the lower
end, by means of a short piece of rubber tubing, is a glass
tube, 5 mm. in diameter, reaching to the bottom of the bottle.
To the side arm (B) is connected a piece of rubber tubing
furnished at the other end with a pinchcock and hooded
pipette. The hooded pipette is closed by a coloured cotton-
wool stopper! containing a small glass test-tube to cover the
delivery tube. The side arm (D) is connected by pressure
tubing to a cotton-wool air filter, the other end of which is
attached to a filter pump.

‘The whole apparatus, as figured (p. 123), is connected up (the
joints being bound by copper wire), wrapped in kraft paper,
and sterilised in the autoclave.

Filtration of the sugar is accomplished in the usual manner,
and before the pressure is released, the pressure tubing to the
Seitz filter is closed by means of the screw clamp. The filter is
then removed, and the end of the pressure tubing plugged with
a piecc of glass rod. The filter pump is now disconnected, when
the air pressure forces the solution down the siphon tube as far as
the pinchcock, so that the siphon is in operation as soon as the
pincheock is opened. Alternatively, air may be forced through
the cotton-wool filter on D by means of a rubber blowball to
start the siphon action. Inuse, the neck of the bottle is held by
a clamp at the top of a tall retort stand. The stem of the
hooded pipette is held below the bottle by means of another
clamp, at a height convenient for placing a test-tube under it

! The colour denotes the particular sugar used.
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to receive the sugar solution. The coloured-wool stopper is
removed and the inside of the pipette flamed. After use, the
stopper is replaced and the hooded pipette fastened to the
neck of the bottle by a piece of copper wire. The number

SEITZ FILTER

SCREW CLAMP

A/R FILTER
o

e A TO FILTER
‘_'@‘;’" PUMP
4' F

I HOODED PIPETTE

N COTTON WOOL PLUG

of drops per c.c. delivered from the pipette is determined, so
that the amount of sugar solution required for the volume
of peptone water is easily estimated. Thus, if a pipette de-
livers 18 drops per c.c., then 9 drops (05 c.c.) of 10 per cent.
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sugar solution per tube of 5 c.c. peptone water gives a final
concentration of 1 per cent. sugar.

Expensive sugars should be made up in 10 c.c. amounts of a
10 per cent. solution in } oz. screw-capped bottles and sterilised
by submerging the whole bottle including cap in a water-bath at
60° C. for one hour. This procedure we have found satisfactory
and obviates the loss occasioned by the filtration method (vide
method of withdrawal on p. 129).

It is recommended that sugar media as above be distributed
in 5 c.c. amounts into small screw-capped bottles (p. 97),
instead of test-tubes. By this means the medium can be stored
without risk of contamination or alteration in the concentra-
tion of the ingredicnts. This is particularly useful in the case
of certain sugars which are only occasionally required. More-
over, sugar media in these bottles can easily be transported
without leakage or spilling. As a result of shaking during
transit, air may enter the Durham fermentation tube, but it
is easily removed. The bottle is merely inverted, the Durham
tube drops into the neck of the bottle, and the amount of fluid
is such that the open end of the tube is below the surface. The
bubble of air escapes and on turning the bottle to the proper
position the Durham tube falls to the bottom of the bottle
full of liquid and without any air.

A considerable saving in space and material is cffected by
using smaller screw-capped bottles, } oz. capacity and a 19 mm.
Durham tube. 3 c.c. of medium only is required and the
results are as satisfactory as with the larger bottles.

When the bottle has been inoculated the cap should be loosely
screwed on to allow access of air.

In order to identify the various sugar media the caps are
painted with a cellulose paint such as ** Luc,” of which many
colours are available. 'The screw caps, as received from the
makers, are already sprayed white, and the added colours on
the tops of the small screw-capped bottles indicate the same
sugars as the coloured cotton-wool plugs. Thus, in the London
County Council laboratories, green =glucose, red=Ilactose,
mauve =mannitol, ete. (p. 156).

After the bottles have been prepared, the appropriate
colour is painted on the caps. A batch of a gross takes only
a few minutes, and the paint is dry within thirty minutes.
When two colours are used together for identifying media—
e.g. yellow and white for inulin—only one half of the white

cap is painted. .,
LITMUS MILK
Used in testing for the fermentation of lactose and clotting
of milk.
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Fresh milk is steamed for twenty minutes and then allowed
to stand for twenty-four hours in order that the cream may
separate. The milk is siphoned off and litmus is added in the
proportion of 2} per cent. of an alcoholic solution.! The
medium is distributed in 5 c.c. amounts in screw-capped bottles
or tubes and then sterilised by steaming for twenty minutes
each day on three successive days. If bulk amounts (e.g. 250 c.c.)
are put up it is advisable not to add the litmus solution until
the milk is redistributed in smaller amounts, as the colour
fades on storing.

SERUM AND BLOOD MEDIA

These may be divided into two classes :

(1) Where the medium consists almost entirely of
serum or blood, which can be coagulated by
heat (above 60° C.) so that a solid medium
results.

(2) Where the serum or blood is added in fluid
form to enrich simpler media.

MEDIA CONSISTING ALMOST ENTIRELY OF SERUM
OR BLOOD

LorrLER’S BLoop SEruM.—To ox, sheep or horse
serum is added one-third of its volume of 1 per cent.
glucose-broth. The mixture is added to stoppered
sterilised tubes which are laid on a sloped tray and
placed in the serum inspissator. The temperature is
then slowly raised to 75° C. and maintained for six
hours, when the serum coagulates to a yellowish-white

! Litmus solution.—Litmus granules 80 grams, 40 per cent.
industrial spirit 300 c.c. Grind up the granules and place in
a flask with 150 c.c. of the spirit and boil for one minute.
Decant the fluid and add remainder of spirit to the granules;
then boil for one minute. Decant the fluid and add to the
first quantity of the extract. Make up to 800 c.c. with 40 per
cent. spirit and add Nj/1 HCI drop by drop, shaking con-
tinuously till the fluid becomes purple. To test for correct
reaction, take a tube of tap watcr and one of distilled water,
boil both and add one drop of the solution to each; the tap
water should be blue and the distilled water mauve.
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solid. The tubes are thereafter sterilised at 90° C. (in
the top of the steam steriliser) for twenty minutes on
each of three successive days. If sterile serum is used,
only two hours’ inspissation at 85° C. is necessary.
Further heating is detrimental, and overheating
causes expansion of air bubbles and the formation of
steam from the fluid droplets in the partially solidified
material, which leads to disruption of the medium.

Lofller’s medium is best made up in the small screw-capped
bottles (1 oz. or } oz.). The requisite number of bottles fitted
with caps (as received from the makers) are autoclaved at
15 lbs. pressure for twenty minutes. The sterile serum-glucose-
broth mixture is added to the bottles in 5 c.c. or 2 c.c. amounts,
according to the size of bottle, under sterile conditions. The
caps are then tightly screwed on, and the bottles carefully laid
in a slightly sloping position in the inspissator. The temperature
is slowly raised to 85° (. and maintained for two hours. The
culture medium should be allowed to cool before being handled.

In these containers Loffler’s serum is most uscful for diph-
theria diagnosis in school-clinics, small hospitals, etc., where
cultures are made only from time to time. The medium can
be stored for long periods, and the small amount of water of
condensation present keeps the surface constantly moist. A
very profuse growth occurs after incubation for a few hours.
The caps should only be loosely screwed on during incubation.
The use of the smaller bottles is most economical.

Loffler’s serum is especially useful for the growth of
the diphtheria bacillus. Not only does it produce a
luxuriant growth in a short time (twelve to eighteen
hours), but it is also valuable in eliciting the charac-
teristic staining reaction of the organism by Neisser’s
method (vide p. 874).

Collection of Blood.— A sterile wide - mouthed
stoppered bottle is taken to the abattoir at a time
when animals, prefcrably sheep, are being killed.
After the neck vessels have been severed, the blood is
allowed to flow for a short time and then the stream
from the carotid artery is allowed to spurt directly
into the bottle. When filled, the bottle is stoppered
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and returned carefully to the laboratory. The clot is
then separated from the sides of the bottle by means
of a stiff sterile wire. The blood is kept overnight
in the ice-chest and the clear serum pipetted off.
With care, contamination can be avoided.

Defibrinated blood is collected in a similar way. The
stoppered bottle, however, contains glass beads. The
bottle is only half filled, and immediately a sufficient
quantity of blood has been collected the stopper is
replaced and the bottle continuously shaken for about
five minutes. The blood so treated does not clot on
standing.

Another useful method is the following :—

Horse blood is obtained from the slaughter-house, the horse
being bled directly into jars containing 10 c.c. of a 10 per cent.
solution of neutral potassium oxalate per litre of blood. The
red corpuscles are allowed to settle overnight in the cold and the
plasma is siphoned off into a Winchester quart bottle ; 22-5
c.c. of a 4 per cent. solution of calcium chloride per litre of
plasma are added, and the bottle is shaken immediately on a
machine until the fibrin has separated. (The plasma coagulates
more quickly and fibrin separates more easily if it is warmed
to room or body temperature before the calcium chloride is
added.) The serum is now filtered through a Seitz bacterial
filter (14 cm. diameter disk) into a large sterile screw-capped
bottle of 1-5 litres capacity, fitted with siphon delivery tube and
hooded pipette, as described on p. 122. The serum is stored in
the cold-chamber and used as required.

Sterile specimens can be obtained by inserting a cannula or
wide-bore needle into the external jugular vein. If a sheep is
selected, the wool is clipped from the side of the neck and the
part shaved. Contamination can be minimised by placing a
bag made of waterproof material over the head of the animal.
It is best to use a cannula connected by rubber tubing to a
screw-capped bottle (vide p. 97), the whole being enclosed in
kraft paper and sterilised. The vein may be made prominent
by pressure on the lower part of the side of the neck. The skin
over the vein is carefully sterilised with soap and water and
then alcohol. The cannula is inserted into the vein and the
requisite amount of blood removed. Iorses are treated simi-
larly except that it is advisable to make a small incision with
a sharp knife in the skin over the vein. The cannula is then
more easily introduced.
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The sterile defibrinated horse blood is immediately dis-
tributed in 10 c.c. amounts into sterile § oz. screw-cappe
bottles and stored in the refrigerator. In smaller laboratories
amounts of 5 c.c. will probably suffice. The defibrinated blood
thus stored will keep for periods up to three months.

Inspissator.—This apparatus-is used for the preparation of
Loffler’s serum medium, and Dorset’s egg medium (vide infra).
It consists of a water-jacketed copper box, the temperature
of which can be regulated automatically. The serum or egg
medium is tubed and placed in special racks, so that the tubes
are at the correct angle for forming slopes. The temperature
used is generally 75° C.. At this temperature the protein
material is completely solidified, but the temperature is not so
high as to cause bubbles of steam to disrupt the surface of the
medium. As the medium is apt to dry if kept in the inspissator
for any time, a small opening should be present in the inner
wall communicating with the top of the water-chamber above
the level of the water. Water-vapour can enter the interior
of the inspissator and the medium is kept moist. Electric
inspissators without a water-jacket do not yield such satis-
factory media if tubes with cotton-wool stoppers are used.

Hiss’s SErumM-WATER. — As certain pathogenic
organisms — e.g. streptococci, pneumococcus — will
not grow well in ordinary sugar media, it is necessary
for fermentation tests to use a medium coutaining
serum.

One part of serum is mixed with three parts of
distilled water, and 1 per cent. of Andrade’s indicator
is added. Some samples of horse serum may give
fallacious results and batches should be tested before
use. Sheep or ox serum is suitable. (Some workers
prefer to substitute 0-1 per cent. peptone water for the
distilled water.) The various sugars are incorporated
in the proportion of 1 per cent. This medium, if not
acid, does not coagulate on heating, and may be
sterilised in the steamer in the same way as other
sugar media—namely, twenty minutes each day on
three successive days.

Alternatively, the mixture of serum, distilled water
and indicator is sterilised in the steamer, and the
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appropriate amount of the requisite sugar is added
as described on p. 121.

Some workers prefer to use phenol red as the
indicator, and to adjust the reaction of the medium to
a suitable pH—e.g. 7-6—before sterilisation. In this
case the medium is pink in colour and changes to
yellow when acid is formed.

Fermentation is indicated by the production of
acid, which alters the indicator and causes coagulation
of the medium.

Small screw-capped bottles may be used most conveniently
as containers for this medium. The method recommended is
similar to that for peptone-water sugar media, p. 124.

The Hiss's serum water is made up with indicator, but
without any carbohydrate added. The medium is distributed in
2-5 c.c. amounts in } oz. bottles. The caps are tightly screwed
on, and the whole batch is sterilised in the steamer for twenty
minutes on three consecutive days. When a batch of any
particular carbohydrate medium is required, the requisite
amount of sterile 10 per cent. sugar is added from the siphon-
filter bottle described on p. 122, The caps are then painted
with * Luc ” cellulose paint according to the sugar used (vide
p. 156). Alternatively, small quantities of the rarer sugars
in 10 per cent. aqueous solutions may be sterilised (p. 124)
and stored in 4§ oz. screw-capped bottles fitted with a per-
forated cap and red rubber washer similar to the blood-cuiture
bottle described on p. 184. When the sugar solution is required
it is withdrawn from the bottle by perforating the rubber with
the needle of a sterile syringe in exactly the same manner as
the rubber cap of a vaccine bottle. Contamination will not
oceur if the procedure is carried out carefully and under a hood
(p. 167), and the incdium with the sugar added keeps as long
as that sterilised in a tightly closed container.

See Appendix. -Hiss's medium containing starch,

MEDIA ENRICHED WITH SERUM OR BLOOD

These media are used for certain delicate pathogens,
such as the pneumococcus, gonococcus and meningo-
coccus, which usually grow feebly or not at all on
ordinary media.

SERUM-AGAR.—Ordinary nutrient agar containing
4
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2 per cent. agar plus 10 per cent. of sterile uncoagulated
serum. Animal serum is ordinarily used, and can
be obtained in the laboratory by bleeding a rabbit
(vide infra), allowing the blood to coagulate in a
sterile measuring cylinder stoppered with cotton-
wool, or in an agar-lined tube,! and removing the
serum after it has fully separated. All the neces-
sary precautions must be taken to avoid contamina-
tion. Serum can be stored in sealed tubes after
heating for one hour at 57°C. on three successive
days, but fresh serum yields much better results than
heated serum in the culture of certain pathogens—
e.g. gonococcus.

Horse serum kept in a sterile bottle, as described
on p. 122, is recommended where large quantitics of
serum-agar are used.

The agar is first melted and then cooled to about
50° C. The serum is usually added to the agar in
tubes, and, after it is incorporated, the medium is
either solidified in the form of slopes, or poured into
Petri dishes (vide p. 162). As serum-agar is indis-
tinguishable from ordinary agar, the tube should be
marked “ 4S " or plugged with coloured wool (blue
and white). If in a small bottle, one-half of the white
cap is painted blue.

Sterile hydroccle fluid or sterile ascitic fluid, with-
drawn aseptically, may be used instead of serum.

SERUM-SMEARED AGAR.—This is made by running a few
drops of sterile serum on the surface of an agar slope or plate

(vide p. 162). This medium is not so satisfactory as the
preceding one, but is useful in an emergency.

! The agar-lined tube prevents the clot from adhering to
the wall of the tube and ensures its free contraction, thus
giving a large yield of serum. 1} per cent. agar in normal
saline is used and it need not be filtered. It is stored in 100 c.c.
amounts in bottles and melted as required. Ten c.c. of the
melted agar are added to a stoppered sterile 8 x1 in. boiling
tube, which is tilted and rotated until the agar flows all over
the interior surface and sets in the form of a thin layer.
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SuGAR MEDIUM FOR THE GoNococcus, MENINGOcoccus, ETc.—

Peptone . . . . . . . 20 grams
Sodium chloride . . . . . . 5 grams
Distilled water . . . . . . 900 c.c.

Dissolve in steamer for thirty minutes. Make alkaline to
phenol phthalein and steam for a further thirty minutes. Filter
through Chardin filter paper and adjust reaction to pH 7-6.
Add 100 c.c. digest broth of the same pH. Add 25 grams
agar powder (25 per cent.) and autoclave for forty-five
minutes in ‘ free steam,” and fifteen minutes at 5 lbs.
pressure. [Filter through paper pulp, and bottle in 100 c.c.
amounts. Add 5 c.c. of 0-04 per cent. phenol red solution! to
each bottle and sterilise for one hour in ** free steam ” and five
minutes at 5 1bs. pressure.

For use 100 c.c. of the agar is melted, cooled to 55° C., and to
it is added 5 c.c. guinea-pig or rabbit serum (not horse), and
10 c.c. of 10 per cent. sterile solution of the required sugar.
(This gives a concentration of 5 per cent. serum and 1 per cent.
sugar.) The mixture is immediately distributed into sterile
tubes or } oz. bottles and tested for sterility by incubation.

The sugars generally used are glucose, lactose, saccharose
and maltose.

It should be noted that when the sugar is fermented by the
organism and acid is formed, the colour of the medium changes
from purple-pink to yellow.

Broop-Acar.—This is an important medium and
is specially suitable for the gonococcus, the haemo-
philic group of bacteria (e.g. B. influenzae) and
other delicate pathogens.

Either human or animal blood is suitable.

Human blood may be obtained easily by means of vein
puncture (see blood culture, p. 182).

Defibrinated rabbit blood obtained from the ear vein or by
cardiac puncture can be recommended for general use.

20 to 30 c.c. of blood may be obtained easily from the ear
vein of a large rabbit without distress to the animal. The ear is
shaved and sterilised with sterile gauze soaked in spirit. Mean-
while a small vessel containing vaseline has been heated over the
Bunsen to render it sterile, and when cool, but still fluid, the

! Made as described in the footnote on p. 115 except that
the total volume is 250 c.c.
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vaseline is painted over the vein, and on the margin and under
side of the ear. The ear is held forward and the vein is made
prominent by means of a small spring clip at the base of the ear,
and then incised with a small sharp sterile scalpel. The blood
flows over the vaseline, and is allowed to drop into a sterile flask
containing glass beads (vide infra). The vessels of the ear can
be dilated by holding an electric bull below it or by rubbing
the part not covered by vaseline with a pledget of wool moistened
with xylol. When sufficient blood has been obtained the clip
is removed and a piece of cotton-wool pressed firmly over ’the
cut in the vein. The xylol is removed from the ear with spirit,
and some vaseline then lightly smcared on. Water should
always be provided in the cage of the animal after bleeding.
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This is a very useful method for obtaining small quantities of
sterile rabbit blood.

For cardiac puncture the procedure is as follows :—

The animal is fastened to & board and the fur clipped over
the left side of the chest ; the area is shaved and then sterilised
with alcohol and ether. A 100 c.c. bulb pipette (see diagram)
is cut down at both ends to 9 in. in length, one end being
slightly tapered and the other end stoppered with cotton-wool.
It is wrapped in kraft paper and sterilised in the hot-air
chamber. A wide-bore transfusion needle is fitted into a short
length (1} in.) of thick rubber tubing and sterilised by boiling.
When the animal is anaesthetised, the rubber tubing is attached
to the tapered end of the pipette and to the other end is fitted
a mouth-piece such as that used in pipetting (vide p. 253). The
needle is inserted into the left side of the chest and suction
applied. The needle should lie in the right ventricle of the
beart, and blood rapidly flows into the pipette. About 50 c.c.
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of blood per kilo. of body-weight can be obtained. The blood
is then transferred to a sterile 500 c.c. flask or bottle contain-
ing glass beads. Agitation should be kept up for at least five
minutes, to ensure that all the fibrin is separated.

The blood is added to melted 2 per cent. agar at
50° C. in the proportion of 5-10 per cent., as in
preparing serum-agar (q.v.).

A considerable saving of blood can be effected if blood-agar
plates are made in the following manner :—

Pour a thin layer (about 5 c.c.) of melted plain agarintoa 4 in.
Petri dish and allow to set. Make 10 per cent. blood-agar by
adding defibrinated blood to melted agar at 55° C., and pour
a similar quantity on the surface of the agar in the dish and
allow it to set. Since the surface layer only is utilised for
growth, blood is not required in the lower part of the dish. A
fairly thick layer of medium is required to prevent excessive
drying during incubation. If this were entirely 10 per cent.
blood-agar, the medium would be almost opaque when viewed
by transmitted light through the dish, and methaemoglobin
formation by organisms would be difficult to see. Moreover,
haemolysis would not be easy to determine in young cultures if a
thick blood-agar layer were present. The method of the double
layer of agar and blood-agar is not only more economical, but it
vields a bright, light-transmitting medium on which methae-
moglobin formation and haemolysis can easily be observed.

If only one plate is required, two 5 c.c. amounts of agar
are melted. The contents of one are poured into the Petri
dish as the first layer. The contents of the other are cooled to
55° C. and 0-5 c.c. blood added. After mixing, this is poured
on the surface of the first layer in the dish and allowed to cool.

It is advisable however to prepare several plates at one time
as follows :—Two 100 c.c. screw-capped bottles of agar (p. 158),
10 c.c. defibrinated horse blood in a } oz. screw-capped bottle
(p. 128), and fourteen sterile 4 in. Petri dishes are required. The
agar is melted in the steriliser and both bottles are cooled to
55° C. The contents of one bottle are distributed into the
Petri dishes and the agar is allowed to set. Into the other
bottle are poured the 10 c.c. of blood from the } oz. screw-
capped bottle. No pipette is necessary as the screw-cap keeps
the lip of the bottle sterile. The cap is again screwed on, the
bottle inverted several times to mix thoroughly the agar and
blood. The blood-agar is now distributed into the Petri dishes
on the surface of the first layer of agar. Any bubbles caused
by the mixing can easily be removed by drawing a Bunsen
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flame quickly across the surface of the medium in the dish. Two
50 c.c. amounts of agar and 5 c.c. of blood will make six plates.
For special purposes, amounts of blood up to 50 per cent.

may be added.
Messrs. Burroughs Wellcome Ltd. supply sterile oxalated

horse blood suitable for making blood-agar. This may con-
veniently be used in laboratories where there is difficulty in
obtaining directly sterile animal or human blood.

HEATED-BLOOD-AGAR (‘*“ CHOCOLATE AGAR ’).—This medium
is suitable for cultivating B. influenzae and certain other organ-
isms, such as the pneumococcus. To 5 c.c. melted digest agar
medium at 60° C. add 0-5 c.c. (9 or 10 drops) of defibrinated
rabbit blood. Heat the mixture by immersing the tube for
exactly one minute in boiling water, and allow the medium to
solidify in the sloped position. If a plate is required, 12 c.c. of
agar and 1-5 c.c. of blood are used.

EGG MEDIA
Dorset’s Egg Medium

This medium is used for growing the tubercle
bacillus. Tour *‘ new laid ” eggs are beaten up and
25 c.c. distilled water then added. The mixture is
strained through muslin to remove air bubbles, run
into sterile tubes (vide p. 159), and solidified in the
sloped position in the serum inspissator at 75°C.
The tubes are then sterilised at 90° C. (at the top of the
steam steriliser) for twenty minutes each day on three
successive days.

All apparatus used should be sterile, and the
eggs, before they are broken, should be placed for
a few minutes in alcohol ; on removal the alcohol is
allowed to cvaporate.

The addition of sufficient basic fuchsin to the medium
to render it pale pink is advisable, as early growths
of the tubercle bacillus are thus more easily seen.

As the tubercle bacillus may take some weeks to grow, the
tubes are sealed after inoculation by pushing down the cotton-
wool stopper below the top of the tube, and pouring in a little
melted paraffin wax, or they can be covered with a wax * herme-
disk.”! We strongly advocate, however, that all media for

T Suppl}ed by G. T. Gurr, London.
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growth of the tubercle bacillus be distributed into 1 oz. screw-
capped bottles as described on p. 161.

A useful modification of Dorset's medium is the following :—

Break into a sterile bowl fresh eggs which have been washed
in soap and water and then dried, and beat thoroughly with a
sterile knife to mix the yolks and whites. Strain the mixture
through sterile cheese-cloth over a filter funnel, and to every
75 c.c. of egg mixture (usually two eggs) add 25 c.c. of sterile
digest broth and 1 c.c. of a 1 per cent. aqueous solution of
crystal violet. Tube the medium in small sterile bottles
(avoiding the formation of air bubbles) and coagulate in a
slightly sloped position in the inspissator at 75° C.. Sterilise
by heating in the inspissator at 75° C. for two hours the next
day. The material to be inoculated should be well rubbed over
the surface of the medium.

GuyceroL-Ece Meprum (for growing the human type of
tubercle bacillus) 18 prepared as above, but with the addition of
5 per cent. of glycerol to the digest broth and egg mixture.

Lowenstein-Jensen Medium for the Cultivation and Differenti-
ation of Human and Bovine Types of the Tubercle Bacillus

(1) Mineral Salt Solution.}
Potassium dihydrogen phosphatc

KH,PO, (Analar) 0 4 per cent
Magnesium sulphate (An.tlar) . 004
Mngnesmm citrate . . . 01 .
Asparagin . . . o6
Glycerol (Anulnr) 20

in dis.tilled .wat.er..
Heat to dissolve.
The solution is boiled or placed in the steamer for two hours
and allowed to cool overnight. 600 c.c. is a convenient quantity
to prepare.

(2) Salt-Starch Solution.

To each 600 c.c. are now added 30 grams of potato starch.?
This is mixed and heated in a water-bath with constant
stirring for fifteen to twenty minutes, until a satisfactory paste
is produced, and then allowed to remain for one hour in a
water-bath at 56° C..

1 The chemicals used by us are obtained from British Drug
Houses, Ltd., and where specified, the Analar (Analytical Re-
agent) product should be used,
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(8) Egg Fluid. .

Hens’ eggs are washed, to disinfect them thoroughly, in a
5 per tent. soft-soap solution, after which they are left in
running water for one to two hours. The cggs must be less
than one week old, and 20 eggs are usually sufficient for 1 litre
of egg fluid, but if they are small, 22 eggs should be used. The
eggs are now broken one by one into a sterile cup, the yolk and
white mixed, and poured into a sterile vessel.

For each 600 c.c. of salt-starch solution, 1 litre of egg fluid
is required. The egyg fluid is mixed very thoroughly for ten
minutes (or shaken in a machine), after which it is filtered
through sterile gauze, and to it is added the salt-starch solution
at the termination of one hour in the water-bath at 56° C..

(4) Malachite Green Solution.

Make a 2 per cent. solution of malachite green in distilled
water and place in the incubator for one to two hours. To
each 1600 c.c. of prepared substance (1 litre egg fluid + 600 c.c.
salt-starch solution) add 20 c.c. of 2 per cent. malachite green.

The medium is now tubed in 5 c.c. amounts in 1 oz.
bottles (p. 161) and the caps are tightly screwed on.  The bottles
are laid horizontally in the inspissator and are heated at 75° C.
for half-an-hour. They are allowed to remain in the inspissator
overnight, and are heated again the following day at 75°C.
for half-an-hour.

In the screw-capped bottles the medium will keep for many
months, but if slopes are made in test-tubes they must be
stored in the cold and used within a month.

On this medium the human type of tubercle bacillus grows
very luxuriantly, in the form of large heaped-up dry yellow
colonies, while the bovine type shows small discrete colourless
colonies.

This medium will show good primary growth of tubercle
bacilli (e.g. from sputumn after treutment with 4 per cent.
caustic soda, vide p. 401) in ten to twelve days. It can be
strongly recommended, particularly for the human type.

POTATO MEDIA

Large potatoes are sclected, carefully washed and peeled.
By means of a potato borer (or large cork borer) a cylinder of
potato is obtained, which is then washed in running water to
remoye excess of starch. This is cut obliquely and each half
is placed in a test-tube with the thick end resting on a plug of
cotton-wool, or in a special potato tube, or in a wide-mouth
screw-capped 1 oz. bottle (‘*‘ Universal container ). The
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tubes are then filled with sterile water and placed in the steam
steriliser for half-an-hour. The water is poured off and the
tubes are autoclaved at 10 lbs. pressure for twenty ming&tes.
ALRALINE PoraTo MEDIUM.—Prepared as above, but instead
of filling the tubes with water 0-7 per cent. sodium bicarbonate
solution is added. The subsequent treatment is the same.
GLyCEROL PoraTo.—Also prepared as above, 5 per cent.
solution of glycerol being used instead of water. This medium

is useful for differentiating the eugonic and dysgonic types of
the tubercle bacillus.

MEDIA FOR SPECIAL PURPOSES

MicCONKEY'S BILE-SAIA.'I(;ANII;'BUTRAL RED LACTOSE

This is a useful medium for differentiating intestinal
organisms of the coli-typhoid group. It is a peptone
solution solidified with agar, to which bile-salt, 0-5 per
cent., and lactose, 1 per cent., are added, with neutral
red as the indicator.

Peptone, 2 per cent.,, and sodium taurocholate
(commercial), 0-5 per cent. are dissolved by heat in
tap water. Then add 2 per cent. agar and dissolve in
the steamer or autoclave. Clear with white of egg
(vide p. 104) and filter. (Large quantities may be
filtered through paper pulp in the same way as agar—
vide p. 105.) Add a sufficient amount (about 0-6 c.c.
per 100 c.c.) of a freshly prepared 1 per cent. watery
solution of neutral red to give the medium a distinct
reddish-brown colour. If the medium is acid, and
assumes a rose-pink colour, add caustic soda solution
until the colour becomes definitely reddish brown. (It is
preferable to adjust the reaction beforehand to pH 7-6
which gives the correct colour with neutral red.) The
medium is then sterilised in the steamer and finally
1 per cent. lactose (previously sterilised separately in
a 10 per cent. watery solution) is incorporated. The
completed medium may be sterilised as in the case of
other sugar media.
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Organisms which produce acid from lactose—e.g.
B. coli—form rose-pink coloured colonies, whereas the
colonies of non-lactose-fermenters—e.g. B. typhosus—
are colourless.

MacConkey’s medium immediately after being filtered
should bebottled in 100 c.c. and 250 c.c. amounts in 4 oz. and
10 oz. screw-capped “round bottles.” It is then sterilised as
above. The 100 c.c. of media when melted will be sufticient
for seven Petri plates, while 250 c.c. will make eighteen.

When MacConkey’s medium is stored for any length of time
the neutral red indicator tends to fade. In order to overcome
this, the medium is made up as follows without neutral red,
and the pH is adjusted so that the correct shade of colour
is obtained when the indicator is added.

Make the stock fluid alkaline to phenol phthalein. Add N/1
sodium hydroxide solution until a drop of the fluid, placed on
a tile with a drop of phenol phthalein solution (0-5 per cent. in
50 per cent. alcohol), produces a pink colour. Filter when
cold, add the agar powder, dissolve by heat and filter through
paper pulp (vide p. 105). Keep the batch hot and add 1 per
cent. of lactose powder. Take a 500 c.c. sample, add 1-5 c.c.
of 2 per ceni. neutral red solution (vide infra), and add N/1
acid until the correct tint is obtained. Calculate and add the
amount of acid required for the bulk of the medium, bottle and
sterilise.

The MacConkey agar without indicator is indistinguishable
from ordinary nutrient agar, but is identified by a RED bead
(p. 157). The neutral red is made up in a 2 per cent. solution in
50 per cent. alcohol and 0-3 c.c. per 100 c.c. of medium is the
average quantity used. When plates are to be poured the
bottle of MacConkey agar is melted, the indicator added, the
screw-cap replaced, and the contents thoroughly mixed before

pouring.

LEIFSON’S DESOXYCHOLATE CITRATE AGAR
(for the isolation of intestinal pathogens) !

Composition—
Pork infusion . . . . . 1000 c.c.
Peptone . . . . . . 10 grams

! For full details see Leifson, E., J. Path. Bact., 1935, 40,
581. See Appendix for a simpler form of this medium.
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Agar . . . . . . 20 grams
Lactose . 110 ,,
Sodium citrate (2Na,C.H.0,, IIH.O) 1 25
Sodium desoxycholate. . R 5
Lead chlonde (optional) (1 : 300 000) . 3-5 mgm.
Ferric ammonium citrate (green scal(,s) 2 grams
Neutral red (1: 50,000) . . 20 mgm.
pH-74

Preparation.—To fresh, lean, ground pork add three times
its weight of distilled water and allow the whole to infuse for
about an hour. The lumps of meat should be broken up and
distributed in the water. Then add 1 c.c. of N/1 HCI for each
100 grams of meat and cook the mixture for about one minute.
Strain off the meat and filter the infusion through paper until
clear and free from visible fat. To this add the same quantity
of N/1 NaOH as was added of HCl. Again boil for one minute
and fllter through paper. Adjust the volume to that of the
water originally added. From 100 grams of meat is thus
obtained 800 c.c. of infusion.

To the infusion so prepared add 1 per cent. of peptone and
sufficient NaOH to make the pH about 7-5. Boil for two to three
minutes and filter through paper. Add 2 per cent. of agar and
0-5 c.c. of N/1 NaOH for each 100 c.c. of medium. Allow the
agar to soak for at least fifteen minutes and melt by boiling
or in the autoclave. To the melted agar add the other in-
gredients, down to lead chloride in the order given, and as
rapidly as possible. If the medium is not to be poured im-
mediately it should be stored at this composition. The volume
should be noted carefully and written on the storage bottles.

To this medium, melted and at a temperature of 80°-100° C.,
add 02 per cent. of ferric ammonium citrate. Titrate to
pH 7-4, using a phenol red indicator (certain indicators, as
bromo-thymol blue, do not give the correct pH) and add the
neutral red. 0-2 c.c. of a 1 per cent. solution of neutral red
is required per 100 c.c. of medium. Care should be taken to
keep the temperature of the medium to which the iron and
neutral red are added sufficiently high to kill all vegetative
cells of bacteria, which may also get in. If desired, the medium
may be titrated to pH 74 before the addition of the iron, and
a neutralised solution of iron added. Pour the finished medium

! The sodlum citrate should have a known formula, and
if different from that given, should be added in equivalent
molecular concentration.
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immediately into Petri dishes, about 15 c.c. to each. It should
be protected as much as possible from light and drying. .

The use of Leifson’s desoxycholate-citrate-agar for the isolation
of intestinal pathogens.—This medium has proved useful for
isolation of the typhoid bacillus, Flexner type of dysentery
bacillus, paratyphoid bacilli, B. suipestifer, and many
others. Some strains of paratyphoid bacilli are inhibited,
as also the Shiga, Sonne, dispur and alkalescens types of
dysentery bacilli. Cholera vibrios grow poorly. B. pyocyaneus
grows well. B. alkaligenes usually does not grow. B. proteus is
variable, some strains are inhibited to some extent, but most
strains are not. Most strains of colon bacilli are inhibited to a
large extent. Gram-positive bacteria of all kinds are inhibited
completely. Various types of yeasts and moulds will grow.

The colon bacilli produce red colonies. If there is lead in
the medium the bacilli which produce H,S give brown-centred
colonies. If proteose and like peptones are used, B. typhosus
and B. paratyphosus A generally produce transparent colonies,
all other bacteria opaque colonies. Colonies of B. pyocyaneus
may have a slightly greenish tinge, but they are not easy
to recognise. Colonies of B. proteus do not spread. Owing to
the inhibiting effect of the medium on the normal intestinal
flora, large amounts of faecal material may be inoculated on the
medium. It is best to incubate the plates for at least twenty
hours to allow the B. coli colonies time to develop their
characteristic red colour.

ENDO’S MEDIUM (ROBINSON AND RETTGER’S
MODIFICATION)

Distilled water, 1 litre; agar, 25 grams; beef extract
(Lab, Lemco), 5 grams ; peptone, 10 grams. Add the water
to the agar, reserving 10 per cent. to dissolve the other in-
gredients. Dissolve the agar by heating in the autoclave at
15 lbs. for thirty minutes. Dissolve the peptone and meat
extract by heating in the water-bath. Combine the two parts
and make up to 1 litre. Adjust to pH 85 with 10 per cent.
sodium carbonate solution, or adjust first to pH 7 and then
add 10 c.c. of 10 per cent. sodium carbonate. Filter when hot.
Bottle and sterilise in the autoclave.

When required for use melt the agar, and to each 100 c.c.
add 10 e.c. 10 per cent. solution of lactose, 0-26 c.c. saturated
alcoholic solution of basic fuchsin, and 1 c.c. 10 per cent.
solution of sodium bisulphite.

Colr:lnies of B, typhosus are greyish white, those of B. coli
are red.
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WILSON AND BLAIR’S BISMUTH SULPHITE MEDIUM
(for the isolation ot typhoid and paratyphoid bacilli)!

Prepare a stock bismuth-sulphite-glucose-phosphate mixture
as follows :—

Dissolve 30 grams bismuth-ammonio-citrate scales in 250 c.c.
boiling distilled water. Add to this a solution obtained by
boiling 100 grams anhydrous sodium sulphite in 500 c.c. distilled
water, and then while the mixture is boiling add 100 grams
sodium phosphate crystals (Na,HPO,, 12H,0). To the
bismuth-sulphite-phosphate mixture when cool add a solution
of glucose obtained by dissolving 50 grams of commercial
glucose in 250 c.c. boiling distilled water. This mixture will
keep for months.

Prepare an iron-citrate-brilliant-green mixture consisting
of—

1 per cent. solution of iron citrate scales (ferric

citrate scales) in distilled water . . . 200 c.c.

1 per cent, brilliant green in distilled water . .  25c.c

This mixture will keep for months.
Make up the medium as follows :—
Nutrient agar, 8 per cent. (melted and cooled to

60° C.) . 100 c.c.
Stock blsmuth sulphlte-phosphate glucose mix-

ture . . . 20 c.c.
Iron-citrate- bnllunt-green mixture . . . 45ce

Pour into Petri dishes.

The use of this medium depends on the property of B.
typhosus to reduce the sulphite to sulphide in the presence of
glucose, and the inhibition of B. coli by brilliant green and by
bismuth sulphite in the presence of an excess of sodium sulphite.
Isolated colonies of B. typhosus and B. paratyphosus are black,
the former usually appearing within twenty-four hours and the
latter within forty-eight hours.

TELLURITE TRYPSIN COPPER SULPHATE
SERUM AGAR

(for the isolation of the diphtheria baeillus)

Several media containing compounds of tellurium have
been devised for the isolation of B. dzphthenac from mixed

! Wilson, W. J., J. Hygiene, 1988, 38, 507, a.nd personal
communiutlon
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cultures, and the following modification of Douglas’s medlum
by Allison and Ayling! gives excellent results.
Reagents required :
(a) 2 per cent. nutrient agar (pH 8) with a basis of either
(1) Hartley s broth, or (2) meat extract +1 per cent. peptone.
(b) Solution of copper sulphate (Analar)? 10 per cent. in
distilled water.
(c) Sterile tellurite trypsinised serum prepared as follows :—

Horse serum . . . . . . 100 c.c.
Liquor Trypsin Co. ‘ . . 6 c.c.
Potassium tellurite * aqueous solutlon 2 per cent. 10 ec.c.

In the preparation of the sterile tellurite trypsinised serum,
the serum is drawn from horse blood which has been allowed
to clot. Liquor Trypsin Co. and a 2 per cent. solution of potas-
sium tellurite are added in the proportions given above and
allowed to stand at refrigerator temperature for twenty-four
hours. The mixture is then filtered through a Seitz bacteriai
filter into a sterile container fitted with a siphon delivery
tube and hooded pipette, and stored for use as required (vide
diagram, p. 128); for small quantities the mixture may be dis-
tributed in amounts of 10 c.c. in sterile bottles and stored
in the refrigerator. It isimportant that the horse serum be used
fresh and without the addition of chloroform.

To each 100 c.c. of nutrient agar, melted and cooled to 50° C.,
are added 10 c.c. of the sterile trypsinised serum tellurite
mixture, and 0-5 c.c. of the 10 per cent. copper sulphate solu-
tion. After thorough mixing the medium is poured into sterile
Petri dishes (about 14 c.c. in a plate of 4 in. diameter) and
dried in the incubator. The medium is perfectly transparent
and keeps well.

An alternative method which works well is as follows :-—

Trypsinised serum . . . . . l10c.c.
Copper-tellurite mixture . . . . . 2 c.c.
Nutrient agar, pH 8 . . . 100 c.c.

The copper-tellurite mixture is made up of equal parts of 2 per
cent. copper sulphate (Analar) and 2 per cent. potassmm tellurite.

The advantage possessed by this medium is that it com-
pletely inhibits nose and throat organisms—such as staphyl-
ococei, streptococei, D. catarrhalis, pneumococcus, pncumo-
bacillus, etc., while the diphtheria bacillus, Hofmann’s
bacillus and organisms of the diphtheroid group grow un-
restncted with typlcal oolony appearsuces; moreover t.he

"t Allison, V. D., and Ayling, T. H., J. Path. Bact., 1929, 32,
299, * Parke, Davis & Co.
$ British Drug Houses, Ltd. ¢ Allen & Hanbury,
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spread of organisms of the B. proteus type, so often present
in ear swabs, is inhibited.

B. diphtheriae grows typically as a round smooth colony
with a dark centre well demarcated from a greyish-white
periphery ; another type frequently met with is a tiny round
greyish colony, with a smooth glistening surface and no
blackening. Colonies of Hofmann’s bacillus grow as round
glistening smooth colonies with a large grey or black central
zone fading to a very thin grey periphery, and are lighter in
colour than colonies of B. diphtheriae, from which they are
readily distinguishable. Organisms of the diphtheroid group
grow luxuriantly as large colonies, round, smooth and glisten-
ing, but their predominant characteristic is a dark brown
coloration of the central zone as compared with colonies of
the diphtheria bacillus. Other organisms which occasionally
appear in cultures are: B. proteus, which grows as a large
grey raised glistening colony showing little or no tendency to
spread ; yeasts, which grow as dull greyish-white colonies,
and a Gram-positive tetracoccus, which appears as a dark
brown rugose colony. These colonies are readily distinguish-
able from those of the diphtheria bacillus and the diphtheroid
group. A low-power binocular magnifier (10-20 diameters) is of
value in examining cultures.

Plates of the medium may be inoculated directly from swabs
or from cultures on Lofller slopes, and it should be noted that
forty-eight hours’ incubation of the plates is, as a rule, necessary
for the naked-eye recognition of colonies and the successful use
of the medium.

McLEOD’S MEDIUM (for the diphtheria bacillus) !

This medium consists essentially of heated-blood-agar
(chocolate agar) containing 0-04 per cent. of potassium tellurite.
It differs from other culture media for the diphtheria bacillus
in that the meat extract which it contains is never heated
above 75° C. and is sterilised by filtration.

Add 1§ to 2 1bs. of minced meat to 1000 c.c. tap water at
48° C. and keep at this temperature for one hour. Squeeze out
the juice through lint or muslin, leave this in the ice-chest
overnight and fllter through filter paper.

To 1000 c.c. filtrate add 20 grams peptone (Parke, Davis & Co.)
and 5 grams sodium chloride ; warm at 45° C. until dissolved.

In order to adjust the reaction, take 50 c.c. and heat 1t to

1 See Anderson, J., Happold, F., McLeod, J. W,, and
Thomson, J., J. Path. Bacl.. 1981, 34, 667.
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80°-90° C. for fifteen minutes. Filter through paper. Deter-
mine the amount of N/10 NaOH required to bring 10 c.c. to
pH 7-6 in the usual way. Add to the bulk of the fluid an amount
of alkali calculated on the basis of this titration.

Filter through a Seitz K clarifying disk.

Refilter this filtrate through a Chamberland candle previously
sterilised in the autoclave.

Distribute into flasks and tubes. One or two tubes should
be incubated for three days at 30° C. to control sterility. The
remainder should be stored in the cold until required.

Mix equal parts of this broth and melted 5 per cent. agar in
water.

Add 7-10 per cent. of freshly drawn defibrinated rabbit
blood, and 0-04 per cent. of potassium tellurite.

Mix and heat at 75° C. for ten to fifteen minutes before
pouring into Petri dishes.

CLAUBERG’S MEDIUM
(for the diphtheria bacillus) !

PREPARATION OF STOCK MATERIALS.

1. Glycerinated blood.—Sterile glycerol (B.D.II. Analar), 1
part. Sterile defibrinated ox blood, 2 parts. Keep for six
weeks in refrigerator to ripen.

2. Dye solutions.—(a) Make up a 2 per cent. solution of water
blue * 6B extra P (Griibler) in distilled water.

(b) Add 2 grams of metachrome yellow, IT R.D. “W?*
(Griibler) ? to 100 c.c. of distilled water.

Allow to stand for two days with frequent shaking, and
then filter. The filtrate is used and should be a clear deep
reddish-yellow colour.

8. Cystine solution.—Dissolve 1 gram of anhydrous sodium
carbonate (B.D.H. Analar) in 10 c.c. of boiling distilled water,
and 1 gram of cystine (B.D.H.). Boil again and make up to
100 c.c. with distilled water. The solution should be clear.

4. Potassium tellurite solution.—Powder finely potassium tel-
lurite (B.D.H.) in a small mortar. Dissolve 2-5 grams in 240 c.c.
of distilled water which has been previously sterilised in a
flask (250 c.c.) or 10 oz. bottle. Add the powder slowly and
shake the flask, to ensure complete solution, and make up the
volume to 250 c.c. with sterile distilled water. The solution

! See J. Path. Bact., 1937, 45, 325.

! Methyl blue can be substituted.

* Chrome fast yellow G. can be substituted (obtainable from
Clayton Aniline Co. Ltd., Manchester).
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is clear and should not e used after six months, nor should the
chemical be used after ten months.
5. Placenta agar.—Mince three human placentas and add to
4 litres of water, heat to boiling, and then allow to simmer for
thirty minutes. Filter through gauze.
To 4 litres of this filtrate add :
Peptone, Witte's . . . . . . 40 grams
Sodium chloride . . . . . .12
Sodium dihydrogen phosphate Nall, PO, (B.P.) 8
Warm to 45° C. to dissolve. Standardise to pH 7-2. Heat in
the steam steriliser for fiftcen minutes. §ilter through paper
and check the plI of the filtrate. Add 160 grains agar and heat
to dissolve. Check the pH and store in hottles. Check the
pH again before use.

”»

PREPARATION OF THE MEDIUM.

6. Fresh sterile defibrinated ox blood is required for each batch
of medium,

Agar (see 3).—Melt in the steamer, cool to 48° C., and
place in a water-bath at 48° C. until required.

7. Blood tellurite mixture.—In a 1000 c.c. flask place 165 c.c.
of sterile distilled water and 82-5 c.c. of sterile ox blood.
Allow to stand until lysis is complete, then add 11 c.c. of
glycerinated blood (see 1) and 18 c.c. of potassium tellurite
solution (see 4). Place the mixture in the water-bath at 48° C..

8. Indicator solution.——In a 100 c.c. {lask place 0-75 gram of
sodium acetate (B.D.H. Analar), 7-5 grams glucose (B.D.H.
Analar), 30 c.c. of water blue solution (see 2 (a)), 10 c.c. of
metachrome yellow solution! (see 2 (b)) and 5 c.c. of cystine
solution (see 3). Place in the water-bath at 48° C..

Pour the indicator solution (see 8) into theflask containing the
blood tellurite mixture (see 7). Mix the contents of the flask
thoroughly and add 210 c.c. of melted agar (see 5). Mix again and
pour plates. The heating at 48° (. should be as short as possible,
as the tellurite undergoes a change when heated in the presence
of glucose. Kach batch of the medium amounts to 531 c.c.

Colonies of B. diphtheriae are blue, with marginal coloration.
Colonies of B. hofmanni and B. xerosis arc yellow and turn black.

TULLOCH’S MODIFICATION OF CLAUBERG’S MEDIUM **

1. Placenta agar.—This is the same as Clauberg agar (see
5 above). (Hopkin and Williams peptone or other British-
made peptone is used.)

! See footnote 8, p. 144. * Personal communication.
* All reagents obtainable in this country.
K
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2. Short tryptic digest—Serum—ox or sheep—is heated to
87° C. and 10 per cent. of Liquor Trypsin Co. (Allen and
Hanbury) is added, and the mixture incubated for one hour.
This is filtered through a Berkefeld filter and stored in con-
venient amounts in bottles or tubes. This short tryptic digest
is heated to 60° C. for thirty minutes on three successive days,
to stop digestion and ensure sterility.

8. Method of making up the medium.—Placenta agar (see 1),
40 c.c., is melted, cooled to 60° C. and 30 c.c. short tryptic
digest (see 2) added. The mixture is held at about 50° C,,
when the following are added :—

Glucose, 75 per cent. . . . . . 16 cec.
Fused sodium acetate, 15 per cent. solution . 08ece.
Glycerinated blood (Clauberg, No. 1) . . . 17ecc.
Potassium tellurite . . . . . . 27c.c.
Methyl blue B.D.H., 2 per cent. . . . . 45c.c.
Cystine, 1 per cent. in 0-1 per cent. anhydrous

sodium carbonate solution . . . . 08ec.c,

The medium is poured into plates at once.

A similar medium is made, but containing saccharose instead
of glucose: two grams of saccharose are dissolved in 2 c.c.
sterile water and added to the mixture. If the saccharose is
heated more than is necessary, it tends to hydrolyse. Plates
of the glucose and saccharose media are used simultaneously.
Typical blue colonies indicate fermentation of the sugar. The
diphtheria bacillus ferments glucose but not saccharose.
Organisms which ferment bhoth sugars, or neither, are not
diphtheria bacilli.

NEILL’S MEDIUM
(for the diphtheria bacillus) !

PREPARATION OF MEDIUM.

1. Broth.—The best results are to be obtained by mixing
the broth base with the plain agar just hefore pouring into
plates.

Lemco . . . . . 20 grams
** Difco proteose > peptone . . 20 ,,
Sodium chloride . . . . 10
Distilled water . . . . 1000 c.c.

Dissolve by steaming in the usual way. Adjust reaction with
N/1 NaOH till alkaline to phenol phthalein. Heat for thirty

1 For full details see Neill, G. A. W., 1987, J. Hygiene, 87, 552.
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minutes at 90° C. to bring down phosphates. Filter and bring
to pH 7-6 with N/1 HCI. Bottle in 100 c.c. amounts in 6 oz.
screw-capped bottles and sterilise by autoclaving for fifteen
minutes at 15 lbs. pressure.

2. Agar—
‘ Difco bacto ” agar?! . . . 30 grams
Distilled water . . . . 1000 c.c.

Dissolve the agar by boiling, bottle in 100 c.c. amounts in
10 oz. bottles. Sterilise in the autoclave.

8. Laked blood mixture.—A litre screw-capped bottle con-
taining 10 grams of sodium citrate, dissolved in 10 c.c. of
water, is sterilised in the autoclave and taken to the slaughter
house. When an ox is killed, a litre of blood is caught in a
sterile funnel and is directed into the bottle, which is vigorously
shaken. To the blood is added 1-25 c.c. pure formalin and
30 c.c. of methyl ether. The preparation is stored in 250 c.c.
amounts in 10 oz. bottles,

4. Potassium tellurite (1 per cent. solution).

A bottle containing 100 c.c. of the broth is placed in a water-
bath at 55° C.. 10 c.c. of the laked blood mixture and 4 c.c. of the
potassium tellurite (1 per cent. solution) are added and the whole
well mixed. 100 c.c. of the agar are melted by immersing
the bottle in boiling water, and the melted agar is cooled to
55° C.. The broth-blood-tellurite mixture is now added to the
100 c.c. of agar in the large bottle and mixed by inverting it
gently several times. The agar mixture is now heated by
gradually raising the temperature of the water-bath to 75° C.,
at which temperature it is maintained for fifteen minutes. The
medium is now ready for pouring into plates. These plates
show a finely grained chocolate appearance if the medium has
been properly made.

To obtain the best results, several points require emphasis.

(1) The broth should be heated above 100° C. only on one
occasion—hence the mixing of the broth with the agar just
prior to pouring the plates.

(2) The blood and tellurite should be added to the broth
and mixed before the broth, etc., is mixed with the agar. This
ensures uniform mixing and prevents the formation of bubbles
and froth.

(8) The blood-broth mixture should be added to the agar
(which must be in a large enough bottle to accommodate the
whole) and should be mixed by inverting the bottle slowly

1 Other good quality agar may be used.
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several times. This, again, prevents the formation of froth
and lumps in the agar.

The technique above described gives about 210 c.c. of
medium for about 12 plates. .

The growth and colony characteristics of B. diphtheriae are
similar to those on McLeod’s medium, and gravis, mitis and
intermedius types can readily be distinguished.

B. diphtheriae gravis. — Eighteen to twenty-four hours:
medium small, discrete, irregular colonies, with ‘ nippled
or conical centre, somewhat crenated edge, grey in colour,
darker towards the centre, size 2 to 4+ mm. in diameter.

Thirty-six to forty-eight hours: large, slate-grey coloured
colonies, well separated specimens often reaching a size of
5 to 7 mm. in diameter, showing a central nipple, radial
striations, irregular outline and a granular frosted surface, so
aptly described as ** daisy head.”

Compared with appearances on McLeod’s medium, the
colonies are slightly larger in size and greyer in colour; this
is probably due to the lower concentration of tellurite.

B. diphtheriae mitis. — Eighteen to twenty-four hours:
medium small, discrete, regular colonies, spherical or lenticular
1n shape, colour typical, being grey at the periphery, shading
to black at the centre, size 1 to 3 mm. in diamecter.

Thirty-six to forty-eight hours: large, grey-black or black
colonies varying in size up to 5 mm. in diameter. In form
they may be cither spherical or slightly conical, the outline is
regular and sometimes slightly hazy, the surface is shiny,
reflecting light freely, and the colour shades from a greyish
colour at the periphery to a dense black at the centre.

B. diphtheriae intermedius.—Eighteen to twenty-four hours :
small, metallic grey, discrete colonies, irregular in outline, edge
somewhat crenated, with central papilla showing a character-
istic “ punched-out *’ appearance, size about 1 mm. in diameter.

Thirty-six to forty-eight hours: small, grey-black granular
colonies about 1 to 8 mm. in diameter, irregular edge, whole
appearance very rough with central papilla. These colonies
have a peculiar  cut-out *’ appearance (not unlike pieces of
confetti) which is very characteristic.

HOYLE’S * MODIFICATION OF NEILL’S
MEDIUM
1. Lab. Lemco . . . . . . 10 grams
Peptone (** Difco > proteose or Evans) . 10 ,,

! Lancet, 1941, i, 175. See also Appendix.
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Sodium chloride . . . . . 5 grams
Agar . . . . . . . 20 ,,
Water . . . . . . . 1000 c.c.

Adjust to pH 7-8 and autoclave. Bottle in 200 c.c. quantities
in screw-capped bottles.

2. Sterile horse blood laked by freezing and thawing four
times. Store in the cold, preferably frozen. See also Appendix.

3. Potassium tellurite . . . . . 07 gram
Water . . . . . . . 20 c.c.

Store tightly corked and in the dark.

To each 200 c.c. of agar, melted and cooled to 50° C., add
10 c.c. of laked blood and 2 c.c. of the tellurite solution. Pour

lates.
b Good growth oecurs after 18-24 hours’ incubation. Colonies
of B. diphtheriae have a characteristic slate-grev colour,

Type differentiation is similar to but not quite so good as
that on McLeod’s or Neill's media.

This medium is simple to make and gives good results for
routine examination.

BORDET-GENGOU MEDIUM
(for Bacillus pertussis)

The following modification has given excellent results and is
recommended. Clecan and pare potatoes and cut them into
thin slices. To 500 c.c. tap water add 250 grams potato and
9 grams sodium chloride. Boil until the potato slices fall to
pieces. Make up the water lost in boiling, filter through linen,
and adjust the reaction to pH 7 0.

To 1500 c.c. tap water add 60 grams agar powder to give
a final concentration of 3 per cent. Dissolve by heat and add
500 c.c. of the potato extract, 20 c.c. glycerol, and 20 grams
proteose peptone (Difco). Distribute in bottles and sterilise
in the autoclave with *‘frce steam ™ for one hour, and
then raise the pressure to 5 1bs. for five minutes. Store until
required.

For use, melt in the steamer for one hour and invert the
bottle several times. Place in the water-bath at 55° C. for five
minutes until the temperature of the agar has dropped to
about 70° C.. Place an equal amount of defibrinated horse
blood in the 55° C. bath for 2-8 minutes to warm slightly,
Add one part of blood to one part of glycerol-potato agar.
Mix thoroughly and pour plates. The plates should not be
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dried in the incubator, but should be stored at once in the
refrigerator, when they may be used up to two weeks after
preparation.

DIEUDONNE’S MEDIUM (Blood-alkali-agar)

A selective medium for the isolation of V. cholerae (p. 474).
Equal parts of defibrinated ox blood and N/1 sodium hydroxide
are mixed and heated for one and a half hours in the steam
steriliser. At this stage the mixture is unsuitable for im-
mediate preparation of the medium and if so used would
inhibit the cholera vibrio. The blood-alkali is first subjected
to repeated steaming (e.g. one and a half hours on eight suc-
cessive days) in a flask of sufficient size that a large surface of
the fluid is exposed to air, and then allowed to stand at room
temperature for about ten days. In this process the volatile
ammonia is removed and carbon dioxide is absorbed from the
air. Three parts of the blood-alkali are then added to 7 parts
of 3 per cent. agar. This product will grow V. cholerae
abundantly while inhibiting coliform bacilli and B. proteus. The
blood-alkali can be kept in bulk for a considerable period without
loss of its selective properties. The original method was to
incorporate the blood-alkali in agar immediately after its
preparation and to *‘ ripen” the finished medium in plates
kept at room temperature for two days, the ammonia being
removed in this way and carbon dioxide absorbed. It is more
convenient, however, to ‘“ripen’’ the blood-alkali in bulk so
that plates can be poured ready for ilnmediate use.

LIVER INFUSION AGAR'!
(for the cultivation of Brucella group)

Minced fresh ox liver is pulped in a mortar and 1 1b. is mixed
with 500 c.c. of distilled water, and kept in the cold for twenty-
four hours. It is then steamed for one and a half hours and
filtered through wire gauze (60-mesh). 20 grams washed agar,
5 grams peptone and 5 grams sodium chloride are incorporated
in 500 c.c. of the liver extract with 500 c.c. distilled water
added. The pH is adjusted to 7-2 at 60° C. and the medium is

1Sce I. F. Huddleson, Brucelloses in Man and Animals, 1989,
New York, p. 18.
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filtered through wire gauze (as above). It is finally placed in
containers and autoclaved. The ultimate pH should be
6-6-6-8.

SMITH-NOGUCHI MEDIUM

This medium was introduced by Theobald Smith and
developed by Noguchi who used it for the growth of pathogenic
spirochaetes. It consists of a small piece of fresh sterile animal
tissue, preferably rabbit kidney, covered with a long column
of ascitic fluid on which is superimposed a layer of vaseline.

The medium is anaerobic, the function of the fresh tissue
being to destroy by means of its catalase any hydrogen per-
oxide that might be formed by organisms, and be detrimental
to their growth.

The ascitic fluid must be clear, free from bile, and of high
specific gravity ; it must be sterile from the beginning, as
sterilisation either by heat (57° C.) or by filtration may render
it unsuitable.

Technique.—Special long narrow tubes (8 X } in.) are em-
ployed.

Eight pairs of forceps and eight pairs of scissors are sterilised.
A large healthy rabbit (1500-2000 grams in weight) is
anaesthetised and bled by cardiac puncture (vide p. 131).
The abdomen is opened with strict aseptic precautions and
the kidneys are removed, fresh sterile instruments being used
at each stage of the operation.

The kidneys are cut up into small pieces, using separate
sterile instruments for each organ. Kach kidney yields eight
to eleven pieces, and one piece is placed in each 8 x § in. tube.
Sterile ascitic fluid is run in by means of a 50 c.c. bulb pipette
until the tubes are half full. Vaseline, previously sterilised by
autoclaving in a 250 c.c. conical flask, is melted and added by
means of a 10 c.c. pipette, forming a layer of about half-an-
inch. The tubes are then incubated for forty-eight hours and
examined for contamination.

The tubes are inoculated by first melting the vaseline and
then introducing the inoculum to the bottom of the tube by
means of a capillary pipette and rubber teat. Material is
similarly withdrawn to be examined. Growth is indicated by
a clouding of the fluid at the bottom of the tube, which appears
about the fourth to the tenth day of incubation. Turbidity,
however, is not definite evidence of growth, as uninoculated
ciontml tubes also may show clouding just above the piece of
tissue.
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N.N.N. (NOVY, MacNEAL, NICOLLE) MEDIUM

For the growth of trypanosomes and leishmaniae.

Meat extract is made in the ordinary way with rabbit or
beef flesh, using 125 grams per litre of water. To this are added
peptone, 20 grams; sodium chloride, 5 grams; agar fibre,
20 grams; and 10 c.c. normal sodium carbonate solution.
After tubing, autoclaving and cooling to 50° C., there is added
to the medium in each tube twice its volume of defibrinated
rabbit blood (see p. 131). The contents of the tubes are mixed
by rotation between the palms of the hands and allowed
to solidify in the sloped position, preferably on ice. It is
important to obtain a large amount of water of condensation.

Before inoculation the tube is placed in the upright position,
and material is usually introduced by means of a capillary
pipette. The growth of leishmaniae occurs mostly in the water
of condensation.

NOLLER’S MODIFICATION OF N.N.N. MEDIUM

Agar . . . . . . 23 grams.
Glucose . . . . . . 20
Slightly alkaline broth . . . 1000 c.c.

Prepare, filter and distribute into test-tubes in about 2 c.c.
amounts. When required for use melt the medium, and when
cooled to 55° C. add an equal or double volume of defibrinated
horse blood, or undefibrinated rabbit blood.

LEPTOSPIRA MEDIA

Noguchi’s media. -The following media were introduced by
Noguchi for the cultivation of the causal organism of Infectious
jaundice (Weil's disease). They are rendered semi-solid by the
addition of onc-tenth of their volume of 2 per cent. nutrient agar.

(1) Rabbit serum, 2 parts; saline or Ringer's solution,!
6 parts ; citrated rabbit plasma,? 1 part ; neutral 2 per cent.
agar, 1 part. The last is added fluid at 60° C. and the contents

! Sodium chloride, 9 grams ; calcium chloride, 0-25 gram ;
and potassium chloride, 0-42 gram, per litre.

* 10 c.c. of blood are allowed to drop from the ear vein of a
rabbit (vide p. 131) into a tube containing 1 c.c. of 10 per cent.
sterile sodium citrate solution to prevent clotting. The blood
ic“then centrifuged and the clear supernatant plasma pipetted
off.
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of the tubes are mixed by rotation to ensure a uniform dis-
tribution. A layer of sterile liquid paraffin § in. deep is then
placed on the surface of the medium.

(2) In a tube place 8 c.c. saline or Ringer’s solution?! at
55° C.. Add 1 c.c. melted nutrient agar. Allow 20 drops of
blood from the ear vein of a rabbit to fall into the tube (vide
p. 131). The tube is not shaken and the contents are allowed
to become semi-solid without mixing. Sterility is tested by
incubation at 37° C. for twenty-four hours. This medium is
applicable when the organisms have been accustomed for some
time to artificial cultivation.

Schuffner’'s Medium (modified).—To 1500 c.c. tap water add
1-5 grams ‘““ Difco” neopeptone or Witte’s peptone and boil ;
then add 300 c.c. Ringer’'s solution and 150 c.c. Sorensen’s
solution (prepared by mixing 72 c.c. of M/15 Na,HPO, and
28 c.c. M/15 KH,P0,); boil until phosphates have precipitated,
cool and filter. The reaction of the medium should be between
pH 6-8 and pH 7-2. Place 3 c.c. quantities in clean, new,
stoppered test-tubes and autoclave for twenty minutes; then
add to each 0-3 c.c. fresh guinea-pig serum which has been
sterilised by filtration through L., Chamberland candles. Heat
at 56° C. for half-an-hour and test for sterility by incubation
overnight.

Fletcher's Medium (modified). —Sevetal rabbits are bled and
the seruin separated from each with aseptic precautions. As
individual animals vary considerably in the suitability of their
serum for cultivation of leptospirae, it has been recommended
that pooled serum should be used. It is preferable, however,
that separate batches of the medium should be made from
each serum, samples being tested for their growth-promoting
qualities and the batch giving the best results then selected
for the routine cultivation of the organism. All the necessary
precautions should be taken to ensure sterility of the serum.
A solution consisting of 0-2 per cent. peptone (good quality)
and 0-1 per cent. sodium chloride in distilled water (adjusted
to pH 7-2) is prepared, added in measured quantities to sterile
screw-capped bottles and sterilised by steaming. After cooling,
10 to 20 per cent. of serum is added. The bottles are then
incubated at 87° C. to test for sterility. To obtain satisfactory
growths large inocula introduced with a sterile pipette should
be used.

_ This medium may be converted to a semi-solid form, which

is also suitable for cultivating leptospirae, by incorporating

in the peptone solution 0-1 per cent. agar, the peptone-agar

lt)ﬁing melted by heat and cooled to 50° C. before addition of
€ serum.
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SABOURAUD’S MEDIUM
A medium for the growth of fungi, consisting of

Peptone . . 1 per cent.
Maltose . . . . . .4,
Agar . . . . . . 28

which is made up as in the case of ordinary nutrient agar but
standardised to pH 5-0-5-5.

COOKED MEAT MEDIUM

This is used for the cultivation of the sporing anaerobic
bacilli. The original medium is known as ‘‘ Robertson’s
bullock-heart medium,” but the following modification of
Martin and Lepper is reconmended :—

500 grams of fresh bullock’s heart are minced, placed in
500 c.c. of boiling N/20 caustic soda, and allowed to simmer
for twenty minutes, by the end of which time the neutralisation
of the lactic acid will be ensured and the pH of the liquor
should be about 7-5. The liquid is drained off through a muslin
filter and, whilst still hot, the minced meat is pressed in a cloth
and allowed to dry partially by being spread on a cloth or
filter-paper. In this condition it can be introduced into test-
tubes without soiling them. Enough should be placed in each to
occupy about § in. of the tube, and covered with 10 c.c. of 1
per cent. peptone infusion broth. The tubes must be kept in a
bath of boiling water for half-an-hour to drive off any dissolved
oxygen. They are then autoclaved at 120° C. for twenty
minutes. Theinoculum should be introduced towards the bottom
of the tube in contact with the meat.

It is usual to cover the surface of the medium with a layer of
sterile liquid paraffin, } in. deep, although this is not necessary.

It is convenient also to distribute cooked-meat medium in
10 c.c. amounts in 1 oz. bottles with perforated screw caps
(pp. 174, 185) without adding liquid paraffin. This method is
suitable for anaerobic cultures, and also for the preservation of
stock cultures of acrobic organisms.

BOECK AND DRBOHLAV’S MEDIUM
(for the cultivation of amoebae)

Four fresh eggs are well washed with soap and water, wiped
over with alcohol, and broken into a sterile bottle containing



CULTIVATION OF MICRO-ORGANISMS 155

glass beads. 50 c.c. Locke’s solution! are then added and the
mixture thoroughly shaken. Test-tubes are filled with sufficient
of the medium to form short slopes of 1-1}§ in., and the
slopes are coagulated in the inspissator at 70° C.. They are
then sterilised by autoclaving. To each tube is added a
mixture of 8 parts sterile Locke’s solution and 1 part of
sterile human serum inactivated at 55° C. for half-an-hour.
The fluid should cover the solid medium to a depth of § in.,
and the tubes are then incubated to test for sterility. Instead
of the serum mixture a 1 per cent. solution of crystallised
egg albumin in Locke’s solution, sterilised by filtration
through a Seitz filter, may be substituted. The initial reaction
of the medium, which varies between pH 7-2 and 7-8, does
not require adjustment.

Dobell and Laidlaw have modified the medium in the
following manner :—

Sterile horse serum is inspissated in the sloped position for
one hour at 80°C.. It is then covered with serum or egg
albumin solution as above. A small quantity of solid rice
starch (sterilised in thin layers at 180° C. for one hour in the
hot-air oven) is added. Amoebae grow luxuriantly in this
medium, and the whole life cycle, including encystment, may
be observed.

WHEY MEDIA

These media are useful for the growth of B. acidophilus
(p. 469).

Whey Broth. --Add 10 per cent. hydrochloric acid to skimmed
milk heated to 80°-90° C., in amount just sufficient to precipitate
the casein. Filter through cotton-wool and adjust the pH to
6:8-7-0. Now add 0-5 per cent. peptone, autoclave at 15 lbs.
pressure for fifteen minutes, and filter.

Whey Agar.--Made from whey broth by the addition of 1-5
per cent. agar,

Other media used for the cultivation of particular
organisms or for obtaining special cultural reactions
will be described or referred to in the appropriate
sections of Part III.

! Sodium chloride, 9 grams; potassium chloride, 0-42 gram ;
calcium chloride, 024 gram; sodium bicarbonate, 0-1-0-3
gram ; water, 1 litre.
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IDENTIFICATION OF MEDIA

It is necessary to identify a culture medium after it has been
made, and as many of the media are similar in appearance, ¢.4.
the various kinds of nutrient agar and the different sugar media
used in fermentation tests, it is essential that there should be
some simple but reliable system of identification. It has long
been the custom to denote the medium contained in test-tubes
by cotton-wool stoppers of different colours, but for flasks some
sort of gummed label has been used. In the case of pott!ed
media, the caps are painted in various colours to distmgm.sh
the different sugars, while coloured beads are used to identify
the other types of media, thus avoiding gummed labels which
become detached in the steamer when a solid medium is
melted. The glass beads are the ordinary opaque beads for
threading necklaces, 7 mm. in diameter, and are inexpensive
to buy. (Clear glass beads are not suitable.) Before use
they are boiled twice in distilled water and dried in the in-
cubator. The appropriate bead is dropped into the bottle
before filling. Owing to the convexity of the bottom of the
bottle, the bead remains in one corner, and is very easily recog-
nised no matter what type of culture medium is used. On
tilting the bottle for pouring, the bead comes to rest on the
shoulder and remains in this position, even when the bottle is
almost completely inverted. 'The coloured beads can be used
for identification of all kinds of media and reagents. In the
case of small bottles which will not take a bead, or if beads are
unobtainable, a dab of coloured cellulose paint on the side or
bottom of the bottle will answer the same purpose.

It is recommended that a standard colour scheme be
adopted and the following system is suggested, as it is already
widely used.

Fermentation Media—** Sugars

For tubes, coloured cotton-wool is used, and for screw-capped
bottles cellulose paint such as ‘‘ Lue  is painted on the cap.

Where colours are mentioned for which there is no coloured
wool (e.g. gold, silver), a small patch of cellulose paint is
placed on the tube itself.

Adonitol Silver Laevulose  Yellow

Aesculin Brown Maltose Bluo and white
Arabinose Black and yellow Mannitol Mauve

Dextrin Red and mauvs Mannose Black and green
Dulcitol Pink Raffinose Red and white

Erythritol Black and red Rhamnose Black and pink
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Galactose Mauve and white Saccharose Blue

Glucose Green Salicin Pink and white
Glycogon  Blue and yellow Sorbitol Black and blue
Inositol Gold Starch Yellow and mauve
Inulin Yellow and white Trehalose  Mauve and green
Lactose Red Xylose Red and green

Glycerol  Brown and whito

Other Culture Media

Other media in bulk in 4-20 oz. bottles are identified by
means of a coloured bead. For smaller quantities a dab of
coloured paint is placed on the cap. It should be borne in
mind that it is better to use a few outstanding colours alone
or in combination if necessary, rather than diflerent shades of
a colour ; thus, green, irrespective of the shade, whether it be
light or dark, yellowish green or bluish green, always indicates
glucose.

Culture Medium Colour of Bead

Digest broth . . Black
Nutrient agar made from dngest broth . Black
Infusion broth . . Yellow
Nutrient agar made from mfusnon broth . Yellow
MacConkey’s medium (see note on p. 138) .  Red
Peptone water without indicator . . White
Peptone water with indicator . . . Brown
Glucose media . . . . . Green
MacConkey’s fluid me «hmn

Single strength . . . . . 1redspot

Double ,, . . . . . 2 red spots
Sabouraud’s medium . . . . Light blue

Solutions, ele.
Distilled water . . . . White
Normal saline (085 per cent. ) . . Dark blue
Glucose in saline . . . Blueand green



CHAPTER V

CULTIVATION OF MICRO-ORGANISMS
(Continued)

USE OF CULTURE MEDIA

ONLY general mecthods are described here. Special
methods applicable for particular purposes are referred
to in the appropriate sections-—e.g. under special media.

STORAGE AND DISTRIBUTION OF CULTURE MEDIA

Culture medium after being made is either stored in
bottles! in bulk, or distributed in small bottles, tubes,
or Petri dishes (vide infra). It is convenient to store
fluid media in 500 c.c. and 250 c.c. amounts in 20 oz. and
10 oz. screw-capped bottles. The bottles are sterilised
with the caps tightly screwed on, so that the medium
remains sterile and without evaporation. For solid
media, storage in 250 c.c. and 100 c.c. amounts in
10 oz. and 4 oz. round screw-capped bottles is
recommended. The 250 c.c. amounts are useful for
subsequent distribution into tubes or small bottles.
The 100 c.c. amounts are extremely convenient for
pouring into Petri dishes—e.g. nutrient agar, Mac-
Conkey’s medium—or when melted and cooled to
55° C. the addition of 10 c.c. defibrinated horse blood
or serum will make sufficicnt blood-agar or scrum-agar
for seven plate cultures (in 4 in. Petri dishes) (vide
p. 162).

USE OF SOLID MEDIA

For immediate use the medium is allowed to solidify
insterile stoppered test-tubes either by cooling after hav-
1 Vide p. 90.

158



CULTIVATION O_F_‘ MICRO-ORGANISMS 159

ing been melted by heat, as in the case of agar or gelatin
(vtde p. 108), or by coagulation in an inspissator,as in the
case of solidified serum or egg media (vide p. 125). The
tubes are plugged with cotton-wool, and sterilised in
the hot-air oven before the addition of the medium.

Alternatively 1 oz. or } oz. screw-capped bottles
(p. 97) can be substituted for test-tubes.

Tubing of medium is convenicntly carried out
by means of a sterile 6 in. glass funnel (fixed in a
burette stand) with a short length of rubber tubing
and glass delivery nozzle fitlted to the stem and con-
trolled by a pinchcock. During the tubing the funnel
is covered with the lid of a large sterile Petri dish to
avoid aerial contamination.

The latest improved model of automatic filler devised by
T. H. Ayling can be recommended for tubing media.! 1t consists
of a glass funnel 7 in. in diameter, connected by rubber tubing
to a metal 3-way stopcock which in turn is connected to an all-
glass syringe of 15 c.c. capacity (see figure, p. 160). The syringe
is of the three-piece type, but without the nozzle, and the plunger
is hollow, as the head of liquid will not lift a solid glass piston.
The barrel is graduated to 15 c.c. by 05 c.c., and the numbers
are engraved 50 as to be readable when the syringe is vertical.
The syringe is connected to the stopcock by means of a metal
screw fitting. A clamp secures the lower end of the syringe.
The amount of fluid delivered is determined by the adjustable
screw. The action of the filler is simple. The head of medium
in the funnel forces up the plunger until it is stopped by the
adjustable screw. The handle of the stopcock is then turned and
the syringe empties itself under the weight of the plunger. Air
bubbles in the syringe are removed by first filling the apparatus
and then emptying and filling the syringe two or three times,
manipulating the piston by hand while this is being done.
The adjustable screw is then turned to deliver the correct
amount. Ifa smoothly working syringe is used, very little head
of pressure is necessary, and the height necd not be greater
than 18 inches.

Once set, the accuracy of the filler is much greater than that
of an ordinary pipette, while media can be tubed with greater
rapidity. It works equally well with melted agar or gelatin,

! Supplied by R. B. Turner & Co., London.
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provided that fresh hot supplies are available, and the syringe
and stopcock are washed out immediately after use. ) .

When tubing agar or broth with the filler, the medium is
run into clean but not sterilised test-tubes. These are then
plugged with cotton-wool and sterilised in the steamer or in

LOCA MUT - -

ADSUSTING SCREW

the autoclave as indicated under the description of the various
media.

Alternatively the agar or broth is distributed into small
bottles (p. 97), the caps are screwed tightly on, and the
containers suitably sterilised.

Depending on the method of inoculation to be used,
media are solidified in tubes as follows : —

(1) Upright, for “ puncture” or * stab” culture.—
The test-tube or small screw-capped bottle is half
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filled with the medium (about 12 c.c.) which is allowed
to solidify in the upright position. It is inoculated
by plunging a long straight wire (vide p. 161), charged
with the material, vertically down the centre of the
tube. This method is used for anaerobic cultures in
glucose-agar, and for testing the liquefaction of gelatin.

(2) Sloped, for * stroke” culture. — This is often
called a ** slope ” or *“ slant,” and ensures a maximum
surface of the medium exposed to the air.
Quantities of 5 c.c. of medium for ordinary
8 x § in. tubes are sufficient. When a large
number of agar tubes have to be sloped,
special trays, which allow the tubes to be
laid at the correct angle, are useful, and
morecover they can be stacked one upon
another so that very little bench space is
required during solidification. Fresh agar
slopes after cooling contain ‘“ water of con-
densation ” at the foot of the tube, and Reproduced by
the tubes should be stored and handled permission of
. . eps the ‘* Lancet
in the vertical position to prevent the Lid.
fluid from gpwing over the surface of R
the medium 8r entering the cotton-wool stopper. %3 ™%

1 oz. screw-capped bottles! can conveniently be sub-
stituted for test-tubes (see figure). The aluminium cap
should have a red rubber washer 2 mm. thick. 35 c.c.
amounts of the medium are added to the bottles and the
caps are tightly screwed on. Instead of being sloped,
the bottles are merely placed in the horizontal position
during solidification (on the bench for agar, and in
the inspissator for Loffler’s medium and the various
egg media, ¢q.v.). The position of the medium is
shown in the figure, the amount of 5 c.c. being just
sufficient to reach the top of the shoulder. A larger
surface for the same amount of medium is obtained
in these bottles than in the 6 X § in. test-tubes. Being

! These bottles, type H53, are supplied by the United Glass
Bottle Manufacturers Ltd. See p. 97.

L
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tightly sealed there is no evaporation and the surface
of the medium is always moist.

Instead of 1 oz. bottles it is more economical to use } oz.
(** Bijou ”’) bottles. Only 2-5 ¢.c. of medium (broth, agar and
other solid media) are required. An extensive experience of
these small bottles shows them to be very convenicnt for
laboratory use, affording economies in media, storage and
conveyance.

Plates.—Where a large surface is necessary, as in
the separation of orgunisins from mixtures (vide
p. 167), the medium—e.g. agar or gelatin—is allowed
to solidify in the form of a thin laver in a Petri dish.
For a dish of 4 in. diameter, 14 c.c. of medium are
ample. The melted medium is poured into the dish
with the neccessary precautions to avoid contamina-

]

tion. Medium which has been bottled-  e.g. vide supra
(1)—can be melted and used for pourin plates.

In separating organisms in mixe(? cultures by
spreading the material on plates, it is essential that
the surface of the medium should be dry. When
plates have been poured, the stcam from the hot
liquid condenses on the surface of the medium and
this moisture is undesirable for cultural work. It is
removed by drying the poured plates in the incubator
~at 87° C. for onc hour. The lid of the dish is first
laid in the incubator (sce diagram) ; the portion con-
taining the medium is then inverted (so that the
surface of the medium is downwards) and placed in
the incubator with the frec edge resting on the lid. If
care is taken to avoid disturbing dust, there is very
little risk of contamination of the medium by air
organisms.

When it is necessary to dry the surface more quickly
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this can be done by passing the dish containing the
medium quickly several times over a Bunsen flame.

Shake Cultures.—Agar or gelatin medium in tubes—
e.g. (1), vide supra—is inoculated in the melted con-
dition at a temperature which keeps the medium fluid,
but is not immediately lethal to the organisms inocu-
lated (e.g. 45°-50° C.). The contents of the tubes are
mixed by rotation between the palms of the hands and
then poured at once into a Petri dish, as in water
examination (vide p. 295), or left to solidify in the
tube so that colonies may develop in the depth of the
medium, as when scparating anaerobes. In the latter
case the test-tube is filed and broken, and the colonies
¢ picked out ™ of the medium exposed in this way.

USE OF FLUID MEDIA

Fluid media are used in (1) test-tubes stoppered
with cotton-wool, the tubes being about half filled ;
(2) § oz. (* Bijou ) bottles ; broth or peptone water
m 2:5 c.c. amounts ; and fermentation media in 38 c.c.
amounts 5 (3) 1 oz. screw-capped bottles, in 5 c.c.
amounts ; (4) 2 or 6 oz. screw-capped bottles for blood
culture (85-100 c.c. amounts) (vide p. 185); or (5)
stoppered or screw-capped bottles of larger capacity
according to the quantity of culture required.

INOCULATION OF CULTURE MEDIA

According to the nature of the medium and the
inoculum, various mecthods are employed for inocula-
tion, and the following instruments are commonly
used :-—

“ PraTiNum Loor.”-—This consists of a piece of
platinum wire, No. 23 S.W.G., 2} in. long, with
one end fused into a glass rod, or inscrted into a
special aluminium holder. The other end of the wire
is bent in the form of a loop, care being taken that the
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loop is flat and completely closed. Owing to the high
cost of platinum, *“ Nichrome ” or *“ Eureka ” resist-
ance wire No. 24 S.W.G. may be used as an efficient
substitute.

The wire is sterilised by holding it vertically in a
Bunscn flame so that the whole length becomes red-
hot at the same time. A wire charged with certain
growths —e.g. of the tubercle bacillus —should be
sterilised slowly in the cooler part of the flame. If
rapidly burned, particles of unsterilised culture may
“spurt” from the wire on to the beneh.  The loop is
the most useful of the inoculating wires. It takes up
a considerable amount of solid culture, and also a
large drop of fluid.

STRAIGHT WIRE. —This is similar to the foregoing
but without the loop. It is used for stab cultures, and
also for picking off single colonies.

LoxNG STRAIGHT WIRE.- - A wire 44 in. long mounted
on a holder. It is employed for deep-stab inoculation
when working with anacrobes.

Tuick WIRE, particularly with a loop, is very
useful on account of its rigidity for lifting thick viscid
sputum and tenacious growths.

WirE wiTH LaNcE-HEAD.—This is made with thick
wire (e.g. resistance wire), one end being flattened
out and filed or cut to a lance-head or diamond shape.
It is employed for making scrapings from organs, for
picking off tough growths —e.g. of the tubercle bacillus
—and for disintegrating felted cultures—e.g. fungi.

ScarpeL.—This instrument, sterilised by dipping in
alcohol and flaming, is used for making inoculations
with scrapings from tissues and ulcers, etc..

STERILE CAPILLARY PreerTES.-—These are made by
heating the middle of a piece of quill tubing, 5 mm.
bore and 8 in. long, and when melted pulling out the
two halves, thus forming two pipettes. The capillary
ends, which should not be too thin, are sealed in the
flame, and the other ends are plugged with cotton-
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wool. They are placed in a large test-tube 15X 2} in.,
which is then stoppered with cotton-wool and steri-
lised by dry heat (vide p. 91). Before use, the tip of
the capillary portion is broken off and a rubber teat
fitted to the other end. These pipettes are necessary
for inoculating Smith-Noguchi medium and cooked-
meat medium (q.v.), and arc very useful in many
bacteriological manipulations.

StERILE Prrerres (10-100 c.c.) are used when
large amounts of fluid inoculum have to be added to
a medium.

Graduated pipettes are employed when measured
quantities of material are used for inoculation (vide
water examination, p. 293).

TECHNIQUE OF INOCULATING TUBES

The following routine methods arc recommended : —

Inoculation of one ‘“ slope > from another.—The two
tubes are firmly held at their lower ends between the
thumb and first two fingers of the left hand, with the
sloped surface of the medium towards the worker.
The tube containing the growth should be on the left
and the uninoculated tube on the right. With the
right hand loosen the cotton-wool stoppers by rotating
them in the mouths of the tubes so that they may be
removed casily. Take the holder of the inoculating
wire at its end betwceen the thumb and first two
fingers of the right hand (as in holding a pen). Sterilise
the wire by holding it vertically in the Bunsen flame.
Remove the stopper of the tube from which the inocu-
lation is to be made with the crooked third finger of
the right hand, and flame the mouth of the tube. Pass
the wire into the tube and touch a portion of the
medium free from growth to ascertain if the wire is
sufficiently cool. If too hot, the wire will melt the
agar, causing a furrow, and might of course kill the
organisms in removing the growth. When the wire is
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cool, the growth is scraped from the surface, carc being
taken not to wound the agar. Withdraw the wire,
remove the stopper from the other tube with the
crooked little finger and flame the mouth of the tube.
Insert the wire charged with the growth and lightly
smear the surface of the agar. Withdraw the wire
and sterilise it, flame the mouths of the tubes and
replace the stoppers. The nature of the inoculated
material and also the date should be written on the
tube by means of a grease pencil, or on a gummed
label which is then affixed to the tube.

For stab cultures, the tubes are held similarly and
the straight wire charged with bacterial growth is
plunged into the centre of the medium, care being
taken to withdraw the wire in the same line, and not
to cause splitting of the medium.

In tnoculating a fluid mediwm. such as broth, from
a solid culture, the tube should be inclined almost to
the horizontal and the growth on the loop deposited
on the wall of the tube just above the surface of the
liquid at the lower end of the tube. On returning
the tube to the vertical position the inoculum is below
the surface of the broth.

A3

Screw-capped Bottles. —When inoculating medium in screw-
capped bottles essentially the same pro-
cedure is carried out as above. Before
the bottles are held in the hand it is
advisable to loosen the screw-cap, as this
is usually tightly screwed before sterilisa-
tion to seal the bottle effectively. If the
caps are very tight they can easily be
loosened by means of a bored-out rubber
bung, a section of which is shown in
the figure. A bung about two inches
across is suitable, and by means of a
cork-horer a number of holes are bored
in a slanting direction round a diameter of 1} inches, so that the
whole centre is removed, leaving a conical-shaped cavity. It is
preferable to have the wall ridged, as it grips the eap more easily.
The bung can be held in the hand, or suitably mounted just
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below the edge of the bench. The bottles are held exactly as
test-tubes, and the cap is held in the same way as the cotton-
wool stopper. The bottles are then unscrewed from the cap,
the wire is introduced and the inoculation made. The cap is
now loosely screwed on, and when the bottle is ready for the
incubator the screw-cap is tightened if considered necessary.

InocuLATING Hoon.—It is advisable, as far as possible, to
carry out certain inoculation procedures under a hood in order
to minimise the chances of aerial contamination.

A suitable size of hood is 5 ft. wide, 5 ft. deep, 7 ft. 6 in.
high. It fits over the bench to form a completely enclosed
chamber and is entered by a sliding (not swing) door. All sides
above the bench level consist of windows. Ventilation is secured
by two holes in the roof ; from the top of each is attachela vent
pipe 8 in. wide and 18 in. long, and turned at right angles.
The bench on which the hood is fitted should have a gas supply
for the Bunsen burner, and it is convenient to have a pipe from
the roof 8 in. in diameter with a funnel-shaped opening situated
24 in. above the bench top, under which the Bunsen burner is
placed so that the gas fumes are led directly away. The hood
may be lighted by an electric lamp suspended from the roof.

The table under the hood is covered by a towel soaked in
1: 1000 perchloride of mercury solution, so that any organisms
deposited in dust are destroyed. The advantage of the hood
depends on the relative absence of dust and air currents, which
are liable to produce contamination of medium, etc., exposed
in the process of inoculation. We have used the inoculating
hood with considerable success in the preparation of blood-agar
plates and other highly nutritive media, and in conducting
autopsies on animals under aseptic conditions.

A more simple inoculating box which is movable can easily
be constructed as shown in the figure on p. 168. The frame
is made of wood and it has a sloping glass window in front,
and two apertures whereby the hands and arms can be inserted
to carry out the necessary manipulation of the cultures. A
convenient size is 3 ft, wide, 2 ft. deep and 3 ft. high.

SEPARATION OF MIXED CULTURES

[3 ’

1. By PraTiNg.—The term “ plating” is generally
applied to the inoculation of medium in Petri dishes,
usually by successive strokes or spreading. The
platinum loop is charged with the bacterial mixture,
pus, fragment of tissue, etc., and scveral strokes in
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series are made on the surface of the medium in a Petri
dish without recharging the wire (vide p. 437). When
a plate is not available scparate colonies may be
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obtained by making successive strokes on one or two
slopes in tubes or screw-capped bottles.

An alternative method for Petri dishes is to employ
a spreader. This is made by bending a piece of glass
rod, 83 mm. diamcter, ata right angle in the blowpipe
flame, the short limb, used for spreading, being 1 in.
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long. A small amount of the bacterial mixture is
placed on the plate with the inoculating loop or
capillary pipette. By mecans of the spreader, previ-
ously sterilised by boiling and then cooled, the material
is evenly distributed over the surface. The spreader is
then transferred to a second plate, which is similarly
inoculated. Thus the medium in the second dish is
inoculated merely with the organisms carried over by
the spreader from the first.

By these methods the bacteria are gradually wiped
off the wire or spreader so that they are ultimately
deposited singly. Generally from each bacterium an
isolated colony will grow; a single colony may be
subcultured on fresh media and so yield a pure
growth. In order to ensure separation, the surface of
the medium must be dry.

2. By Prarine Decimar DinuTioNs oF THE INocu-
LuM.—A series of tubes or bottles of melted agar or
grelatin are inoculated with successive decimal dilutions
of the infeeted material and then the medium in each
tube is poured into a Petri dish and allowed to solidify.
By dilution, the bacteria are separated from one
another, and on incubation the resulting colonies are
distributed singly throughout the solid media. (This
method is also used when the number of viable
organisms present in a fluid has to be ascertained, as
in water and milk examinations, and in blood in cases
of septicaemia.)

8. By HEATING AND SUBSEQUENT PLATING.—This
method is employed where the organisms to be
obtained in pure culture are more resistant to heat
than the remainder of the bactcria present. This
method applies especially to spore-bearing organisms,
such as the anaerobes (p. 509), the spores of which sur-
vive the heating. The mixture of bacteria is heated
to 65° C, for half-an-hour and then plated. The spores

fc;frm individual colonies, which may then be * picked
o .ll
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Plate cultures should have the nature of the material,
and also the date, written on the glass of the Petri dish
by means of a greasc pencil. Agar plates are incubated
in the inverted position-—i.e. the lid of the plate is
underneath and the grease-pencil writing should be
on the portion of the dish containing the medium. On
the other hand, gelatin, because it is liquefied by many
organisms, is incubated with the lid uppermost on
which the necessary pencil notes are made.

Care must be taken in picking off single colonies,
particularly when they are very close to onc another.
that the point of the wire does not touch any of the
neighbouring colonies.  The culture should first be
looked at through the medium by holding it up to the
light. The lid should be removed and the dish held
round the side by the thumb and middle finger of the
left hand. The colonies selected should be marked
by grease-pencil rings on the bottom of the dish. To
pick off the colony, first sit down with both elbows
on the bench. Hold the plate vertically with the left
hand, then grasp the holder of the wire like a pen,
with the fingers quite close to the wire. Steady the
right hand by placing the little finger on the left
thumb in the way artists support the hand when paint-
ing. The sclected colony is then easily removed without
touching the others. Lay the plate on the bench,
withdraw the right hand to the other end of the holder
and inoculate the required medium in the manner
previously described.

Plate Culture Microscope.—Several makers produce low-
power binocular magnifiers which are extremely useful for
examining plate cultures of organisms; they have a lon
working distance so that a colony can be * picked off” the
plate while using the instrument. When dealing with bacteria
forming small delicate colonies, or where the colonies of the
desired organism are few in number, the low-power binocular
is invaluable. A magnification of ten diamecters is useful for
general work, but by interchangeable eye-pieces and objectives,
magniflcations from three to thirty diameters are available,
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4. By SHARE CULTURE IN TUBES (vide p. 163). This
method is sometimes used in the separation of
anaerobic organisms.

5. By THE USE oF SELEcTIVE MEDIA.—Such media
as desoxycholate citrate agar for the coli-typhoid-
dysentery group, Dicudonné’s for the cholera vibrio,
the tellurite media for B. diphtheriae, etc., have been
devised so that the majority of the organisms other
than those for which the media are used will not grow,
and the isolation of pure cultures is thus facilitated.

6. By ANivMaL INocuraTiON.—Advantage is taken of
the fact that laboratory animals are highly susceptible
to certain organisms —for example, the mouse to the
pneumococcus. If a mixture of organisms containing
the pneumococcus -e.g. sputum - be inoculated sub-
cutancously into a mouse, the animal dies of pneumo-
coceal septicacmia in twenty-four to thirty-six hours,
and from the heart blood the organism can be obtained
in pure culture.  Similarly the tubercle bacillus can be
isolated from contaminating organisms by inoculation
of a guinea-pig. The tuberele bacillus is found in pure
culture in the resulting lesions.

Orier Merinoos.—1¥Fide pp. 373, 401, 530 and 573.

INCUBATION

Students and others commencing work in a labora-
tory should familiarise themselves with the mechanism
of the incubator, whercby any desired temperature
may be constantly maintained. Incubators may be
heated by electricity, gas or oil, according to the
facilities of the laboratory.

All bacteriological laboratories have one or more
incubators working at 87° C.. This temperature, which
is the optimum for practically all pathogenic organ-
isms, is that referred to when speaking of incubation
without mentioning the temperature.
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Some laboratories have a warm room heated by gas or
electricity, and kept at 37°C,, in which large quantities of
material can be incubated. The warm room should have double
doors with a space between them to act as an air-lock. To
enter the room the outer door is opened, the air-lock entered,
and the outer door closed. The second or inner door which
leads into the room is now opened, the hot room entered, and
the inner door closed. This method of entering prevents
cold air from the outside lowering the temperature. When
leaving the hot room the inner door is closed before the-outer
door is opened. The hot room has a regulating mechanism
similar to the ordinary incubator to keep the temperature
constant, and if electrically heated it should be fitted with a
device to cut off the current for the room at the main switch,
if the temperature rises above 40° C..

Other temperatures for incubation are 30° C., used
for cultivating leptospirac, and 22°C. (*‘cool in-
cubator ), used for certain fungi and for gelatin
cultures. (Gelatin medium melts at about 24° C.)

In order to prevent drying of the medium when prolonged
incubation is necessary, as in the cultivation of the tubercle
bacillus, the mouths of the culture tubes are sealed with paraffin
wax, or covered with special rubber caps or ‘ hermedisks
(p. 134). Under these circumstances, however, we strongly
advise that screw-capped bottles (p. 161) should be used instead
of test-tubes.

METHODS OF ANAEROBIC CULTURE
(See also Appendix)

Obligate anacrobes are defined as organisms that
will grow only in the absence of free oxygen (vide p. 18).
It has been shown that it is not oxygen by itself
which is inimical to the growth of these organisms,
but that when molecular oxygen is present, a peroxide
is formed, probably hydrogen peroxide, which pre-
vents their multiplication. Anaerobes may be culti-
vated, therefore, either by preventing the admission of
oxygen to cultures, or by destroying the peroxide as
it is formed, by means of catalase derived from fresh
animal or vegetable tissue.
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In the Smith-Noguchi method, for example, a
combination of these methods is used. The cultures
are sealed from the air by a vaseline plug; and any
peroxide that may be formed is at once destroyed by
the catalase present in a picce of fresh sterile rabbit
kidney. This method is described on p. 150.

The method usually employed to establish anaerobic
conditions is to remove the oxygen from the atmo-
sphere surrounding the culture, the oxygen being
sometimes replaced by an inert gas.

The simplest method of securing anaerobiosis is by
growing the organisms in solid media. Decep agar
tubes are convenient and efficient for the purpose. The
addition of 1 per’ cent. glucose to the medium is of
value, particularly when cultivating the saccharolytic
group of anaerobes. Glucose acts as a reducing agent,
and further serves as a suitable pabulum for bacterial
growth. The agar may be inoculated when solid
by means of a long straight wire (vide p. 164). The
colonies develop best in the depth of the tube, be-
coming fewer and smaller towards the surface. No
growth is usually noted in the top half-inch of the
medium. An alternative method is to melt the agar,
cool it to 50° C. and introduce the inoculum by means
of a capillary pipette. The contents of the tube are
mixed by rotation between the palms of the hands.
The agar is then rapidly soliditied by placing the tube
in cold water. The colonies develop in the deep
portions of the tube, usually separated from one
another.

Glucose-broth can casily be rendered completely
anaerobic. Long tubes, 8 X }§ in. (Noguchi tubes),
are half filled with the medium and are placed in
the steamer for half-an-hour or in boiling water for
five minutes. Stcrile melted vaseline is then poured
on the surface of the medium and the tubes are
rapidly cooled. The heating removes all oxygen, and
the vaseline effectively seals the medium from the air.
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Inoculation is made by mecans of a capillary pipette
after melting the vaseline. Gas-producing anaerobes
should not be cultivated in this medium, as the gas
formed will force out the vascline seal.

Robertson’s cooked-meat medium (p. 153) is also
very useful for anaerobic work. The sterilised tissue
contains reducing substances, which are cffective in
maintaining anaerobic conditions at the bottom of
the tube. The reducing activity of the meat is shown
by the pink colour in the lower layers due to the
reduction of haematin.

For media in screw-capped bottles, the following
method is very simple. Remove the screw-cap and
replace with a cap which has been perforated and
fitted with a rubber washer as for blood-culture bottles
(p. 185). (.\ supply of these caps individually wrapped
in kraft paper and sterilised can always be kept
available.) Connect a fine hypodermic needle by means
of pressurc tubing to the Geryk or other vacuum
pump. Pass the needle through the perforated cap
and washer and commence suction. After the air has
been removed, and while suction s still proceeding,
withdraw the needle from the bottle. The rubber will
close and maintain the vacuum. If gas is produced
by the anaerobe it will replace the vacuum.

REMOVAL OF OXYGEN BY GROWTH OF ANOTHER
ORGANISM

The growth of another organism, e.g. B. pyocyaneus, inside
the same container will remove oxygen and permit anaerobes
to grow. A convenient method is to select two Petri dishes
with the bottom half of each the same size. Into one dish
is poured ordinary nutrient agar, and into the other the
requisite medium for growth of the anaerobe. When ready for
ugse the agar plate is inoculated with B. pyocyaneus. The
other plate is spread with the anaerobe and inverted over
the agar plate so that the edges are in register. A broad
rubber band is then slipped over the junction of the two
dishes.
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REMOVAL OF OXYGEN BY MEANS OF PYROGALLIC
ACID AND CAUSTIC SODA

When pyrogallic acid and caustic soda are mixed together,
the mixture rapidly absorbs oxygen and becomes dark brown
in colour. Many types of apparatus have been devised for the
cultivation of anaerobes on plates, in which this method is
used for absorbing oxygen. They are, however, inconvenient,
and are not specially recommended.

I'or media in ordinary test-tubes, Bucuxer's METHOD is
applicable. The test-tube containing the medium is placed
in a Buchner’s tube, a stout-walled tube 8} x1 in., with the
lower end constricted so that the test-tube placed therein
does not reach to the bottom of the tube, 'The tube is furnished
with a well-fitting rubber bung. Some solid pyrogallic acid is
placed in the bottom of the tube, strong caustic soda is added,
the inoculated tube is quickly introduced, and the rubber
bung immediately inserted. The oxvgen is rapidly absorbed
and fairly satisfactory anaerobic conditions are obtained.

McINTOSH AND FILDES’ JAR

This apparatus is casy to manipulate, and the
degree of anacrobiosis is casily observed by means of
a methylene-blue indicator inside the jar.

The principle of the apparatus is that spongy
palladium or spongy platinum acting as a catalytic
agent causes the slow combination of hydrogen and
oxygen to form water. The jar itself (8 X 5 in.) is
made of stout glass or of metal, and has a tlght-httmg
lid that can be clamped down. The lid is furnished
with two tubes and taps, so that hvdrogen may be intro-
duced into the jar. Suspended from the lid by means
of two wires, which are connected to terminals, is a
small glass or porcelain spool around which is the
spongy palladium. This spongy palladium is made by
immersing asbestos in a solution of palladium chloride
and allowing it to dry; on heatmg in the blowpipe,
the palladium is dcposltcd in a black amorphous
spongy layer on the asbestos. A fine coil of resistance
wire is wound round the palladinised asbestos and
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the ends are connected to the two wires supporting
the spool, so that an electric current can be passed
through and the spongy palladium heated. The spool
is surrounded by wire gauze, which, on the principle
of the Davy lamp, prevents an explosion of the
hydrogen and oxygen mixture. The amount of current
passed through the coil depends on the thickness of the
resistance wire and on the voltage of the electric
supply. The current passed by three carbon filament
lamps in parallel (two 16 c.p., and one 8 c.p.) is
suitable with the ordinary domestic supply.

Petri dishes or tubes are placed inside the jar, and
also an indicator to show that anaerobiosis is main-
tained. This consists of a mixture in a test-tube of
equal volumes of (a) N/10 NaOH 6 c.c., water to
100 c.c., (b) 3 c.c. § per cent. watery methylene blue,
water to 100 c.c., (c) glucose 6 grams, water to 100 c.c.,
and a small crystal of thymol; the mixture is boiled
until it becomes colourless, and is at once placed in the
jar. This indicator, when in the jar, should remain
colourless except for a slight tinge of blue at the top,
which slowly disappears during the passing of the
current.

The lid is clamped down and the jar connected to
a hydrogen supply. The current is turned on so that
the palladinised asbestos may be heated. The com-
bination of oxygen and hydrogen takes place quietly
in the jar. Water is formed, and more hydrogen enters
to take the place of the oxygen consumed. After
about twenty minutes all the oxygen is used up, and
the tap is then turned off and the hydrogen supply
disconnected. The jar is placed in the incubator, and
the indicator tube containing the methylene bluc
should remain colourless, showing that complete an-
aerobiosis is established.

In spite of the wirc gauze round the palladinised
asbestos, explosions sometimes occur, and it is advis-
able always to place the anaerobic jar, if made of
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glass, inside a box while the current is passing through
the spool. See also Appendix.

HYDROGEN SUPPLY

A hydrogen supply may be obtained from a Kipp’s apparatus
by the action of sulphuric acid on zinc. The gas must be
purified by passing through three wash-bottles: (1) containing
a 10 per cent. solution of lead acetate, to remove sulphuretted
hydrogen ; (2) containing a 10 per cent. solution of silver
nitrate, to absorb arseniuretted hydrogen; and (3) contain-
ing a mixture of pyrogallic acid and caustic soda, to remove
oxygen.

It is more convenient, however, to obtain hydrogen from
a cylinder containing the compressed gas. 'T'he commercial
hydrogen so obtained is suitable for use in the various an-
acrobic apparatus employed. The hydrogen cylinder cannot
be connected directly to the McIntosh and Fildes® jar, as the
pressure is too great. It should be fitted with a reducing valve
to deliver hydrogenat a constant pressure (e.g. 2-3 lbs. per square
inch) which can be predetermined or altered at will. The gas
is then passed through a small wash-bottle containing water in
order that its rate of flow may be observed and to detect when
no further hydrogen is drawn into the anaerobic jar—a state
which is reached when all the oxygen in the jar has combined
with hydrogen.

A very simple alternative method is to attach an ordinary
football bladder to the hydrogen eylinder. The gas is turned on
and the bladder inflated. The gas is then turned off, the tube
of the bladder closed by a screw clainp, and removed from the
cylinder. The inflated bladder is connected by its tube direct
to the anaerobic jar.

A considerable saving in both time and hydrogen is effected
if the bulk of the wir is removed from the jar, by evacuation
with a water-pump or other suitable means, before passing in
hydrogen.

Anaerobiosis in a closed jar may be secured by generating
hydrogen from chromium and sulpluric acid.® This is a con-
venient improvisation if other apparatus is not available. A
desiccator with a stopcock is used. The cultures are placed
in the desiccator along with a dish containing chromium metal
powder, to which is added 15 per cent. sulphuric acid. The
stopcock is left open while the vigorous evolution of hydrogen
continues, and then closed. The jar is placed in the incubator.

! Rosenthal, L., J. Bacteriol., 1037, 84, 817.
M
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CULTIVATION IN AN ATMOSPHERE WITH ADDED
CARBON DIOXIDE

It has been found that certain organisms will grow only
when carbon dioxide is added to the atmosphere surrounding
them, e.g. B. abortus, and that some grow better in such atmo-
spheres than in ordinary air, e.g. pneumococcus, etc.. It is
also recommended that the solid CCY media (p. 109) should
be incubated in an atmosphere of about 5 per cent. carbon
dioxide. A convenient method ! is to use tin containers, size
8 x 10 in., with press-down lids, and capacity of about 3} litres.?
(Any similar tin container which will accommodate Petri dishes
may be used.) The carbon dioxide is generated in the tin
itself from marble and hydrochloric acid. The cultures, either
in Petri dishes (enclosed in a simple wire basket) or in tubes,
are placed in the tin together with an open tube 8 <1 in.
containing 8 c.c. (excess) of 25 per cent. hydrochloric acid. A
marble chip of about 0-7 gram (weight need only be approxi-
mate) is dropped into the acid and the lid pressed down. The
slight increased pressure of the carbon dioxide is of no con-
sequence. If the cultures are carefully removed and fresh ones
added immediately there is no need to renew the marble and acid.

In using such closed containers there is a tendency for
moisture to collect on the lid of the Petri dish. The same
occurs in anaerobic jars (vide supra). It is recommended,
therefore, before incubating to place in the lid of the dish a
square piece of filter or blotting paper of such a size that it
is just held in position by its four corners, e.g. for the usual
4 in. place a 3-in. square. The paper should not fill the top
of the dish as it would, when wet, act as a seal and prevent
the access of carbon dioxide to the inside of the dish.

For larger proportions of carbon dioxide an anaerobic jar
may be used. Air is withdrawn by means of a filter pump
and replaced by carbon dioxide from a Kipp’s apparatus or
cylinder, as described above for hydrogen.

OXIDATION-REDUCTION POTENTIALS

Sour milk, bacterial cultures, etc., decolorise methylene blue
owing to the development of reducing conditions during
bacterial growth. In order to follow up qualitative observa-
tions of these reducing effects a quantitative measure for
evaluating oxidation-reduction conditions is required, and

1 See Gladstone and Fildes, footnote, p. 107.
* Obtainable from A. Gallenkamp and Co., Ltd., London.
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oxidation-reduction potentials ¢nable this to be done. The
principle of the method depends on the fact that when an
* unattackable ”’ electrode is immersed in a solution, an
electrical potential difference is set up between the electrode
and the solution, and the magnitude of this potential depends
on the state of oxidation or reduction of the solution. This
electrode potential (or, more shortly k,) can be measured in
millivolts and the more oxidised a system, the higher (or
more positive) is the potential ; in more reduced systems the
potential is lower (or more negative). By measuring the
electrode potential it is possible to determine and follow the
reducing conditions in cultures at ditferent periods and to
grade different systems in order according to their state of
oxidation or reduction. It should be borne in mind that
measurements of the electrode potential of a system, e.g. of
a bacterial culture, indicate the oxidation-reduction intensity
of the system itself, and not its capacity to oxidise or reduce
some other component or system.

The electrode potential of a bacterial culture may be
measured accurately by electrical methods, but an approximate
idea of the state of reduction may sometimes be obtained by
adding various special dyes (oxidation-reduction indicators)
and observing by the colour changes how much they are
reduced. Such changes are in intensity of colour. not changes
from one colour to another, as is the case with the indicators
used for the measurement of pH. 1t is found that the state
of oxidation or reduction of any particular dyve depends on
the electrode potential, so that at any given pH value, if we
know the electrode potential of the solution, we can calculate
the degree of reduction of the dye. Conversely, and this is
more important practically, if the percentage reduction of
the dye has been observed colorimetrically the corresponding
electrode potential can be deduced. Different dyes are reduced
over different ranges of potential ; for instance, methylene
blue at pH 7 is 95 per cent. in the oxidised condition at E, + 50
mv,, and 99 per cent. reduced at I, — 50 mv., whilst neutral
red is still 87 per cent. oxidised at —300 mv., and 87 per cent.
reduced at —350 mv. Theoretically it should be possible by
§uitable choice of indicators to measure any range of E,, but
in practice experimental difficulties arise due to poising,!
catalytic effects and the toxicity of the dyes used towards
bacteria, etc.. Colorimetric E, determinations do not reach the
degree of accuracy and convenience attained in the case of
PH indicators.

! Corresponds to the buffering effect in pH estimation.



180 PRACTICAL BACTERI_ QLOG Y

A few examples will suffice to illustrate the n_esults obtained
when the electrode potentials of growing bacterial cultures are
measured. In a culture of B. diphtheriae it was found that
the initial Ey, of the medium, about +300 mv., fell gradua_lly
and reached —200 mv. after some forty-eight hours’ incubation
and the potential remained at this low level for some con-
siderable time. With haemolytic streptococci, on the other
hand, the potential fell from - 300 mv. to —150 mv. iﬁn twelve
hours but then rose fairly rapidly, probably owing to the
formation of hydrogen peroxide. In a glucose broth culture
of B. coli, in which gas formation occurred, the potential fell
extremely rapidly, reaching 370 mv. after about one hour’s
incubation. The behaviour of staphylococei is roughly similar
to that of B. diphtheriae, whilst pneumococci behave similarly
to haemolytic streptococeci.

Strict anaerobes are unable to proliferate in ordinary aerobic
culture media unless the Eyp, is lowered to some extent. This
lowering of the E), or establishment of reducing conditions
may be effected in a variety of ways, such as removal of oxygen
in an anaerobic jar or by means of a pyrogallol seal, or reduction
may be effected by adding a reducing substance such as
cysteine. It must not be assumed, however, that there is a
strict line of differentiation between acrobes and anaerobes.
Every grade of behaviour may be observed from the aerobic
organisms, such as M. lysodeikticus which proliferates actively
only when the oxygen supply is abundant, to the strict
anaerobes which appear to require absolute exclusion of air
at least in the initial stages of growth. Some organisms such
as B. coli which are well supplied with enzyme systems of
many kinds are able to multiply over a very wide range of
cultural conditions. Bound up with this question is that of
accessory growth substances which must be supplied to some
organisms whilst others are able to synthesise their own, but
this need not be discussed further here.

Oxidation-reduction potentials and oxidation-reduction in-
dicators are employed in the testing of sewage and sewage
effluents, in connection with cheese-making and the keeping
qualities of beer, in the determination of vitamin C, etc.. The
metabolic activities of bacteria and other cells and tissues and
the functioning of enzymes are followed by observing the reduc-
tion of methylene blue in Thunberg tubes. A commonly used
application of this technique is in the grading of milk and
testing the quality and keeping powers of milk samples. The
milk samples are incubated under standard conditions with
methylene blue and the time of reduction is noted. Heavil
contaminated milks show a rapid decolorisation, whilst wit.i
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good quality milk there is a long lag period and reduction is
slow (vide p. 808).

For full details of this important subject the following mono-
graph should be consulted: Owidation-Reduction Potentials in
Bacteriology and Biochemistry, by L. F. Hewitt, 4th edition,
1987 ; published by the London County Council; obtainable
from King & Son, London.

PRESERVATION OF CULTURES BY DRYING
IN VACUO

When cultures are dried rapidly in vacuo they may retain
their viability for many years and this is a convenient means
of keeping stock strains of many organisms. For example,
pneumococci and streptococci grown in blood-broth may be
preserved in this way. A simple method is to dry the culture
in a desiccator over calcium chloride or phosphorus pentoxide,
as described for the preservation of complement on p. 267.
Three drops of well-grown culture in fluid medium are placed
in a wide-necked 1 c.c. ampoule and treated in the same way
as the complement-containing serum. In our experience cul-
tures of streptococci will survive for two ycars by this method.

A more elaborate method, which gives better results, requires
the use of an exhaust pump giving a high degree of vacuum,
while the water vapour given off during the drying of the culture
is trapped by freezing with solid carbon dioxide (‘* Drikold »
or * Dry Ice ). The apparatus? consists of a wide-bore glass
tube, about 25 mun. external diameter, sealed at one end and
with several lateral tubes 12 am. external diameter. These
Interal tubes are fitted with rubber pressure-tubing and strong
screw clamps, to which the tubes of material to be dried are
attached. To the end of the wide tube is fitted by means of
a ground glass joint (or preferably flexible metal tubing) a
tube of similar width having two side-arms connected to glass
vessels of about 250 c.c. capacity which can be cooled by
immersion in solid carbon dioxide dissolved in acetone and
contained in conveniently sized commercial vacuum flasks.
This tube is connected to a Iyvac pump suitably protected
from moisture by tubes of phosphorus pentoxide or calcium
chloride and the apparatus is exhausted. The cultures are
dried in Pyrex glass tubes which are sealed in situ while still
exhausted. These are prepared as follows : a piece of 9 mm.
Pyrex tubing, 14 mm. long, has a small bulb blown at one
end and a slight constriction made (for ease of sealing) 7 mm.

! Obtainable from J. C. Cowlishaw, University Works,
42 Bridge Street, Manchester.
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from the other end, the tube thus forming an ampoule; it is
plugged with cotton-wool and sterilised in the hot-air oven.
Three drops of culture are added and the tube is then attached
to one of the lateral arms of the apparatus. Similar tubes
with cultures added are connected to the other lateral arms.
The pump is started and the apparatus exhausted until a
sufficiently high degree of vacuum is obtained. The cultures
immediately froth and dry almost at once. Then they are
left for about ten minutes. The screw clamps are closed and
each tube containing culture is sealed in siti while still under
vacuum by means of a small flame from a blowpipe. After
sealing, each tube of dried culture is tested for vacuum (to
ensure that there are no leaks) by means of a high-frequency
vacuum tester connected to the A.C. mains. If a satisfactory
vacuum is present a bluish-violet fluorescence is seen in the
tube. As the apparatus takes some time to exhaust thoroughly
and the solid carbon dioxide has to be obtained usually direct
from the makers on each occasion, it is convenient to deal
with a number of cultures simultaneously and the apparatus
described is adapted for this purpose. See also Appendix
Rayner’s method.

BLOOD CULTURE

In most bacterial infections of the blood in the
human subject the organisms are not numerous and
it is essential for their demonstration in cultures that
a relatively large amount of blood, e.g. 5-10 c.c.,
should be used as the inoculum. When such quantity
of blood is added to a culture medium, its natural
bactericidal or bacteriostatic action may readily inter-
fere with growth and it is therefore essential that this
effect should be annulled by diluting the blood with
medium. Alternatively, the antibacterial effect may
be prevented by some substance incorporated in the
medium, e.g. trypsin. While it is not necessary that
the blood should remain unclotted in the medium,
some workers prefer to add sodium citrate, am-
monium oxalate or other anticoagulant.

Regquisites :
(1) A 10 c.c. Record syringe or an *“ all-glass **
syringe (with a firmly fitting needle) sterilised by
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boiling in water for fifteen minutes ; the syringe must
not come into contact with any antiseptic; it should
not be removed from the steriliser until it is immedi-
ately required, and the parts should be taken out of
the steriliser and fitted together with the aid of forceps
so that the needle, nozzle and piston are not touched
by the fingers. Alternatively the syringe, if “all-
glass,” may be sterilised beforehand in the hot-air
oven as described on p. 282, but this procedure is not
recommended for the Record type, as the cement or
solder is apt to melt.

(2) Gauze or cotton-wool, bandage, antiseptic (e.g.
4 per cent. iodine in spirit), methylated spirit, collodion,
dissecting forceps, Bunsen burner or spirit lamp.

(8) 100 c.c. sterile digest broth (e.g. Hartley’s, p. 101)
in a stoppered flask, or preferably a special blood-
culture bottle, deseribed later.  (0-2 per cent. sodium
citrate or 1-0 per cent. ammonium oxalate may be
incorporated in the medium.)

The blood is drawn by vem puncture. The skin of
the patient’s arm at the bend of the elbow is thoroughly
sterilised by first washing with soap and water, then
applying spirit and finally treating with the iodine
solution. This is particularly necessary to obviate
contamination of the culture with skin organisms —e.g.
Staphylococcus albus. Several turns of a bandage are
applied round the upper arm about the middle of the
biceps to render the veins turgid, or a piece of rubber
tubing firmly, but not too tightly, wound once round
the arm and clipped with pressure forceps provides a
convenient and easily relcased tourniquet for the pur-
pose. The turgescence of the veins can be increased
by the patient’s alternatcly opening and clenching the
hand. The necedle of the syringe is inserted into a
prominent vein and 5-10 c.c. of blood are drawn into
the syringe. The tourniquet is then released. The
needle is now withdrawn from the vein and detached
from the syringe by means of forceps so that the nozzle
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is not touched by the fingers. The flask of broth is
unstoppered and the mouth of the flask flamed. The
blood is added to the broth and the flask re-stoppered.
The blood and broth are thoroughly mixed by rotation
of the flask. These operations are all done at the
bedside. A spirit lamp may be used for flaming. The
flask is incubated at 87° C..

The patient should raise the arm after blood has been
withdrawn and firm pressure should be applied to the
site of the puncture to obviate hacmatoma formation.

The syringe and ncedle should be washed out at
once with cold water. The puncture wound is dressed
with gauze or cotton-wool, and collodion.

When the flask has to be transported some distance
to the laboratory it is advisable to stopper it with a
rubber bung which has been sterilised by boiling. and
inserted into the flask with flamed forceps.

In suspected cases of enteric fever, instead of broth
as the culture medium, sterilised ox bile or 0-5 per
cent. sodium taurocholate broth may be used. 5 c.c.
of blood are added to 10 c.c. of bile or to 50 c.c. of
taurocholate solution.

It has been pointed out by Penfold, Goldman and Fairbrother
(Lancet, 1940, i, 65) that to obtain the best general results a
range of media should be used. A medium containing saponin
is of special value in isolating Streptococcus viridans ; broth
containing glucose and trypsin serves well for staphylococei.
Cooked meat medium (p. 154) is applicable for cultivating
anaerobes and microaerophilie organisms from blood.

Saponin broth.—Broth with 0-2 per cent. sodium citrate and
0-1 _per cent. white saponin (B.D.I1.), the medium being
sterilised by intermittent steaming. Blood is added in the
proportion of 1 to 5 of the medium.

Glucose trypsin broth.—Broth with 1 per cent. glucose, and
1 part of filtered Liquor trypsini (Allen & Hanbury) to 10 parts
of the medium.

See Appendix—addition of p-aminobenzoic acid to media.

Blood-culture Bottle.—Instead of using a flask of broth with
a cotton-wool or rubber stopper, as described above, the
following container is much more simple and convenient,
especially when the patient is some distance from the laboratory.
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It consists of a 6 oz. bottle, with a screw-cap, as used for
storing nutrient agar, etc., in 100 c.c. amounts (see p. 97).
A hole is punched out of the cap and the rubber washer re-
inserted. In order to protect the surface of the cap and the
exposed portion of the rubber washer from contamination
before use, the cap and neck of the bottle are covered by a
“viskap ”’,*such as is used for perfume bottles. Thisis a cellulose
preparation which is slipped on moist and allowed to dry. In
so doing the viskap shrinks, moulding itself tightly to the cap
and neck of the bottle. A metal slitter may be fitted under
the viskap to facilitate its removal.

The apparatus is fitted up as follows :—

The bottles are supplied in a carton already washed, cleaned
and capped, so that no further preparation is required. The
rubber washer is removed, a % in. hole punched out of the
centre of the cap by means of a hollow punch, and the rubber
washer re-inserted.

The medium in the bottle is a matter of choice, and the
following range is useful. The different types are recognised
by the colour of the viskap and the glass bead in the bottle.
(1) Plain broth, white cap and bead; (2) broth+0-1 per cent.
glucose, green cap and bead ; (3) broth +0-2 per cent. sodium
citrate, purple cap and bead; (4) broth+0-5 per cent. bile
salt, yellow cap and bead. The size of the viskap is No. 2
semi-opaque cut 1§ in. The top of the viskap is coloured with
cellulose paint, e.g. ** Luc.”” The bead is to identify the medium
on its return to the laboratory.

100 c.c. of the medium are placed in the bottle, the appropri-
ately coloured bead added, and the perforated cap with rubber
washer firmly screwed on. The bottle is now sterilised in the
autoclave for fifteen minutes at 5 lbs, pressure. When the
bottle is cool a metal wire slitter (sterilised in alcohol) may be
bent into position over the cap and the viskap is at once slipped
on. The viskaps dry in a few hours and mould themselves to the
cap and neck of the bottle. The broth can be stored without
deterioration. For streptococci or pneumococei the glucose
broth will be found the most useful. The bile-salt broth is
intended for cases of suspected enteric fever.

For use, the bottle is taken to the bedside of the patient.
Just before the vein is punctured the viskap is removed by
pulling up the end of the slitter. Blood (5-10 c.c.) is now with-
drawn from the vein, with the usual precautions, and immediately
afterwards the needle is passed through the rubber washer

1 Made by the Viscose Development Co., Ltd., Woldham Road,
Bromley, Kent.
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and the blood is expelled into the medium. The needle is
withdrawn and the puncture in the washer seals itself. The
bottle is shaken to mix blood and broth, and sent to the
laboratory for incubation. Tt is advisable to wipe the exposed
portion of the washer with a little antiseptic (e.g. spirit), in
order to remove any infective material at the site of the
puncture.

When the culture is to be examined, after incubation, the
screw-cap is removed in the ordinary way.

In order to economise medium and facilitate storage and
transport, 2 oz. medical flat bottles with 35 c.c. broth may be
used instead of the larger quantity. It is found that two
varieties, glucose-broth and bile-salt-broth, as described above,
fulfil most needs. Instead of beads for identification, a small
dab of coloured paint (green for glucose, yellow for bile salt)
is placed on the bottom of the bottle. In place of a viskap
a piece of coloured cellulose tape (green or yellow) } in. wide
stretched from one side of the neck of the bottle over the
perforated cap to the other side is equally effective. The tape
itself has a definite antiseptic action, so that it is only necessary
to remove the tape before passing the needle through the
rubber washer. The tape should be replaced before the bottle
is returned to the laboratory. 5 c.c. of blood is a convenient
amount to add.

“Clot” Culture.—When blood samples from suspected enteric
fever have been submitted for the Widal test (vide p. 249) it is
useful as a routine to cultivate the clot after the serum has
been removed. If blood is taken in the early stages of the
disease the Widal reaction may be negative, but blood culture
will probably be positive. Moreover, enteric bacilli may be
present in the blood stream at any time throughout the illness
and isolation of the causative organism is the most satisfactory
form of diagnosis.

If it is known that the blood has been withdrawn with strict
aseptic precautions, the clot may be placed in a wide tube
(8 x1 in.) half filled with broth, or in a wide-mouth screw-
capped bottle (6 oz. honey pot) containing 80 c.c. of broth.
Where, however, there is any doubt as to the presence of con-
taminating organisms, and this is always a possibility when
specimens of blood are sent to the laboratory from a distance,
the clot should be transferred directly tu a tube of sterile ox
bile. After incubation overnight the bile culture is examined
for enteric organisms in the usual manner.

After incubation for eightcen to twenty-four hours,
films are made from the blood-broth mixture and
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stained by Gram’s method. If organisms are noted,
sub-inoculations are made on a plate of agar or other
suitable medium by the successive stroke method
(vide p. 167). The subcultures are incubated and the
organisms developing are identified as far as possible by
their microscopic characters and colony appearances.
If further investigations are required for accurate
identification, single colonies arc *‘ picked off ”” on to
slopes and the resulting cultures are studied.

Where an infection with the enteric group is sus-
pected, it is convenient to plate directly from the
blood culture on MacConkey’s medium to obtain
the characteristic colonies on this medium.

Even when no organisms can be detected in films
from the primary blood culture, it is advisable to
make sub-inoculations, as scanty organisms may not
be observed, but still develop colonies in subculture.

If no result is obtained after twenty-four hours’
incubation, the blood-broth should be incubated
continuously for at least four days, films and sub-
inoculations being made cach day.

A convenient instrument for drawing aseptically a blood
sample from a vein is the so-called Behring Venule! 1t
also serves as a container for transmitting the sample to the
laboratory, and provides medical practitioners with a simple
means of carrying out the clinical technique of blood culture.
It consists of an evacuated receiving-tube closed by a hollow
rubber stopper, und a needle attached to a narrow glass
connecting-tube which passes through the stopper and is kept
closed by a simple valve arrangement (see diagrams, p. 188).
The needle is enclosed in a sealed extension of the connecting-
tube. Both the needle and interior of the receiving-tube are
sterile. The needle is exposed by breaking off the covering tube
and is inserted into a vein ; the valve is then opened by bending
the ““knee” formed by the receiving and the connecting
tubes. Blood is automatically drawn into the receiving-tube
and thereafter the valve is allowed to close. In addition to
the * venule ” for collecting ordinary blood samples, special

! These instruments can be obtained from Bayer Products
Ltd., London
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“ venules * are obtainable—e.g. containing broth for blood cul-

ture, bile for blood culture in enteric fever, glass heads to de-
fibrinate the blood, citrate solution to obviate coagulation, etc..

™" = Br_f:—-f’f""f"

Venule before use.

C IS

Sectional view—-ready for uso.

Sectional view—valve opened m use.
Reproduced by permission of Bayer I'roducts Itd , London

THE AGAR-BLOCK METHOD OF ORSKOV FOR
STUDYING THE MORPHOLOGY OF GROWING
BACTERIAL CULTURES

This method has been applied by Orskov! and others for
the morphological study of Actinomyces and it allows the
maintenance of living cultures under continuous observation.

Cubes of suitable size are cut out of an agar plate by means
of a sterilised knife. These cubes should not exceed 3-4 mm.
in thickness. They are transferred with the knife to a sterilised
microscopic slide. The agar is now inoculated with the organ-
ism by a fine stroke. With first a low-power objective the
stroke can be defined and then with a higher power an area
can be found where the bacteria lie suitably scattered. With
a suitable lamp and objective and closing down of the dia-
phragm young bacteria appear as strongly refractile and well-
defined bodies. The area is then registered by means of the
vernier scales on the mechanical stage. The slide is removed
and placed in a Petri dish with a piece of moist filter paper
in the bottom and the dish is incubated at a suitable tem-
perature. The selected area is then examined at intervals and
the changing features observed. In this way the development
of individual bacteria can be studied and also that of colonies
at each stage. (A microscope incubator, heated by electricity,

1 Orskov, J., Investigations into the Morphology of the Ra
Fungi, 1928, Copenhagen. orphology of Y
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by means of which a colony can be observed microscopically
throughout its period of growth is also very convenient for
these and similar studies.)

DISPOSAL OF CULTURES

Cultures to be discarded should be killed by heat or
antiseptics before the container is cleaned for re-use.

In the case of non-sporing organisms, it is sufficient
to remove the cotton-wool plugs, and immerse the
tubes and plugs in a large basin of 8 per cent. lysol
or cresol.

When screw-capped bottles are used the cap is
completely unscrewed, and both it and the bottle
placed in the lysol solution.

Cultures of the tubercle bacillus and sporing organisms,
such as B. tetani, B. anthracis, ete., should be sterilised
by autoclaving.

PERSONAL PRECAUTIONS IN BACTERIO-
LOGICAL LABORATORY WORK

It is essential to wear an overall while at work. If
any material containing pathogenic organisms drops
on the bench, floor, clothes, apparatus, etc., it should
be sterilised at once with 3 per cent. lysol or
1:1000 perchloride of mercury solution. If the hands
become contaminated they should be sterilised in a
basin of dilute lysol or perchloride of mercury solution,
and workers should make it a rule always to sterilise
and wash the hands after completing any bacterio-
logical work.

It must be emphasised that in the laboratory labels
must never be licked. There is always a grave risk of
infection by this habit. Labels should be moistened
either by a drop of water on the finger or by a pledget
of wet cotton-wool.

Precautions to be taken in carrying out special
methods are referred to later.



CHAPTER VI
STAINING METHODS

As bacteria consist of clear protoplasmic matter,
differing but slightly in refractive index from the
medium in which they are grown, it is difficult, cxcept
by special methods of illumination, to see them in the
unstained condition.

Staining, therefore, is of importance, not only for
the recognition of bacteria, but also in virtue of the
fact that by special methods certain organisms, such
as tubercle and diphtheria bacilli, may be differentiated
microscopically from others.

Bacterial protoplasm reacts to stains in a manner
somewhat similar to the nuclear material of tissue
cells, and therefore the various basic dyes are the
commonest stains cmployed. The action of these
stains may be intensified by the use of mordants such
as phenol or weak alkalis, by the application of heat,
or by prolonging the time of staining. Some organ-
isms have a greater affinity for dyes than others, so
that when stained and then treated with a decolor-
ising agent they still retain the stain while others lose
it. By such means it is often possible to differentiate
species of bacteria in a mixture.

METHODS OF MAKING FILM OR SMEAR
PREPARATIONS

Before describing the various staining processes,
details of the methods employed in making films
must be considered.

Film preparations are made either on cover-slips or

190
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on the ordinary 3 X1 in. glass slides, usually the latter’
It is essential that the cover-slips or slides should be
perfectly clean and free from grease, otherwise uneven
films will result.

Cover-slips.—These should be # or } in. square, and
of No. 1 thickness. (Thicker cover-slips—No. 2—
may prevent the oil-immersion objective from coming
near enough for the specimen to be focussed.) They
are cleaned by placing them in a mixture of nitric
acid, 6 parts ; potassium bichromate, 6 parts ; water,
100 parts. They should be dropped one by one into
the fluid. The solution is contained in an evaporating
dish and boiled. The cover-slips are then well washed,
first in tap water and then in distilled water, and
stored in a stoppered jar in 50 per cent. spirit.  Bcefore
use they are dried with a soft clean cloth, such as an
old handkerchief. '

Slides.— These may he treated in a manner similar to
cover-slips. A quicker and quite satisfactory method
for ordinary routine use is to moisten the finger with
water, rub it on the surface of some fine sand soap such
as ' Bon ami,” and then smear the surface of the slide.
After removing the soapy film with a clean cloth the
surface is elean and free from grease.  If the slide is
perfectly clean a drop of water can be spread over its
surface in a thin even film ; otherwise the water collects
into small drops and a film cannot be made.

After the films have been made and examined
the slides should be discarded. They should not be
cleaned and used again.!

! In war time, difficulties of supply may necessitate slides
being re-used. They should be boiled for ten minutes in 5 per
cent. soft soap solution, and then both sides cleaned with *“ Bon
ami” or similar soap. It is cssential to remove the film of
bacteria in this way, otherwise when the slide is used again,
the organisms will re-stain and cause erroneous conclusions.
We have seen serious errors in diagnosis following the re-use
of slides not properly cleaned. It is for this reason that we
have recommended above that used slides should be discarded.
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In the case of fluid materials, such as broth cultures,
urine, sputum, pus, etc., one loopful (or more) is taken
up with the inoculating wire and is spread thinly over
the slide. A little experience will soon determine the
amount required, and in spreading the films it will
be found that there are both thick and thin portions,
which is not disadvantageous. The slide is then held
in the palm of the hand high over a Bunsen flame and
dried. The film is fixed either by passing the slide
three times slowly through the flame, or by heating
through the glass slide. In the latter method the
slide is held, film upwards, in the top of the Bunsen
flame for a few seconds so that the slide becomes hot.
Care must be taken not to char the film, and when
the slide is just too hot to be borne on the back of
the hand, fixation is complete.

In making films on cover-slips and staining them,
Cornet’s forceps is used to hold the slip in a horizontal
position, the forceps resting on the bench.

Films on cover-slips require a minimum of time for
fixing owing to the thinness of the glass.

With solid material, such as cultures on agar, cte.,
it is necessary to place a loopful of clean water on the
slide. The loop is then sterilised and a minute quantity
of material, obtained by just touching the growth, is
transferred to the drop, thoroughly emulsified, and
the mixture is spread evenly on the slide. The result-
ing film is fixed and dried as above. Beginners are
very apt to take more malterial than necessary from
the culture and thus make too thick films.

STAINING

The method of staining varies with the nature of
the preparation (film or section).

FILMS
The stains are poured directly or filtered on to the
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slide. When staining is completed, the dye is washed
off with water, and the slide is allowed to dry in the
vertical position or is placed between two sheets of
white fluffless blotting-paper or filter paper. The
drying of the film is completed over the Bunsen flame.
Such stained films may be mounted in Canada balsam
under a cover-slip, or may be examined unmounted
with the oil-immersion lens, a small drop of cedar-
wood oil being placed directly on the film. If it is
desired to mount the preparation later, the oil can
be removed with xylol.?

TISSUE SECTIONS

The sections being embedded in paraffin (vide p. 280),
it is necessary to remove the paraflin so that a watery
stain may penctrate. The paraffin is first removed
with xylol,! the xylol removed with aleohol,? and the
alcohol replaced by water. The staining process is
then proceeded with. After staining, the section must
be dehydrated with absolute aleohol, then cleared in
xylol and finally mounted in Canada balsam under
a cover-slip. The Canada balsam (which is a resin)
is dissolved in xylol in order to render it of suitable
consistence.

Technique.—The slide bearing the paraffin section
is placed in a jar of xylol for some minutes to re-
move the paraffin. The section is then treated with
a few drops of 95 per cent. alcohol, when it immedi-

! Benzol may be substituted for xylol.

* Industrial methylated spirit (not mineralised) may be used
for making up stains, decolorising, dehydration of tissues and
treatment of sections instead of rectified spirit. The type
known as * Toilet spirit, acetone free (66 O.P.),” iz quite
satisfactory. Similarly, industrial methylated spirit, absolute,
74 O.P. can be used instead of absolute alcohol for staining,
dehydration and histological technique. Not only are these
industrial spirits much cheaper than rectified spirit and
absolute alcohol, but permits for obtaining them duty-free are

more readily granted by the Customs Authorities.
N
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ately bccomes opaque. A few drops of 50 per cent.
spirit are poured on, and the slide is finally washed
gently in water. If thc tissue has been fixed in
any mercuric chloride preparation, such as Zenker’s
ftuid, the section should be treated with Gram’s
iodine solution for a few minutes (vide p. 200), then
with spirit and finally water. The scctions are now
ready to be stained. After staining and washing
with water, the slide is wiped all round the section
with a clean duster to remove excess of water. The
bulk of the water in the section may be removed
by pressing between fluffless blotting-paper. The
section is immediately treated with a few drops of
spirit, then absolute alcohol. The slide is again wiped
all round the section, a few more drops of absolute
alcohol are pourcd on, and the slide is then immersed
in xylol. When cleared, the slide is removed, and
excess of xylol round the section is wiped away,
a drop of Canada balsam is applicd and the section
mounted under a No. 1 cover-slip. It is essential
that the section should not be allowed to dry at any
period of the process, and that dchydration with
absolute alcohol should be complete in order that the
section may be thoroughly cleared.

When the bacteria are readily decolorised by alcohol, aniline-
xylol (aniline, 2 parts; xylol, 1 part) should be used for
dehydration. After washing, when the slide has been wiped
round the section, the preparation is blotted and then treated
with the aniline-xylol mixture, which clears as well as de-
hydrates. The aniline-xylol is then replaced by xylol. This
can be done conveniently by holding the slide almost vertically
and dropping xylol from a drop bottle on to the slide just
above the section. The xylol flows over the section and quickly
removes the aniline. The preparation is mounted immediately
in Canada balsam.

D.P.X. MOUNTING MEDIUM

A new mounting medium which replaces Canada balsam has
been devised by Kirkpatrick and Lendrum.! It consists of

" 1J. Path. Bact., 1980, 49, 502; 1941, 53, 441.
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polystyrene (a synthetic resin) dissolved in xylol, with a
plasticiser —dibutyl phthalate —to prevent shrinking and
ensure flexibility. The mountant termed D.P.X. is made up
as follows :—

Mix dibutyl phthalate (B.D.11.) . . . S5ce. g
with pure xylol . . . . . 35c.c
and dissolve ** Distrene 80 . . 10 grams

D.P.X. medium is water-clear, inert and does not become acid
or cause fading of stained preparations. 1t is used in the
same way as Canada balsam. Krom experience we can recom-
mend this mounting medium in place of Canada balsam.

SIMPLE STAINS

These show not only the presence of organisms, but
also the nature of the cellular content in exudates.

METHYLENE BLUE

Of the many preparations of this dye, Loffler’s
methylene blue is perhaps the most useful :

Saturated solution of methylene blue in alcohol 30 c.c.
Solution of caustic potash in water (1 : 10,000) 100 c.c.

(This caustic potash solution is made by adding 1 c.c. of a
1 per cent. solution to 89 c.c. of water.)

Films—Stain for three minutes, then wash with
water. This preparation does not readily over-stain.

Sections.—Stain for five minutes or longer. The
application of the alcohol during dehydration is
sufficient for differentiation. Aniline-xylol can also
be used for dehydration and clearing.

POLYCHROME METHYLENE BLUE

This is made by allowing Loffler’s methylene blue
to *“ripen” slowly. The stain is kept in bottles,
which are half filled and shaken at intervals to aerate

! Obtainable from Messrs. Honeywill & Stein, Ltd., 21
St. James’s Square, London, S.W.1.
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thoroughly the contents. The slow oxidation of .the
methylene blue forms a violet compound which gives
the stain its polychrome properties. The ripening
takes twelve months or more to complete. The
preparation is used in a manner similar to Loffler’s
methylene blue; it is employed in McFadyean’s
reaction (vide p. 415).

’ CARBOL THIONIN
Stock Solution :

Thionin . . . . . . 1 gram

Phenol 1: 40 watery solution . . 100 c.c.
For Use :

Stock solution . . . . 1 part

Distilled water . 3 parts

(Filter before use.)
This stain is useful for demonstrating in tissues
g

such organisms as typhoid and glanders bacilli.

(1) Stain sections, five to ten minutes.

(2) Wash well with water.

(3) Differentiate in a bowl of water to which a few drops of
acetic acid have been added.

(4) Wash well with water.

(5) Blot, dehydrate with absolute alcohol, clear in xylol and
mount in Canada balsam.

DILUTE CARBOL FUCHSIN
Made by diluting Zichl-Neelsen’s stain (p. 204) with
ten to fifteen times its volume of water. Stain for
ten to twenty-five seconds and wash well with water.
Over-staining must be avoided, as this is an intense
stain, and prolonged application colours the cell
protoplasm in addition to nuclei and bactcria.

NEGATIVE STAINING

‘“ Negative Staining” is exemplified by Burri's India ink
method which was formerly used for the spirochaete of syphilis.
A small quantity of India ink is mixed on a slide with the
culture or other material containing bacteria, and then by
means of another slide or loop a thin film is made, allowed to
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dry, and examined. The bacteria or spirochaetes are seen as
clear transparent objects on a dark-brown background.

FLEMING’S NI1GROSIN METHOD

A 10 per cent. solution of nigrosin (Gurr) is made in warm
distilled water (solution is effected in about an hour) and
filtered. Formalin 0-5 per cent. is added as a preservative.
This keeps indefinitely. A small drop of the dye is placed on
a slide, bacteria are mixed with it and a smear is made either
with the loop or with another slide. (A number of preparations
can be made on the same slide.) Alternatively a film of
bacteria is made on a slide in the ordinary manner and fixed
by heat. A drop of nigrosin is placed at one edge of the slide
and spread by means of another slide over the bacterial film.
Dry and examine. If mounted in Canada balsam under a
cover-slip, the preparation is permanent.

Nigrosin gives an absolutely homogeneous background and
this is the simplest method of making a preliminary examination
of a culture to show shape, size and arrangement of bacteria.

Most bacteria stand out as clear objects on a dark field, but
some bacilli, such as those of the coliform and haemophilic
groups, show in their central portion a slightly dark patch
somewhat resembling a nucleus. This is due to the fact that
in drying they develop a shallow depression in which some of
the nigrosin lies.

The method is of value in the preliminary examination of
the spore-bearing anaerobes. In these the spores are larger
than the bacilli, so that when the nigrosin film is slightly
thicker than usual the spores stand out as clear bright spaces
while the bacillary bodies are slightly overlaid with the nigrosin.
(See also p. 209.)

The use of nigrosin in demonstrating capsules is given on
p. 210.

GRAM’S STAINING METHOD

This is one of the most important methods in bacteri-
ology, and must be employed for the diagnostic
identification of certain organisms, such as the
gonococcus.

The principle of the method is as follows :—certain
bacteria when treated with one of the para-rosaniline
dyes such as methyl-violet or gentian-violet, and
then with iodine, ** fix ”* the stain so that subse-
quent treatment with a decolorising agent—e.g. alcohol,
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or aniline—does not remove the colour. Other
organisms, however, are decolorised by this process
(vide p. 208). If a mixture of various organisms be
thus stained and subjected to the decolorising agent,
it will be found that some spccies retw
and these are termed ‘ Gram-positive,” whereas
others are completely decolorised and are designated
“ Gram-negative.” In order to render the decolorised
organisms visible, and to distinguish them from
those retaining the colour, a contrast or counter-
stain is then applied. This contrast stain is usually
red, in order that the Gram-negative organisms
may easily be differentiated from the Gram-positive
organisms, which retain the original violet stain.
Gram’s method can be carried out only with the basic
para-rosaniline dyes—e.g. methyl-violet, crystal-violet,
gentian-violet (which is a mixture of the two preceding
dyes) and victoria blue. Methyvl-violet and gentian-
violet are the usual stains employed, but crystal-violet
is a purer stain and can be used to advantage instead
of the former. The iodine solution should not be kept
too long, but used shortly after being made.!

WEIGERT’S MODIFICATION

Solutions employed—
(1) Carbol Gentian-violet ! :
Saturated alcoholic solution of gentian-

violet . . . . . . 1part
5 per cent, solution of phenol in distilled
water . . . . . . 10 parts
(This mixture should be made up each day, as it tends to
precipitate)
(2) Gram’s Iodine *:
Todine . . . . . . 1gram
Potassium iodide . . . . 2 grams
Distilled water . . . . . 800 c.c.

! Alternatively 0-5 per cent. solution of crystal-violet or
methyl-violet 6 B. in distilled water may be used. This keeps
well and is preferable to the original formula given above.

* See footnote on p. 200,
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(8) Aniline-xylol :
Aniline . . . . . . 2 parts
Xylol . . . . 1 part
(4) Dilute Carbol Fuchsin :
Ziehl-Neelsen’s carbol fuchsin (p. 204) . 1 part
Distilled water . . . . . 9 parts

PROCEDURE

(a) Films.—The film is made, dried and fixed in
the usual manner.

(1) Stain with carbol gentian-violet (two to three
minutes).

(2) Pour off stain, replace with Gram’s iodine
solution, and allow to act for one minute.

(8) Dry thoroughly by blotting.

(4) Decolorise with aniline-xylol, using several
changes until the stain ceases to be removed.

Breathing on the slide after the first application of
aniline hastens decolorisation.

Now examine at this stage under the low power of
the microscope ; the nuclei of the pus cells should be
of a pale-violet colour ; if the nuclei are deeply stained,
then decolorisation is incomplete.

(5) Wash with several changes of xylol and dry.

(6) Counter-stain with dilute carbol fuchsin, ten to
twenty-five seconds. Wash with water and dry.

(b) Sections.—Counter-stain first with carmalum?
for ten minutes, and then proceed as above. After
(5), the sections will be cleared, and can at once he
mounted in Canada balsam.

JENSEN'S MODIFICATION

This modification can be recommended particularly to those
comiencing staining methods.

! Carmalum : carminic acid, 1 gram; potassium alum,
10 grams ; distilled water, 200 c.c. ; dissolve with gentle heat ;
filter and add formalin, 1 c.c., as preservative.
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Solutions required—
(a) Methyl-violet, 6 B.,! 0-5 per cent. solution in distilled
water.

(The solution should be made up in bulk and filtered. It keeps
indefinitely, and does not precipitate, but should be filtered
again before use.)

(b) Iodine Solution (Lugo]’q lodme)"

Iodine . . .1 gram
Potassium 1od1de . . . . 2grams
Distilled water . . . 100 c.c.

Note that the iodine solution is thru, tunes stronger than
the original Gram’s iodine.

(¢) Counter-stain.—Neutral Red Solution :

Neutral red . . 1 gram
1 per cent. acetic acld . . . 2 c.c.
Distilled water . . . . . 1000 c.c.

Film Preparations.—Smears are made, dried and fixed in
the usual way.

(1) Pour on methyl-violet solution and allow to act for
twenty to thirty seconds.

(2) Pour off excess of stain, and, holding the slide at an
angle downwards, pour on the iodine solution so that it washes
away the methyl-violet. Allow the iodine to act for a half to
one minute.

1 Crystal-violet in the same proportion is recommended as
an alternative.

! Jodine solution does not keep well and it is convenient,
especially where stains are distributed from a central source,
to have potassium iodide and iodine mixed ready for solution
when required. Potassium iodide tends to be hygroscopic and
must be dried, otherwise the mixture becomes sticky and
lumpy. Place the potassium jodide in a thin layer in a Petri
dish overnight in a desiccator over calcium chloride. Mix
two parts of potassium iodide by weight with one part of
iodine in a mortar. Weigh out at once amounts of 7-5 grams
and place them in 1 oz. screw-capped bottles (p. 97) and
screw down the caps. This is sufficient for 250 c.c. of
solution. The mixture keeps indefinitely and easily * pours ”
from the bottle. For use place the contents of one bottle
into an empty 10 oz. screw-capped bottle. Add about 50 c.c.
distilled water and agitate until the iodine is dissolved. Make
up to 250 c.c. with distilled water.
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(8) Wash off the iodine with spirit, and treat with fresh spirit
until colour ceases to come out of the preparation. This is
easily seen by holding the slide against a white background.

(4) Wash with water.

(5) Apply counter-stain for thirty to sixty seconds.

(6) Wash with water and dry between blotting-paper.

This method is very simple, and gives excellent results with
freedom from deposit.

Dilute carbol fuchsin (1:15) applied for twenty to thirty
seconds may be substituted with advantage as a counter-stain
for routine work, but for demonstrating the gonococcus and
other intracellular Gram-negative bacteria the ncutral-red
counter-stain should be used.

For the gonococcus and meningococcus in films, Sandiford’s
counter-stain is useful, particularly when the organisms are
scanty.

Malachite green . . . . . 0-05 gram
Pyronine . . . . . . 015 gram
Distilled water . . . . to 100 c.c.

(The stain keeps for about a month.) Apply the counter-stain
for two minutes, flood off with water (but do not wash) and
blot. Cells and nuclei stain bluish green. Gram-positive
organisms are purple-black and gonococci red.

KOPELOFF AND BEERMAN’S MODIFICATION !

The following method has been found useful for class work
and is recommended for beginners :-—

Films—

(1) Make a thin film, dry in the air and fix with the least
amount of heat necessary to kill the organisms.

(2) Flood slide with stain made up as follows :

Stain :
1 per cent. aqueous solution of methyl-
violet, 6 B. . . 30 parts
5 per cent. solution “of sodium bicar-
bonate . . 8 parts

Allow to remain on the shde for ﬁve minutes or more.
(The above solution is apt to precipitate within a few days ;
it acts quite well without the addition of the bicarbonate
solutlon and will keep indefinitely.)

! Kopeloft, N., and Beerman, P., Proc. Soc. Exp. Biology,
1922-1928, 20, 71.
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(8) Wash off excess of stain with iodine solution and allow
to act for two minutes.
Iodine Solution :

Iodine . . . . . . 2 grams
Normal solution of sodium hydroxide . 10 c.c.
Distilled water. . . . . 90c.c.

(4) Drain off the excess of iodine and add acetone (100
per cent.) drop by drop until no colour is seen in the washings.

(It should be noted that decolorisation is very rapid, requiring
ten seconds or less, and the time should be reduced to a
minimum,)

(5) Wash slide in water.

(6) Counter-stain for ten to thirty seconds with 0-05 per cent.
aqueous solution of basic fuchsin.

(7) Wash in water, blot and dry in the air.

Sections—

(1) Remove paraffin with benzol or xylol.

(2) Treat the section with spirit and wash in water.

(8) Flood with the stain and allow to act for five minutes.

(4) Wash off excess of stain with the iodine solution and
allow to act for two minutes.

(5) Decolorise with acetone (vide supra).

(6) Wash slide in water.

(7) Counter-stain for ten to thirty seconds.

(8) Wipe carefully around the section to remove as much
water as possible, dehydrate quickly in absolute alcohol, clear
in benzol or xylol and mount in Canada balsam.

If Gram’s method is properly carried out, Gram-
positive organisms and fibrin are stained dark violet
in colour. Gram-negative organisms, the nuclei and
protoplasm of pus cells and tissues cclls are stained
pink with the counter-stain.

To obviate errors from over-decolorising, & film of a known
Gram-positive organism (e.g. a pure culture of Staphylococcus
aureus) may be made at one side of the pus film. This ** control
spot ”* is stained along with the film. For the recognition of
Gram-negative organisms, such as gonococci or meningococei
in pus, the * control-spot '’ must retain the violet stain while the
nuclei of the pus cells are stained only with the counter-stain.
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REACTIONS OF CERTAIN ORGANISMS TO GRAM’S STAIN

Positive

Staphylococei

Streptococci

Pneumococcus

Micrococcus tetragenus

B. diphtheriae and group of
diphtheroid bacilli

Tubercle bacillus. (This re-
quires a special method, as
the organism is not usually
stained by the ordinary
Gram’s method)

Smegma bacillus

Leprosy bacillus

Actinomyces

B. anthracis

B. tetani

B. welchii

B. sporogenes

Vibrion septique

B. botulinus

Negative

Gonococcus

Meningococcus

Diplococcus catarrhalis

B. melitensis and B. abortus

Pneumobacillus  of  Fried-
ldinder

Koch-Weeks bacillus

Diplo-bacillus of Morax

B. proteus

B. pyocyaneus

B. mallei

The coli-typhoid group, B.
enteritidis of Gaertner and
allied organisms, and the
dysentery group of bacilli

Vibrios—e.g. V. cholerae

B. pestis

B. influenzae (Pfeiffer)

B. pertussis

B. fusiformis

Spirochaetes

Note.—The above table refers only to young cultures,
as degenerated organisms belonging to the Gram-positive

class may react negatively.

STAINING OF TUBERCLE AND OTHER ACID-
FAST BACILLI

ZIEHL-NEELSEN METHOD

The tuberele bacillus does not stain with the
ordinary aniline dyes, apparently on account of its
fatty composition which prevents penetration of the
stain. The principle of staining this organism is the
following.

By the use of a powerful staining solution which
contains a mordant, and the application of heat, the
dyc can be made to penetrate the bacillus. Just as the
organism is resistant to ordinary stains, it also tends
to resist decolorisation. Once stained, the tubercle
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bacillus will withstand the action of powerful de-
colorising agents for a considerable time and thus
still retains the stain when everything else has been
decolorised.

The stain used consists of basic fuchsin, with phenol
as the mordant. The dye is basic and its combina-
tion with a mineral acid produces a compound which
is yellowish brown in colour and is readily dissolved
out of all structures except acid-fast bacteria. Any
strong acid can be used as a decolorising agent, but
20 per cent. sulphuric acid (by volume) is usually
emploved. Sce also Appendix.

In order to show what has been decolorised, and
to form a contrast with the red-stained bacilli, the
preparation is counter-stained with methylene blue.!

Ziehl-Neelsen’s (strong) Carbol Fuchsin :

Basic fuchsin . . 1gram
Absolute alcohol . . . . . 10 c.c.
Solution of phenol (1: 20) . . . . 100 c.c.

Dissolve the dye in the alcohol and add to the
phenol solution.
An alternative and quicker method is :

Basic fuchsin (powder) . . . . 5 grams
Phenol (cryst.) . . . . . 25 grams
Alcohol (95 per cent. or absolute) . . 50c.c.
Distilled water . . . . 500 c.c.

Dissolve the fuchsin in the phenol by placing them in a
one-litre flask over a boiling water-bath for about five minutes,
shaking the contents from time to time. When there is com-
plete solution add the aleohol and mix thoroughly. Then
add the distilled water. Filter the mixture before use.

Films.—These are made, dried and fixed in the
usual manner :

1 Malachite green is also recommended as a counter-stain in
the Ziehl-Neelsen method. A stock solution of 1 per cent. in dis-
tilled water is made, and for use a small quantity is diluted with
distilled water in a drop bottle so that fifteen to twenty seconds’
application of the weak stain gives the background a pale green
tint. Deep counter-staining must be avoided. The pale green
background is pleasant for the eyes, and is thought by some
workers to make scanty organisms more easily noticed.
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(1) Flood the slide with filtered carbol fuchsin and
heat until steam rises. Allow the preparation to stain
for five minutes, heat being applied at intervals to
keep the stain hot. The stain must not be allowed to
evaporate and dry on the slide.

(2) Wash with water.

(8) Immerse the slide in 20 per cent. sulphuric acid.
The red colour of the preparation is changed to
yellowish brown. After about a minute in the acid
remove the slide, wash with water and place it in the
acid again. This process should be repeated several
times. The object of the washing is to remove the
compound of acid with stain and allow fresh acid to
gain access to the preparation. The decolorisation is
finished when, after washing, the film is a faint pink.

(4) Wash the slide well in water.

(5) Treat with 95 per cent. alcohol for two minutes.

(6) Wash with water.

(7) Counter-stain with Lofiler’s methylene blue or
dilute malachite green for ten to thirty seconds.

(8) Wash, blot, dry and mount.

Acid-fast bacilli stain bright red, while the tissue
cells and other organisms are stained blue or green
according to the counter-stain used.

Other organisms are * acid-fast " in addition to the tubercle
bacillus. The most important in diagnostic work is the smegma
bacillus, which is frequently found in samples of urine. ‘Treat-
ment with spirit in addition to acid may, however, decolorise
this type of organism, whereas the tubercle bacillus is both
acid- and alcohol-fast. The decolorisation with spirit is there-
fore important when examining urine for the presence of the
tubercle bacillus.

It should be noted that in films stained by Ziehl-Neelsen’s
method, red-stained organisms in the midst of hyaline material
must not be regarded as tubercle bacilli, as such material may
be resistant to decolorisation.

Sections—
(1) Sections are treated with xylol toremove paraflin,
then with spirit, and finally washed in water.
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(2) Stain with Ziehl-Neelsen’s stain as described for
films, but heat gently, otherwise the section may
become detached from the slide.

(8) Wash with water.

(4) Decolorise with 20 per cent. sulphuric acid as
for films. The process takes longer owing to the thick-
ness of the section, and care must be exercised in
washing, to retain the section on the slide.

(5) Wash well with water.

(6) Counter-stain with methylene blue or malachite
green for a half to one minute.

(7) Wash with water.

(8) Wipe the slide dry all round the section, blot
with filter paper or fluffless blotting-paper, and treat
with a few drops of absolute alcohol. Pour on more
absolute alcohol, wipe the slide.again and immerse it
in the xylol jar.

(9) Mount in Canada balsam.

Leprosy bacilli are also acid-fast, but not to the
same degree. They are stained in smears or sections
in the same way as the tubercle bacillus, except that
5 per cent. sulphuric acid is used for decolorisation.

STAINING OF THE DIPHTHERIA BACILLUS

The diphtheria bacillus gives its characteristic stain-
ing reactions best in a young culture (eighteen to
twenty-four hours) on a serum medium (vide p. 126).

NEISSER’S METHOD (Modified)

The following modification of Neisser’s method
gives better results than the original :—

Solution A : Methylene blue . . . . 1 gram
Absolute alcohol . . . 50 c.c.
Glacial acetic acid . . . 50ecec.

Distilled water . . . . 1000 e.c.
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Solution B : Crystal-violet . . . . 1 gram
Absolute alcohol . . . l0e.c.
Distilled water . . . . 800 c.c.
Counter-Stain :
(a) Chrysoidin . . . . 1 gram
Distilled water . . 300 c.c.
(Dissolve by gentle heat and filter)
or (b) Bismarck-brown . . 1 gram
Distilled water . . . . 500 c.c.

(1) Mix together two parts of solution A and one
part of solution B. Stain films in the mixture for a
few seconds.

(2) Counter-stain with chrysoidin or Bismarck-
brown for thirty seconds (or longer if necessary).

(3) Wash rapidly in water, blot and dry.

The volutin granules of the diphtheria bacillus
appear bluish black, while the protoplasm is stained
yellowish brown.

A further modification of this method gives excellent
results :—

(1) Stain with Neisser's methylene blue solution A (p. 206)
for three minutes.

(2) Wash off with dilute iodine solution (iodine solution of
Kopeloff and Beerman’s modification of Gram’s method, p. 202,
diluted 1 in 10 with water) and leave this solution on the slide
for one minute.

(8) Wash in water.

(4) Counter-stain with neutral red solution for three minutes
using the same solution as that employed in Jensen’s modifica-
tion of Gram’s method (p. 200).

(5) Wash in water and dry.

By this method the bacilli exhibit deep blue granules, the
remainder of the organism assuming a pink colour.

ALBERT’S METHOD

Laybourn’s modification,? in which malachite green is sub-

stituted for methyl-green, is given here instead of the original
method.

e ey a1 e ol o 2 e et i e PN

1. J. Amer. Med. Assoc., 1924, 88, 121,
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Solution 1
Toluidin blue . . . . . 015 gram
Malachite green . . . . . 02
Glacial acetic acid . . . . . 1ec.c
Alcohol (95 per cent.) . . . . 2 c.c.
Distilled water . . 100 c.c.

Dissolve the dyes in the aleohol and add to the water and
acetic acid.
Allow to stand for one day and then filter.

Solution 2
Todine . . . . . . 2 grams
Potassium lodlde . . . . . 38
Distilled water . . . . 300 c. c

Note.—The iodine solution used in Jensen’s modification
of Gram’s method (p. 200) works equally well.

Technique—

Make film preparation and fix by heat.

Apply solution 1 for three to five minutes.

Wash in water and blot dry.

Apply solution 2 for one minute.

Wash and blot dry.

By this method the granules stain bluish black, the proto-
plasm green and other organisms mostly light green.

This method can be recommended for routine use.

STAINING OF SPORES

If spore-bearing organisms are stained by ordinary
dyes, the body of the bacillus is deeply coloured,
whereas the spore is unstained and appears as a clear
area in the organism. It has been supposed that
the envelope prevents the stain from p m peénetrating the
protoplasm of the spore. Once the spofe is Stained, it
téndsto retain the dye after treatment with decoloris-
ing agents, and in this respect behaves similarly to the
tubercle bacillus (g.v.).

The following is a simple and satisfactory method
for staining spores : —

Films, which must be thin, are made, dried and fixed in the
ususl manner with the minimum amount of heating.

(1) Staig with Ziehl-Neelsen’s carbol fuchsin for three to five
minutes, eatmg the preparation until steam rises.
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(2) Wash in water.
(8) Treat with 5 per cent. sodium sulphite solution for thirty
seconds.

(4) Wash with water.

(56) Counter-stain with 1 per cent. aqueous methylene blue
for one minute.

(6) Wash in water, blot and dry.

It is advantageous after (2) to treat with 30 per cent. ferric
chloride for a minute or two and then proceed to (3) without
washing in water.

The spores are stained bright red and the proto-
plasm of the bacilli blue.

It should be noted that the spores of some bacteria
are decolorised more readily than those of others.

Fleming’s nigrosin method as described on p. 197
is a simple and effective means of demonstrating
spores, which stand out as clear unstained spaces on a
dark background.

FLEMING’S METHOD FOR DEMONSTRATING SPORES
BY CARBOL FUCHSIN AND NIGROSIN

(1) Make films on a slide in the usual way and dry.

(2) Stain for five minutes with hot carbol fuchsin.

(8) Wash off excess of stain.

(4) Decolorise by either of the following methods :

(a) Cover with, or immerse in, 1 per cent. nigrosin
for five to ten minutes.

(b) Cover with 5 per cent. sodium sulphite for five to
thirty scconds.

(The length of time for decolorisation varies with the
vrganism, and a large organism like the anthrax bacillus may
take five times as long to decolorise as a smaller one like
B. sporogenes.)

(5) Wash with water amd dry.

(8) Place a small drop of 10 per cent. nigrosin at one end of
the film and spread this in an even film over the stained
specimen with the edge of another slide.

The thickness of the film depends largely on the rate of
spread—the faster the spread is made the thicker is the film—
and the proper thickness can be rapidly learned in a few trials.

The spores appear as clear-cut, bright red objects in the un-
stained bacillary body which is clearly defined by being sur-
rounded by a perfectly homogeneous background of nigrosin.

o
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The preliminary decolorisation, with nigrosin, sodium sul-
phite or other decolorising agent, need only be partial, and
the final decolorisation is effected by the 10 per cent. nigrosin
before it dries on the film.

STAINING OF CAPSULES

Several methods are described for general routine
work. Richard Muir’s method gives beautiful results,
but is much more difficult for the beginner and is not
recommended for general use.

HISS’S METHOD

Solutions required—
(1) Saturated alcoholic solution of gentian-
violet ! . . . . . 1 part
Distilled water . . . . . 19 parts
(2) Copper sulphate solution 20 per cent.
in distilled water.

Films should be thin and fixed by heat in the usual manner.

(1) Pour on the stain and gently heat until steam rises.
Allow the stain to act for fifteen to twenty seconds.

(2) Wash off the stain with the 20 per cent. copper sulphate
solution without washing in water, dry the film between
blotting-paper, and mount, if necessary, in balsam.

In order to avoid an excessive deposit of copper sulphate
crystals on the film, successive amounts of copper sulphate
solution should be poured on the film until the slide is quite
cool.

The bacteria are stained deep violet, while the capsules are
pale violet in colour.

FLEMING’S NIGROSIN METHOD

Films are made and fixed, and a thin layer of nigrosin is
spread over with a slide, as described on page 197. The slide
is dried and examined. The capsule appears as a large clear
space.

plf the organism is Gram-positive the capsules can be demon-
strated better by making a film in the usual way and staining
it by Gram’s method, but without using any counter-stain.
The stained film is dried and a small drop of nigrosin is placed

" 1 Basic fuchsin may be substituted for gentian-violet.
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at one end of the slide, and is drawn out by means of another
slide over the upper half of the film and allowed to dry.

The slide is examined with the immersion objective at the
junction of the uncovered and nigrosin-covered part of the
film. In one-half of the field the organism is stained purple
with the Gram’s stain but shows no capsule, while in the other
the nigrosin has settled round the capsule which appears as a
clear white space with the stained organism in the centre.

HIL

Filin of Organisms. Nigrosin.

RELIEF STAINING FOR CAPSULES
(Howie and Kirkpatrick's Method)!

Staining solution—
10 per cent. water-soluble eosin, ** vellowish or

bluish,” or erythrosin in distilled water . 4 parts
Serum (human, rabbit, sheep or ox heated at
56° C. for thirty minutes) . . . . 1 part

Crystal of thymol.

Allow the mixture to stand at room temperature for several
days. Centrifuge and store the supernatant fluid at room
temperature ; it will keep for several months.

On a slide with a 1 mm. diameter platinum loop, mix one
drop of exudate (or fluid culture, or a suspension in broth
fromn an agar slope culture) with one drop of Ziehl-Neelsen’s
carbol-fuchsin stain diluted 1: 5, and allow to stain for half-a-
minute, Then add one drop of the cosin solution and leave
for about one minute. Spread a film with cigarette paper (like
a blood film). Allow to dry (do not heat), and examine in im-
mersion oil.

In the case of Gram-positive cocci and bacilli, the pre-
liminary staining with dilute carbol fuchsin may be omitted.
Films of capsulated organisms prepared by this method show
a practically homogeneous red background with an unstained
capsular area prominently shown, and the bodies of the
organisms stained red of about the same intensity as the

' See J. Path. Bact., 1934, 39, 165; Muir and Ritchie's
Manual of Bacteriology, 10th edition, 124.
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background or slightly darker. The capsules are thus seen by
** relief staining.”

R. MUIR’S METHOD

Solutions required—
Strong carbol fuchsin.
Special mordant.
Lottier’s methylene blue.

Mordant :
Saturated solution of mercuric chloride . 2 parts
20 per cent. solution of tannic acid . . 2,
Saturated solution of potassium alum . 5,

The filin, which must be very thin, is dried and fixed by heat.

(1) Stain with strong carbol fuchsin for one mmutc, the
preparation being gently heated.

(2) Wash slightly with spirit and then well in water.

(8) Pour on the mordant and allow it to act for thirty
seconds.

(4) Wash well with water.

(5) Treat with spirit. The time varies with the preparation
and is found by trial. About thirty to forty seconds is ample,
and the filim should be pale red in appearance.

(6) Wash well in water.

(7) Counter-stain with Lofller’s methylene blue for a half
to one minute.

(8) The preparation may be washed and dried in the usual
manner,
or dehydrated with absolute alcohol, cleared in xylol and
mounted in balsam. This gives somewhat clearer specimens.

The bacteria are bright red, and the capsules are bright blue.

STAINING OF FLAGELLA

Thin films are made from agar cultures. A small
amount of the culture is emulsified in water, the
quantity of culture being only as much as will cause
the faintest turbidity of the water. A filin is made
from a drop of the emulsion on a clean slide and
allowed to dry in the air. Strict attention should be
paid to the cleanliness of the slides, which are treated
with the bichromate-nitric acid solution described
on p. 191, well washed, and carefully dried. They
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are then passed through the Bunsen flame and allowed
to cool before spreading the films.

In Fleming’s method, the organisms are grown on
cellophane which avoids the transference of any
culture medium to the slide (vide infra).

J.. KIRKPATRICK’S METHOD !

Solutions required—
(1) Fixing solution :

Absolute alcohol . . . . . 60 c.c.
Chloroform . . . . . . 30c.c.
Formalin . . . . . . . 10 c.c.
(2) Mordant :
Ferric chloride, 5 per cent. solution . 1 part
Tannic acid, 20 per cent. solution (dissolv ed
by heat and allowed to cool) . . . 3 parts

Before use, dilute the mordant with an equal quantity of
water.
(8) Silver Solutions :

(a) Silver stock solution.—Add 200 c.c. distilled water
to 10 grams of silver sulphate ® in a screw-capped
medical flat bottle, and incubate for twenty-four
hours at 37° C., shaking occasionally. This solution
keeps well.

(b) Silver staining solution.-—Rinse a clean 100 c.c.
conical flask with distilled water. Place 40 c.c. of the
filtered silver stock solution in the flask, and add
quickly 0-6 c.c. cthylamine *“ 33 per cent. W.V.” 3 3,
A precipitate forms which is immediately dissolved.
From a clean drawn-out pipette add filtered silver
stock solution until the solution remains permanently
opalescent. Now add 10 c.c. distilled water.

Method

Use agar cultures thirty-six to forty-eight hours old. Heat
a clean 3 x § in. test-tube and allow to cool. Suspend a loopful
of the agar culture in 1 c.c. sterile distilled water in the tube,

1 Method described in lOth edltlon of Muir and thchles
Manual of Bacteriology.

* British Drug Houses Ltd.

¥ W.V. =Weight-Volume—i.c. 88 per cent. by weight of
ethylamine.
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rotating the loop very gently. Add distilled water until the
suspension is faintly opalescent. ) .

(a) Place a loopful of the suspension on a clean. slide qnd
draw the excess to one side by means of the platinum wire,
50 that a thicker part of the film (which acts as a control sppt
in the staining process) is formed. Allow the film to dry in the air.

(b) Treat the film with the fixing solution for one to three
minutes.

(¢) Rinse in spirit and wash thoroughly in water.

(d) Treat with the mordant for three to five minutes.

(e) Wash well with water and dry the under surface of the
slide.

(f) Filter on the silver staining solution and heat gently
until the thick control spot becomes dark brown in colour,
and a metallic scum appears on the edges of the fluid - about
fifteen seconds. Cease heating and allow the solution to act
for a further fifteen to thirty seconds.

(g) Wash off the staining solution in running water (do not
pour off).

(h) Dry the film, and mount in balsam.

If the staining is successful the organisms are stained black,
while the flagella are clearly defined and are light brown or
grey in colour. A granular appearance in the flagella may be
due to excess of ethylamine, over-heating, or over-treatment
in the mordant. Too little ethylamine or excessive heating
may cause a crystalline deposit.  If the directions are carefully
followed the method gives good results,

FLEMING’S METHOD FOR THE DEMONSTRATION OF
FLAGELLA

A cellophane disk sterilised in distilled water in the autoclave
is placed on the surface of an agar plate. This is dried off in
the incubator for a short time. The surface of the cellophane is
then inoculated with the organism, B. typhosus, B. coli, B.
proteus, ete., which is grown for a period not exceeding twenty-
four hours. By means of forceps the cellophane disk is removed,
together with the whole of the culture, and transferred to
another Petri dish after which about 20 c.c. of sterile distilled
water is added (sufficient to cover the disk). This is incubated
for a few hours to allow the bacteria to float off into the water.
Then 1 c.c. of formalin is very gently added to fix the bacteria,
and the plate is left overnight undisturbed to allow fixation to
take place, with the minimum disturbance and scparation of
flagella. The suspension is poured into a screw-capped hottle
and preserved. This suspension keeps perfectly well for a long
time.
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For use remove suflficient from the upper part of the tube and
add to distilled water.

Technique—

Slides.—It is usually stated that slides must be specially
cleaned, but ordinary cleansing is quite satisfactory with this
method.

Making films.—A drop of a thin suspension is placed on the
slide and spread over a large part of the slide with a wire
or pipette. This is best allowed to dry at room temperature.

Mordant.—Stock solutions of 20 per cent. tannic acid and
5 per cent. tartar emetic can be kept. (20 per cent. tannic acid
is convenient as this can also be used for Kirkpatrick’s method.)

To three parts of 20 per cent. tannic acid add two parts of
5 per cent. tartar emetic and five parts of water. (A heavy
precipitate forms which dissolves on boiling.) This is heated to
boiling point in a test-tube and the slide is flooded with it.
After two minutes wash well with tap water.

Silver solution. —A saturated solution of silver sulphate is
diluted with an equal volume of distilled water and ethylamine
1s added until the precipitate is just re-dissolved. This solution
keeps indefinitely.

This is heated not quite to boiling point and the slide is
Aooded. Allow to act without further heating for about one
minute, then wash off rapidly with tap water. The slide may
then be blotted and dried in the usual way.

To make permanent preparations the silvered slide is immersed
for half to one hour in weak gold chloride solution.

The features of this method are :

No culture medium is present in the suspension except the
ninute amount on the cellophane disk.

The bacteria are fixed with the minimum disturbance so
Jhat their flagella are preserved intact, while the formalin
\ppears to assist the staining.

The silver ethylamine solution keeps for a long time and is
ilways ready for use.

The method is essentially an improved and simpler modifica-
don of Zettnow's method and is very suitable for class purposes.

THE ROMANOWSKY STAINS

The original Romanowsky stain was made by dis-
iolving in methyl alcohol the compound formed by
he interaction of watery solutions of eosin and zine-
rec methylene blue. The original stain has now
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rotating the loop very gently. Add distilled water until the
suspension is faintly opalescent. )

(a) Place a loopful of the suspension on a clean slide a'nd
draw the excess to one side by means of the platinum wire,
so that a thicker part of the film (which acts as a control spot
in the staining process) is formed. Allow the film to dry in the air.

(b) Treat the film with the fixing solution for one to three
minutes.

(¢) Rinse in spirit and wash thoroughly in water.

(d) Treat with the mordant for three to five minutes.

() Wash well with water and dry the under surface of the
slide.

(f) Filter on the silver staining solution and heat gently
until the thick control spot becomes dark brown in colour,
and a metallic scum appears on the edges of the fluid— about
fifteen seconds. Cease heating and allow the solution to act
for a further fifteen to thirty seconds.

(g) Wash off the staining solution in running water (do not
pour off).

(k) Dry the film, and mount in balsam.

If the staining is successful the organisms are stained black,
while the flagella are clearly defined and are light brown or
grey in colour. A granular appearance in the flagella may be
due to excess of ethylamine, over-heating, or over-treatment
in the mordant. Too little ethyvlamine or excessive heating
may cause a crystalline deposit. If the directions are carcfully
followed the method gives good results.

FLEMING’S METHOD FOR THE DEMONSTRATION OF
FLAGELLA

A cellophane disk sterilised in distilled water in the autoclave
is placed on the surface of an agar plate. This is dried off in
the incubator for a short time. The surface of the ccllophane is
then inoculated with the organisin, B. typhosus, B. coli, B.
proteus, etc., which is grown for a period not exceeding twenty-
four hours. By mcans of forceps the cellophane disk is removed,
together with the whole of the culture, and transferred to
another Petri dish after which about 20 c.c. of sterile distilled
water is added (sufficient to cover the disk). This is incubated
for a few hours to allow the bacteria to float off into the water.
Then 1 c.c. of formalin is very gently added to fix the bacteria,
and the plate is left overnight undisturbed to allow fixation to
take place, with the minimum disturbance and separation of
flagella. The suspension is poured into a screw-capped bottle
gi'::e preserved. This suspension keeps perfectly well for a long



STAINING METHODS 215

For use remove sufficient from the upper part of the tube and
add to distilled water.

Technique —

Slides.—It is usually stated that slides must be specially
cleaned, but ordinary cleansing is quite satisfactory with this
method.

Muking films.—A drop of a thin suspension is placed on the
slide and spread over a large part of the slide with a wire
or pipette. This is best allowed to dry at room temperature.

Mordant.—Stock solutions of 20 per cent. tannic acid and
5 per cent. tartar emetic can be kept. (20 per cent. tannic acid
is convenient as this can also be used for Kirkpatrick's method.)

To three parts of 20 per cent. tannic acid add two parts of
5 per cent. tartar emetic and five parts of water. (A heavy
precipitate forms which dissolves on boiling.) This is heated to
boiling point in a test-tube and the slide is flooded with it.
After two minutes wash well with tap water.

Silver solution. —A saturated solution of silver sulphate is
diluted with an equal volume of distilled water and ethylamine
is added until the precipitate is just re-dissolved. This solution
keeps indefinitely.

This is heated not quite to boiling point and the slide is
flooded. Allow to act without further heating for about one
minute, then wash off rapidly with tap water. The slide may
then be blotted and dried in the usual way.

To make permanent preparations the silvered slide is immersed
for half to one hour in weak gold chloride solution.

The features of this method are :

No culture medium is present in the suspension except the
minute amount on the cellophane disk.

The bacteria are fixed with the minimum disturbance so
that their flagella are preserved intact, while the formalin
appears to assist the staining.

The silver ethylamine solution keeps for a long time and is
always ready for use.

The method is essentially an improved and simpler modifica-
tion of Zettnow's method and is very suitable for class purposes.

THE ROMANOWSKY STAINS

The original Romanowsky stain was made by dis-
solving in methyl alcohol the compound formed by
the interaction of watery solutions of eosin and zine-
frec methylene blue. The original stain has now
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been replaced by various moditications which are
easier to use and give better results; these are:
Leishman’s, Wright’s, Jenner’s and Giemsa’s stains.
The pcculiar property of the Romanowsky stains is
that they impart a reddish-purple colour to the
chromatin of malaria and other parasites. This colour
is due to a substance which forms when methylene
blue is ‘ ripened,” either by age, as in polychrome
methylene blue, or by heating with sodium carbonate.
The latter method is employed in the manufacture
of Leishman’s and Wright’s stains. The ripened
methylene blue is mixed with a solution of water-
soluble eosin, when a precipitate, due to the combina-
tion of these dyes, is formed. The precipitate is washed
with distilled water, dried, and dissolved in pure
methyl alcohol.! Each modification of the Roman-
owsky stain varies according to the ‘ ripening”
and the relative proportions of methylene blue and
eosin.

According to the nature of the microscopic prepara-
tion, different stains arec emploved. Thus for the
cytological examinations of blood, Jenner’s stain is
used ; for the malaria parasite and trypanosomes,
Leishman’s and Wright’s modifications give the best
results, while the pathogenic spirochactes (particularly
the Treponema pallidum of syphilis) and certain
protozoa can be demonstrated best by Giemsa’s stain.

The Romanowsky stains, except Jenner’s stain,
are usually diluted for staining purposes with distilled
water, when a precipitate is formed which is removed
by subsequent washing.

JENNER’S STAIN

This can be purchased ready for use, but may be made by
dissolving 0-5 gram of powdered stain in 100 c.c. pure methyl

1 The méthyl aleohol must be ** pure, for analysis,” and have
a pH of 6-5. If too acid, the reaction must be adjusted (with
the usual indicators) by the addition of N/100 NaOH.
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alcohol. This stain is satisfactory for the cytological examina-
tion of blood films, but is not so suitable for parasites.

The stain is poured on the dried but unfired film and allowed
to act for one to three minutes. The film is then washed with
distilled water until pink. The slide is blotted and allowed to
dry in the air.

LEISHMAN’S STAIN

This stain may be purchased ready for use or made
by dissolving 0-15 gram of Leishman’s powder in
100 c.c. pure methyl alcohol. The powder is ground
in a mortar with a little methyl alcohol, the residue
of undissolved stain allowed to settle and the fluid
decanted into a bottle. The residue in the mortar
is treated with more methyl aleohol, and the process
is repeated until all the stain goes into solution. The
remainder of the methyl alcohol is now added. The
stain is improved by keeping two weeks before use.

Films.—Dry unfixed films are used. The stain is
first used undiluted, and the methyl alcohol fixes the
film. The stain is then diluted with distilled water,
and the staining proper carried out.

(1) Pour the undiluted stain on the unfixed film
and allow it to act for two minutes.

(2) By means of a pipette and rubber teat add
double the volume of distilled water to the slide,
mixing the fluids by alternately sucking them up in
the pipette and expelling them. Allow the diluted
stain to act for five to scven minutes.

(8) Wash the slide gently with distilled water,
allowing the preparation to differentiate in the dis-
tilled water until the film appears bright pink in
colour—usually about a minute.

(4) Remove the excess of water with blotting-paper
and dry in the air.

It is important that the reaction of the distilled water be
neither acid nor alkaline. Any slight variations from neutrality
may alter considerably the colour of granules in white blood
corpuscles, ete., and give rise to supposed ‘‘ pathological ™
appearances in cells which are really normal. A simple method
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of ensuring a suitable reaction of the distilled water is to keep
large bottles of it—e.g. aspirator bottle—specially for these
stains. Add 2 or 8 drops of 1 per cent. aqueous neutral-red
solution. The usual reaction of distilled water is slightly acid,
and a few drops of 1 per cent. sodium carbonate solution
should be added until the solution shows the faintest possible
suggestion of pink colour.

When the staining is excessively bluish, as in old films, good
differentiation is obtained by brief washing with 1 per cent.
mono-sodium phosphate.

Sections—

(1) The section is treated with xylol to remove the paraftin,
then with alcohol, and finally distilled water.

(2) Drain off the excess of water and stain for five to ten
minutes with a mixture of 1 part stain and 2 parts of distilled
water.

(3) Wash with distilled water.

(4) Differentiate with a weak solution of acetic acid (1:1500),
controlling the differentiation under the low power of the
microscope until the protoplasm of the cells is pink and only
the nuclei are blue.

(5) Wash with distilled water.

(6) Blot, dehydrate with a few drops of absolute alcohol,
clear in xylol and mount in Canada balsam or preferably D.P.X.

mounting medium (p. 194).
Note.—If the eosin tint is too pronounced it ean be

lightened by the use of very dilute caustic soda solution
(1:7000) which is washed off whenever the desired colour
has been obtained.

J. H. WRIGHT’S STAIN

This is similar to Leishman’s stain and is used more in
America than in this country. It should be purchased ready
for use. The method of staining is, for all practical purposes,
the same as for Leishman’s stain.

GIEMSA’S STAIN

This consists of a number of compounds made by
mixing different proportions of methylene blue and
eosin. These have been designated Azur I, Azur II
and Azur II-eosin. The preparation is best purchased
made up, e.g. by G. T. Gurr, London, or British
Drug Houses Ltd., but may be prepared as follows :—
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Azur Il-eosin . . . . . . 8 grams
Azur II . . . . . . . 08 gram
Glycerol (chemically pure) . . . . 250 grams
Methyl alcohol (acetone-free) . . . 250 grams

The stain may be used in a manner similar to Leish-
man’s preparation (the * rapid mcthod ), or pro-
longed staining may be carried out, as, for example,
in staining spirochaetes (the ‘‘ slow method ). In
both cases the preparation must be fixed prior to
staining, either by methyl alcohol for three minutes,
or by absolute aleohol for fifteen minutes.

Rarip METHOD

(1) Fix films in methyl alcohol --three minutes.

(2) Pour on a mixture of 1 part stain and 2 parts
distilled water (vide p. 217) and allow to act for five
minutes.

(8) Wash with distilled water, allowing the prepara-
tion to differentiate for about half-a-minute.

(4) Blot and allow to dry in the air.

A rapid method with the application of heat is useful for
demonstrating spirochaetes :—

Fix preparations with absolute alcohol (fiftcen minutes) or
by drawing three times through a flame. Prepare a fresh solu-
tion of 10 drops of Giemsa's solution with 10 c.c. of distilled
water of correct pH (p. 218), shake gently, and cover the fixed
film with the diluted stain. Warm till steam rises, allow to
cool for fifteen seconds, then pour off and replace by fresh
stain and heat again. Repeat the procedure four or five times,
wash in distilled water, dry and mount.

Srow METHOD

This is a specially valuable method for demonstrating
objects difficult to stain in the ordinary way, e.g.
certain pathogenic spirochaetes. The principle is to
allow the diluted stain to act for a considerable period.
As the mixture of stain and water causes a fine pre-
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cipitate, care has to be taken that this does not
deposit on the film.

Cover-slips.—The film is fixed in methyl alcohol for
three minutes. A mixture is made in a Petri dish in
the proportion of 1 drop of stain to 1 c.c. of distilled
water. The cover-slip, when fixed and still wet with
the alcohol, is placed carefully, film downwards, on
the surface of the mixture. When properly done, the
cover-slip remains floating. The lid is carefully placed
on the Petri dish and the stain allowed to act over-
night. The cover-slip is then washed in a stream of
distilled water, allowed to dry in the air, and mounted.
There should be no deposit of precipitated stain on the
preparation.

Slides.—The film is fixed in methyl alcohol for three
minutes as with cover-slips. The mixture of stain and
distilled water is made in a large (6 in.) Petri dish if
there are several slides to stain. A piece of thin glass
rod is placed in the Petri dish, and the slides, after
fixing, are laid film downwards in the fluid with one
end of the slide resting on the glass rod so that there
is sufficient staining tluid between the film and the
bottom of the dish.

A sheet of glass slightly curved is also convement ; the slide
with the film downward lies across the concavity, the space
between containing diluted stain. The curved plate and
slides should be placed in a box with a close-fitting lid to
avoid evaporation.

After sixteen to twenty-four hours’ staining, the
slides are washed and dried as in the case of cover-
slips.

Adachi’s Modification. —-This method has been utilised for
staining the flagella of Spirillum minus (vide p. 556) and can
also be applied in the staining of delicate spirochaetes. The
preparation is fixed for thirty to sixty seconds, by osmic acid
vapour over the following solution : osmic acid, 1 gram, dis-
tilled water, 100 c.c., 10 drops of 5 per cent. mercuric chloride ;
and then stained overnight in dilute Giemsa’s solution (vide
supra) to each 10 c.c. of which 0-6 c.c. of 1 per cent. potassium
carbonate has been added.
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FONTANA’S METHOD OF STAINING

SPIROCHAETES
Solutions required—

(a) Fixative :
Acetic acid . . . . . 1c.c.
Formalin . . . . . 2 c.c.
Distilled water . . . 100 c.c.

(b) Mordant :
Phenol . . . . 1 gram
Tannic acid . . . . . 5 grams
Distilled water . . . . 100 c.c.

(¢) Ammoniacal silver nitrate :

Add 10 per cent. ammonia to 0-25 per cent. solution
of silver nitrate in distilled water until the pre-
cipitate formed just dissolves. Now add more
silver nitrate solution drop by ~drop until the
precipitate returns and does not re-dissolve.

Method -

(1) Treat the film three times, thirty seconds each time,
with the fixative.

(2) Wash off the fixative with absolute alcohol and allow
the alcohol to act for three minutes.

(3) Drain off the excess of alcohol and carefully burn off the
remainder until the film is dry.

(4) Pour on the mordant, heating till steam rises, and allow
it to act for half-a-minute.

(5) Wash well in distilled water and again dry the slide.

(6) Treat with ammoniacal silver nitrate, heating till steam
rises, for half-a-minute, when the film becomes brown in colour.

(7) Wash well in distilled water, dry and mount in Canada
balsam.

It is cssential that the specimen be mounted in
balsam under a cover-slip before examination, as
some immersion oils cause the film to fade at once.

The spirochaetes are stained brownish-black on a
brownish-yellow background.

BECKER’S METHOD OF STAINING
SPIROCHAETES

Dried, thin, unfixed films should be used. Treat for one
minute with the same fixative as used in Fontana’s method,
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the fluid being renewed twice during this time. After washing
in water (half-a-minute) treat with the same mordant as used in
Fontana’s method for three to five minutes. .

After rinsing well in water, place in the following staining
solution for threc to five minutes :

Basic fuchsin, saturated alcoholic solution. 45 c.c.
Shunk’s mordant—
95 per cent. alcohol 16 c.c. | 18 c.c
Aniline 4cec. | : ’ o
Distilled watcr . . . 100 c.c.

When making up this stain, thoroughly dry the glass-ware
or rinse it well with alcohol. Add the Shunk’s mordant to the
aleoholic fuchsin solution, mix, and add the distilled water.
Filter before use.

Wash well in water, dry, and mount in balsam.

LEVADITI’S METHOD OF STAINING
SPIROCHAETES IN TISSUES

(a) ORIGINAL METHOD

1. Fix the tissue, which must be in small thin
pieces (1 mm. thick), in 10 per cent. formalin for
twenty-four hours.

2. Wash the tissue for one hour in water and there-
after place it in 96-98 per cent. alcohol for twenty-four
hours.

8. Transfer to 1-5 per cent. silver nitrate solutionina
dark bottle and keep in the incubator for three days.

4. After washing in water for twenty to thirty
minutes, place the picce of tissue in the reducing
mixture, made up as follows :—

Pyrogallic acid. . . . . . 4 grams
Formalin. . . . . . . 8ce
Water . . . . . . . 100 c.c.

and allow it to remain in this mixture in a dark
bottle for forty-eight hours at room temperature.

5. After washing well with water, dehydrate the
tissue with increasing strengths of alecohol and em-
bed in paraffin (see p. 230). Thin sections are cut
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and mounted in the usual way. After removing
the paraffin with xylol the sections are immediately
mounted in Canada balsam.

(b) PYRIDINE METHOD

This method is more rapid, but in our experience does not
give quite such good results as the older method :

1. Fix the tissue in formalin as in the other method, harden
in alcohol overnight and then wash in distilled water.

2. Place the tissue in a 1 per cent. solution of silver nitrate
(to which one-tenth of the volume of pure pyridine has been
added) for two hours at room temperature, and thereafter at
about 50° C. for four to six hours. It is then rapidly washed
in 10 per cent. pyridine solution.

8. Transfer to the reducing fluid, which consists of :

Formalin 4 per cent.. . 100 parts
to which are added lmmedlatel) before use :

Acetone (pure) . . . . . 10 ,,

Pyridine (pure) . . . . .18,

Keep the tissue in this fluid for two days at room temperature
in the dark.

4. After thorough washing, the tissue is dehydrated, em-
bedded, cut and mounted in the usual way.

JAHNEL’S METHOD OF STAINING SPIROCHAETES
IN TISSUE

1. Wash in water, for one to thrce days, thin pieces 2-4 mm.
thick, which have been well fixed in formalin.

2. Place in pure pyridine for three days.

8. Wash in many changes of water during a period of two to
three days until the pyridine almost disappears. Then allow
the pieces to remain a few days in 5-10 per cent. formalin.

4. Place in water again for two days.

5. Treat with uranium nitrate (Merck) 1 per cent. solution in
distilled water, for half to one hour in the incubator at 87° C..
The tissue should rest on lead-free glass-wool to aid penetration.

6. Wash out in distilled water for one day.

7. Allow to remain in 96 per cent. alcohol, three to eight
days.

8. Wash out in distilled water until the block sinks.

9. Place the tissue in a dark flask and treat it with a freshly
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prepared silver nitrate solution 1-5 per cent., for five to eight
days in the incubator at 37° C..

10. Decant the silver nitrate solution, wash the tissue in
water, and transfer to the following developer for one to two
days :

Pyrogallol 4 per cent. . 90 c.c.| of this reject 15 c.c. and
Acetone . . . 10 c.c./ replace by pyridine.

11. Wash in distilled water ; embed in paraffin in the usual
manner.

STAINING OF AMOEBAE AND OTHER
INTESTINAL PROTOZOA IN FAECES

Wet smears should be fixed in a mixture of

Alcohol . . . 1 part
Saturated aqueous solutlon of mercunc
chloride . . . . . . 2 parts

for five minutes or longer.

The films are then washed in 50 per cent. spirit and treated
with Gram’s iodine for two minutes, to remove the mercury
salt, the iodine being removed with spirit and the films washed.

Stain with iron haematoxylin for ten to twenty minutes,

Iron Haematoxylin :

(a) Haematoxylin . . . . . 1 gram
Absolute alcohol . . . 100 c.c.

(b) Liquor ferri perchlor. 30 per cent. . 4 c.c.
Concentrated hydrochloric acid . . 1c.c
Distilled water . . . . . 100 c.c.

Mix equal parts of (a) and (b) immediately before using.

After staining, wash films in water, pass through alcohol,
clear with xylol and mount in balsam, as in the treatment of
tissue sections.

Preparations may be counter-stained with Van Gieson’'s
stain, fifteen to thirty seconds :

Saturated aqueous solution of acid fuchsin . 1-3 parts

Saturated aqueous solution of picric acid . 100 ,,

Dehydrate rapidly with absolute alcohol, clear in xylol and
mount in balsam.

Note.—Fixed wet preparations must be treated in the
same manner as sections and never allowed to become dry.
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STAINS FOR INCLUSION BODIES AND ELE-
MENTARY BODIES IN VIRUS INFECTIONS,
AND FOR RICKETTSIAE

INCLUSION BODIES

For intranuclear and cytoplasmic inclusions Giemsa’s stain,
p. 218, is satisfactory when such forms are of a basophilic
nature as in psittacosis. Kor acidophile inclusion bodies other
stains give more satisfactory results.

Mann's Methyl-Blue Eosin Stain.

1 per cent. aqueous solution of methyl-blue . 35 parts

1, 5, » »w w» oeosin . ¥,

Distilled water . . . . . . 100 ,,
Tissues should be fixed in Bouin’s solution (p. 230) or Zenker’s
fluid (p. 228), and paraflin sections cut in the usual way. Stain
for 12 hours in the incubator at 37° C.. The section is then
rinsed in water, differentiated under the microscope in 70 per
cent. alcohol to each c.c. of which has been added one drop of
saturated aqueous Orange G. solution, dehydrated and mounted
in balsam,

In Ford's modification the sections are stained for 8 hours
at 37° C., treated with 40 per cent. formaldehyde (strong
formalin) for five seconds, washed in water, differentiated and
mounted as above. This method is especially useful for stain-
ing the Negri bodies in rabies.

ELEMENTARY BODIES
Giemsa’s Stain.

This has already been described on p. 218, and while satis-
factory for the elementary bodies of vaccinia and psittacosis,
it has been replaced by other methods which are quicker,
free from deposit, and give more consistent results.

Paschen’s Method.

This method is especially recommended. Films are prepared
from the infected tissues, etec., on glass slides of a thickness
suitable for oritical high-power microscopical investigation
(p. 62), and allowed to dry. They are placed in distilled water
for five minutes, dried in air, covered or immersed in absolute
alcohol for five minutes and again dried in air. They are treated
with Liffler’s flagella mordant :

Tannic acid, 20 per cent. aqueous solution . 100 c.c.

Ferrous sulphate, saturated aqueous solution . 50 c.c.

Basic fuchsin, saturated alcoholic solution . . 10 c.c.

P
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This is gently heated for one minute and allowed to remain
on the slide for ten minutes. The mordant is washed off ‘Ynth
distilled water and the film stained with carbol fuchsin solution,
1 part in 20 of distilled water, gentle heat being applied for a
minute. The film is then rapidly washed with water, dried
between blotting-paper, and mounted in immersion oil.

Castaneda’s Method.

This method is also particularly useful for Rickettsiae. A
buffer formaldehyde solution is prepared as follows :—

1 gram of monopotassium dihydrogen phosphate is dissolved
in 100 c.c. of distilled water ; 25 grams of disodium hydrogen
phosphate (Na,HPO,, 12 H,0) are dissolved in 800 c.c. dis-
tilled water ; the two solutions are mixed so that the pH is
7:5. 1 c.c. of strong formalin is added as a preservative.

The stain consists of a 1 per cent. solution of methylene
blue in methyl alcohol.

20 c.c. of buffer solution are mixed with 1 c.c. formalin,
and 0-15 c.c. of the methylene blue solution. The mixture
is applied to the film for three minutes and then decanted
without washing. Counter-stain for one or two seconds with

Safranin * O,” 0-2 per cent. aqueous solution . 1 part

Acetic acid, 0-1 per cent. v . . 8 parts
Wash in running water, blot and dry.

The rickettsiae remain blue while the protoplasm and
nuclei of the cells are red.

This stain can also be used for elementary bodies, e.g. those
of psittacosis. It may be modified by using Azur II in place
of methylene blue.

IMPRESSION PREPARATIONS

These have been used in the morphological study of the
pleuropneumonia group of organisms!® and of * rough " and
** smooth ' colonies of various bacteria.?

The essential part of the technique is to remove a small
slab about 2 mm. thick of the solid medium (e.g. serum-agar)
on which the organism is growing and place it colony down-
wards on a cover-slip. The whole is immersed in fixative, so
that the fixing fluid penetrates through the agar to reach the
colony. When the bacteria are fixed, the agar is removed
carefully from the cover-slip which is well washed for two hours
in distilled water, suitably stained and mounted. As fixative

1 See Klieneberger, E., J. Path. Bact., 1934, 89, 409,
* See Bisset, K. A., J. Path. Bact., 1938, 47, 228.
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Bouin’s fluid (p. 230) may be used, or Flemming’s solution.?
For staining, methylene blue or dilute carbol fuchsin may be
employed, but Giemsa’s stain, applied by the slow method
(p. 219), is the most satisfactory for the pleuropneumonia
organism. The agar slabs, after fixation, may also be embedded
and vertical sections of the colony cut with a microtome.

FIXATION AND EMBEDDING OF TISSUES;
SECTION CUTTING

As the ordinary routine bacteriological investigation of
tissues is carried out almost exclusively with paraffin sections,
this technique only will be described.

The fixed tissue is embedded in paraffin wax to support it
during the cutting of the section, and the section is held together
by the wax in the process of transferring it to the slide.

The paraffin wax must completely permeate the tissue, but
before it can do so, all water must be removed from the material
and replaced by a fluid with which melted paraffin will
mix.

Water, therefore, is first removed by several changes of
alcohol ; the aleohol is replaced by some fluid—such as benzol,
xylol, acetone, chloroform— which is a solvent of both alcohol
and paraffin wax, and the tissue is finally embedded in melted
paraffin.

Before removing the water from the tissue preparatory to
embedding, the tissue must be suitably fixed and hardened.

The essentials for obtaining good sections are :

(1) The tissue must be fresh.

(2) It must be properly fixed by using small pieces and
employing a large smount of fixing fluid.

(3) The appropriate fixing fluid must be employed for the
particular investigation required.

(4) The tissue must not remain too long in the embedding
bath.

FIXATIVES

FORMALIN

Ten per cent. commercial formalin in normal saline solution
is a good fixative for general use. Its advantages are: it is

! Osmic acid, 0-1 per cent.; chromic acid, 0-2 per cent. ;
glacial acetic acid, 0-1 per cent. The osmic and chromic acids,
when mixed, will keep only for three to four weeks, while the
acetic acid should only be added immediately before use.
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easily prepared, has good penetrating qualities, does not shrink
the tissues, and permits considerable latitude in the time during
which specimens may be left in it. Moreover the subsequent
handling of the material is much easier in our expericnce than
in the case of mercuric chloride fixatives, such as Zenker’s
fluid. Formalin fixation is not so good as other methods
where fine detail has to be observed, as, for example, in material
containing protozoa. Kor general routine use, however, it is
the most convenient and useful of fixatives. Tissue should be
cut into thin slices, about }-in. thick, and dropped into a large
bulk of fixative. The fluid may be changed at the end of
twenty-four hours, and fixation is usually complete in forty-
eight hours. Specimens are then washed in running water for
an hour and transferred to 50 per cent. spirit. In the latter
fluid they may be kept for a considerable time without
deterioration.

Formalin tends to become acid owing to the formation
of formic acid. The strong formalin should be kept neutral
by the addition of excess of magnesim carbonate. The clear
supernatant fluid is decanted off when formalin dilutions are

required.
ZENKER’S FLUID

Mercuric chloride . . . . . 5 grams
Potassium bichromate . . . . 2-5 grams
Sodium sulphate . . . . . 1 gram
Water . . . . . . . 100c.c.

Immediately before use, 5 c.c. of glacial acetic acid per 100 c.c.
of fluid are added.

The fluid should be warmed to body temperature and only
small pieces of tissue must be placed in it. Fixation is com-
plete in twenty-four hours, and thercafter the pieces of tissue
are washed in running water for twenty-four hours to remove
the potassium bichromate and mercuric chloride. The tissue
is then transferred to 50 per cent. spirit.

It is essential that all the mercuric chloride should be

- removed, otherwise a deposit will appear in the sections.
The bulk of it is removed by washing. The remainder
can be removed with iodine during the dehydration stage in
alcohol. The material after washing is transferred to 50 per
cent., and later to 70 per cent. alcohol to which sufficient
iodine has been added to make the fluid dark brown in colour.
(It is convenient to keep a saturated solution of iodine in
90 per cent. alcohol in a drop bottle, and add a few drops as
required.) If the alcohol becomes clear more iodine is added
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until the fluid remains brown. This indicates that all the
mercury salt has been dissolved out by the iodine-alcohol.

Cut sections fixed on slides can also be treated with iodine—
e.g. Gram’s iodine—for three to five minutes, to remove mercuric
chloride.

Animal tissues fixed in Zenker’s fluid are more difficult to
cut, and sections are apt to float off the slide, particularly if
fixation has been unduly prolonged.

ZENKER-FORMOL FLUID

This is similar to Zenker's fluid except that the acetic acid
is omitted and 5 c¢.c. of formalin are added per 100 c.c. im-
mediately before use. It is a useful general fixative for animal
tissues.

MERCURIC CHLORIDE-FORMALIN SOLUTION

Mercuric chloride, saturated aqueous solution 90 c.c.
Formalin, commercial . . . . 10c.c.

Small portions of tissue must be used and fixation is complete
in one to twelve hours. Then transfer to alcohol and iodine
as after Zenker's fluid (9.v.). This fluid fixes with the minimum
amount of distortion and the finer cytological details of the
cells are retained.

“SUSA” FIXATIVE ‘M. HEIDENHAIN)

Mercuric chloride . . . . . 45 grams
Distilled water . . . . . 800 c.c.
Sodium chloride . . . . . 5 grams
Trichloracetic acid . . . . . 20 grams
Acetic acid (glacial) . . 40c.c.

Formalin (40 per cent. formaldeh) de) . 200 c.c.

This is one of the best fixatives for both nonnal and patho-
logical histology. Tissucs not thicker than 1 em. should be
fixed for three to twenty-four hours, depending on the thickness.
The material should be transferred direct to 96 per cent. alcohol.
Lower grades of alcohol, or water, may cause undue swelling of
connective tissue. Add to the alcohol sufficient of a saturated
solution of iodine in 98 per cent. alcohol to give a brown colour.
If the latter fades, more iodine should be added.

The advantages of ** Susa® fixative are rapid and even fixa-
tion with little shrinkage of connective tissue. The transference
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direct to 96 per cent. alcohol shortens the time of dehydration,
while tissues thus fixed are easy to cut.

BOUIN’S FLUID

This fixative is useful for the investigation of inclusion
bodies.

Saturated aqueous solution of picricacid . 75 parts
Formalin . . . . . .25
Glacial acetic acid . . . . R

This solution keeps well. Use thin pieces of tissue not ex-
ceeding 10 mm. thick. Fix for 1-12 hours according to thickness
and density of tissue. Wash in 50 per cent. alcohol (not water),
then 70 per cent., until the picric acid is removed.

EMBEDDING AND SECTION CUTTING

After fixation by any of the previous methods and trans-
ference to 50 per cent. alcohol, small pieces of tissue are treated
as follows :—

(1) Place in 90 per cent. spirit for two to five hours.

(2) Transfer to absolute alcohol for two hours.

(8) Complete dehydration in fresh absolute alcohol for two
hours.

(4) Transfer to a mixture of ahsolute alcohol and chloroform
(equal parts) till tissue sinks, or overnight.

(5) Place in pure chloroform for six hours.

(6) Transfer the tissue for one hour to a mixture of equal
parts of chloroform and paraffin wax, which is kept melted in
the paraffin oven.

(7) Place in pure melted paraffin in the oven at 55° C. for
two hours, preferably in a vacuum embedding oven.

The tissue is embedded in blocks of paraffin. These are cut
out, trimmed with a knife, and sections 5p thick are cut by
means of a microtome. The sections are flattened on warm
water, floated on to slides and allowed to dry. Albuminised
slides are useful where the staining process involves heating,
and where animal tissue is used, especially after fixation with
Zenker’s fluid. The slides are coated with albumin either by
means of a small piece of chamois leather or by the finger.
The albumin solution is made by adding three parts of distilled
water to one part of egg-white and shaking thoroughly. The
mixture is filtered through muslin into a bottle, and a crystal
of thymol is added as a preservative, It is usual to coat a
number of slides, and, after drying, the slides are stored until
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required. The albuminised side may be identified by breathing
gently on the slide ; it is not dimmed by the breath, whereas
the plain side is.
For further treatment of sections, see Staining Methods.
For additional details, reference must be made to works on
histology.



CHAPTER VIl

ANIMAL INOCULATION AND
AUTOPSY

IN Great Britain animal experiments may be per-
formed only under a licence granted by the Home
Secretary. In addition to the licence various certi-
ficates have also to be obtained, depending on the
nature of the experiments and the animals used.

The usual animals employed for bacteriological ex-
periments are the guinca-pig, rabbit, mouse and white
rat, and the commonest method of inoculation is by means
of a hypodermic needle and syringe. According to the
method of inoculation and the size of the animal,
the amount of injected material varies, and a number
of syringes of different sizes are used. A convenient
‘“ battery ” of syringes is the following: 1 c.c.
*“ tuberculin ” syringe graduated to 0-01 c.c.; 2 c.c.
syringe graduated to 01 c.c.; 5 c.c. graduated to
0-25 c.c.; 10 c.c. graduated to 05 c.c. A 20 c.c.
syringe is used only occasionally. Syringes may be
of the *““Record " type, or of the all-glasg ‘ Luer ”
type. A selection of necdles is required, of which the
following are uscful : fine-bore, No. 25 gauge ; medium-
bore for general use, Nos. 21 and 22 gauge; large-bore,
Nos. 16-18 gauge, for inoculating thick suspensions
or emulsions of tissue. The needles should be made
from stainless steel.

Syringes are sterilised by taking them apart, placing
in cold water, and boiling for ten to fifteen minutes.
All-glass syringes may conveniently be sterilised ready
for use as follows. The needle is fitted and the plunger
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lightly smeared with liquid paraffin and inserted into
the barrel. The assembled syringe is placed in a test-
tube longer than itself, and of such a bore that the
shoulder of the barrel rests on the rim. The shoulder
is wrapped with a little gauze or kraft paper so that
it does not rest directly on the glass. The whole is
wrapped in kraft paper and sterilised in the hot-air
oven.! The syringe remains sterile indefinitely in its
wrapping and is always ready for immediate use.

After use it should be washed out with weak lysol.
If a *“ Record ™ syringe, it is again boiled, then dried
and put away with the piston and barrel scparate,
or a small quantity of liquid paraffin is smeared over
the plunger before it is fitted into the barrel. If an all-
glass syringe, it is washed with water, wiped with
methylated spirit, and finally coated over with liquid
paraffin. It is then put up in a test-tube, as above
described, and sterilised. Needles may be stored in
aleohol or dried and a little alcohol run through them.
The stilette should be lightly smeared with vaseline
before replacing it in the needle. Needles should
always be kept sharp and the points rencwed on a
fine oil-stone (Arkansas slip-stone).

MATERIAL INOCULATED

Urine, cerebro-spinal fluid. blood, and serous fluids
are easily inoculated with a medium-bore ncedle.
"Tenacious material such as pus and sputum is in-
jected through a wide-bore needle.

Cultures.—Fluid cultures are easily drawn through

a medium-bore needle. It will be found advantageous
first to pour the culture into a small (2 in.) Petri dish,
or a 50 c.c. conical test-glass. Growths on solid media
may be scraped off and suspended in broth or saline,
1 ¢ Record " syringes must never be sterilised in the hot-air

oven, as the heat will melt the cement or solder which unites
the glass barrel with the metal parts.



234 PRACTICAL BACTERIOLOGY

or the diluting fluid may be poured on the culture,
which is then emulsified with a wire loop.

Tissues.—These should be cut into small pieces in
a sterile porcelain mortar by means of scissors sterilised
by boiling. Some clean coarse sand, contained in a
stoppered bottle, and sterilised by hot air, is then
added to the mortar and the whole thoroughly ground
with the pestle. When the tissue has been well ground
up, saline is added, and the mixture further triturated.
On standing for a short time, the sand and tissue
rapidly settle to the bottom of the mortar, and the
supernatant fluid can be drawn into the syringe.
When intravenous inoculation of tissue suspension has
to be employed, carec must be taken that no large
particles are injected. To avoid this, the suspension
must be centrifuged at low spced, and only the
supernatant fluid used.

GUINEA-PIGS

These animals vary in size, and weigh from 200
grams (small) to 1000 grams (large). A good average
weight for general purposes is 400 grams.

METHODS OF INOCULATION

Subcutaneous.—An assistant holds the animal during
the operation, and the injection is made under the
skin of the flank. The animal is grasped across the
shoulders in one hand, with the thumb curved round
the animal’s neck so that it rests on the lower jaw.
The hind legs are secured between the first and second,
and second and third, fingers of the other hand, the
knuckles being uppermost, and the animal is held so
that the flank is presented for inoculation. The skin
may be disinfected with tincture of iodine, but it is
not necessary to do so. The operator picks up a fold
of skin and introduces the point of the needle into
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the base of the fold, so that it lies in the subcutaneous
tissue. Amounts up to 5 c.c. can be introduced. A
2 c.c. or a 5 c.c. syringe is convenient for the purpose.

Some workers inoculate by picking up a fold of
skin about the mid-abdomen. A needle is introduced
into the base of the fold and passed down in the
subcutaneous tissue until it reaches the groin where
the injection is made. This method obviates super-
ficial ulceration when tuberculous material is injected.

Intraperitoneal.—The animal is held in a similar
manner. The inoculation is made in the mid-line
in the lower half of the abdomen. The skin may be
sterilised. The assistant holds the animal with its
head downwards, so that the intestines fall towards
the diaphragm. The skin is pinched up, the point of
the necedle passed into the subcutarecous tissue, and
then downwards through the abdominal wall into
the peritoneal cavity. There is no risk of damage to
the intestines. Not more than 5 c.c. can safely be
inoculated intraperitoneally.

Intracutaneous.—This method is used chiefly in
testing cultures of the diphtheria bacillus for virulence
(vide p. 380). The hair is removed from the flanks of
the animal by shaving or by means of a fresh 5 per
cent. solution of sodium sulphide or a depilating powder.
White guinea-pigs (300-400 grams weight) arc used,
as the skin is unpigmented and the results of the test
can casily be read.

The depilating powder is made as follows :—

Barium sulphide, commercial powder . . 7 parts
White household flour . . : . 7 parts
Talcum powder . . . . . 7 parts
Castile soap powder . . 1 part

Remove the hair from the ﬂanks as closeh as possible
with hair clippers. Make up the depilating powder
into a smooth paste with water, and rub into the
animal’s hair with a wooden spatula or toothbrush.
Allow the paste to act for one minute and renew the
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application. After two minutes remove the paste
with the spatula or handle of the toothbrush. Now
wash the animal’s skin and surrounding hair with
warm water and dry with a cloth. The depilated
surface should be quite smooth and white, and it is
not advisable to leave the paste on too long as the
skin becomes red and excoriated in patches, making
the subsequent observation of reactions very difficult.
The depilating powder should be used at least one hour
before the intracutaneous injection is carried out.

For the test a 1 c.c. all-glass tuberculin syringe,
fitted with a short ncedle of 25 or 26 S.W.G. (cxactly
as used for Schick and Dick tests), is employed. The
skin of the animal is pinched up between the thumb
and forefinger, and the point of the needle is inserted
at the top of the fold so that the bevel of the needle
is towards the surface of the skin. The ncedle passes
only into the dermis, as near the surface as possible,
and not into the subcutaneous tissue. 0-2 c.c. is the
amount usually used, and when several tests are to
be made the injections should be about one inch
apart and not too near the middle line of the abdomen.
No more than ten injections should be made on one
animal. The results are recad twenty-four to forty-
eight hours later.

The normal rectal temperature of the guinea-pig is 100-8 +-1-2°
F.. To ascertain the animal's temperature, a clinical thermo-
meter, with a small round bulb which is smeared with vaseline,
is gently inserted into the rectum of the animal.

RABBITS

These animals are often unsatisfactory for experi-
mental purposes owing to their liability to parasitic
and intercurrent infections. The animals used should
be free from snuffles (a chronic nasal inflammation),
subcutaneous abscesses, and mange. They should be
plump, their fur should be in good condition, and
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they should not be suffering from diarrhoea. If the
animal is in poor condition it is probably affected
with coccidiosis or intestinal worms. Rabbits are
very prone to die from septicaemia (due to B. lepi-
septicus), and from pneumonia. It is better to use
animals obtained from a rcliable breeder, where the
condition of the stock is known, than to purchase
rabbits casually and indiscriminately from a dealer.

The normal rectal temperature of the rabbit is 102-4° F., but
the variations are great. No temperature under 104° F. should
be considered pathological. The leucocyte count of the rabbit
is also subject to great normal variation.

The chief use of the rabbit lies not so much in
diagnostic work as in its value for experimental
purposes. It is extensively used for the production of
immune sera, such as agglutinating and haemolytic
sera, which arc frequently employed for routine
laboratory diagnosis.

Under Certificate ‘““ A of the Home Office the
animal may be inoculated intravenously, intraperi-
toncally, subcutaneously, or by scarification, without
the use of an anaesthetic.

Scarification.—The hair is removed from the flank
of the animal by first clipping and then shaving, or
by means of the depilating mixture described on
p. 285. The skin is cleansed with aleohol, which is
allowed to evaporate. A number of parallel scratches
are made with a sharp sterile sealpel, just sufficiently
deep to draw blood. The infective material is rubbed
into the scarified arca by means of a platinum loop
or the side of the scalpel. This method is mainly
used for the propagation of vaccinia virus.

Subcutaneous inoculation may be made either into
the abdominal wall, or into the loose tissue about the
flank or at the back of the neck. The hair is cli