





























PREE AC Fe
TO THE SECOND EDITION.

THE fact that a new edition of this manual was
called for a few months after its publication, has
induced the author to extend its scope in the
hope of adding to its usefulness.

The work has not only been revised throughout
and brought up to date, but, in order to admit
of a more concise arrangement of the species, the
Systematic part has been recast.

Additional chapters have been written upon the
General Morphology and Physiology of Bacteria,
upon Antiseptics and Disinfectants, and Immunity.

Seventy-three illustrations have been added.
Those not duly acknowledged as coming from
other sources were drawn on the wood by the
author from his own preparations.

A list of references to works on Bacteriology,
which was not ready for the first edition, has now
been completed and extended. It has no pretension
to be a complete bibliography, but being arranged
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DESCRIPTION OF PLATES.

PLATE ‘1. (Facing page 18.)
Bacteria, Schizomycetes, or Fission fungi.

. Cocci singly and varying in size.
. Cocci in chains or rosaries (streptococcus).

Cocci in a mass or swarm (zooglcea).

. Cocci in pairs (diplococcus).
. Cocci encapsuled (Bacterium preumonie croupose)

Cocci in groups of four (merismopedia).
Cocci in packets (sarcina).

. Bacterium termo.

. Bacterium termo, x 4000 (after Dallinger and Drysdale).
. Bacterium lineola.

. Bacillus subtilis,

. Bacillus tuberculosis.

. Bacillus lepra.

. Bacillus malarie (after Klebs).

. Bacillus typhosus (after Eberth).

. Spirillum undula (after Cohn).

. Spirillum volutans (after Cohn).

Spirillum cholere Asiatice : from an artificial cultivation.

. Spirillum Obermeieri (after Koch).
. Spirochate plicatilis (after Fliigge).
. Vibrio rugula (after Prazmowski).

. Cladothrix Fersteri (after Cohn).

Cladothrix dichotoma (after Cohn),
Monas Okenii (after Cohn).

. Monas Warmingii (after Cohn).

Rrabdomonas rosea (after Cohn).

From a cover-glass preparation of blood from the spleen of a mouse which
had died of anthrax; stained with fuchsine (Zeiss’ 1% o.i. Oc. 4).

From a drop-cultivation of Bacillus anthracis (Zeiss’ 1% o.i. Oc. 4).

From a cover-glass impression-preparation of a potato-cultivation of
Bacillus anthracis (Zeiss’ {5 o.i. Oc. 4).

From a preparation of Bacillus anthracis, cultivated in nutrient gelatine
(torula-form).

Involution-form of Crenothrix (after Zopf).
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32. Involution-forms of Vibrio serpens (after Warming).

33. Involution-forms of Vibrio rugula (after Warming).

34. Involution-forms of Clostridium Polymyxa (after Prazmowski).

35. Involution-forms of the Spiréllum cholere Asiatice, from an artificial
cultivation.

36. Involution-forms of Bacterium aceti (after Zopf and Hansen).

37. Spirulina-form of Beggiatoa alba (after Zopf).

38. Various thread-forms of Bacterium merismopedioides (after Zopf).

39. False-branching of Cladothrix (after Zopf).

PLATE II. (Facing page 76.)

. Micrococcus tetragonus.—From a section of a kidney of a mouse
which had died in eight days, after inoculation subcutaneously with a
pure cultivation. Encapsuled tetrads, isolated and in masses, were
found in the kidneys, lungs, and other organs. Stained with Gram’s
method (gentian-violet) without a contrast stain. x 1500.

2. Micrococcus pyogenes aureus (Staphylococcus pyogenes aureus).—
From a section of the liver of a rabbit. A small vessel is shown plugged
with cocci. From small abscesses in the liver, cultivations were obtained
of the characteristic yellow coccus of pus. Stained with Gram’s method
(gentian-violet) without a contrast stain. x 1500.

-

PLATE XIL. (Facing page 78.)
. Bacillus tuberculosis.—From a cover-glass preparation of tubercular
pus. Stained with Ehrlich’s method (fuchsine and methylene-blue).
X 1500.

2. Bacillus leprze.—From a section of a kidney from a case of leprosy.
Stained with Ehrlich’s method (fuchsine and methylene-blue). In the
centre of the field is a glomerulus with a collection of the leprosy
bacilli. x 4o0.

[

PrLATE IV. (Facing page 88.)

1. Spirillum choleree Asiaticee (Comma-baccillus of Kock).—Tube
inoculated from a plate-cultivation. The growth in this case was very
striking. The funnel-shaped area of liquefaction, enclosing an air-
bubble, and the white thread along the needle-track, are in marked
contrast to the appearances, under similar conditions, of the comma-
bacillus in Cholera nostras (p. 288).

Bacterium cholere gallinarum (Microccus cholere gallinarum ;
Microbe du choléra des poules).—Tube inoculated from the blood of
a hen which had died of so-called chicken-cholera. After several days
the growth forms a very delicate, finely beaded thread.

3. Micrococcus cereus albus (Staphylococcus cereus albus).—Tube

inoculated from the pus of a subcutaneous abscess in a rabbit. The
growth assumed a nodular appearance along the needle-track.

N
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PLATE V. (Following Plate IV.)

1. Micrococcus tetragonus.—Tube inoculated from a plate-cultivation
of bacteria in sputum. The cultivation consisted of a milk-white growth
heaped up on the surface of the gelatine, and growing freely along the
upper part of the needle-track.

2. Bacteriumna pneumoniz croupos® (Micrococcus pnreumonie
croupose ; Friedlinder's p occus).—Tube inoculated from pneu-
monic exudation. The growth, in nutrient gelatine, in the form of a
round-headed nail, is not by itself distinctive.

3. Saccharomyces niger (Black torula).—Tube inoculated from an old
contaminated nutrient-gelatine cultivation. The growth, isolated and
reinoculated, formed a black crust on the surface of the gelatine. In
some of the tubes little separate centres of growth occurred in the upper
part of the track of the needle.

PLATE VI. (Following Flate V.)

1. Bacillus pyocyaneus (Bacterium eruginosum ; Bacillus fluorescens).
-——Tube inoculated from pus. The gelatine was liquefied, and appeared
green by transmitted and orange by reflected light.

2. Sarcina lutea.—Tube inoculated from a colony which occurred on
potato exposed to the air. The gelatine was partially liquefied, and a
canary-yellow growth had subsided to the bottom of the liquefied
layer.

3. Bacillus anthracis.—Tube inoculated from the blood of a mouse
which had died of anthrax. The typical growth which occurs in a
few days is shown on p. 318. In this figure the appearance after
three weeks is represented. The gelatine was completely liquefied,
and a flocculent mass had subsided to the bottom of the tube.

Prate VII. (Following Plate VI.)

Sarcina lutea,—In this tube and the two adjacent ones, the inocula-
tions were made by thrusting the needle into the nutrient agar-agar.
In all three cases the growth on the surface, freely exposed to air,
developed a characteristic pigment, while the growth in the track of
the needle was scanty and colourless.

2. Bacterium indicum (Micrococcus indicus, Koch ; Bacillus inaicus,

Fliigge).
3. Saccharomyeces rosaceus (Pink forula).

I

PraTe VIII. (Following Plate VIL)

Bacterium indicum (Micrococcus indicus, Koch ; Bacillus indicus,
Fliigge).—Tube inoculated from a nutrient agar-agar plate-cultivation.
By plate-cultivation, or by succussive cultivation on potatoes, a pure
cultivation can be obtained. The growth has then the colour of red

I
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sealing-wax, and a peculiar crinkled appearance, After some days
the growth loses its bright colour, and becomes purplish, like an old
cultivation of Bacterium prodigiosum.

2. Bacillus cyanogenus (Bacerium syncyanum ; Bacillus of blue milk).

—Tube inoculated from a potato-cultivation. The bacillus forms a
whitish layer, and colours the nutrient agar-agar a smoky brown.

3. Bacterium prodigiosum (Monas prodigiosa; Micrococcus prodi-
giosus, Cohn; Bacillus prodigiosus, Fliigge ; Blood rain).—Tube
inoculated from a potato-cultivation. The bacterium grows very
rapidly, forming a blood-red growth, which gradually acquires a
purplish colour,

PrLATE IX. (Following Plate VIII.)

I. Sarcina lutea.—Tube of nutrient agar-agar inoculated from a plate-
cultivation. ‘The canary-yellow colour forms a strong contrast to the
colour of the growth in the adjacent tube.

2. Micrococcus pyogenes aureus (Stapkylococcus pyogenes aureus),—

Tube inoculated from an abscess in a rabbit.

3. Bacillus pyocyaneus (Bacillus fluorescens ; Bacterium aruginosum).
—Tube inoculated from a colony on a plate-cultivation. The growth
formed a whitish, transparent layer composed of slender bacilli. The
pigment diffused itself throughout the nutrient jelly. The growth
appears green by transmitted light, owing to the colour of the medium
behind it. The bacillus is now regarded as identical with the bacillus
of green-blue pus. ]

Prate X. (Following Plate 1X.)

-

Bacterium lineola.—Tube inoculated from putrid blood-serum which
swarmed with Bacterium lineola. The same bacteria were found in
the cultivation.’

2. Micrococcus rosaceous.—Tube inoculated from an old cultivation
on nutrient agar-agar which had become contaminated. The culti-
vation, macroscopically resembling pink yeast, consisted of a pure
cultivation of micrococci.

3. Micrococcus pyogenes citreus.—Tube inoculated with cocci

isolated from a subcutaneous abscess in a mouse.

PraTE XI. (Following Plate X.)

1. Bacillus anthracis (Bactéridie du charbon ; Bacillus of splenic fever,
wool-sorter's disease, or malignant pustule).—Tube of nutrient agar-agar
inoculated with the blood of a sheep which had died of anthrax,
White flocculent patches developed, which were entirely composed of

threads and spores of the bacilli.
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2. Bacillus subtilis.—Tube inoculated with bacilli, isolated by plate-
cultivation, from dust. The bacilli appeared to be identical with the
hay-bacillus, but in this case formed a peculiar crinkled layer along
the track of the needle.

3. Micrococcus cereus albus (Szephylococcus cereus albus).—Tube
inoculated from the discharge of a subcutaneous abscess in a rabbit.

PLATE XII. (Facing page 96.)

Spirillum of Finkler and Prior (Comma-bacillus of Finkler and
Prior).—This figure represents the appearance of a plate-cultivation
of the comma-bacillus from Cholera nostras, when examined over a
slab of blackened plate-glass. The colonies differ very markedly from
the colonies of Koch’s comma-bacilli (sée p. 285). The drawing was
made from a typical result of thinning out or attenuating * the colonies
by the process of plate-cultivation. At this stage they were com-
pletely isolated one from the other; but later they became confluent,
and produced complete liquefaction of the gelatine,

Prate XIIL (Following Plate XI1.)

Spirillum of Finkler and Prior (Comma-bacillus of Finkler and Frior).
—This figure represents the result obtained by a still further thinning
out of the organisms than in the preceding case. The attenuation had
been so far carried out that several of the colonies remained completely
isolated for days.

PLATE XIV. (Facing page 102.)

1. Bacterium prodigiosum (Monas prodigiosa ; Micrococcus prodigiosus,
Cohn ; Bacillus prodigiosus, Flugge ; Blood rain).—Growth on potato
after three days.

2, Penicillium glaucum.—A potato which had been freely exposed to
the air was covered in three weeks by a growth of Penicillium glaucum.
The surface of the growth is studded with dew-like drops of moisture.

PraTE XV. (Following Plate XIV.)

1. Sarcina lutea.—Growth on sterilised potato five days after inoculation
from a tube-cultivation. Potatoes, especially old ones, have sometimes
a tendency to become discoloured, and the brown appearance in this
figure has nothing to do with the growth of the organisms.

2. Saccharomyces rosaceus (ZPink torula).—Growth on sterilised
potato which had been inoculated from a colony contaminating a plate-
cultivation. This yeast develops a coral-pink colour, but does not grow
so luxuriantly as the chromogenic bacteria.

* The term ‘‘attenuation” is applied also to a virus, in the sense of
weakening or modifying its effect. To avoid confusion the term eitigation
might be employed exclusively to express this, and ae#fenuation used only
in the sense indicated above.
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PraTE XVI. (Following Plate XV.)

1. Bacillus anthracis (Bactéridie du charbon ; Bacillus of splenic fever,
wool-sorter’s disease, or malignant pustule).—The bacillus of anthrax
grows very rapidly on sterilised potato, especially when placed in the
incubator at the temperature of the blood. The growth forms a
creamy-yellow layer, with copious spore-formation.

2. Bacterium indicum (Micrococcus indicus, Koch; Bacillus indicus,
Fliigge).—Sterilised potato inoculated with a pure growth obtained by
successive cultivations. Unless the growth is quite free from the
presence of other bacteria, the brilliant red colour is not obtained.

PLATE XVIL (Following Plate X VI.)

1 and 2. Bacillus cyanogenus (Bacterium syncyanum ; Bacillus of blue
milk).—Potato inoculated from a cultivation in nutrient gelatine. In
three days a peculiar bluish-green growth develops on the surface of
the potato, and in nine days it has a heaped-up margin of a bluish-
green colour, while the central portion has turned almost black.

PLATE XVIIL. (Facing page 104.)

1. Bacillus tuberculosis.—Pure cultivation of the tubercle-bacillus on
blood-serum solidified obliquely.
2. Pure cultivation on solid blood-serum in a glass capsule.
3. The same as Fig. 2, examined under a low power of the microscope. x 8o.
4. Impression-preparation showing the peculiar serpentine growth of the
colonies on blood-serum. x 700.
(After Koch, Mittheil. a. d. Kaiserl. Gesundh. Amt.)

PraTte XIX. (Facing page 228.)

1. Streptococcus pyogenes.—From a microscopical specimen prepared
from pus from a pyxmic abscess. Stained with gentian-violet by the
method of Gram, and contrast-stained with eosin. x 1200. Powell
and Lealand’s apochromatic {; Hom. imm. E. P. 10.

2. From a microscopical specimen of an artificial cultivation of the strepto-
coccus in broth. Complex chains with elements dividing both
longitudinally and transversely, and varying considerably in size in
different lengths of the same chain. x 1200. Powell and Lealand’s
apochromatic v Hom. imm. E. P. 10.

PLATE XX. (Facing page 300.)

1. Bacillus leprze.—From a section of the skin of a leper. The section
is, almost in its entirety, stained red, and, with moderate amplification,
has a finely granular appearance. Stained with Ehrlich’s method
(fuchsine and methylene-blue). x 200.
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Part of the same preparation with high amplification, showing that the
appearances described above are due entirely to an invasion of the
tissue by the bacilli of leprosy. x 1500,

PLaTE XXI. (Facing page 308.)

Bacillus tuberculosis.—~From a section of a lymphatic gland of a
feetal calf, The preparation was stained by the Ehrlich-Koch method
(methyl-violet and bismarck-brown), and eosin. The giant cell takes
the eosin stain, the nuclei are stained brown, and the bacilli blue.
In the interior of the giant cell are numerous coloured grains, the
significance of which is not known, and a number of tubercle-bacilli.
X 1500,

For the material from which this preparation was made the author is
indebted to Professor Johne, by whom an account of this case was
published, ¢ Ein Zweifelloser Fall von Congenitaler Tuberkulose,”
Fortsch. d. Med., 1885, No. 7, p. 198.

. From a section of a lung of a rabbit after inoculation with tubercular

sputum. Caseous areas are seen, and masses of bacilli showing distinct
beading. Stained by the Ehrlich-Koch method (methyl-violet) without
a contrast stain. x 1500,

PLATE XXII. (Following Plate XX1.)

. Bacillus tuberculosis.—From a section of the liver of a tubercular

hen, With a moderate power the areas of caseation and the topo-
graphical distribution of the bacilli can be studied. Stained with the
Ehrlich-Koch method (methyl-violet and bismarck-brown). x g4o0.

. From the same preparation with high amplification, showing that the

parts stained blue consist entirely of bacilli. x 1500.

PLATE XXIIIL. (Facing page 316.)

. Bacillus anthracis (Bactéridie du charbon ; Bacillus of splenic fever,

wool-sorter’s disease, or malignant pustule).—From a section of the
mucous membrane of the stomach of a mouse. The glandular capil-
laries are mapped out by the bacilli. Stained by the method of Gram
(gentian-violet), and eosin. x 500.

. From a section of a kidney of a mouse. Under a low power the pre-

paration has exactly the appearance of an injected specimen. Under
higher amplification the bacilli are seen to have threaded their way
along the capillaries between the tubules, and to have collected in
masses in the glomeruli. Stained with Gram’s method {gentian-
violet), and eosin, x 500.
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PraTE XXIV. (Following Plate XX1I1.)
riG

1. Bacillus anthracis (Bactéridie du charbon ; Bacillus of splenic fever,
wool-sorter's disease, or malignant pustule)—From a section of the
liver of a mouse which had died after inoculation with a pure cultiva-
tion of the bacillus, The bacilli are seen to have threaded their way
between the liver-cells. The preparation is triple-stained by combining
the methods of Weigert and Orth. x 500.

2. Bacillus anthracis and Micrococcus tetragonus.—From a

section of a lung of .a mouse which had been inoculated with anthrax

three days after inoculation with Micrococcus tetragonus. A double or
mixed infection resulted.  Anthrax-bacilli occurred in vast numbers,
completely filling the small vessels and capillaries, and in addition
there were great numbers of the characteristic tetrads. Stained with
Gram’s method (gentian-violet), and eosin, x 500,

PraTE XXV. (Facing page 332.)

1. Bacillus of septiceemia of mice.—From a section of a kidney of a
mouse which had died after inoculation with a pure cultivation of the
bacillus. With moderate amplification, the white blood-corpuscles
have a granular appearance, and irregular granular masses scattered
between the kidney tubules are seen, Stained with Gram’s method
and eosin. X 200.

2. Part of the same preparation with high amplification. The granular
appearances are found to be due to the presence of great numbers of
extremely minute bacilli. x 1500.

PLATE XXVI. (Facing page 334.)

1. Bacillus of swine-erysipelas (Bacillus of German swine-fever).—
Pure cultivation in nutrient gelatine. The growth is stated to be identical
with that of the bacillus of septiccemia in mice.

2. Colonies on a plate-cultivation.

3. Cover-glass preparation of blood from an inoculated pigeon.

(After Schiitz, 47%. a. d. Kais. Gesundh. Amt, Bd. 1,

PraTe XXVII. (Facing page 344.)
1. Bacillus figurans (Bacterium Zopfir).—From an impression-prepara
tion of a growth on the surface of nutrient gelatine. x s5o.
Part of the same preparation with high amplification, showing that the
coils and filaments of the growth are due to a peculiar and regular
arrangement of the individual bacilli, x 1500. .

;)

PraTE XXVIIL (Facing page 368.)
1. Yeast fungi, or saccharomycetes; and mould fungi, or
hyphomycetes.—Actinomyces teased out in the fresh state and
stained with eosin,
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DESCRIPTION OF PLATES. xxVvii

Torula cerevisiee (after Rees).

Saccharomyces mycoderma, or oidium albicans, from an artificial cultiva-
tion (after Grawitz).

Saprolegnia (after Sachs).

Oidium lactis (after Fligg ).

Fungi of favus, or oidium lactis (after Neumann).

Fenictllium glaucum (after Fligge).

Aspergillus niger, from a preparation mounted in glycerine.

Aspergillus niger, from the same preparation (Zeiss 1% 0..).

Aspergillus glaucus (after De Bary).|

11. Botrytis Bassiana (after De Bary

Prate XXIX. (Facing page 384.)

1. Actinomyces (bovis).—From a section of a maxillary tumour in a

cow. Stained by Weigert’s method (orseille and gentian-violet), x goo.

2. From a section of the lung of a cow. The rosettes are much smaller,

possibly owing to their being more confined by their surroundings than
when growing in the soft pulpy tissue of the maxillary tumour. They
are here shown with high amplification, but under a power of about 50
diam. (Zeiss A.A. Oc. 2) the section of 2 lung resembles miliary tuber-
culosis, and in the centre of a neoplasm the rosette appears about the
size of a pin’s head. Stained with Weigert’s method (orseille and
gentian-violet.) x 500,

PLATE XXX. (Following Plate XX1X.)

1. Actinomyces (bovis).—From a section of a maxillary tumour in a

cow. Stained by Plaut’s method (magenta and picric acid). x go.-
Note—Neelsen’s solution may be used instead of magenta solution.

2. Part of the same preparation, with higher amplification. The fungoid

masses are very deeply stained by this method. The component club-
shaped elements and their radiate arrangement are clearly shown.
X 500,

PLATE XXXI. (Facing page 390.)

1. Actinomyces (hominis).—From a preparation of the grains from

an actinomycotic abscess in a boy., Examined in glycerine. The

drawing has been made of a complete rosette, examined by focussing

successively the central and peripheral portions, Towards the centre

the extremities of the clubs are alone visible ; they vary in size ; and if

pressed upon by the cover-glass, give the appearance of an irregular
mosaic, Towards the periphery the clubs are seen in profile, and their

characteristic form recognised. At one part there are several elongated

elements, composed of separate links. x 1200.
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FIG.
2. Different forms of clubs from preparations in which the rosettes have been

flattened out by gentle pressure on the cover-glass. x 2500.

(@) Single club.

() Bifid club.

(¢) Club giving rise to four secondary clubs.

(@) Four clubs connected together, recalling the form of a branch of
bananas.

(¢) Mature club with a lateral bud.

(/) Apparently a further development of the condition represented at (e).

(g) Club with a lateral bud and transverse segmentation.

(%) Single club with double transverse segmentation.

(7) Club with oblique segmentation,

(/) Collection of four clubs, one with lateral gemmation, another with
oblique segmentation.

(/) Club with lateral buds on both sides, and cut off square at the
extremity.

(/) Club with a daughter club which bears at its extremity two still
smaller clubs.

(#2) Club divided by transverse segmentation into four distinct elements.

() Elongated club composed of several distinct elements.

(0) and (p) Clubs with terminal gemmation.

() Palmate group of clubs.

() Trilobed club.

(s) Club with apparently a central channel.

(#) Filament bearing terminally a highly refractive oval body.

PLATE XXXII. (Facing page 392.)

1. Actinomyces (hominis).—From cover-glass preparations of the
fungus teased out of the new growths produced by inoculation of a calf
with pus from a boy suffering from pulmonary actinomycosis. Stained by
Gram’s method and orange-rubin. The threads are stained blue and the
clubs crimson.  In the younger clubs the thread can be traced into the
interior of the club. In some of the older clubs the central portion
takes a yellowish stain, and in others the protoplasm is not continued as
a thread, but is collected into a spherical, or ovoid, or pear-shaped mass.
In others, again, irregular grains stained blue are scattered throughout
the central portion.

2. From a section of a portion of the growth removed from a bhoy during life,
The tissue was hardened in alcohol, and cut in celloidin.  The section
was stained with Gram’s method and orange-rubin.  There are several
rosettes, surrounded by granulation tissue.

3. A mass of extremely fine filaments occupies the central part of the rosette.
Many of the filaments have a terminal enlargement. The marginal part
shows a palisade of clubs stained by the orange-rubin. x 5o00.



BACTERIOLOGY.
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INTRODUCTION.

THE GERM THEORY.

THE researches of Pasteur into the 74/ played by
micro-organisms in the processes of fermentation
and putrefaction, and in diseases such as anthrax,
the silkworm malady, py®mia, septicemia, and
chicken cholera, have invested the science of
Bacteriology with universal interest and vast im-
portance. The further researches of the practical
mind of Lister, with the resulting evolution of
antiseptic surgery, have demonstrated the necessity
for a more intimate acquaintance with the life-
history of these micro-organisms; while the more
recent investigations which have established the
intimate connection between bacteria and infective
diseases, and more especially the discovery by Koch
of the tubercle and cholera bacilli, have claimed
the attention of the whole thinking world.

Those bacteria which are connected with disease,

and more especially those which have been proved
I
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to be the causa, if not the actual wmaferies morbr,
are of predominant interest and importance.

The first attempt to demonstrate the germ theory
of disease dates back almost to the discovery of
the microscope. Athanasius Kircher, nearly two
and a half centuries ago, expressed his belief that
there were definite micro-organisms to which dis-
eases were attributable.  The microscope had
revealed that all decomposing substances swarmed
with countless micro-organisms which were invisible
to the naked eye, and Kircher sought for similar
organisms in diseases which he considered might
be due to their agency. The microscope which
he described * obviously could not admit of the
possibility of studying, or even detecting, the micro-
organisms which are now known to be associated
with certain diseases; and it is not surprising
that his teachings did not at the time gain much
attention. They were destined, however, to re-
ceive a great impetus from the discoveries which
emanated from ¢ the father of microscopy.”

Antony van Leeuwenhoek had learned as a
youth to grind and polish lenses, and later in life
employed his spare time in constructing micro-
scopes, and in conducting those researches which
have made for him a name which is familiar to
all microscopists. His researches were published
in a series of letters to the Royal Society. In

1675 he described extremely minute organisms in
* Ars Magna Lucis et Umbre, 1646.
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rain-water, well-water, infusions of pepper, hay, and
other vegetable and animal substances, in saliva,
and in scrapings from the teeth; and, further, he
was able to differentiate these minute living things
by their size, their form, and the character of their
movements. In 1683 these discoveries were illus-
trated by means of woodcuts, and there can be
little doubt, from the drawings of these micro-
organisms, that they are intended to represent
leptothrix filaments, vibrios, and spirilla. Indeed,
we can almost recognise these micro-organisms as
bacteria from Leeuwenhoek’s graphic descriptions,
apart from his figures. They were described as
moving in the most characteristic manner, pro-
gressing with great rapidity, or spinning round
like a top, and as so excessively minute that they
were only perceived with great difficulty. The
smallest forms could hardly be examined indivi-
dually; but, viewed ez masse, they closely resembled
a swarm of gnats or flies. In another communica-
tion, published in 1692, he gives some idea of the
size of these animalcules by stating that they were
a thousand times smaller than a grain of sand.
Others which, comparatively speaking, were of
considerable length, were characterised by their
peculiar mode of progression, bending and rolling
on themselves, movements which, he adds, created
both delight and astonishment in the mind of the
observer. Leeuwenhoek himself was not disposed
to believe in the possibility of such organisms
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being found in the blood in disease; but as soon
as he had proved the actual existence of such
minute creatures, theoretical physicians were not
wanting who at once attributed various maladies
to their agency. Among these, Nicholas Andry
is made conspicuous by his work published in
1701.*  Andry classed the minute organisms dis-
covered by Leeuwenhoek as worms.

In 1718 Lancisi believed that the deleterious
effect of the air of malarial districts depended
upon animalcules, and others considered that
the plague in Toulon and Marseilles in 1721
arose from a similar cause. In fact, by some,
all diseases were attributed to vermicules, and
this led to the theory being ridiculed and dis-
credited.

In spite of adverse criticism, the theory of con-
tagium vivum survived, and Linnzus acknowledged
it by placing the micro-organisms discovered by
Leeuwenhoek, the contagia of specific fevers, and
the causes of putrefaction and fermentation, into
one order—‘ chaos.” The theory was further sup-
ported by the writings of Plenciz, who, in 1762,
very ably discussed the nature of contagium, as
well as the relation of animalcules to putrefaction
and disease. However, no proofs in support of
these theories were forthcoming, and gradually the

* De la Génération des Vers dans le Corps de I’ Homme.
t Opera Medico-Prysica, Tractatio de Contagio, de Lue Bovina,
de Variolis ; de Scariatina.
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idea of contagium vivum fell into obscurity, and
indeed came to be regarded by some as an absurd
hypothesis.

Though a causal relation of animalcules to dis-
eases was for a time discredited, the natural history
of these micro-organisms was studied with increas-
ing interest. In 1778 Baron Gleichen* described
and figured a great number of micro-organisms
which he had discovered in various vegetable
infusions.  Joblot, Lesser, Réaumur, Hill, and
many others worked at the same subject. Hillt
remarked that there was hardly the least portion
of matter or the least drop of fluid of any kind
naturally found in the earth which was not in-
habited by multitudes of animalcules. But these
observers inclined rather to searching for new
forms than to studying more thoroughly those
which had been already discovered; and, as a
result, but little scientific progress was made until
the time of Miiller, of Copenhagen. Miiller, in
1786, criticised the work of these previous writers,
and pointed out that they had been too much
occupied with merely finding new micro-organisms.
Miiller took into account the form of the micro-
organism, its mode of progression, and other
biological characters, and on such data based a
classification. ~Thus the scientific knowledge of

* Dissertation sur la Génération, les Animalcules Spermatiques
et ceux &’ Infusions.

t Essays in Natural History and Philosopky.
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these minute beings was considerably advanced
by his writings and his illustrations.

The subject which now eclipsed all others in
interest was the origin of these micro-organisms.
Two rival theories were widely discussed—spon-
taneous generation and development from pre-exist-
ing germs; and the researches that were made in
the course of this discussion, and the discoveries
which resulted, indirectly materially advanced the
germ theory of disease, and explain many of the
phenomena in the life-history of the pathogenic
microbes which have been brought to light in
recent years.

Spontaneous development of micro-organisms
in putrescible infusions was believed in by many,
but was supported by no one with greater per-
sistency than Needham. Needham found, if meat
infusion were boiled .and transferred to a well-
stoppered flask, that animalcules readily developed,
and he could only explain this by supposing that
they originated spontaneously from the material of
the infusion. In 1768 Bonnet* strenuously op-
posed these conclusions on purely theoretical
grounds, and maintained that it was far more
probable that the ova of the animalcules were
present in the infusions or were suspended in the
air enclosed in the flask.

Spallanzani was the first to demonstrate by ex-
periment the correctness of Bonnet's arguments

* Considérations sur les Corps Organisés.
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It occurred to him to boil the infusion in flasks,
and Zo seal the vessels during the process of boiling.
As a result the flasks remained free from putre-
faction, and animalcules only developed when the
infusion was exposed to the air by making a hole
in the flask. That Spallanzani’s experiments were
reliable, and his conclusions correct, was evidenced
by the fact that his simple precaution led to great
practical results, as Francois Appert introduced on
this principle the method of preserving meats,
vegetables, and other provisions. .

The disciples of Needham nevertheless brought
forward counter objections. Treviranus urged that
a certain guantity and gquality of air was necessary
for the spontaneous development of these infusoria,
and that by sealing the flasks too small a quantity
of air was in contact with the infusion, and, further,
that this air had become changed in quality by the
process of boiling.

Spallanzani argued against these objections, but
did not support his opinions by further experi-
ments, so that the question remained for a time
undecided.

In 1836 Francis Schulze devised an experiment
which brought still further evidence against Need-
ham’s theory. Schulze filled a glass vessel half
full with distilled water and different animal and
vegetable substances. This was plugged with a
doubly bored cork, and through each perforation a
glass tube was introduced, bent at a right angle.
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On boiling the flask, steam issued freely from
each tube, and all parts were thoroughly sterilised.
Each tube was then connected with a bulbed tube,
one bulb containing concentrated sulphuric acid,
and the other a solution of potash. By aspiration
fresh air was drawn into the flask, and this was
deprived of any germs which might be present
by its passage through the sulphuric acid. The
result was that the infusion remained without any
development of micro-organisms. If, on the other
hand, air were admitted without first being drawn
through the sulphuric acid, the infusion in a short
time teemed with animalcules. In other words,
Schulze demonstrated that in spite of free access
to air, whick had not been heated, the infusions
remained free from germs.

Schwann, in 1837, arrived at similar results. He
found that putrescible substances remained sterile
if exposed to an abundant supply of air which was
heated by being passed through a melted mixture
of metals. This convinced him that the cause of
the decomposition which would otherwise have oc-
curred must exist in the air.

The objection remained that in the experiments
of Schulze and Schwann, the air which was ad-
mitted to the flasks had undergone either a c/iemical
or a thermal change, and therefore the theory of
Needham was not yet entirely disposed of.

In 1854 the final blow was dealt by Schroeder
and Van Dusch. These investigators demonstrated
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that decomposition could be obviated without resort-
ing either to thermal or chemical treatment of the
air, as simple filtration of the air through cotton-
wool was shown to be efficacious in excluding
germs. Finally, Hoffman, in 1860, and, indepen-
dently, Chevreuil and Pasteur, in 1861, showed
that even cotton-wool could be dispensed with, as
a sterile solution might be kept sterile if the neck
of the vessel were bent with an S-shaped curve.
Micro-organisms in the air entering the flask,
were deposited by gravitation in the bend of the
tube.

The advocates of spontaneous generation were
ready with fresh objections. They now urged that
the medium lost its power of undergoing decom-
position by being boiled. This objection was at
once set aside by the fact that if unfiltered air
were admitted to the infusion decomposition set
in. Additional evidence was brought against spon-
taneous generation by the experiments of Pasteur,
Burdon Sanderson, Lister, and others, in which
it was shown that blood, urine, and milk would
remain without decomposition, if all precautions
were adopted to avoid contamination in filling the
sterilised flasks.

Even at this stage of this great scientific con-
troversy fresh difficulties arose, for it was found
that in certain solutions which had been boiled
and hermetically sealed in flasks micro-organisms
made their appearance. In 1872 Charlton Bastian
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published a research* which was to prove that
spontaneous generation actually took place.

Decoctions of turnip and cheese which had been
filtered, neutralised, and boiled for ten minutes, and
hermetically sealed during the boiling, were found
after a time to contain micro-organisms. These re-
sults, however, were before long explained by the
fact that in milk, infusions of hay, and certain other
decoctions, the spores of bacilli are present, which
are much more resistent than the bacilli themselves.
In such cases mere scalding or boiling for a few
minutes will not sterilise the solution. The bacilli
are destroyed, but not their spores; and if the latter
remain unhurt, they will germinate, increase, and
multiply. But if, as Tyndall found, the boiling be
repeated a second and a third time, all the spores
will be destroyed ; for in the intervals between the
boilings the spores sprout into bacilli, and the bacilli
at the next boiling perish ; so that after three or four
repeated boilings the infusion is rendered perfectly
free from germs.

While this discussion was occupying the attention
of the whole scientific world, some investigators had
been again following up the theory of a connection
between micro-organisms and disease.

In 1837 Cagniard Latour and Schwann inde-
pendently made the discovery that the yeast plant
was a living organism, and the true cause of the
fermentation. The close analogy between the

* Proceedings of the Royal Soctety.
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processes of fermentation and of certain diseases had
long been held ; and, therefore, when it was proved
that fermentation was due to a micro-organism,
fresh advocates appeared in support of the theory
that diseases were produced by similar agencies.
Boehm, in 1838, described certain organisms in
cholera which was at that time raging in Europe;
but the publication of Bassi, who a year previously
had discovered the cause of a disease of silkworms,
attracted much greater attention.

Bassi discovered .that in this disease extremely
minute spores existed on the bodies of the worms,
which were conveyed from the sick to the healthy.
They destroyed the healthy worms by germinating
in their skins and growing into their bodies. These
discoveries may be said to have brought the theory
of contagium vivum to life again; and Henle, in
reviewing the facts of the case in 1840, came to the
conclusion that the cause of all contagious diseases
must be of a living nature, and this he maintained,
although he had searched in vaccine and small-pox
lymph, in the desquamation of scarlet fever, and
in other diseases without success.

Bassi’s discovery and Henle's doctrine encouraged
a number of investigators, and remarkable results
followed. In favus, in herpes tonsurans, in pity-
riasis versicolor, fungus threads and spores were
found, and were regarded as being of etiological
importance, inasmuch as the morbid lesions corre-
sponded with the growth of the particular fungus.
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Cholera became especially a subject for research.
Swaine, Brittan, and Budd found micro-organisms
in choleraic dejecta. Davaine described certain
monads in the intestinal contents, but no causal
connection was established between these organisms
and the disease; and when the cholera disappeared
the interest in contagium vivum waned, and
was eclipsed by the question of fermentation.
The discoveries which followed in this subject
had, as we shall see, a very important bearing
on the micro-parasitic origin of communicable
diseases. 3

Pasteur followed up the researches of Cagniard
Latour and Schwann, and in 1857 demonstrated
that the lactic, acetic, and butyric fermentations
were also produced by micro-organisms.

Previous to this, in 1850, Davaine and Rayer had
noted the existence of little rod-like or filamentous
bodies about the size of a blood corpuscle in the
blood of a sheep that had died of splenic fever.
Pollender had seen similar bodies in the blood of
COWS.

Davaine did not pay much heed to his discovery ;
but in 1863 he thoroughly reinvestigated the sub-
ject, and conducted a series of experiments which
led him to the conclusion that the actual cause of
splenic fever was an organised being whose presence
and multiplication in the blood produced changes in
that fluid of the nature of fermentation, resulting
in the death of the animal.
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These conclusions were not accepted by all ; and,
indeed, the evidence was so far incomplete that
the sceptic was justified in considering that these
experiments afforded only a working hypothesis.
But Davaine’s comparison between this disease
and fermentation attracted the attention of Pasteur
whose mind had been fully trained for entering
upon this investigation by the researches which
he had been carrying on in the interval between
Davaine’s publications of 1857 and 1863.

Pasteur, as already mentioned, had been working
at fermentation, and his attention was next directed
to studying the so-called diseases of wines, and
subsequently to a contagious disease which com-
mitted ravages among silkworms. By laborious
researches Pasteur was able to confirm the belief
that the disease was due to the presence of micro-
organisms only discernible with the aid of the
microscope. These oval shining bodies in the moth,
worm, and eggs had been previously observed by
Cornalia, and described by Naegeli as Nosema
bombyecis, and by Lebert as Panhistophyton. But
it was reserved for Pasteur to introduce a means
of combating the disease. Pasteur showed that
if a silkworm, whose body contained these micro-
organisms, were pounded up with water in a mortar,
and the mixture painted with a brush on the leaves
on which healthy worms were fed, they would all
without fail succumb to the disease.

As the contagious particles were transmitted to
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the eggs, a method for preventing the spread of
the disease suggested itself. Each female moth
was kept separate from the others, and allowed to
deposit her eggs on a small linen cloth. The moth
was then pinned to the corner of the cloth, and left
for future examination. When the time for this
arrived, the moth was crushed up with water in a
mortar, and a drop examined under the microscope.
If any trace of corpuscular matter were found to
be present, the cloth with its collection of eggs
was burnt; and if not, the eggs were set aside
for use.

Complete as this appears to be as a demonstra-
tion of a causal connection between the micro-
organisms and the disease, it could obviously be
objected that there was no distinct proof that the
corpuscular bodies constituted the actual contagium.
There was no isolation of the organisms, no artifi-
cial cultivation of them apart from the diseased moth
or worm, and subsequent production of the disease
by means of the isolated organisms. The same ob-
jection was applicable to Davaine’s investigations.
Davaine found the rods in association with the
disease, and maintained that they were causally
related ; but others stated that it was possible to
inoculate animals with anthrax blood containing
rods, and to produce the disease without being able
to detect the rods again in the blood of the animal
experimented upon. It was also urged that it was
possible to infect with anthrax blood after the rods
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had disappeared, and to find a reappearance of the
bacilli in the blood of the inoculated animal.

What appeared also to lend great support to these
objections was the well-known fact that anthrax or
splenic fever was especially prevalent in certain
seasons and certain localities. The disease, in fact,
was regarded by some as originating from peculiar
conditions of climate and soil. The fallacies in
these objections were, however, rapidly dispelled.
Bollinger, in 1872, pointed out that the blood, from
which the rods had disappeared, was still virulent
owing to the presence of the spores of the bacillus,
and that it was owing to the soil being impreg-
nated with these spores that the disease broke out
in certain localities. ~ But there still remained many
who refused to regard these particles as living
bodies, some looking upon them simply as crystals,
and the question of their importance remained un-
decided for several years. '

In 1877 Robert Koch published a memoir in
which he fully described the life-history of the
anthrax or splenic fever bacillus, and gave a com-
plete demonstration of the life-history of the micro-
organism, and the definite proofs of its pathogenic
properties. He pointed out how quickly the rods
grew in the blood and tissues by lengthening and
by cross division. Further, that in the blood or in
serum or in aqueous humour they grew into long
leptothrix filaments, and formed numerous shining
spores. He traced, by continuous observation on
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the warm stage, the whole life cycle from the fission
of the rods to the formation of spores and the
sprouting of the spores into fresh rods. Further,
he carried on the disease by inoculating from mouse
to mouse for several generations, and observed that
in the blood of the animal and in the swollen spleen
the glass-like rods were always to be found.

Pasteur also studied the microbe of splenic fever,
and amply confirmed and extended the observations
of Koch by his researches on the attenuation of the
anthrax virus.

Pasteur also met with adverse criticism. Paul
Bert argued that the bacilli were of no importance,
because he could destroy them by exposing material
containing them to great pressure, and yet the ma-
terial produced the disease on inoculation. But such
measures did not destroy the spores ; and finally Paul

- Bert was convinced of his error when Pasteur demon-
strated cultures of the anthrax bacillus in urine, from
which successive generations were started, and that
with such cultivations the disease could always be
produced.

It was, however, principally the researches of Koch
which placed the doctrine of contagium vivum on a
scientific basis.

Koch’s improvements in the methods of cultivation,
his recommendation of the necessary microscopical
apparatus, his histological methods for examining
these minute organisms, and his famous postulates
for proving beyond controversy the existence of
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specific pathogenic micro-organisms, elevated the
theory of contagium vivum to a demonstrated
and established fact. The chain of evidence
regarded by Koch as essential for proving the
existence of a pathogenic organism was composed
as follows :— ;

1. The micro-organism must be found in the blood,
lymph, or diseased tissue of man or animal suffering
from or dead of the disease.

2. The micro-organisms must be isolated from the
blood, lymph, or tissues, and cultivated in suitable
media, Z.e., outside the animal body. These pure
cultivations must be carried on through successive
generations of the organism.

3. A pure cultivation thus obtained must, when
introduced into the body of a healthy animal, pro-
duce the disease in question.

4. Lastly, in the inoculated animal the same micro-
organism must again be found.

It is, however, impossible by localising one’s
knowledge to pathogenic species to thoroughly
understand the life-history of these particular
forms, or to be able to grasp and appreciate the
various arguments and questions that arise in
comparing their life-history with the progress of
disease.

Nor is it sufficient to know only how to recognise
and artificially cultivate a bacterium associated with
disease ; we must endeavour to establish the exact
relationship of the bacterium to thedisease inquestion.

2
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The determination of the true pathogenic microbe
is beset with fallacies. In many diseases bacteria have
been regarded as the actual contagia, until a searching
inquiry by.other investigators has shown that the
evidence was most unsatisfactory or entirely mis-
leading. For example, in diseases with lesions of
the external or internal linings of the body, extra-
neous micro-organisms may get into the circulation
and be swept into the internal organs, where they
either perish in the battle with the healthy tissues
which are opposed to their existence, or they may
gain the upper hand and set up destructive processes.
Such organisms, when found in association with
these diseases, may be discovered in the blood
and internal organs; and though accidental epi-
phytes, often associated with septic complication,
they may only too readily be accepted by the
enthusiast as the actual contagium of the disease
in question.

It is only when such fallacies are exposed that
we are brought once more face to face with the
fact that the nature of the contagium in many
diseases, such as hydrophobia, variola, vaccinia,
scarlet fever, and measles, is at the present day
undetermined.

Such cases invite further: research; but these
fallacies must be borne in mind, or the application
of bacteriology to the elucidation of the germ theory
of disease will not only be misleading, but tend to
retard rather than assist the progress of science.
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Koch'’s postulates naturally suggest a sequence in
the various processes which must be adopted in a
practical study of micro-organisms associated with
disease. Inasmuch, however, as these processes
embrace those which are employed in the isolation,
cultivation, etc., of non-pathogenic species, we shall,
in studying the bacteria as a whole, adopt the order
suggested. After an introduction to the apparatus
commonly employed in a bacteriological laboratory,
we shall describe the methods of examining liquids,
tissues, etc.,, and the means of recognising micro-
organisms. Then will follow the methods of isolat-
ing these micro-organisms from such liquids, tissues,
etc., and of carrying on pure cultivations in nutrient
media. Lastly, we shall refer briefly to experimental
researches on the living animal, and the means of
isolating micro-organisms from the liquids and tissues
of the body after death.

In Part II. will be found chapters upon the
General Biology of bacteria, and in Part III. a
chapter upon their classification, followed by a
description of each species, more particularly of
those of pathological interest, with a detailed
account of the special methods of examination and
of staining employed for demonstrating the different
species.

In the Appendix a descriptive list of important
yeasts and moulds will be given, with any special
technique required in their case. Yeasts and moulds
are constantly encountered in the investigation of












CHAPTER L

APPARATUS, MATERIAL, AND REAGENTS
EMPLOYED IN A4 BACTERIOLOGICAL LABORATORY.

(A) HISTOLOGICAL APPARATUS.

Microscope.—For the investigation of micro-
organisms a good microscope with oil-immersion
system and a condenser, such as Abbé’s, is essential.
Such instruments are supplied by Leitz, Zeiss, and
Hartnack in Germany, and Powell & Lealand,
and Swift & Son, in England. Zeiss’ microscope,
with ¢, and ¢y oil-immersion lenses, or Powell &
Lealand’s, with % and %, is recommended for
investigators ; while Swift’'s or Leitz, with %, is a
serviceable and economical one for students.* In
addition to the wusual microscopic fittings, Zeiss
supplies a micrometer eyepiece, with directions for
use. Some such arrangement is essential for the
measurement of bacteria. Other accessories to the
microscope are— '

A large bell-glass for covering the microscope when not
in use.

About a foot square of blackened plate-glass.

* Leitz’, with 2, costs about £15 ; Zeiss’, with the same, £30, and
with %, £20 more. Refer to foot-note on p. 61.
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A white porcelain slab of the same size.

Glass bottles with ground-glass stoppers, for alcoholic
solutions of aniline dyes, etc.

Glass bottles with funnels, for aqueous solutions of the
dyes, and others provided with pipettes.

A small rod-stoppered bottle of cedar oil. This is
recommended by Zeiss in preference to other oils for his
immersion lenses.

Set of small glass dishes or capsules, and watch-glasses
for section staining, etc.

Stock of best glass slides, in packets of fifty.

Several boxes of round and’ square thin cover-glasses, in
various sizes, of the best quality.

" Needle-holders, with a couple of platinum needles, and a
packet of ordinary sewing-needles.

Glass rods drawn out to a fine point ; useful for manipu-
lating sections when acids are employed.

Copper lifters, preferably plated.

One pair of small brass or spring-steel platinum-pointed
forceps, for holding cover-glasses.

One pair of brass tongs. :

Collapsible tubes for containing Canada balsam; very
serviceable for transport and general use.

Turn-table, for sealing cover-glass preparations with rings
of cement.

Boxes for preparations, book-form.

Tickets and labels, various sizes.

Soft rags or old pocket-handkerchiefs, for removing cedar
oil after use of immersion lens, cleaning cover-glasses, etc.

Chamois leather for wiping lenses.

Microtome.—Schanze’s is much in favour in
Germany; but Jung’s, of Heidelberg,* though a
* Price lists may be obtained from any of the above-mentioned

firms, from which an idea of the instruments can be formed, and a
comparison of the prices made. ¢
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somewhat cumbrous instrument, is preferred by
others. Smaller accessories, which should be within
reach, are—

A small can of sewing-machine oil. _

A soft rag and chamois leather, for wiping the knives
immediately after use.

Stone and leather for setting and sharpening the same.

Two or three camel's-hair brushes.

A Freezing Microtome is very useful The
method of embedding in celloidin may be used with
advantage in combination with the ordinary process
of freezing.

(B) REAGENTS AND MATERIAL EMPLOYED IN THE
PROCESSES OF HARDENING, DECALCIFYING, EM-
BEDDING, FIXING, AND CUTTING OF TISSUES.

Alcohol, absolute.
Bergamot oil.

Celloidin.

Dissolved in equal parts of ether and alcohol.
Cork, or stock of ready-cut corks.

Ebner’s solution. A mixture in the following
proportions :—

Hydrochloric acid . ) : g 5
Alcohol . . : 3 - . 100
Distilled water 3 . : = NP

Chloride of sodium. : ] : ap
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Gelatine.

Melted in a small porcelain capsule, and set
aside ready to be re-melted when required for use.

Glycerine gelatine (Klebs).

Best well-washed gelatine ] 10
Add distilled water, allow gelatme

to swell up, pour off excess of

water, melt gelatine with gentle

heat, add
Glycerine $ : v 10
Lastly, a few drops of phenol for preservation.

Gum.

Kleinenberg’s solution.
Saturated watery solution of picric

acid . : ! . . 100

Strong sulphuric ac1d ! X . 2
Filter and add
Distilled water y ; . 153060
Miiller’s fluid.

Bichromate of potash . . i 2
Sulphate of sodium . 3 § 1
Distilled water g y : . I00

Osmic acid.
Distilled water - . : A LG
Osmic acid . ; ) : ; 3

Paper trays (small or glass-capsules).

Paraffine.
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Spermaceti.

Xylol.

Hardening and decalcifying solutions should be
kept in stock in quantities according to require-
ment. A jacket of brown paper should be pasted
round a well-stoppered bottle to contain osmic acid
to efficiently protect it from light, and it should be
kept in a cool place. The celloidin solution may
be kept in stock in a wide-mouthed glass bottle,
from which small wide-mouthed bottles may be
filled according to the number required. To put
several pieces of different tissues in the same bottle
leads to confusion.

(C) REAGENTS FOR EXAMINING AND STAINING
MICROSCOPICAL PREPARATIONS.

1. Acetic acid, strong,
2. Alcohol, absolute.

3. Alcohol, 60 per cent.
4. Alcohol, acidulated.

Alcohol . i : ; 3 . 100

Hydrochloric acid . ’ : .
5. Alum carmine (Grenacher).

Carmine . : : 5 : , 1

Five per cent. solution of alum . Ico

Boil twenty minutes, filter when cold.
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(6) Aqueous solution.
Methylene blue
Alcohol .

Water

(¢) Koch’s solution.
Concentrated alcoholic solution of
methylene blue
Ten per cent. potash solution .
Distilled water

(@) Loffler’s solution.

Concentrated alcoholic solution of
methylene blue
Solution of potash 1—10,000 .

24. Methyl violet.
(@) Concentrated alcoholic solution.
(¢) Aqueous solution.

Methyl violet
Distilled water

(¢) Koch’s solution.

Aniline water . 8 !
Alcoholic solution of methyl violet
Absolute alcohol

25. Neelsen’s solution.
Dissolve fuchsine
In alcohol

Add a 5 per cent. watery solution of
carbolic acid.

200

30
100

2735
100

100
II
10

10

100
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32. Safranine.
(@) Concentrated alcoholic solution.

(6) Watery solution 5 o TiDET CERt.
33. Sulphuric acid, pure.

34. Salt solution. . . 08 per cent.
35. Turpentine.

36. Vesuvin.

(@) Concentrated alcoholic solution.

(6) Watery solution.
Water, distilled.

W ater, sterilised.

Distilled water can be kept for use in a wash
bottle, or far better in a siphon apparatus. Steril-
ised water is convenient in plugged sterile test-tubes,
which may be kept close at hand in a beaker, or
tumbler, with a pad of cotton wool at the bot-
tom. The numbered reagents can be conveniently
arranged on shelves within easy reach. Alcoholic
solutions of the aniline dyes and other special
preparations should be kept in bottles with ground-
glass stoppers. Aqueous solutions of the dyes may
be kept in bottles with funnel filters, and the
solution filtered before use. To both aqueous and
alcoholic solutions a few drops of phenol, or a

3
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the pattern made by Nachet of Paris. Combined
with the use of a micro-millimeter objective, it
affords also a simple method for the measurement
of bacteria.

For drawing macroscopical appearances, and for
illustrating microscopical specimens with or without
the use of a camera lucida, the following materials
should be within reach :—

Pencils.

Etching Pens.

Prepared Indian Ink.

Water-colour Paints and Brushes.

Ordinary and tinted drawing paper and other usual
accessories.

Photo-micrographic Apparatus.— Zeiss of
Jena, Seibert & Kraft of Wetzlar, Nachet of Paris,
and Swift & Son of London, may all be recom-
mended for constructing an arrangement in which
the photographic camera is combined with the
microscope.

For illumination either sunlight or artificial light
- may be employed. In the case of sunlight a helio-
stat is necessary to procure the best results; but as
sunlight is not always available by day, and it is
also more convenient for many to work at night,
it is better to have recourse altogether to artificial
light. Excellent results may be obtained with an
ordinary paraffine lamp, or with magnesium, oxycal-
cium, or electric light. Specimens are preferably
stained yellow, brown, or black, and for mounting
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the preparations Koch* recommends a saturated
solution of acetate of potash; but there is little or
no objection to the use of Canada balsam dissolved
in xylol. Hauser,t who employed the electric light,
obtained some excellent pictures of preparations
mounted in balsam. Van Ermengem § first recom-
mended the isochromatic dry plates, and produced
most successful results with the lime-light from
objects stained with fuchsine and methyl violet.
The author also has investigated the applicability
of photographic processes for illustrating micro-
organisms. Numerous preparations have been
satisfactorily depicted by means of the isochromatic
plates without any reference to the staining reagents
employed. For a full description of the apparatus
and methods employed the reader is referred to
the author’s publication.

(F) STERILISATION APPARATUS.

Steam-steriliser.—A cylindrical vessel of tin
about half a metre or more in height, jacketed
with thick felt, and provided with a conical cap
or lid (Fig. 1). The lid is also covered with
felt, has handles on either side, and is perforated

* Koch, Verfakren zur Untersuchung zum Conserviven und
Photographiven der Bacterien. 1877.

1 Hauser, Uber Fiulniss Bacterien und deren Beziehungen zur
Septicimie. 188s.

1 Van Ermengem, Bull. de la Soc. Beige de Microscopie, No. X.,
pp. 170-2. 1884.

§ Photography of Bacteria. 1887.
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at the apex to receive a thermometer. Inside
the vessel is an iron grating or
diaphragm about two-thirds the
way down, which divides the in-
terior into two chambers—the
upper or ‘‘steam chamber,” and
the lower or * water-chamber.”
A gauge outside marks the level
of the water in the lower chamber ;
this should be kept about two-
thirds full. The apparatus stands
upon three legs, and is heated from
below with two or three Bunsen, or
better, a Fletcher’'s burner. It is
employed for sterilising nutrient
media in tubes or flasks, for cook-
ing potatoes, or hastening the
filtration of agar-agar. When the thermometer
indicates 100° C. the lid is removed, and test-
tubes are lowered in a wire basket by means of
a hook and string, and the lid quickly replaced.
Potatoes or small flasks are lowered into the
cylinder in a tin receiver with a perforated bottom,
which rests upon the grating and admits of its
contents being exposed to the steam.

Hot-air Steriliser.—A cubical chest of sheet
iron with double walls, supported on four legs; it
may also be suspended on the wall of the laboratory,
with a sheet of asbestos intervening (Figs. 2 and 3).

It is heated with a rose gas-burner from below,

Fi6. 1.—KocH’s
STEAM-STERILISER.
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and the temperature of the interior indicated by a
thermometer inserted through a hole in the roof;
in a second opening a gas regulator can be fixed.
Test-tubes, flasks, funnels, cotton wool, etc., may be
sterilised by exposure to a tem- ,£1128921% |,
perature of 150° C. for an hour * *
or more.

tw =t

5
™

[ R L

F16. 3.—SEcTION
F16. 2.—HOT-AIR STERILISER. oF HoT-AIR STERILISER.

(G) APPARATUS AND MATERIAL FOR PREPARING AND

STORING NUTRIENT GELATINE AND NUTRIENT
AGAR-AGAR.

Water-bath.—A water-bath on tripod stand is
required for boiling the ingredients of nutrient
jellies and for general purposes. The lid may be
conveniently composed of a series of concentric
rings, so that the mouth of the vessel may be
graduated to any size required.
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Test-tube Water-bath.—This consists of a
circular rack for test-tubes within a water-bath.
It is sometimes employed instead of the steam
cylinder for sterilising nutrient jelly in tubes, by
boiling for an hour for three successive days.

Hot-water Filter.— A copper funnel with
double walls, the interspace between which is
filled with hot water. A
glass funnel fits inside
the copper cone, the stem
of the glass funnel passing
through and being tightly
gripped by a perforated
caoutchouc plug, which
fits in the opening at the
apex of the cone. The
water in the cone is heated
by applying the flame of a
burner to a tubular pro-
longation of the water
chamber. In a more re-
cent model, as represented
in Fig. 4, this prolonga-
tion is dispensed with, and

the temperature is main- HoT-WATER FILTERING APPARATUS
WITH RING BURNER.

tained by means of a
circular burner which acts at the same time as a
funnel ring.

Glass Vessels.—A number of glass vessels
should be kept in stock according to requirements.
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Bohemian hard glass flasks are employed in
several sizes, for boiling nutrient media. The
conical forms are especially used in the larger sizes
for storing nutrient jelly.

Glass funnels large and small are necessary, not
only in the processes of preparing nutrient jelly,
but for filtering solutions of aniline dyes and for
general purposes.

A liberal supply of test-tubes should always be
kept in stock, as they are not only employed for
the tube-cultivations, but can be conveniently used
for storing bouillon, sterilised water, etc.

Cylindrical glasses graduated in cubic centi-
metres, 10 ccm., 100 ccm., 500 ccm., are required
for measuring the liquid ingredients of nutrient
jelly, and also in preparing the' various staining
solutions. :

A large wide-mouthed glass jar, with a glass
cover, is extremely useful. It must be padded at
the bottom with cotton wool for containing a stock
of tubes of sterilised nutrient jelly, and should be
placed within reach on the working table.

Balance and Weights.—A balance, with large
pans and set of gramme weights, is constantly
required.

Cotton Wool.—The best or * medicated”
cotton wool should be procured. ;

Gelatine. — The gelatine for bacteriological
purposes must be of the very best quality (gold
label). :
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Agar-agar.—This is also called Japanese Isin-
glass; it consists of the shrivelled filaments of
certain Algee (Gracilaria lichenoides and Gigartina
speciosa).*

Peptonum Siccum (German).

Table Salt.—Prepared table salt can be ob-
tained in tins or packets.

Litmus Papers.—Blue or red litmus paper
in cheque books, for testing- the gelatine mixture,
etc.

Carbonate of Soda.—A bottle, containing a
saturated solution of carbonate of soda, and
provided with a pipette-stopper, may be kept,
especially for use in the preparation of nutrient
jelly.

Lactic Acid. :

Filter Paper.— For filtering gelatine stout
Swedish filter paper of the best quality is recom-
mended.

Flannel or Frieze.—This is employed as a
substitute for, or combined with, filter paper in
the preparation of nutrient agar-agar.

(H) APPARATUS FOR EMPLOYMENT OF NUTRIENT JELLY
IN TEST-TUBE AND PLATE-CULTIVATIONS.

Wire Cages.—These cages or crates are used
for containing test-tubes, especially when they are

* Hueppe, Die Methoden der Baklerien Forschung. 1885.
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to be sterilised in the hot-air steriliser; or for
lowering tubes of nutrient jelly
into the steam steriliser, etc. (Fig.
5)-

Test-tube Stands.—The or-
dinary wooden pattern, or the
metallic folding stands, are called
L into use for holding cultivations.
Fic. 5.—Wm; cace Pegged racks are also recom-

For TestTosss mended  for draining test-tubes

after washing.

Caoutchouc Caps.—These are caps for fitting
over the cotton-wool plugs, and may be used in
different sizes for test-tubes and stock-flasks.

Platinum Needles.—A platinum needle for
inoculating nutrient media, examining cultivations,

Fi16. 6.—~PraTinum NEEDLES ; STRAIGHT, HoOKED, LoOPED.

etc., consists of two or three inches of platinum
wire, fixed to the end of a glass rod. Several of
these needles should be made, with platinum wire
of various thicknesses. A piece of glass rod,
about seven inches long, is heated at the extreme
point in the flame of a Bunsen burner, and a piece
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of platinum wire, held near one extremity with
forceps, is then fused into the end of the rod.
Some needles should be perfectly straight, and
kept especially for inoculating test-tubes of

Fi16. 7.—DamMP CHAMBER FOR PLATE-CULTIVATIONS.,

nutrient jelly.  For other purposes the needles

may be bent at the extremity into a small hook,

and others provided with a loop (Fig. 6).
Tripod Levelling-stand.—A triangular wooden

F16. 8,—APPARATUS EMPLOYED FOR PLATE-CULTIVATIONS.
Tripod Stand ; Glass Dish, filled with cold or iced water ; Sheet of Plate-glass;
Spirit Level, and Glass Bell. "

frame supported upon three screw-feet which enable
it to be raised or lowered to adjust the level.

Large Glass Plate.—A piece of plate-glass, or
a pane of ordinary window glass, about a foot square.

Spirit Level.

Glass Bells and Dishes.—Shallow glass bells
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and dishes, for making a dozen or more damp
chambers (Fig. 7), and for completing the appa-
ratus for pouring out liquefied nutrient jelly on
glass plates or slides (Fig. 8).

Iron Box.—A box of sheet-iron (Fig. 9) for con-
taining glass plates during their sterilisation in the
hot-air steriliser, and for storing
them until required for use.

Glass Plates.—Small panes of
glass, about six inches by four. Not
less than three dozen are required
for a dozen damp chambers.

Glass Benches. — These are

Box l;fg g necessary for arranging the glass

Lo plates or slides in tiers in the damp
chambers (Fig. 10). Metal shelves may be substi-
tuted for them, but the former are to be preferred.

FiGs. 10, 11.—GLAss BENCHES FOR Grass PLATES OR SLIDESs.

They can be easily made, in any number required,
by cementing a little piece of plate-glass at either
end of a glass slip (Fig. 11).

Glass Rods.—One dozen or more glass rods,
twelve to eighteen inches in length. They are
employed for smoothly spreading out the liquefied
nutrient gelatine or agar-agar on the glass plates, etc.

Thermometers.—Two or three centigrade ther-
mometers. '
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(I) APPARATUS FOR PREPARATION OF POTATO-
CULTIVATIONS.

Israel’s Case.—Sterilising instruments in the
flame of a Bunsen burner is most destructive. It
is better, there-
fore, to have a
sheet-iron  case
(Fig. 12) to.
contain potato-
knives, scalpels,
and other instru-
ments, and to
sterilise them by placing the case in the hot-air
steriliser for an hour at 150° C.. The box can be
opened at the side, and each instrument withdrawn
with a pair of sterilised forceps when required for use.

Glass Dishes. — Several shallow glass dishes
are required for preparing damp chambers for
potato - cultivations
(Fig. 13). The upper,
being the larger, fits
over the lower, and
having no handle,
Fic. 13. admits of these damp

Damp CHAMBER For Porato- cham bers bei ng
CULTIVATION.

Fic. 12.—IsrAEL’s Cask.

placed, if necessary,

in the incubator in tiers. The large size may also
be used in the same way for plate-cultivations.

Potato Knives.—A common broad smooth-



46 BACTERIOLOGY.

bladed knife set in a wooden handle is sold for
this purpose.

Scalpels. — Half a dozen scalpels, preferably
with metal handles, may be kept especially for
inoculating sterilised potatoes.

Brush.—A common stout nail-brush, or small
scrubbing brush, is essential for cleansing potatoes.

(1) APPARATUS FOR PREPARATION OF SOLIDIFIED
STERILE BLOOD SERUM.

Glass Jar.—A tall cylindrical glass jar, on foot,
with a broad ground stopper, for receiving blood.

Pipette.—An ordinary or graduated pipette for
transferring the serum
from the jars to sterile
test-tubes or glass cap-
sules.

Serum Steriliser.—
A cylindrical case, with
double walls forming an
interspace to contain
water, closed with a lid,
also double walled and
provided with a tubular
prolongation of the en-
closed water chamber
(Fig. 14). The water
in the cylinder is heated
from below, and that in the lid by means of the
prolongation.

FI1G. 14—SERUM STERILISER.
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In the centre of the cylinder is a column which
communicates with the water chamber of the
cylinder, and from it pass four partitions, which
serve to support the test-tubes.

In the lid are three openings, one of which com-
municates with the water chamber in the lid by
which the latter is filled, and into which a thermo-
meter is then fixed. In the centre an opening
admits a thermometer, which passes into the
central pipe of the cylinder; through a third open-
ing a thermometer passes to the cavity of the
cylinder. The cylinder and cover are jacketed
with felt, and the apparatus is supported on iron
legs.

Serum Inspissator.—A shallow tin case with
glass cover, both case and cover jacketed with felt
(Fig. 15). The case
is double walled, and
the water contained
in the interspace is
heated from below.
It is supported on
four legs, and the
two front ones move
in grooves in the
case, so that the latter can be placed obliquely at
the angle required, and secured in position by
screw-clamps. It is employed for coagulating
sterile liquid serum, and for solidifying nutrient
agar-agar so as to give them a sloping surface.

F16. 15.—SERUM INSPISSATOR.
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Glass Capsules.—Small capsules or hollowed-
out cubes of crystal glass are employed for cultiva-
tions on solid blood serum, on nutrient gelatine, and
on agar-agar. They may be procured of white and
blackened glass, and are provided with glass slips as
covers.

(K) APPARATUS FOR STORING, AND FOR CULTI-
VATIONS IN, LIQUID MEDIA.

Lister’s Flasks.—Lister devised a globe-shaped
flask with two necks; a vertical and a lateral one.
The lateral one is a bent spout, tapering towards its
constricted extremity. When the vessel is restored
to the erect position after pouring out some of its
contents, a drop of liquid remains behind in the end
of the nozzle, and prevents the regurgitation of air
through the spout. A cap of cotton wool is tied
over the orifice, and the residue in the flask kept
for future use. The vertical neck of the flask is
plugged with sterilised cotton wool in the ordinary
way.

Sternberg’s Bulbs.—Sternberg advocates the
use of a glass bulb, provided with a slender neck
drawn out to a fine point and hermetically sealed.*

Aitken’s Test-tube.—This is an ingenious
device for counteracting the danger of entrance of
atmospheric germs on removal from the ordinary

* Magnin and Sternberg, Bacteria. 1884.
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test-tube of the cotton-wool plug. Each test-tube is
provided with a lateral arm tapering to a fine point,
which is hermetically sealed.

Drop culture Slides.—About a dozen or more
thick glass slides with a circular excavation in the
centre are required for drop-cultures.

Vaseline.—A small pot of vaseline with a camel’s-
hair brush should be reserved especially for use in
the preparation of drop-cultures.

Bulbed Tubes.—Glass vessels such as test-
tubes, flasks, and pipettes, which are used in dealing
with liquid media, have already been mentioned
under other headings; but bulbed tubes, Pasteur’s
bulbs, and various other forms are also required for
special experiments.

(L) APPARATUS FOR INCUBATION.

There are several forms of incubator, each of
which has its advocates. They are mostly rect-
angular chests, with glass walls, front and back, or
in front only. A cylindrical model is preferred by
some. Two only will be described here—D’Arson-
val’'s and Babes'. The former admits of very exact
regulation of temperature, and the latter is a very
practical form for general use.

D’Arsonval’s Incubator.—The “ Ztuve D' Ar-
sonval” (Fig. 16) is a very efficient apparatus, and
is provided with a heat regulator, which enables the
temperature to be maintained with a minimum varia-

4
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tion. It consists of a cylindrical copper vessel, with
double walls, enclosing a wide interspace for con-
taining a large volume of water. The roof of the
water-chamber s
oblique, so that the
wall rises higher
on one side than
on the other. This
admits of the inter-
space being com-
pletely filled with
water. At (the
highest point is an
opening fitted with
a perforated caou-
tchouc stopper,
through which a
glass tube passes.
The mouth of the
cylinder itself is
horizontal, and is
closed by a lid,
which is also
double-walled to contain water. In the lid are four
openings; one serves for filling its water-chamber,
and the others for thermometers and for regulating
the air supply in the cavity of the cylinder. The
cylinder is continued below by a cone, also double-
walled, and there is a perforated grating at the line
of junction of the cylinder and cone. The cone

Fi1c. 16.—D’ARrsoNvAL’S INCUBATOR.
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terminates in a projecting tube provided with an-
adjustable ventilator. The apparatus is fixed on
three supports united to one another below. One of
them is utilised for adjusting ‘the height of the heat-
ing apparatus. Situated above this leg is the heat-
regulating apparatus (Fig. 17), attached to a circular,
lipped aperture in the outer wall of the incubator.
To the lip is fixed with
six screws the correspond-
ing lip of a brass box,
with a tightly stretched
diaphragm of india-rubber
intervening.  Thus the
diaphragm separates the

CaVity of the box from the F16. 17.—ScHLOSING’S MEMBRANE
REGULATOR,

water in the interspace of
the incubator. The cap of the box, which screws
on, is bored in the centre for the screw-pipe, by
which the gas is supplied. Another pipe entering
the box from below is connected with the gas-burners.
Around the end of the screw-pipe a collar loosely
fits, and is pressed against the diaphragm by means
of a spiral wire spring. Close to the mouth of the
screw-pipe a small opening exists, so that the gas
supply to the burners is not entirely cut off even
when the diaphragm completely occludes the mouth
of the screw-pipe.

To work the apparatus the tube and plug must be

removed, and the water-chamber filled completely with
distilled or rain water at the temperature required. The
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caoutchouc plug is replaced and the tube placed in position.
Gas enters through & (Fig. 17), and passes through the
opening at its extremity into the chamber of the box.
Thence it passes through the vertical exit which is connected
with the gas-burners. As the temperature rises the water
rises in the tube, and at the same time exercises a pressure
on every part of the walls of the incubator, and hence on
the diaphragm. In consequence of this, the diaphragm
bulging outwards approaches the end of the tube d, and
gradually diminishes the gas supply. As a result the
temperature falls, the water contracts and sinks in the
tube, and the diaphragm receding from d, the gas supply
is again increased. By adjusting the position of the tube
d to the diaphragm, any required temperature within the
limits of the working of the apparatus can be regulated to
the tenth of a degree; provided, (1) that the gas supply is
rendered independent of fluctua-
tions of pressure, by means of a
gas-pressure regulator, (2) that the
height of the water in the tube
is controlled daily by the with-
drawal or addition of a few drops
of distilled water, and (3) that
the apparatus is kept in a place
with as even a temperature as pos-
sible, and sheltered from currents
, of air.
Fic. 18. The burners in Fig. 16 are pro-
(‘}N‘If?‘l’v}‘l’ii“cﬁ‘gi‘;f” tected with mica cylinders similar
to the burner represented in Fig. 18,
The flames of these burners can be turned down to
the smallest length without danger of extinction, and the
temperature may be regulated very satisfactorily without
using the heat regulator just described, if the gas first
passes through a pressure regulator (Fig. 19). To provide
against the danger resulting from accidental extinction of
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the gas, Professor Koch has devised a self-acting apparatus

(Fig. 20), which,
simultaneously with
the extinction of the
flame of the burner,
shuts off the supply
of gas.

Babes’ Incuba-
tor.—The pattern
of Dr. Babes is
very simple, and
is recommended by
the author in pre-
ference to all others

(Fig. 21).

Fie. 19.

MoITESSIER'S GAS-PRESSURE REGULATOR.

It consists of a double-walled chest with sides and

F16. 20,—KocH’s SAFETY BURNER.

roof jacketed with felt.

Water fills the interspace
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between the walls, and on the roof are two
apertures—one for a gas
regulator, and the other for
a thermometer. In front,
the chest is closed in by a
sheet of felt, a glass door,
and a sliding glass panel.
The apparatus can be sus-
pended on the wall or sup-
ported on legs, and is heated
from below by means of
protected burners.

The gas should pass
first through a pressure
regulator, and then through

a thermo-regulator to the

F16. 21.—BABES’ INCUBATOR.

burners.

Moitessier’s Gas-pressure Regulator.—This
apparatus is best explained by reference to the
diagram (Fig. 19). In the bottom of the cylinder a
are the entrance (£) and exit (/) gas tubes. The
tap (»2) regulates the size of the flame. The cover
(nn) roofs in the cylinder A. The bell (8) supports
by means of ¢ and f the ball valve &, which lies in'the
cover ¢cc. The gas, entering by 4, passes through
the valve #, and is thence conducted by the tube a
to the tube Z The bell 3 and the weighted dish
% are screwed on to the connecting rod g. To
diminish as much as possible the friction of ¢ in
iz, g only touches 7 by three projecting ridges.
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Section of 7 and g is shown at 5. To put the ap-
paratus in use it is first levelled, then % is screwed
off and the cover ## removed. A mixture of two
parts of pure acid-free glycerine to one of distilled
water is poured into the cylinder until it flows out at
¢, which is then closed, and the cover # % replaced.
The manometers are filled with coloured water, and
# and / connected with the entrance and exit gas
tubing respectively. The pressure of the incoming
gas raises the bell B; and with it the valve & is
raised towards the opening at c¢. The weight £,
which is replaced on g, by its downward pressure
counteracts this upward pressure of the gas and
opens the valve ¢c.  Thus the flame is best regu-
lated in the morning, when the pressure is at a
minimum ; then supposing an increase of pressure
occurs, the weight of /% is overbalanced, B is raised
and with it 4, and the gas supply proportionately
diminished by the gradual closing of the valved
opening.

Reichert’s Thermo-regulator.—This regu-
lator (Fig. 22) consists of three parts—a hollow T
piece, a stem, and a bulb. The T piece fits like a
stopper in the upper widened portion of the stem.
One arm of the T is open, and connected with the
gas supply; the vertical portion terminates in a
small orifice, and is also provided with a minute
lateral opening. The stem is provided with a
lateral arm, and this arm, the stem, and the bulb
contain mercury. The regulator is fixed in the
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roof of the incubator, so that the bulb projects

either into the interior of the incubator or into

the water chamber. When the incu-

bator reaches the required temperature,

the mercury is forced up by means of

the screw in the lateral arm, until it

closes the orifice, at the extremity of

the vertical portion of the T. The gas

which passes through the lateral orifice

is sufficient to maintain the apparatus

Rl Ko the required temperature. If the

Tuermo- temperature of the incubator falls the

- oLy mercury contracts, and gas passing

through the terminal orifice of the T, increases the

flame of the burner,and the temperature is restored.

Page’s Thermo - regulator resembles the

above, but instead of the T piece there are two

pieces of glass tubing. The outer tubing envelops

the upper part of the stem of the regulator, and

admits of being raised or lowered. The upper end

of this tubing is closed by a cork, which is perforated

to admit the narrow glass tubing, which represents

the vertical arm of the T passing within the stem of

the regulator. This has a terminal and a lateral

opening, and is the means of entrance for the gas.

This regulator is adjusted by noting when the

thermometer indicates the desired temperature, and

then pushing down the outer tube until the terminal

opening of the inner tube, which is carried down
with it, is obstructed by the mercury.
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inner tube of the regulator. No. III. represents
‘Frankel's modification of the same . instrument.

(M) INOCULATING AND DISSECTING INSTRUMENTS AND
APPARATUS IN COMMON USE.

Mouse Cages.—As mice are the animals most
frequently employed for experimental purposes,
mouse cages have been especially introduced, con-
sisting simply of a cylindrical glass jar with a
weighted wire cover.

Dressing Case—A small surgical dressing
case, with its usual accessories—forceps, knives,
small straight and curved scissors, needles, silk,
and so forth—will serve for most purposes.

Pravaz’ Syringe.—Koch’s modification of
Pravaz’ syringe admits of sterilisation by exposure
to 150° C. for a couple of hours.

Special Instruments and Material.—Instru-
ments required for special operations and the
materials necessary for strict antiseptic precautions
need not be detailed here.*

Dissecting Boards.—Slabs of wood in various
sizes, or gutta-percha trays, provided with large-
headed pins, are employed for ordinary purposes.

Dissecting Case.—A dissecting case fitted with
scalpels, scissors, hooks, etc.,, should be reserved
entirely for post-mortem examinations.

* Vide Cheyne, Antiseptic Surgery. 1882.
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(N) GENERAL LABORATORY REQUISITES.

Siphon Apparatus.—Two half-gallon or gallon
glass bottles, with siphons connected with long
flexible tubes provided with glass nozzles and
pinchcocks (Fig. 24), should be employed for the

Fie. 24.

SreaoN Borrtie, wiTH FLExiBLE TuBg, Grass NozzLE, AND
A MonR’s PiNcHCcOCK.

following purposes :—One is used to contain distilled
water, with the nozzle hanging down conveniently
within reach of the working table; the other is to
contain a solution of corrosive sublimate (1 in 1000),
and may be placed so that the nozzle hangs close
to the lavatory sink or basin. The former replaces
the use of the ordinary wash bottle, in washing off
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surplus stain from cover-glasses, etc., and thel atter
is conveniently placed for disinfection of vessels and
hands after cleansing with water. They should be
placed on the top of a cupboard, or on a high
shelf.

Desiccator.—The desiccator (Fig. 25) consists
of a porcelain pan containing concentrated sulphuric
acid, and covered over with a bell-glass receiver.

Fi1G. 25.—DESICCATOR.

The sheet of plate-glass upon which the pan rests
is ground upon its upper surface, and the rim of
the glass bell is also ground and well greased. In
the centre of the pan is a column supporting a
circular frame, which is covered with wire gauze.
Slices of potatoes, upon which micro-organisms
have been cultivated, are rapidly dried by the
action of sulphuric acid in confined air. A
cultivation of Micrococcus prodigiosus, for example,
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may be dried in this way, and preserved for
subsequent experiments.

Other items commonly in use in a research
laboratory cannot be detailed here, and a descrip-
tion of air-pumps, refrigerators, etc., access to
which is nevertheless necessary for some special
investigations, must be sought for elsewhere.*

* All bacteriological apparatus, as employed by Professor Koch,
may be obtained from Dr. Muencke, 58, Louisen Strasse, Berlin.
Nearly all the figures of apparatus here given are from blocks, kindly
lent to me by Dr. Muencke. Griffin & Son, 22, Garrick Street,
Covent Garden, W.C., will make % order any bacteriological ap-
paratus required, and from them all glass vessels and chemical
apparatus of home manufacture can be obtained. All histological
instruments and material, such as microscopes, microtomes, aniline
dyes, celloidin, gelatine, agar-agar, etc., are supplied by G. Kénig,
Berlin, N.W., 35, Dorotheen Strasse. Chemicals, staining reagents,
and ready-prepared nutrient gelatine can also be obtained from Dr.
Georg Griibler, Leipsig, 17, Dufour Strasse. Solutions of lithium
carmine, picro-lithium carmine (Orth), picro-carmine (Weigert),
alum and borax carmine (Grenacher), etc., ready for use, are pre-
pared by Becker & Co., 34, Maiden Lane, Covent Garden, London,
W.C. The latter firm also keep in stock bacteriological apparatus
and glass ware of the German pattern.

Mr. Baker, of High Holborn, W.C., is recommended for the
supply of microscopes and the ordinary objectives by continental
makers, and the new apochromatic objectives recently introduced
by Zeiss. Objectives made of the new glass are also constructed by
Powell and Leland, but though invaluable to the specialist their
expense places them beyond the reach of the general student.
Messrs. Swift & Son have recently introduced an excellent ¢ oil.
imm. for five guineas, and are prepared to supply a microscope
completely equipped for bacteriological work at a very low price.
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MICROSCOPICAL EXAMINATION OF BACTERIA IN
LIQUIDS, IN CULTIVATIONS ON SOLID MEDIA,
AND IN TISSUES.

Preliminary Remarks.—In conducting bacterio-

logical researches, the importance of absolute clean-

liness cannot be too strongly insisted upon. All
instruments, glass vessels, slides, and cover-glasses
should be thoroughly cleansed before use. A wide-
mouthed glass jar should always be close at hand,
containing refuse alcohol for the reception of
rejected slide preparations or dirty cover-glasses.
When required again for use, slides can be easily
wiped clean with a soft rag. Cover-glasses require
further treatment, for, unless they are perfectly
clean, it is difficult to avoid the presence of air
bubbles when mounting specimens. They should
be left in strong acid (hydrochloric, sulphuric, or
nitric) for some hours; they are then washed, first
with water and then with alcohol, and carefully
wiped with a soft rag. The same principle applies
in the preparation and employments of culture
media ; any laxity in the processes of sterilisation,
or insufficient attention to minute technical details,
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will surely be followed with disappointing results
in the contamination of the cultures, resulting in
the loss of much time. When using platinum
needles, either for inoculating fresh tubes in carry-
ing on a series of pure cultures, or in transferring
a small portion of a cultivation to a cover-glass
for examination under the microscope, the careful
sterilisation of the needle by heating the platinum
wire till it is white hot in every part, and heating
also as much of the glass rod as is made to enter
the test-tube, must be carried out with scrupulous
care. Indeed it is a good plan to let it become
a force of habit to sterilise the needle before and
after use on every occasion, whatever may be the
purposes for which it is employed.

(A) EXAMINATION IN THE FRESH STATE.

Liguids containing micro-organisms, such as pus,
blood, juices, culture-fluids, can be investigated by
transferring a drop with a looped platinum needle
or a capillary pipette to a slide, covering it with
a clean cover-glass, and examining without further
treatment. If it is desirable to keep the specimen
under prolonged observation, a drop of sterilised
water or salt solution must be run in at the margin
of the cover-glass to counteract the tendency to
dry. Cultures on solid media can be examined by
transferring a small portion with a sterilised needle
to a drop of sterilised water on a slide, thinning
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it out, and covering with a cover-glass as already
described. A more satisfactory method, by which
one can keep micro-organisms under observation
and study their movements, spore-formation, etc.,
will be described under “ Drop-cultures.” Zzssues
in the fresh state may be teased out with needles
in sterilised salt solution, and pressed out into a
sufficiently thin layer between the slide and cover-
glass. Glycerine may in many cases be substituted
for salt solution, especially for the examination of
micro-organisms such as Actinomyces, Aspergilli,
etc.

There is, as a rule, no difficulty in recognising
the larger micro-organisms such as those just
mentioned ; but where we have to deal with very
small bacilli, bacteria, and micrococci, they may
possibly be mistaken for granular detritus or fat-
crystals, or vice versd. They are distinguished by
the fact that fatty and albuminous granules are
altered or dispersed by acetic acid, and changed by
solution of potash ; alcohol, chloroform, and ether
dissolve out fat-crystals or fatty particles; on the
other. hand, micro-organisms remain unaffected by
these reagents. This micro-chemical reaction is
made the basis of Baumgarten’s method.
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(B) COVER-GLASS PREPARATIONS.

The method next to be described is the most
commonly employed ; in addition to its value as
a means of examining liquids, etc., it affords the
additional advantage of enabling one to make, if
necessary, a large number of preparations which
when dried can be preserved, stained or unstained,
in ordinary cover-glass boxes; they are then in a
convenient form for transport, and can be mounted
permanently at leisure.

The method is as follows —A cover-glass is
smeared with the cut surface of an organ, or
pathological growth, or with sputum; or a drop
of blood, pus, or culture-fluid is conveyed to it
with a looped platinum needle. By means of
another cover-glass, the juice, or fluid, is squeezed
out between them into a thin layer, and on sliding
them apart each cover-glass bears on one side a
thin film of the material to be examined. They
are then placed with the prepared side upwards
and allowed to dry. After a few minutes, they are
held with a pair of flat-bladed or spring forceps,
with the prepared side uppermost, and passed
rapidly three times through the flame of a spirit
lamp or Bunsen burner. To stain them, put two
or three drops of an aqueous solution of fuchsine
or methyl violet over the film, and after a minute
or two wash off the surplus stain with distilled
| water by means of the siphon apparatus or a

5

|

|
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wash-bottle. Turn the cover-glass on to a slide,
remove excess of water with filter-paper, and wipe
the exposed surface ; examine with a power of about
250 diams., and if a higher power be required,
which is usually the case, place a droplet of cedar
oil on the cover-glass, and examine with an im-
mersion lens.

If the specimen is to be made permanent, fix the
cover-glass at one corner with the thumb, and with
a soft rag carefully wipe off the cedar oil; then
float off the cover-glass by running in distilled
water at its margin, and having made a little ledge
with a strip of filter-paper, place the cover-glass up
against it upon one of its edges and leave it to dry.
When perfectly dry mount in Canada balsam, or
put it away in a cover-glass box provided with a
label of contents.

A minute portion of a culture may be stained
and examined in the same way after spreading it
out with a hooked platinum needle into a thin film,
with or without the addition of a droplet of sterilised
water.

In many cases it is necessary or preferable to
apply the stain for a much longer period. This is
effected by pouring some of the staining solution
into a watch-glass, and allowing the cover-glasses
to swim on the surface, with their prepared side, of
course, downwards. Throughout all these manipu-
lations it is necessary to bear in mind which is the
prepared surface of the cover-glass.
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Double Coloration of Cover-glass Prepara-
tions can also be obtained as in Ehrlich’s method
for staining tubercular sputum, or by staining with
eosin after treatment by the method of Gram.

Ehrlich’s Method is as follows :—Five parts of
aniline oil are shaken up with one hundred parts of
distilled water, and the emulsion filtered through
moistened filter-paper. A saturated alcoholic solu-
tion of fuchsine, methyl violet, or gentian violet,
is added to the filtrate in a watch-glass drop by
drop until precipitation commences. Cover-glass
preparations are floated in this mixture for fifteen
minutes to half an hour, then washed for a few
seconds in diluted nitric acid (one part nitric acid to
two of water), and then rinsed in distilled water.
The stain is removed from everything except the
bacilli; but the ground substance can be after-
stained, brown if the bacilli are violet, or blue if
they have been stained red (Plate III., Fig. 1).

Double staining with eosin after the method of
Gram is described under tissue staining. The
cover-glass preparations are treated by the same
processes as employed with sections ; superfluous
oil of cloves can be removed by gently pressing the
cover-glass between double layers of filter-paper.

Babes’ Method affords a very rapid means of
examining cultivations, etc. A little of the growth,
removed by means of a sterilised platinum hook or
small loop, is spread out on a cover-glass into as
thin a film as possible : when almost dry, a drop or
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two of a weak aqueous solution of methyl violet is
allowed to fall from a pipette upon the film. The
cover-glass with the drop of stain is, after a minute,
carefully turned over on to a slide, and the excess
of stain gently and gradually removed by pressure
with a strip of filter-paper. It affords a rapid
means of demonstration—for example, of such a
cultivation as Koch’s comma bacilli in nutrient
gelatine—enabling the microbes to be seen in some
parts of the preparation both stained and in active
movement.

His’ Method.—The staining of fresh prepara-
tions, especially those with no coagulable albumen
to fix them, may be also carried out by His’ method.
A slide is prepared as already described in the
examination of micro-organisms in the fresh state.
The reagents are then applied by placing them
with a pipette drop by drop at one margin of
the cover-glass, and causing them to flow through
the preparation by means of a strip of filter-paper
placed at the opposite margin.

To stain Spores, the method described on p. 65
is somewhat modified. The cover-glass prepara-
tions may be either passed as many as twelve times
through the flame, or heated to a temperature of
210° for half an hour, or exposed to the action of
strong sulphuric acid for a few seconds, and then
stained with a watery solution of the dye.

To double-stain Spore-bearing Bacilli.—The
cover-glass preparations may be floated for twenty
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minutes on a fuchsine aniline-water solution, as
used in Ehrlich’s method, which has been heated
to boiling-point. The fuchsine is removed from
the bacilli either by simply rinsing in water, in
alcohol, or in weak acid, according to the species,
and then the preparations are floated for a few
minutes on solution of methylene blue, rinsed in
water, dried, and mounted.

To stain Flagella.—Koch recommends floating
the cover-glasses on a concentrated watery solution
of hematoxylin. From this they are transferred
to a 5 per cent. solution of chromic acid or
to Miiller's fluid, by which the flagella obtain
a brownish-black coloration. The author has
succeeded in demonstrating and photographing
flagella, by staining with a drop of a saturated
solution of gentian violet in absolute alcohol.
Before the alcohol has time to evaporate, the
cover-glass is rinsed in water, and then allowed to
dry, and finally mounted in balsam. A very in-
tense staining of the whole preparation results.

(C) COVER-GLASS IMPRESSIONS.

One of the most instructive methods for examin-
ing micro-organisms is to make an impression-
preparation. This enables us, in many cases, to
study the relative position of individual micro-
organisms one to another in their growth on solid
cultivating media, and in some cases produces the






CHAPTER 111

PREPARATION AND STAINING OF TISSUE
SECTIONS.

(A) METHODS OF HARDENING AND DECALCIFYING
PREPARATIONS.

To harden small organs, such as the viscera of a
mouse, they must be placed on a piece of filter-
paper at the bottom of a small, wide-mouthed glass
jar, and covered with about twenty times their
volume of absolute alcohol. Larger organs, patho-
logical growths, etc., are treated in the same way,
but must first be cut into small pieces, or cubes,
varying from a quarter of an inch to an inch in
size. Miller's fluid may also be employed, and
methylated spirit may be substituted for alcohol,
from motives of economy. Tissues hardened in
absolute alcohol are ready for cutting in two or
three days, and those hardened in Miiller's fluid in
as many weeks.

Teeth, or osseous structures, must first be placed
in a decalcifying solution, such as Kleinenberg's.
When sufficiently softened, they are allowed to soak
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in water, to wash out the picric acid, and then
transferred through weak spirit to absolute alcohol.
Ebner’s solution also gives excellent results, espe-
cially when the structures to be decalcified are
placed in fresh solution from time to time.

(B) METHODS OF EMBEDDING, FIXING, AND
CUTTING.

Material to be cut with the freezing microtome,
if hardened in spirit, must be well soaked in water
before being frozen; if hardened in Miiller's fluid,
it can be frozen at once.

If Williams’ microtome is employed, the hard-
ened tissues must first be well soaked in gum
mucilage, then frozen, and cut.

For cutting with Jung’s microtome, the tissues
are embedded in paraffine, or celloidin, and mounted
on cork; or, if firm enough, they may be fixed
upon cork without any embedding material at all.
Paraffine, dissolved in chloroform, will be found
very serviceable as an embedding material, but
celloidin is more commonly employed now. The
pieces of tissue to be embedded are placed, after
the process of hardening is completed, in a mix-
ture of ether and alcohol for an hour or more.
They are then transferred to a solution of celloidin
in equal parts of ether and alcohol, and left there,
usually for several hours. Meanwhile, corks ready
cut for the clamp of the microtome are smeared
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over with the solution of celloidin ; this is applied
with a glass rod to the surface which is to receive
the piece of tissue. The corks are then set aside
for the film of celloidin to harden. The pieces of
tissue are allowed to remain in the celloidin solution
for from one to twenty-four hours, the time varying
according to the structure of the specimen. Better
results are obtained in the case of lung, or de-
generated broken-down tissue, if left for a much
longer time than is found to be sufficient for firmer
structures. The specimen, when ready, is removed
from the celloidin solution with forceps and placed
upon a prepared cork. A little of the solution,
which is of syrupy consistence, is allowed to fall
on the piece of tissue to cover it completely, and
the mounted specimen is finally placed in 60 to 8o
per cent. alcohol to harden the celloidin. The
specimen will be ready for cutting next day.

The specimen may be more neatly embedded by
fixing it with a pin in a small paper tray, pouring
the celloidin solution over it, and then placing the
tray in alcohol to harden the celloidin. The em-
bedded specimen is then fixed on a cork, which
has been cut for the clamp of the microtome. The
celloidin in the section disappears in the process of
clearing with clove-oil.

Material infiltrated with paraffine must be cut per-
fectly dry, and the sections prevented from rolling
up by gentle manipulation with a camel's-hair
brush. They must then be picked off the blade of
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the knife with a clean needle, and dropped into a
watch-glass containing xylol. This dissolves out
the paraffine; the sections are then transferred to
alcohol to get rid of the xylol, and then to the
staining solution.

In the case of specimens embedded in celloidin,
or mounted directly on a cork, the tissue, as well as
the blade of the knife, should be kept constantly
bathed with alcohol, and the sections transferred
from the blade with a camel’s-hair brush, and
floated in alcohol.

For fixing small organs and pieces of firm tissue
directly on cork, such as the kidneys of a mouse,
or liver, we may employ gelatine, or glycerine gela-
tine, liquefied over a Bunsen burner in a porce-
lain capsule. The cork, with specimen affixed, is
placed in alcohol, and is ready for cutting sections
next day.

The advantage of glycerine gelatine consists in
that it may be used for fixing irregular pieces of
tissue, as it does not become of a consistency that
would injure the edge of the knife.

Embedding in Celloidin and Freezing.—
This method gives excellent results. Celloidin is
used as already described. The piece of tissue is
then placed in a glass capsule, and some of the
celloidin solution poured over it. After hardening
in spirit, the tissue is cut out and put in water until
it sinks. It is then transferred to gum, and frozen
and cut in the ordinary way. j
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(C) GENERAL PRINCIPLES OF STAINING BACTERIA
IN TISSUE SECTIONS: METHODS OF WEIGERT,
GRAM, AND WEIGERT-EHRLICH.

Sections of fresh tissues made with the freezing
microtome are to be floated and well spread out
in ‘8 per cent. salt solution, and then carefully
transferred, well spread out on the copper lifter, to
a watch-glass containing absolute alcohol. Simi-
larly, sections selected from those cut with Jung’s
microtome may be transferred from the spirit to
absolute alcohol. The sections may be then stained
by any of the methods to be described.

It is often advisable to employ some method
which will enable one to study the structure of the
tissue itself. In the same way with sections,
however prepared, one should always examine
with a low power (one inch) first; this enables
one to recognise the tissue under examination in
most cases, and even to examine in many cases
the topographical distribution of masses of bacteria.
With a power of about 250 diams. (one sixth),
very many bacteria can be distinguished ; and with
the oil immersion lenses the minutest bacilli and
micrococci can be recognised, and the exact form
of individual bacteria accurately determined. As
most good modern instruments, like Zeiss’ micro-
scopes, are provided with a triple nosepiece, there
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is no loss of time in examining a preparation suc-
cessively with these different powers.

Weigert’'s Method.—A very useful method for
staining both the tissue and the bacteria is as fol-
lows :—Place the sections for from six to eighteen
hours in a 1 per cent. watery solution of any of
the basic-aniline dyes (methyl violet, gentian violet,
fuchsine, Bismarck brown). To hasten the process,
place the capsule containing the solution in the
incubator, or heat it to 45° C. A stronger solution
may also be employed, in which case the sections
are far more rapidly stained, and are easily over-
stained. In the latter case they must be treated
with a half-saturated solution of carbonate of
potash. In either case the sections are next washed
with distilled water, and passed through 6o per
cent. alcohol into absolute alcohol. When almost
decolorised, spread out the section carefully on a
copper lifter and transfer it to clove-oil, or stain
with picro-carmine solution (Weigert's) for half an
hour, wash in water, alcohol, and then treat with
clove-oil. After the final treatment with clove-oil,
transfer with the copper lifter to a clean glass slide.
Dry the preparation by pressure with a piece of
filter-paper folded four times, and preserve in Canada
balsam dissolved in xylol.

Gram’s Method.—In the method of Gram the
sections are stained for three minutes in aniline-
gentian-violet solution. This is prepared by shak-
ing up one ccm. of pure aniline with twenty-four
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parts of water, and filtering the emulsion. Half a
gramme of the best finely powdered gentian violet
is dissolved in the clear filtrate, and the solution
filtered before use. The sections are then trans-
ferred to a solution of iodine in iodide of potassium
till they become dark brown in colour, and then
decolorised in absolute alcohol. The time required
for complete decolorisation in alcohol varies from
a few minutes to twenty-four hours. They are
then treated with clove-oil and mounted in Canada
balsam. It is much better, however, to employ
the aniline-gentian-violet solution quite freshly
prepared, and the following useful method is
invariably used by the author{—Place four or five
drops of pure aniline in a test-tube, fill it three-
quarters full with distilled water, close the mouth
of the tube with the thumb and shake it up
thoroughly.  Filter the emulsion twice, and pour
the filtrate into a watch-glass or glass capsule. To
the perfectly clear aniline water thus obtained add
drop by drop a concentrated alcoholic solution of
gentian violet till precipitation commences. Stain
sections in this solution from ten minutes to half
an hour, then transfer to iodine-potassic-iodide
solution, and decolorise in alcohol. The process
of decolorisation may be hastened by placing the
section in clove-oil and returning it to alcohol, and
again to clove-oil. If examined, after it has been
finally treated with clove-oil and mounted in
Canada balsam, the tissue appears colourless or
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tinged faintly yellow, while micro-organisms, e.g,
bacilli and micrococci, are stained blue or blue-
black (Plate II.). Double staining is obtained by
transferring the sections after decolorisation to a
solution of eosin, Bismarck brown, or vesuvin, again
rinsing in alcohol, clearing in clove-oil, and mount-
ing in balsam. Another instructive method is to
place the decolorised sections in picro-carminate of
ammonia for three or four minutes, and then treat
with alcohol, oil of cloves, and balsam. In this way
the nuclei are well stained. A somewhat similar
result is obtained by placing the sections for a few
minutes in Orth’s solution (picro-lithium carmine);
transferring to acidulated alcohol, then to an alco-
holic solution of picric acid, and treating with clove-
oil and balsam (Plate XXIV., Fig. 1).
Weigert-Ehrlich Method.—This is a method
in which nitric acid is employed as a decolorising
agent. It is as follows :—Filtered, saturated, watery
solution of aniline, one hundred parts; saturated
alcoholic solution of a basic aniline dye (methyl
violet, gentian violet, fuchsine), eleven parts; are
mixed and filtered. Rapid staining is obtained by
warming the solution. Decolorise with nitric acid
(1 in 2), and stain with a contrast colour. As deli-
cate sections are apt to be injured by immersion
in the nitric acid, they may be transferred from the
fuchsine solution to distilled water, then rinsed a
few minutes with alcohol, and finally placed in the
following contrast stain for one or two hours :—
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CHAPTER IV.

PREPARATION OF NUITRIENT MEDIA AND
METHODS OF CULZIVATIONMN.

To cultivate micro-organisms artificially, and, in the
case of the pathogenic bacteria, to fulfil the second
of Koch’s postulates, they must be supplied with
nutrient material free from pre-existing micro-
organisms.  Hitherto various kinds of nutrient
liquids have been employed, and in many cases they
still continue to be used with advantage, but as a
general rule they have been in a great measure
supplanted by the methods of cultivation on sterile
solid media about to be described. The advantages
of the latter method are obvious. In the first place,
in the case of liquid media, in spite of elaborate
precautions and the expenditure of much labour and
time, it was almost impossible or extremely difficult
to obtain a pure culture. If a drop of liquid con-
taining several kinds of bacteria be introduced into
a liquid medium, we have a mixed cultivation from
the very first. If in the struggle for existence some
bacteria were unable to develop in the presence of
others, or a change of temperature and soil allowed
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one form to predominate over another, then one
might be led to the conclusion that many bacteria
were but developmental forms of one and the same
micro-organism ; while possibly the contamination of
such cultures might lead to the belief in the trans-
formation of a harmless into a pathogenic bacterium.
In the case of solid cultivating media, on the other
hand, the chance of contamination by gravitation of
germs from the air is avoided by the fact that test-
tubes, flasks, etc., can be inverted and inoculated from
below. The secret of the success of Koch’s method,
however, depends upon the possibility, in the case
of starting with a mixture of micro-organisms, of
being able to isolate them completely one from
another, and to obtain an absolutely pure growth
of each cultivable species. When sterile nutrient
gelatine has been liquefied in a tube and inoculated
with a mixture of bacteria in such a way that the in-
dividual micro-organisms are distributed throughout
it, and theliquid is poured out on a plate of glass and
allowed to solidify, the individual bacteria, instead
of moving about freely as in a liquid medium, are
fixed in one spot, where they develop individuals of
their own species. In this way colonies are formed
each possessing its own characteristic biological
and morphological appearances. If an adventi-
tious germ from the air fall upon the culture, it
also grows exactly upon the spot upon which it fell,
and can be easily recognised as a stranger. To

maintain the individuals isolated from one another
6
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during their growth, and free from contamination,
it is only necessary to thin out the cultivation, and
to protect the plates from the air. The slower
growth of the micro-organisms in solid media,
affording much greater facility for examining them
at various intervals and stages of development, is
an additional point in favour of these methods;
and the characteristic macroscopical appearances so
frequently assumed are, more especially in the case
of morphological resemblance or identity, of the
greatest importance. The colonies on nutrient
gelatine (examined with a low power) of Bacillus
anthracts and Proteus mirabilis, the naked eye ap-
pearances in test-tubes of nutrient gelatine of the
bacillus of mouse-septiceemia (Figs. 114, 115), and
of anthrax (Fig. 107), and the brilliant and curious
growth of Micrococcus indicus (Koch) upon nutrient
agar-agar (Plate VIII, Fig. 1), may be quoted as
examples in which the appearances in solid cultiva-
tions are pathognomic.

SoLip MEDIA.

(A) PREPARATION OF NUTRIENT GELATINE AND
NUTRIENT AGAR-AGAR.

Nutrient Gelatine is prepared as follows :—
Take half a kilogramme of beef (one pound), as free
as possible from fat. Chop it up finely, transfer it
to a flask or cylindrical vessel, and shake it up well
with a litre of distilled water. Place the vessel in
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an ice-pail, ice-cupboard, or in winter in a cold
cellar, and leave for the night. Next morning
commence with the preparation of all requisite
apparatus. Thoroughly wash, rinse with alcohol,
and allow to dry, about 100 test-tubes. Plug the
mouth of the test-tubes with cotton-wool, taking
care that the plugs fit firmly but not too tightly.
Place them in their wire cages in the hot-air
steriliser, to be heated for an hour at a tempera-
ture of 150° C. In the same manner cleanse and
sterilise several flasks and a small glass funnel.
In the meantime the meat infusion must be again
well shaken, and the liquid portion separated by
filtering and squeezing through a linen cloth. The
red juice thus obtained must be brought up to a
litre by again transferring it to a large measuring
glass and adding distilled water. It is then poured
into a sufficiently large and strong beaker, and set
aside after the addition of

10 grammes of peptonum siccum.
5 grammes of common salt.
100 grammes of best gelatine.

In about half an hour the gelatine is sufficiently
softened, and subsequent gently heating in a water-
bath causes it to be completely dissolved. The
danger of breaking the beaker may be avoided by
placing a cloth several times folded at the bottom
of the water-bath.

The next process requires the greatest care and
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attention. Some micro-organisms grow best in a
slightly acid, others in a neutral or slightly alkaline
medium. For example, for the growth and cha-
racteristic appearances of the comma bacillus of
Asiatic cholera a faintly alkaline soil is absolutely
essential. This slightly alkaline medium will be
found to answer best for most micro-organisms, and
may be obtained as follows :(—

With a clean glass rod dipped into the mixture,
the reaction upon litmus-paper may be ascer-
tained, and a concentrated solution of carbonate of
soda must be added drop by drop, until red litmus-
paper becomes faintly blue. If it has been made
too alkaline, it can be neutralised by the addition
of lactic acid.

Finally, the mixture is heated for an hour in
the water-bath. Ten minutes before the boiling is
completed, the white of an egg beaten up with the
shell is added, and the liquid is then filtered while
hot. For the filtration, the hot-water apparatus can
be used with advantage, furnished with a filter of
Swedish paper made in the following way :—

About eighteen inches square of the best and
stoutest filtering paper is first folded in the middle,
and then, as in Fig. 26, creased into sixteen folds.
The filter is made to fit the glass funnel by
gathering up the folds like a fan, and cutting off
the superfluious part. The creasing of each fold
should be made firmly to within half an inch of
the apex of the filter, which part is to be gently
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inserted into the tube of the funnel. To avoid
bursting the filter at the point, the broth, when
poured out from the flask, should be directed
against the side of the filter with a glass rod.
During filtration the funnel should be covered over
with a circular plate of glass, and the process of
filtration must be repeated, if necessary, until a pale,
straw-coloured, perfectly transparent filtrate results.

The sterilised test-tubes are filled for about a
third of their depth by pouring in the gelatine

FiG, 26.—METHOD OF MAKING A FOoLDED FILTER,

carefully and steadily, or by employing a small
sterilised glass funnel. The object of this care
is to prevent the mixture touching the part of
the tube with which the plug comes into contact;
otherwise, when the gelatine sets, the cotton-wool
adheres to the tube and becomes a source of
embarrassment in subsequent procedures. As the
tubes are filled they are placed in the test-tube
basket, and must then be sterilised. They are
either lowered into the steam steriliser, when the
thermometer indicates 100° C., for twelve minutes
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for four or five successive days; or they may be
transferred to the test-tube water-bath and heated
for an hour a day for three successive days.

If the gelatine show any turbidity after these
processes, it must be poured back from the test-
tubes into a flask, boiled up for ten minutes, and
once more filtered. The processes of sterilisation
just described must be repeated.

Nutrient Agar-agar.—Agar-agar has the ad-
vantage of remaining solid up to a temperature of
about 45°. The preparation of a sterile nutrient
jelly is conducted on much the same principles as
those already described. Instead, however, of 100
grammes of gelatine, only about 20 grammes of
agar-agar are employed (1°5—2 per cent.), and
to facilitate its solution it must be allowed to
soak in salt-water overnight. For the filtration,
flannel is substituted for filter-paper, or may be
used in combination with the latter. The hot-
water apparatus is invariably employed, unless,
to accelerate the process, the glass funnel and
receiver are bodily transferred to the steam
steriliser. If the conical cap cannot be replaced,
cloths laid over the mouth of the steriliser must be
employed instead. It may be necessary to repeat
the process of filtration, but it must not be ex-
pected that such a brilliant transparency can be
obtained as with gelatine. The final result, when
solid, should be colourless and clear; but if only
slightly milky, it may still be employed.
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A little liquid gradually collects in the tubes,
being expressed by the contraction of the agar-agar.

Glycerine Agar-agar.—This is prepared by
adding 5 per cent. of glycerine to the mixture of
nutrient agar-agar after the boiling and before
the filtration.

After  the final treatment in the steam steriliser
some of the tubes of gelatine and agar-agar may
be placed in the blood-serum apparatus, and left
to gelatinise with an oblique surface.

(B) METHODS OF EMPLOYING NUTRIENT JELLY IN
TEST-TUBE- AND PLATE-CULTIVATIONS.:

Test-tube-cultivations.—To inoculate test-
tubes containing nutrient jelly, the cotton-wool plug
must be fwisted out, by which means any adhesions
that may exist are broken down. A sterilised
needle charged with blood, pus, etc., containing
the micro-organisms, or with a colony from a
plate-culture, is steadily thrust once, and once
only, into the nutrient jelly. The tube should be
held with its mouth downwards, to avoid, as far
as possible, accidental contamination from the
gravitation of germs in the air; and the plug,
which has been removed with the thumb and in-
dex finger of the right hand and held between
the fourth and fifth fingers of the left, is replaced
as rapidly as possible (Fig. 27).

The chances of error arising from contamination
of the cultivations are further reduced by avoiding
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draughts at the time of inoculation, and it is best
that these manipulations should be carried on in a
quiet room in which the tables and floor are wiped
with damp cloths, rather than in a laboratory in
which the air becomes charged with germs through
constant sweeping and dust-
ing, and the entrance and
exit of classes of students.
In conducting any investi-
gation a dozen or more
tubes should be inoculated,
and if by chance an ad-
ventitious germ, in spite of
these precautions, gain an
entrance, the contaminated
tube can be rejected and

the experiments continued
METHOD OII“:I(I;I.I\IOZ(:?I}LATING A Wlth t_he remaining b

TesT- TUBE conTAINING  CUltivations.

STERILE NUTRIENT JELLY, Where, however, i b
is inoculated from another containing a liquid
medium, as in the process of preparing plate-
cultures, or where a culture is made from a tube
in which the growth has liquefied the gelatine, it
is obvious that the tubes cannot be inverted, and
they must then be held and inoculated as in Fig. 28.
To inoculate those tubes of nutrient media which
have been gelatinised obliquely, the sterilised needle
with the material to be cultivated is streaked over

the surface from below upwards.
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Examination of Test-tube-cultivations.—
The appearances produced by the growths in test-
tubes can be in most cases sufficiently examined
with the naked eye. The illustrations in the ac-
companying plates (Plates IV.—XI., and Plate
XVIII., Fig. 1) are given as examples of the
various changes produced in the nutrient media.
In some cases the jelly is partially or completely
liquefied, while in others it remains solid. The
growths may be abundant or scanty, coloured or
colourless. The nutrient jelly may itself be tinged
or stained with products resulting from the growth
of the organisms. When liquefaction slowly takes-
place in the needle track, or the organism grows
without producing this change, the appearances
which result are often very delicate, and in some
cases very characteristicc The appearance of a
simple white thread, of a central thread with
branching lateral filaments, of a cloudiness, or of
a string of beads in the track of the needle, may
be given as examples. In such cases much may be
learnt by examining the growth with a magnifying
glass. Here, however, a difficulty is encountered,
for the cylindrical form of the tube so distorts the
appearance of its contents, that the examination is
rendered somewhat difficult. To obviate this, the
following very simplé contrivance may be employed
with advantage.

Cheshire’s Trough.—This consists of a rect-
angular vessel, four inches in height, two inches in
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width, and one inch in depth. It may be easily
constructed by cementing together two slips of glass
to form the back and front, with three slips of stout
glass with ground edges forming the sides and
base. The front may be constructed of thin glass,
and the base of the vessel made to slope so that the
test-tube when placed in the trough has a tendency
to be near the front. The trough is filled with a
mixture of the same refractive index as the nutrient
gelatine. The latter has a refractive index rather
higher than water, which is about 1°333; alcohol
has a refractive index of 1°374. The trough is
filled with water, and alcohol is then added until the
proper density is reached. The test-tube is placed
in the trough, and held in position by means of a
clip. The trough can be fixed on the inclined stage
of the microscope, and the contents of the tube
conveniently examined with low-power objectives.

PLATE-CULTIVATIONS.

The key to the success of Koch's method of
cultivation on solid media consists in the employ-
ment of plate-cultivations. By this means, as
has already been mentioned (p. 81), a mixture of
bacteria, whether it be in fluids, excreta, or in
artificial cultivations, can be so treated that the
different species are isolated one from the other,
and perfectly pure cultivations of each of the
cultivable bacteria in the original mixture esta-
blished in various nutrient media. We are enabled
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also to examine under a low power of the
microscope the individual colonies of bacteria,
and to distinguish, by their characteristic appear-
ances, micro-organisms which, in their individual
form, closely resemble one another, or are even
identical. The same process, with slight modifica-
tion, is also employed in the examination of air,
soil, and water, as will be referred to later.

The preparation of plate-cultivations, therefore,
must be described in every detail; and, to take
an example, we will suppose that a series of plates
are to be prepared from a test-tube-cultivation.

Arrangement of Levelling Apparatus.—In
order to spread out'the liquid jelly evenly on the
surface of a glass plate, and hasten its solidifica-
tion, it is necessary to place the glass plate upon
a level and cool surface. This is obtained in the
following manner :—Place a large shallow glass
dish upon a tripod stand, and fill it to the brim
with cold water; carefully cover the dish with a
slab of plate-glass, or a pane of window-glass, and
level it by placing the spirit-level in the centre and
adjusting the screws of the tripod. Replace the
level by a piece of filter-paper, the size of the glass
plates to be employed, and cover it with a shallow
bell-glass (Fig. 8).

Sterilisation of Glass Plates.—The glass
plates are sterilised by filling the iron box (p. 44),
and placing it in the hot-air steriliser, at 150° C,,
from one to two hours. As these plates are used
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also for other purposes, a quantity ready sterilised
should always be kept in the box.

Preparation of Damp Chambers.—The damp
chambers for the reception of the inoculated plates
are prepared thus :—Thoroughly cleanse and wash
out with (1-1000) sublimate solution a shallow
glass dish and bell (Fig. 7). Cut a piece of filter-
paper to line the bottom of the glass dish, and
moisten it with the same solution.

In a glass beaker or an ordinary glass tumbler,
with a pad of cotton-wool at the bottom, place
the tube containing the cultivation, the three tubes
to be inoculated, and three glass rods which have
been sterilised by heating in the flame of a Bunsen
burner. Provide yourself with a strip of paper of
a large label, a pencil, a pair of forceps, and
inoculating needles. All is now ready at hand to
commence the inoculation of the tubes.

Method of Inoculating the Test-tubes.—
Liquefy the gelatine in the three tubes by placing
them in a beaker containing water at 30° C., or
by gently warming them in the flame of the Bunsen
burner. Keep the tubes, both before and after the
inoculation, in the warm water, to maintain the
gelatine in a state of liquefaction. Hold the tube
containing the cultivation and a tube of the
liquefied gelatine (to be called the “original”) as
nearly horizontal as possible between the thumb
and index finger of the left hand. With the finger
and thumb of the right hand loosen the plugs of



PLATE-CULTIVATIONS. 93

the tubes. Take the looped platinum needle in the
right hand and hold it like a pen. Remove the
plug from the culture-tube by using the fourth and
fifth fingers of the right hand as forceps, and place
it between the fourth and fifth fingers of the left.
Remove the plug of the “original ” in the same way,
placing it between the third and fourth fingers of the
left hand (Fig. 28). With the loop take up a droplet

Fi6. 28.—~MeTHOD OF INOCULATING TEST-TUBES IN THE PREPARATION
OF PLATE-CULTIVATIONS.

of the cultivation and inoculate the * original,”
twisting the loop several times in the liquid gelatine.
Replace the plugs and set aside the cultivation.
Hold the freshly inoculated tube between the fore-
finger and thumb of either hand, almost horizontally,
then raise it to the vertical, so that the liquid gelatine
gently flows back. By repeating this motion and
rolling the tube between the fingers and thumbs the
micro-organisms which have been introduced are
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distributed throughout the gelatine. Any violent
shaking, and consequent formation of bubbles,
must be carefully avoided. From the so-called
“original ” inoculate in the same manner a fresh
tube of liquefied gelatine, introducing into it three
droplets with a sterilised loop. This tube is then
called the “first attenuation,” or No. 1. After
treating No. 1 as has been already described in the
case of the original, the same process is repeated
with a third tube, which is inoculated in the same
way from No. 1. This is the “second attenua-
tion,” or No. 2; and in some cases a third atte-
nuation ” is carried out from No. 2. The last tube
must be inoculated in different ways, according to
experience, for different micro-organisms. Some-
times a sufficient separation of the micro-organisms
is attained by inoculating the last tube with a fine
straight needle, dipped from one into the other
from three to five times.

The next process consists in pouring out the
gelatine on a glass plate and allowing it to solidify.

Preparation of the Gelatine-plates.—The
directions to be observed in pouring out the gelatine
are as follows :—

Place the box containing sterilised plates horizon-
tally, and so that the cover projects beyond the edge
of the table; remove the cover, and withdraw a
plate with sterilised forceps; hold it between the
finger and thumb by opposite margins, rapidly
transfer it to the filter-paper under the bell-glass and
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quickly replace the cover of the box. On removing
the plug from ‘the original,” an assistant raises
the bell-glass, and the contents of the tube are
poured on to the plate; with a glass rod the gelatine
must be then rapidly spread out in an even layer
within about half an inch of the margin of the
plate. The assistant replaces the bell-glass, and the
gelatine is left to set. Meanwhile a glass bench or
metallic shelf is placed in the damp chamber, ready
for the reception of the plate-cultivation, and when
the gelatine is quite solid the plate is quickly trans-
ferred from under the bell-glass to the damp chamber;
precisely the same process is repeated with tubes 1
and 2, and the damp chamber, labelled with the
details of the experiment, is set aside for the colonies
to develop. Not only plate-cultures should be care-
fully labelled with date and description, but the
same remark applies equally to all preparations
—tube-cultures, potato-cultures, drop-cultures, etc.
In plate-cultivations write the source of the mate-
rial, the date, and the number of inoculations ; for
example, thus :—

Finkler's comma-bactlls.

From tube-cultivation on ¢ agar-agar,” sth Feb-

ruary, 1885.
Lower plate (Orig.) . from cultivation.
Middle plate, No. 1 ; y Orig.

Upper plate, No. 2 . » No. I.
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Corresponding with the fractional cultivation of
the micro-organisms obtained in this manner, the
colonies will be found to develop in the course of a
day or two, the time varying with the temperature of
the room. The lower plate will contain a countless
number of colonies which, if the micro-organism
liquefies gelatine, speedily commingle, and produce,
in a very short time, a complete liquefaction of the
whole of the gelatine. On the middle plate, with
the first attenuation, the colonies will also be very
numerous, but retain their isolated position for a
longer time; while on the uppermost plate, the
second attenuation, the colonies are completely
isolated from one another, with an appreciable sur-
face of gelatine intervening (Plates XII. and XIII).

Examination of Plate-cultivations.— The
macroscopical appearances of the colonies are best
studied by placing the plate on the slab of blackened
glass, or on the porcelain slab if the colonies are
coloured.

To examine the microscopical appearances, a
selected plate is placed upon the stage of the
microscope ; it is better to have a larger stage than
usual for this purpose. The smallest diaphragm is
employed, and the appearances studied principally
with a low power. These appearances should be
carefully noted, and a rapid sketch of the colony
made. The morphological characteristics of the
micro-organisms of which the colony is formed can
then be examined in the following way :—A small
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looped platinum needle or one bent at the extremity
into a miniature hook, is held like a pen, and the
hand steadied by resting the little finger on the
stage of the microscope. The extremity of the needle
is steadily directed to the space between the lens
and the gelatine without touching the latter, until,
on looking through the microscope, it can be seen
in the field, above or by the side of the colony under
examination. The needle is then dipped into the
colony, steadily raised, and withdrawn. Without
removing the eye from the microscope this manipu-
lation can be seen to be successful by the colony
being disorganised or completely removed from the
gelatine. It is, however, not easy to be successful
at first, but with practice this can be accomplished
with rapidity and precision. A cover-glass prepara-
tion is then made in the manner already described,
viz, by rubbing the extremity of the needle on
a perfectly clean cover-glass and examining by
Babes’ rapid method, or by thinning out the micro-
organisms in a droplet of sterilised water previously
placed on the cover glass, drying, passing three
times through the flame, and staining with a drop of
fuchsine.

Inoculations should be made in test-tubes of
nutrient gelatine and agar-agar, from the micro-
organisms transferred to the cover-glass before
it is dried and stained, from any remnants of the
colony which was examined, or from other colonies
bearing exactly similar appearances. In this way

7
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pure cultivations are established, and the macro-
scopical appearances of the growth in test-tubes
can be studied. The plates should be replaced
in the damp chambers as soon as possible ; drying
of the gelatine, or contamination with micro-
organisms gravitating from the air during their
exposure, may spoil them for subsequent examina-
tion. Nutrient agar-agar can also be employed
for the preparation of plate-cultivations, but it is
much more difficult to obtain satisfactory results.
The test-tubes of nutrient agar-agar must be
placed in a beaker with water and heated until the
agar-agar is completely liquefied. The gas is then
turned down and the temperature of the water
allowed to fall until the thermometer stands just
above 50° C. The water must be maintained at
this temperature, and the test-tubes must be in turn
rapidly inoculated and poured out upon the glass
plates, as already described. Glass plates may
also be employed in a much simpler method. The
nutrient jelly is liquefied, poured out, and allowed
to set. A needle charged with the material to be
inoculated is then streaked in lines over the surface
of the jelly. This method is of especial value in
inoculating different organisms side by side, and
watching the effect of one upon the other, or a
micro-organism in this way may be sown upon
gelatine which has been already altered by the
growth of another micro-organism; the change
produced in the gelatine, as in the case of the
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fluorescing bacillus, extending far beyond the
limits of the growth itself (Plate IX., Fig. 3).

Nutrient jelly may also be spread out on steril-
ised microscopic slides. and inoculated as just
described, or cultivations may be made in shallow
glass dishes, glass capsules, etc, which must be
sterilised on the principles already laid down, and
after inoculation placed in damp chambers for the
growths to develop.

(C) PREPARATION AND EMPLOYMENT OF STERILISED
POTATOES, POTATO-PASTE, BREAD-PASTE, VEGE-
TABLES, FRUIT, AND WHITE OF EGG.

Potato-cultivations.—Sterilised potatoes form
an excellent medium for the cultivation of many
micro-organisms, more especially the chromogenous
species. Potato-cultivations also give in some cases
very characteristic appearances, which are of value
in distinguishing bacteria which possess morphologi-
cal resemblances (Plates XIV.—XVII).

Preparation of Sterilised Potatoes.—Potatoes,
preferably smooth-skinned, which are free from
‘““eyes” and rotten spots should be selected. If they
cannot be obtained without eyes and spots, these
must be carefully picked out with the peint of a
knife with as little destruction of the surface as
possible. The potatoes are well scrubbed with a
stiff brush and allowed to soak in sublimate solution
for half an hour. They are then transferred to the
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potato-receiver and steamed in the steam steriliser
for twenty minutes to half an hour, varying accord-
ing to the size of the potatoes. When cooked, the
potato-receiver is withdrawn and left to cool, the
potatoes being retained in it until required for use.

Damp chambers are prepared ready for their
reception, the vessels being cleansed and washed
with sublimate as described for plate-cultivations.
Small glass dishes of the same pattern as the
large ones (Fig. 13) may be employed for single
halves of potatoes. Potato-knives and several
scalpels which have been sterilised in an Israel's
case by heating them in the hot-air steriliser at 150°
for one hour must be ready to hand. The potato-
knives may also be sterilised by heating them in
the flame of a Bunsen burner and placing them
on their backs with their blades projecting over
the edge of the table. Scalpels may be sterilised
in the same way and laid upon a sterilised glass
plate and covered with a bell-glass. It must not
be forgotten, however, that heating the blades in
the flame destroys the temper of the steel, and
therefore knives and other instruments should
" preferably be sterilised in the hot-air steriliser, en-
closed in an Israel's case, or simply enveloped
in cotton-wool.

Inoculation of Potatoes.—The coat-sleeves
should be turned back, and the hands, after a
thorough washing with good lathering soap, be
dipped in sublimate solution. ~An assistant opens
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the potato-receiver, and a potato is selected and
held between the thumb and index finger of the
left hand (Fig. 29). With the knife held in the
right hand, the potato is almost completely divided
in the direction which will give the largest surface.
The assistant raises the cover of the damp chamber,

F16. 29.—METHOD OF DIviDING POTATOES.

and the potato is introduced, and while withdrawing
the knife, allowed to fall apart. The cover is quickly
replaced, and another potato treated in the same way
is placed in the same damp chamber. The four
halves arethen quite ready for inoculation. As an
extra precaution the left hand is again dipped in
sublimate, and one half of a potato is taken up
between the tips of the thumb and index finger,
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care being taken to avoid touching the cut surface.
Holding it with its cut surface vertical, a small
portion of the substance to be inoculated is placed
on the centre with a sterilised platinum needle.
With a sterilised scalpel the inoculated substance
is rapidly spread over the surface of the potato
with the flat of the blade to within a quarter of
an inch of the margin, and the potato is then as
quickly as possible replaced in the moist chamber.
With another sterilised scalpel a small portion of
the potato from the inoculated surface of the first
half is in the same way spread over the surface of
the second half, this forming as in plate-cultivations
a “first attenuation.” Exactly the same is repeated
with a third potato, and even a fourth, so that a still
further attenuation or fractional cultivation of the
micro-organisms may be obtained. In some cases
it is necessary to place the cultures in the incubator ;
others grow very well at the temperature of the
room. As in plate-cultivations, the potato may also
be inoculated by simply streaking it in lines with a
needle charged with the material to be inoculated.
In that case it is better to place a wedge-shaped
slice of raw potato in a sterilised test-tube. A
number of these tubes may be prepared ready for
use. The tubes are plugged with cotton-wool, and
the potato steamed in the steam steriliser.

POTATO-PASTE.

Potato-paste is sometimes employed where it is
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desirable to obtain an extensive growth of certain
bacteria. The potatoes are boiled for an hour, and
the floury centre squeezed out of their skins. This
is then mashed up with sufficient sterilised water to
produce a thick paste, and is heated in the steam
steriliser for half an hour for three successive days.

BREAD-PASTE.

Some micro-organisms, more especially mould
fungi, grow very well on bread-paste. This is
prepared by removing the crust from a stale loaf
of bread and allowing it to dry in the oven. It
is then broken up, and reduced to a fine powder
with a pestle and mortar. Small, carefully cleansed,
conical, or globe-shaped flasks are plugged with
cotton-wool and sterilised in the oven. When cool
a small quantity of the powder is placed in them,
and sterilised water added in the proportion of one
part for every four of the powder. The paste is
sterilised by steaming in the steriliser at 100° C.
for half an hour for three successive days. The
flasks can be reversed, and are inoculated in the
usual way with a platinum needle.

CULTIVATIONS ON VEGETABLES, FRUIT, WHITE OF
EGG, ETC.

Boiled carrots and other vegetables, and various
kinds of stewed fruit, are also occasionally employed
for the cultivation of bacteria. The sterilisation of
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these media must be carried out on the principles
already explained. White of egg may be poured
out on sterilised glass plates, or in shallow glass
dishes, boiled in the steam steriliser, and after
inoculation placed in a damp chamber.

(D) PREPARATION AND EMPLOYMENT OF STERILE
BLOOD SERUM.

The tubercle-bacillus, the bacillus of glanders and
many other micro-organisms thrive well when culti-
vated on solid blood serum. This medium has the
additional advantage of remaining solid at all tem-
peratures. The technique required for its preparation
and sterilisation is as follows :—Several cylindrical
vessels, about 20 cm. high, are thoroughly washed
with sublimate solution (1-1000), and then with
alcohol, and finally rinsed out with ether. The
ether is allowed to evaporate, and the vessels are
then ready for use. The skin of the animal selected
—calf, sheep, or horse—is washed with sublimate at
the seat of operation, and the bleeding is performed
with a sterilised knife. The first jet of blood from
the vein is rejected, and that which follows is allowed
to flow into the vessels until they are almost full.
The ground-glass stoppers, greased with vaseline,
are replaced, and the vessels set aside in ice, as
quickly as possible, for from twenty-four to thirty
hours. By that time the separation of the clot is
completed, and the clear serum can then be trans-
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ferred to plugged sterile test-tubes. - These should
be filled with a sterilised pipette for about a third of
their length, and are then placed in Koch’s slow
steriliser with the temperature maintained for an
hour at 58° C. The same process is repeated for
six successive days, the temperature on the last day
being gradually raised to 60° This completes the
sterilisation, but to solidify the serum it is necessary
to arrange the tubes in the inspissator at the angle
required. The temperature of this apparatus is kept
between 65° and 68> C. Directly solidification
takes place the tubes must be removed, and they
should then present the character of being hard,
solid, of a pale straw colour, and transparent. A
little liquid collects at the lowest point, and the
serum is sometimes milky in appearance at its
thickest part. The serum may not only be employed
in test-tubes, but also in small flasks, glass capsules,
or other vessels, all of which must be cleansed and
sterilised in the usual way. Hydrocele fluid and
other serous effusions may be prepared in the same
manner, or gelatine may be added to the serum in
the proportion of 5 per cent.

Inoculation of the Tubes,—A small portion of
the material to be inoculated is taken up with a
sterilised platinum needle, and drawn in lines over
the sloping surface of the serum ; or a minute piece
of tissue, tubercle, etc., may be introduced into the
tube and deposited on the surface of the nutrient
medium. The precautions that are to be observed
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in isolating the material to be inoculated will be
referred to later (p. 141).

Liouip MEebia.

(E) PREPARATION OF STERILISED BOUILLON, LIQUID
BLOOD SERUM, URINE, MILK, VEGETABLE INFU-
SIONS, AND ARTIFICIAL NOURISHING LIQUIDS.

Nutrient liquids are still largely employed, and
by some observers evén in preference to the solid
media advocated by Koch. It must not be supposed,
however, that the methods of cultivation in liquids
are discarded entirely by the modern school, for
there is no more instructive method than the
employment of so-called drop-cultures. For inocu
lation experiments where the presence of gelatine
is undesirable, for studying the physiology and
chemistry of bacteria and where for any object
a rapid growth of micro-organisms is necessary,
the employment of liquid media is not only advis-
able, but is absolutely necessary. Liquid media
comprise two distinct groups—unatural and artificial.
The natural group includes meat broths, blood,
urine, milk, and vegetable infusions ; the artificial
are solutions built up from a chemical formula
representing the essential food constituents.

NATURAL MEDIA.

Bouillon.—A broth of bouillon of beef, pork,
or chicken may be made in the same manner as
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described for the preparation of nutrient gelatine,
with simply omission of the gelatine. After the
neutralisation with carbonate of soda solution drop
by drop, the flask of broth is placed in the steam
steriliser for half an hour at 100° C. A clear
liquid results on filtration, which is transferred to
plugged sterilised flasks or test-tubes, and sterilisa-
tion effected by exposing them in the steam steriliser
for half an hour at 100° C. for two or three succes-
sive days.

Liquid Blood Serum.—The preparation of
sterile blood serum has already been described. It
may be used for cultivation, especially in the form
of drop-cultivations, before the final treatment by
which it is solidified. Hydrocele fluid, peritonitic
and pleuritic effusions, can also be employed after
sterilisation in the steam steriliser. The fluid should
be withdrawn with a sterilised trocar and canula,
and received into plugged sterilised flasks.

Urine.—In order to obtain urine free from micro-
organisms the following precautions must be ob-
served :—The orifice of the urethra must be
thoroughly cleansed with sublimate solution. The
first jet of urine should be rejected, and the rest
received into sterilised vessels, which must be quickly
closed with sterile plugs. If these precautions be not
attended to the urine must be rendered sterile by
the means described for the sterilisation of bouillon.

Milk.—If milk has been drawn into sterile flasks
after thoroughly cleansing and disinfecting the teats
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(F) METHODS OF STORING AND EMPLOYING LIQUID
MEDIA ; LISTER’S FLASKS, AITKEN'S TEST-TUBES,
STERNBERG'S BULBS, PASTEUR'S APPARATUS,
MIQUEL'S BULBS ; DROP-CULTURES.

Cultivations in liquid media can be carried on
in test-tubes, but it is more satisfactory to employ
special forms of flasks, bulbs, U tubes, etc. As
test-tubes and flasks containing liquid media cannot
be inverted, inoculation with a sterilised needle must
be carried out as rapidly as possible, with the addi-
tional precaution of closed windows and doors.

Lister’s Flasks.—These flasks (p. 48) were
especially introduced by Lister as a means of storing
liquid nutrient media. They are so constructed that
after removal of a portion of the contents, on re-
storing the vessel to the vertical position, a drop
of liquid always remains in the extremity of the
nozzle, which prevents the regurgitation of unfiltered
air. v

Sternberg’s Bulbs.—The method of introducing
liquid into the bulbs employed by Sternberg, and of
sterilising and inoculating it, is as follows :—The
bulb is heated slightly over the flame, and the
extremity of the neck, after breaking off the sealed
point, is plunged beneath the surface of the liquid.
As the air cools the liquid is drawn into the bulb,
usually filling it to about one-third of its capacity.
The neck of the flask is again sealed up, and the
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liquid which has been introduced is sterilised by
repeatedly boiling the flasks in the water-bath.
They should then be placed in the incubator for
two or three days; and if the contents remain trans-
parent and free from film, they may be set aside as
stock-bulbs, to be used when required.

To inoculate the liquid in the bulb the end of
the neck is heated to sterilise the exterior, the bulb .
is gently warmed, and the extremity of the neck
nipped off with a pair of sterilised forceps. The
open extremity is plunged into the liquid containing
the micro-organism, a minute quantity enters the
tube and mingles with the fluid in the bulb, without
fear of contamination by atmospheric germs. The
extremity of the neck is once more sealed up in the
flame of a Bunsen burner.

Aitken’s Tubes.—These tubes are plugged and
sterilised, and the nutrient medium introduced as
into ordinary test-tubes. Instead of withdrawing
the cotton-wool plug, they are inoculated by means
of the lateral arm. The sealed extremity of the
arm is nipped off with sterilised forceps, and the
inoculating needle is carefully introduced through
the opening thus made. It is directed along the
arm until it touches the opposite side of the test-
tube, where it deposits the material with which it
was charged. The needle is withdrawn, and the
end of the lateral arm again sealed up in the flame ;
the test-tube is then tilted until the liquid touches
the deposited material ; on restoring the tube to
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the vertical the material is washed down into the
body of the nutrient liquid.

Pasteur’s Apparatus.—Special forms of tubes,
bulbs, and pipettes are employed by the school
of Pasteur. The tubes are provided with lateral
or with curved arms drawn out to a fine point,
and with slender necks plugged with cotton-wool.
A double form shaped like a tuning-fork, each
limb with a bent arm, is a convenient form for
storing sterilised bouillon. The sealed end of an
arm is nipped off with sterilised forceps, the sterile
bouillon aspirated into each limb, and the arm
again sealed in the flame; a series of such tubes
can be arranged upon a rack on the working
table.*

Bulbs with a vertical neck drawn out to a fine
point, others with a neck bent at an obtuse angle,
plugged with cotton-wool, and a lateral curved arm
drawn out to a fine point, are also employed. For
a description of these various vessels and their
special advantages, the works of Pasteur and
Duclaux must be consulted.

Miquel’s Bulbs.—The #uée @ boule of Miquelt
is also a very useful form. It consists of a bulb
of 50 cc. capacity blown in the middle of a glass
tube. The part of the tube above the bulb is con-
tracted about half-way between the bulb and its
extremity, and can either be left quite straight or

* Duclaux, Ferments et Maladies. 1882.
t Miquel, Les Organismes Vivanits de P’ Atmosphére. 1883.
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can be made to curve slightly. On either side of
the contraction the tube is plugged with asbestos.
The portion of the tube below the bulb is 8 shaped,
and drawn out at its extremity into a fine point.
The bulbs are charged with nutrient liquid and
inoculated by aspiration, and the point of the S
tube sealed in the flame of a Bunsen burner.
Drop-cultures. — This method of -cultivation
has already been referred to as a particularly in-
structive one. It enables us to study many of the
changes which take place during the life history of
micro-organisms. This is illustrated, for example,
by the anthrax bacillus, where we can watch the
gradual growth of a single bacillus into a long
filament, and the subsequent development of bright
oval spores. It is necessary carefully to observe the
minutest details to maintain the cultivation pure.
An excavated slide is thoroughly cleaned, and
then sterilised by being held with the cupped side
downwards in the flame of the Bunsen burner. A
ring of vaseline is painted round the excavation,
and the slide is then placed under a glass bell
Meanwhile a carefully cleansed cover-glass is also
sterilised by passing it through the flame, and
should be deposited on the plate of blackened glass.
With a sterilised looped needle, a drop of sterile
bouillon is transferred to the cover-glass, and this
is inoculated by touching it with another sterilised
needle charged with the material, without disturbing
the form of the drop. It is quite sufficient just to
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touch the drop instead of transferring a visible
quantity of blood, juice, or growth, as the case may
be. The slide is then inverted and placed over the
cover-glass, so that the drop will come exactly in
the centre of the excavation, and is gently pressed
down. On turning the slide over again the cover-
glass adheres, and an -additional layer of vaseline is
painted round the edges of the cover-glass itself.
The slide must be labelled, and, if necessary, placed
in the incubator, and the results watched from time
to time. Instead of bouillon, liquid blood serum
may also be employed in this form of cultivation.
If it be required to preserve the drop-cultivation as
a microscopic preparation, the cover-glass is gently
lifted off and allowed to dry. Any vaseline ad-
hering to the cover-glass should be wiped off, and
the cover-glass can then be passed through the
flame and stained in the usual manner.

Moist Chambers.—Unless drop-cultures are
very carefully prepared, they are liable to dry up,
if kept for examination for several days. Many
therefore prefer employing a moist chamber. There
are several different forms in use.

The drop-culture slide may be converted into a
moist chamber by having a deep groove cut round
the circumference of the concavity. This groove is
filled with sterilised water by means of a pipette.
A ring of vaseline is painted with the camel's-hair
brush outside the groove, and the cover-glass, with

the drop-cultivation, is inverted and placed over the
8
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concavity. This form is very useful, as the slide
can be easily cleansed and effectually sterilised by
holding it in the flame of the Bunsen burner.

A very simple form of moist chamber, which may
be used in some cases, but possesses the disadvan-
tage of not admitting of sterilisation by heat, may
be constructed as follows*:—

A small piece of putty or modelling wax is rolled
into a cord about two inches long and 3 inch thick.

Fi1c. 30.—MEeTHOD OF FORMING A SiMPLE Moist CHAMBER.

By uniting the ends a ring is formed, which is placed
on the middle of a clean glass slide (Fig. 30). A
drop of water is placed in the centre of the ring,
and the cell roofed in by applying the cover-glass.

A somewhat similar cell in form, which has the
advantage of permitting of thorough cleansing, may
be constructed by cementing a glass ring with flat
surfaces to an ordinary slide. Vaseline is applied
with a camel’s-hair brush to the upper surface of

* Schifer’s Course of Practical Histology. 1877.
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the ring, and one or two drops of water placed with
a pipette at the bottom of the cell. The cover-
glass, with the preparation, is then inverted over
the cell and gently pressed down upon the glass
ring. The vaseline renders the cell air-tight, and,
to a certain extent, fixes the cover-glass to the ring.

Warm Stages.—To apply warmth while a pre-
paration is under continuous observation, we must
either place the microscope bodily within an in-
cubator, with the eyepiece protruding through an

F16. 31.—SiMpLE WARM STAGE.

opening, so that we may observe what is going on
without moving the preparation, or we must em-
ploy some means of applying heat directly to the
preparation.

A simple warm stage may be made of an oblong
copper plate, two inches long by one inch wide, from
one side of which a rod of the same material pro-
jects. The plate has a round aperture in the middle,
half an inch in diameter, and is fastened to an or-
dinary slide with sealing' wax. The drop to be
examined is placed on a large-sized cover-glass and
covered with a smaller one. Olive oil or vaseline
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is painted round the edge of the smaller cover-glass
to prevent evaporation, and the preparation is placed
over the hole in the plate (Fig. 31).

The slide bearing the copper plate is clamped to
the stage of the microscope (Fig. 32). The flame

¥F16. 32.—SimPLE WARM STAGE SHOWN IN OPERATION.

of a spirit-lamp is applied to the extremity of the
rod, and the heat is conducted to the plate and
thence transmitted to the specimen. That the
temperature of the copper plate may be approxi-
mately that of the body, the lamp is so adjusted
that a fragment of cacao butter and wax placed
close to the preparation is melted.
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For more accurate observations, the apparatus
shown in Fig. 33 may be employed. The vessel f,
filled with water which has been boiled to expel the
air, is heated by means of a gas-flame at g. The
warmed water ascends the india-rubber tube ¢ to the
brass box @. The box is pierced by a tubular
aperture to admit light to the object, and has an

F16. 33.—ScHAFER'S WARM STAGE,

exit tube ¢, by which the cooled water from the
stage returns to be reheated by the flame g. Atd
is a gas-regulator, so that a constant temperature
at any desired point can be maintained.

Another form, in which warm water or steam can
be used for heating, and by the employment of
iced water also used for observing the effects of
cold, is shown in Fig. 34. It consists of a hollow
rectangular box, with a central opening (C) permitting
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the passage of light. The water makes its exit and
entrance at the side tubes @, @, and the temperature
is indicated by a thermometer in front.

C .nmmmu_mg
I ] It T

F1G. 34.—STRICKER'S WARM STAGE.

Israel’s Warming Apparatus.—It is obvious
that in employing very high powers a difficulty will
be presented by the warm stages just described,

)
F16. 35.—SECTION OF ISRAEL'S WARMING, APPARATUS AND
DROP-CULTURE SLIDE.

owing to their interference with the illumination.
To overcome this an apparatus has been constructed
by which the slide is warmed from above.*

* Israel, Zeitsch. f. Wiss. Mikrosc, ii., pp. 459-63. 188s.
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The drop-culture slides are provided with a
shallow groove '1 mm. deep and 1 mm. broad, cut
round the concavity. Into this the cover-glass
fits, so that its upper surface is flush with that of
the slide. The heating apparatus consists of a flat
disk-shaped box with a central conical aperture
(Fig. 35).

The entrance and exit pipes are fixed on at a

F16. 36.—IsRAEL'S WARMING APPARATUS.

right angle to the side (Fig. 36). The former, z,
is of metal, and the latter, a, of glass fitted with
a thermometer, the bulb of which, 4, is contained
within the box. A partition, s, keeps up a current
between the openings of the pipes, which are
supported on a stand and connected by tubing
with the hot-water supply (Fig. 37).

A mixture of paraffine and vaseline is recom-
mended for indicating the temperature of the
chamber, and experience has shown that if a
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temperature of 37° C. be required the temperature
of the water in the box must range between 42°

and 47° C.
Gas Chambers.—To investigate the action of

Fic. 37.—IsraEL’s WARMING APPARATUS IN OPERATION.

gases or vapours upon micro-organisms, a modi-
fication of the simple moist chamber (Fig. 30)
may be employed (Fig. 38).

A piece of glass tubing is first fixed to the slide
by means of sealing wax, and the ring of putty is
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so placed as to include the end of this, leaving
a small interval at the side, or a little notch is

Fic. 38.—SimpLE Gas CHAMBER.

made in the putty opposite, so as to afford an exit
for the gas or vapour (Fig. 39).

Fi16. 39.—Gas CHAMBER IN USE WITH APPARATUS FOR GENERATING
. CaRBoONIC AcID.

A more complicated apparatus, combining both a
warm stage and a gas chamber, is shown in Fig. 4o.
This consists of a rectangular piece of ebonite (EE)
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fixed to a brass plate which rests on the stage of the
microscope. On the upper surface of the ebonite is

w

4]0 3o 20 - jo

F16. 40,—STRICKER’S COMBINED GAs CHAMBER AND WARM STAGE.

another brass plate (p), with an aperture (¢) leading
into a brass tube closed below by a piece of glass.
To heat the apparatus the copper wire B is placed

F16. 41,—~SiMPLE MoistT CHAMBER ADAPTED FOR TRANSMISSION
of ELEcTRICITY.

on the tube ¢, and its extremity heated by the flame
of the lamp. The nearer the lamp to the stage
the higher the temperature, which is indicated by
the thermometer £ To employ it as a gas chamber
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the wire B is laid aside, and the gas is conducted
into the chamber by the tube &/, and escapes by the
tube a.

Application of Electricity.—To study the
effect of electricity we may prepare a drop-culture
in the moist chamber (Fig. 41). The cover-glass
to be used is provided with two strips of tinfoil,

F16.'42.— APPARATUS ARRANGED FOR TRANSMITTING ELECTRICITY.

which are isolated from the brass of the microscope,
and so arranged that a current of electricity may
be passed through them (Fig. 42).

A much simpler plan, which may also be employed,
is to take an ordinary glass slide and coat the sur-
face with gold-size. The slide is then pressed
firmly down on gold-leaf or tinfoil and allowed to
dry. When dry, the metal is scraped away, leaving






CHAPTER V.

EXAMINATION OF AIR, SOIL, AND WATER.
AR,

THE air, as is well known, contains in suspension
mineral, animal, and vegetable substances. The
mineral world is represented by such substances as
silica, silicate of aluminium, carbonate and phosphate
of calcium, which may be raised from the soil by
the wind, and particles of carbon, etc., which gain
access from accidental sources. Belonging to the
animal kingdom we find the dééris of perished
creatures, as well as sometimes living animals.
The vegetable world supplies micrococci, bacilli,
and other forms of the great family of bacteria,
spores of other fungi, pollen seeds, parts of flowers,
and so forth. The air of hospitals and sick rooms
has been found to be especially rich in vegetable
forms, e.g., fungi and spores have been observed as
present in particularly large numbers in cholera
wards, spores of tricophyton have been discovered
in the air of hospitals for diseases of the skin,
and achorioni n wards with cases of favus. The
tubercle-bacillus is said to have been detected in the
breath of patients suffering from phthisis.
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These points indicate that, in addition to the
interest for the microbiologist, considerable import-
ance, from a hygienic point of view, must be
attached to the systematic examination of the air.
Especially a knowledge of the microbes which are
found in the air of marshy and other unhealthy dis-
tricts, and in the air of towns, dwellings, hospitals,
workshops, factories, and mines, will be of practical
value.

Miquel,* who has particularly studied the bac-
teria in the air, has found that their number varies
considerably. The average number per cubic metre
of air for the autumn quarter at Montsouris is given
at 142, winter quarter 49, spring quarter 85, and
summer quarter 105. In air collected 2,000 to
4,000 metres above the sea-level, not a single bac-
terium or fungus spore was furnished, while in 10
cubic metres of air from the Rue de Rivoli (Paris)
the number was computed at 55,000.

The simplest method for examining the organisms
in air consists in exposing plates of glass or micro-
scopic slides coated with glycerine, or a mixture of
glycerine and glucose, which is stable, colourless,
and transparent. Nutrient gelatine spread out on
glass plates (p. 91), may be exposed to the air for a
certain time, and then put aside in damp chambers
for the colonies to develop. Sterilised potatoes,
prepared in the usual way (p. 99), may be similarly
exposed. In both the last-mentioned methods

* Miquel, Organismes Vivantes de I’ Atmospheére.
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separate colonies develop, which may be isolated as
already described, and pure cultivations carried on
in various other nutrient media (p.97). Nutrient
gelatine has also been employed in the special
methods of Koch and Hesse.

Koch’s Apparatus.—This consists of a glass
jar, about six inches high, the neck of which is
plugged with cotton-wool. In the interior is a
shallow glass capsule, which can be removed by
means of a brass lifter. The whole is sterilised
by exposure to 150° C. for an hour in the hot-air
steriliser. The nutrient gelatine in a stock-tube is
liquefied, and the contents emptied into the glass
capsule. The jar is exposed to the air to be
examined for a definite time, the cotton-wool plug
replaced, and the apparatus set aside for the
colonies to develop.

Hesse’s Apparatus (Fig. 44).—The advantage
of this apparatus consists in that a known volume
of air can be examined. A glass cylinder, 70 cm.
long and 3'5 cm. in diameter, is closed at one end
by an india-rubber cap, perforated in the centre.
Over this fits another cap, which is not perforated.
The opposite end of the cylinder is closed with a
caoutchouc stopper, perforated to admit a glass tube
plugged with cotton-wool. The tube can be con-
nected by means of india-rubber tubing with an
aspirating apparatus. This apparatus consists of a
couple of litre-flasks, suspended by hooks from the
tripod-stand which supports the whole apparatus.
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The cylinder, caps, and plug are washed with solu-
tion of corrosive sublimate, and then with alcohol.
After being thus cleansed, 50 ccm. of nutrient gela-
tine are introduced, and the whole sterilised by
steaming for half an hour for three successive days.

| s
F16. 44.—HESSE'S APPARATUS.

After the final sterilisation, the cylinder is rotated
on its long axis, so that the nutrient medium
solidifies in the form of a coating over the whole
of the interior, When required for use, the cotton-
wool plug is removed from the small glass tube,
and the latter connected with the upper flask by
means of the india-rubber tubing.
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The apparatus is placed in the air which is to be
examined, the outer india-rubber cap removed from
the glass cylinder, and the upper flask tilted until
the water begins to flow into the lower one. The
emptying continues by syphon action, and air is
drawn in along the cylinder to replace the water.
When the upper flask is empty, the position of the
two is reversed, and the flow again started. When
a sufficient volume has been drawn through the
cylinder, the outer cap and the cotton-wool plug are
replaced, and it is set aside for the colonies to
develop. As an example, twenty-five litres of air
from an open square in Berlin gave rise to three
colonies of bacteria and sixteen moulds; on the
other hand, two litres from a schoolroom just
vacated by the scholars gave thirty-seven colonies
of bacteria and thirty-three moulds.

Various forms of ¢ aeroscopes” and ‘ aeroni
scopes” have from time to time been employed.
Pouchet’'s aeroscope consists of a small funnel,
drawn out to a point below which is a glass slip
coated with glycerine. The end of the funnel and
the glass slip are enclosed in an air-tight chamber,
from which a small glass tube passes out, connected
by india-rubber tubing with an aspirator. The
air passing down the funnel strikes upon the
glycerine, - which arrests any solid particles. - For
a description of the more exact apparatus em-
ployed by Maddox, Cunningham, and Miquel,
reference should be made to the writings of these

9



130 BACTERIOLOGY.

authors, and particularly to the treatise published
by the last-named.

ExAMINATION OF SoOIL.

Surface soil, or mould, is exceedingly rich in
bacteria.  Miquel, e.g., has computed that there
exists in a gramme of soil an average of 750,000
germs at Montsouris, '1,3oo,ooo in the Rue de
Rennes, and 2,100,000 in the Rue de Monge. As
agents of putrefaction and fermentation they play a
very important 7d/e in the economy of nature; but
there exist in addition bacteria in the soil which
are pathogenic in character. Pasteur has succeeded
in isolating the bacillus of anthrax from the earth,
and sheep, sojourning upon a plot of ground where
animals with anthrax had been buried, succumbed
to the disease. Pasteur considered that the spores
were conveyed by worms from buried beasts to the
surface soil. The bacillus of malignant cedema is
also present in soil, and Nicolaier has cultivated a
bacillus from earth which produces tetanus in mice,
rabbits, guinea-pigs, and other animals.

To obtain a cultivation of the microbes in soil a
sample of the latter must be first dried and then
triturated. It may then be shaken up with distilled
water, and from this a drop transferred to sterilised
bouillon. The employment of solid media is, how-
ever, much more satisfactory : a sample of earth is
collected, dried, and triturated, and a- small quantity
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sprinkled over the surface of nutrient gelatine pre-
pared for a plate-cultivation. In another method
the gelatine is liquefied in a test-tube, the powder
added, and, in the usual way, distributed throughout
the medium, which is then poured out upon a glass
plate. Just in the same way the dust which settles
from the air in houses and hospitals, or food sub-
stances in powder, may be distributed over nutrient
gelatine, and the micro-organisms which develop
studied, both as to their morphological and biological
characteristics.

ExaminaTioN oF WATER.

As in the case of air, so, too, in that of water a
knowledge of the micro-organisms which may be
present is not only of interest to the microbiologist,
but of the greatest importance in practical hygiene.
Common putrefactive bacteria and vibrios may not
be hurtful in themselves, but they indicate the
probability of the presence of organic matter in
some of which there may be danger.*

The Microzyme Test, which was introduced
for their detection, consisted in adding three or four
drops of the sample of water to 1 or 2 ccm. of
Pasteur’s fluid, the nourishing fluid having been
previously boiled in a sterilised test-tube. If the
microzymes or their germs existed in the water,
the liquid in a few days became milky from the

* Parkes, Manual of Practical Hygiene. 1883.
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presence of countless bacteria. This test is of no
real value, for it does little more than indicate ‘that
bacteria are present, which we know to be the
case in all ordinary water, and even in ice. On
the other hand, the bacteriological test of Koch is
a most valuable addition to the usual methods of
water-analysis. It enables us not only to detect the
presence of bacteria, but to ascertain approximately
their number, and to study very minutely their
morphological and biological characteristics. The
importance of a thorough acquaintance with the
life-history of the individual micro-organisms cannot
be too strongly insisted upon. For example, by
such means the spirillum of Asiatic cholera can be
distinguished from other comma-shaped organisms,
and inasmuch as its presence may be an indication
of contamination with choleraic discharges, such
water should be condemned for drinking purposes,
even though we may not yet be in a position to
affirm that the microbe is the cause of the disease.
The test, in short, consists in making plate-cultiva-
tions of a known volume of water, counting the
colonies which develop, isolating the micro-
organisms, and studying the characters of each
individual form.

Collection and Transport of Water Samples.
—Erlenmeyer's conical flasks of about 100 ccm.
capacity may be employed with advantage for
collecting the samples of water. They are
cleansed, plugged, and sterilised in the hot-air
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steriliser. When required for wuse, the plug is
removed and held between the fingers, which must
not touch the part which enters the neck of the
flask. About 30 ccm. of the water to be examined
are introduced into the flask, and the plug must be
quickly replaced and covered with a caoutchouc cap.
If collected from a tap, the water should first be
allowed to run for a few minutes, and the sample
should be received into the flask without the
neck coming into contact with the tap. From a
reservoir or stream the flasks may be filled by
employing a sterilised pipette. During transport
contact between the water and cotton-wool plug
must be avoided, and if likely to occur the sample
must be collected and forwarded in a Sternberg’s
bulb.

Examination by Plate-cultivation.— The
apparatus for plate-cultivation should be arranged
as already described. Crushed ice may be added to
the water in the glass dish to expedite the setting
of the gelatine, so that the plate may be transferred
as quickly as possible to the damp chamber. The
caoutchouc cap is removed from the flask, and the
cotton-wool plug singed in the flame to prevent
contamination from adventitious germs on the out-
side of the plug. The flask is then held slantingly
in the hand, and the plug twisted out and retained
between the fingers. With a graduated pipette a
drop of the sample is transferred to a tube of
liquefied nutrient gelatine, and the plugs of the flask
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and of the tube quickly replaced. If the water be very
impure, it may be necessary to first dilute the sample
with sterilised water. The inoculated tube must be
gently inclined backwards and forwards and rolled as
already explained, to distribute the germs through-
out the gelatine, and the gelatine finally poured on a
plate. When the gelatine has set, the plate is trans-
ferred to a damp chamber, which should be carefully
labelled and set aside in a place of moderate tem-
perature. In about two or three days the cultiva-

F16. 45.—APPARATUS FOR ESTIMATING THE NUMBER OF COLONIES IN
A PLATE-CULTIVATION,

tion may be examined. In some cases the colonies
may be counted at once ; more frequently they are
so numerous that the plate must be placed on a dark
background, and a special process resorted to. A
glass plate, ruled by horizontal and vertical lines
into centimetre squares, some of which are again
subdivided into ninths, is so arranged on a wooden
frame that it can cover the nutrient-gelatine plate
without touching it (Fig. 45). A lens is added to
assist in discovering minute colonies. If then the
colonies are very numerous, the number in some
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small divisions is counted, if less in some large ones,
and an average is obtained from which the number
of colonies on the entire surface is calculated. A
separate calculation of the /Jzguefied colonies should
be also made, and their number, as well as the total
number of colonies present in 1 ccm. of the sample,
recorded. Any peculiar macroscopical appearances,
colour, etc., should be noted, and then the micro-
scopical appearances of the colonies studied.
Lastly, examination of the individual organisms
should be made by cover-glass preparations, and
by inoculation of nutrient gelatine, potatoes, and
other media.

Examination by Test-tube-cultivation—A
drop of the sample of water may also be added to
liquefied nutrient gelatine in a tube, the organisms
distributed as already explained (p. 93), and the
gelatine allowed to solidify in the tube. A rough
comparison of water samples may be made in this
way. :

Microscopic Examination.—A drop of the
water may be mounted and examined in the way
described under drop-cultivations (p. 112), or a drop
is allowed to evaporate on a cover-glass placed
under a bell-glass. This is then passed three times
through the flame, and stained in the usual manner.
The examination of rain water, drinking water, tap
water, sea water, various liquids and infusions, etc.,
by these methods, opens up a wide field for research.
Pettenkofer has shown that impregnation with






CHAPTER VL

EXPERIMENTS UPON THE LIVING ANIMAL.

To carry out the last of Koch’s postulates, and so
complete the chain of evidence in favour of the
causal relation of micro-organisms to disease, and
to study the mode of action of a pathogenic bac-
terium, it is necessary to introduce into a living
animal a pure cultivation of the micro-organism
in question. For this purpose various animals
are employed—such as mice, guinea-pigs, rabbits,
pigeons, and fowls.

Inhalation of Micro-organisms. — The
animals may be made to inhale an atmosphere
impregnated with micro-organisms by means of
a spray. In this way Friedlinder succeeded in
administering the bacteria of pneumonia to
mice, and the production of tuberculosis by
experimental inhalation has thrown light upon
the clinical records of cases reported as instances
of the infectiousness of phthisis.

Administration with Food.—A sheep fed
upon potatoes which have been the medium for
the cultivation of the anthrax bacillus dies in a
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few days. Similarly, animals fed upon the nodules
of bovine tuberculosis become tubercular, and
even the flesh and milk of tuberculous animals will
occasionally set up tuberculosis.

Cutaneous and Subcutaneous Inocula-
tion.——Cutaneous inoculation may be carried out
by making a superficial wound, and inoculating
it with a sterilised platinum needle, charged
with the micro-organisms to be inoculated. An-
other simple method is to take a sterilised knife,
infect the point with the material to be inoculated,
and then make a minute wound or incision. In
either case a situation should be selected, such as
the root of the ear, which cannot be licked by
the animal after the operation.

Subcutaneous inoculation is very simple and
effectual, and consequently the method most fre-
quently employed. @ The animal selected—for
example, a guinea-pig—is held by an assistant,
who covers it with a towel, leaving only the hinder
extremities exposed. By so doing, and gently
laying it upon its back, with its head low, a
guinea-pig passes apparently into a state of
hypnotism, and the trivial operation can be per-
formed with little or no movement on the part
of the animal. From a spot on the inner side
of the thigh the hair is cut close with a small
pair of scissors curved on the flat, and the skin
must be thoroughly purified with sublimate solu-
tion. A small fold of skin is then pinched up
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with a pair of sterilised forceps, and with a pair
of sharp sterilised scissors, or with a tenotomy
knife, a minute incision is made. A sterilised
platinum loop is charged with the material to
be inoculated, and the loop is gently inserted
under the skin, forming a small pocket in the
subcutaneous tissue. The needle is then with-
drawn, and the sides of the wound gently pressed
into apposition. In a mouse the same process
is adopted, with the exception that the root of the
tail is the usual site of the operation. In a method
suggested by Koch an assistant can be dispensed
with: a glass bell reversed is placed as a cover
to a wide-mouthed glass jar, in which a mouse
is held by the tail with a pair of forceps, while
the cover is so placed over the mouth of the
jar as to leave a small interval near the rim
uncovered. The mouse rests with its head down-
wards and with its feet against the inner wall of
the jar, and in the interval between the cover
and the rim the root of the tail is exposed,
and must be cleansed and treated as -already
described.

Special Operations. —In many cases it is
absolutely necessary to perform an operation of
greater severity. After the.administration of an
anzsthetic, infective material may be . introduced
into the peritoneal cavity by the performance of
abdominal section, or injected into the duodenum
in the manner employed in the case of Koch’s
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comma bacilli by Nicati and Rietsch. In such
cases antiseptic precautions must be rigidly
followed, and use made of iodoform and other
antiseptic dressings. The disinfection of the skin
of the animal, of the instruments employed, and
of the hands of the operator, are details essential
to secure success. To inoculate tubercular matter,
sputum may be rubbed up with distilled water,
filtered, and the filtrate injected into a tracheal
fistula, or the first steps of the operation of
iridectomy may be performed, and tubercular
material inserted in the anterior chamber of the eye.
The advantage of the latter method consists in that
it enables the results and changes to be observed
from day to day. A cultivation of micro-organisms
may also be mixed with sterilised water, and then
injected with a syringe directly into the circulation.
In rabbits this may be performed without difficulty
by injecting the large vein at the base of the ear
with a Pravaz’ syringe. Before every inoculation
the instruments must be sterilised, as already ex-
plained, by employing an Israel’s case, and after
each operation all instruments should be placed in
strong sublimate solution (1 in 100), wiped dry, and
sterilised in the hot-air steriliser, before they are
put away. If these precautions be not observed,
instances of accidental infection are sure to occur.



CHAPTER VII.

EXAMINATION OF ANIMALS EXPERIMENTED UPON
AND THE METHODS OF ISOLATING MICRO-
ORGANISMS FROM THE LIVING AND DEAD
SUBFECT.

METHOD OF DISSECTION AND EXAMINATION.

A1y animals that die after an experimental inocu-
lation should be examined immediately after death.
Every precaution must be taken, in conducting
the dissection, to exclude extraneous micro-organ-
isms, and all instruments employed must have been
sterilised in the hot-air steriliser, or heated in the
Bunsen burner. If a mouse, for example, has died
after an inoculation, it should be at once pinned
out by its feet on a slab of wood or in a gutta-
percha tray, and bathed with sublimate sclution.
In the same way, before examining a dead rabbit, a
stream of sublimate should be directed over it to
lay the fur, which otherwise interferes with the
dissection. The hair should be cut away with
sterilised scissors from the seat of inoculation, which
is the first part to be examined, and any suppura-
tion, hemorrhage, cedema, or other pathological
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change should carefully be noted. From any pus or
exudation that may be present, material for inocu-
lations should at once be taken, and cover-glass-
preparations made for microscopical examination.
To examine the internal organs and to make
inoculations from the blood of the heart or spleen,
the skin is cut through from below upwards in the
median line of the abdominal and thoracic regions.
The abdominal cavity is then opened, and the walls
pinned back on either side of the animal. Any
abnormal appearances should be noted, and espe-
cially the state of the spleen should be examined,
by turning the intestines aside. After noting its
appearances it should be removed with sterilised
forceps and scissors, and deposited upon a sterilised
glass slide. After washing it with sublimate solution
by means of a camel’s hair brush or strip of filter
paper, it should be incised with sterilised scissors ;
the pulp may be squeezed out from the cut surface,
and test-tubes of nutrient gelatine and agar-agar
can be inoculated from it, and, if necessary, potato-
and drop-cultivations also established. Precisely
the same care must be taken in examining lym-
phatic glands, tubercles, or pathological nodules;
any chance putrefactive micro-organisms on the
surface are destroyed by the sublimate solution,
and a section is then made, and a minute fragment
snipped out of the centre of the nodule, to be
examined or transferred to the nutrient medium.
The examination of the thorax is made by cutting



EXAMINATION OF ANIMALS EXPERIMENTED UPON. 143

through the ribs on either side of the sternum with
sterilised scissors, and turning the sternum up
where it will be out of the way. The pericardium
is then opened, and the right auricle or ventricle
pierced with the point of a sterilised scalpel, and .
inoculations and cover-glass-preparations are made
from the blood which escapes.

The lungs also require to be especially studied.
They should be incised with a sterilised scalpel,
and inoculations and cover-glass-preparations made
from the cut surface. It may be necessary to
embed a piece of lung or fragment of spleen, so
that it shall be free from air. This may be done
by isolating a fragment with the precautions just de-
scribed and depositing it upon the surface of a test-
tube of nutrient agar-agar. The contents of another
tube, which have been liquefied, and allowed to
cool almost to the point of gelatinisation, must then
be poured over it. From a potato a little cube
must be cut, the tissue deposited in the trough
thus formed, and the cube replaced. Blood may
also be taken directly from a vein by laying it bare
by dissection, making a small section with sterilised
scissors, and inserting a looped platinum needle, the
needle of a Pravaz’ syringe, a capillary tube, or the
extremity of the capillary neck of a Sternberg's
bulb. If the cultivation be contaminated by the
presence of putrefactive or other micro-organisms,
they must be isolated subsequently by carrying out
a series of plate-cultivations.



144 BACTERIOLOGY.

Having completed the dissection, the organs of
such a small animal as a mouse may be removed
en masse and transferred to absolute alcohol for
subsequent examination. In other cases it may be
only necessary to reserve portions of each organ.
In any case it should be remembered that with a
virulent micro-organism, e.g., anthrax, any remain-
ing part of the animal should be cremated, and the
hands and all instruments should be thoroughly
disinfected.

Isolation of Micro-organisms from the
Living Subject.—Micro-organisms in the living
subject may be isolated from pus of abscesses,
or other discharges, and from the blood and tissues.
Abscesses should be opened, and other operations
performed, when practicable, with Listerian precau-
tions, and a drop of the discharge taken up with
a looped needle or capillary pipette, as already
explained.

To make a cultivation from the blood of a living
person, the tip of a finger must be well washed with
soap and water and bathed with strong sublimate,
or 1 in 20 carbolic, solution. Venous conges-
tion is produced by applying an elastic band
or ligature to the finger, which is pricked with a
sterilised sewing needle. - From the drop of blood
which exudes the necessary inoculations and ex-
aminations can be made.
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analysis to vary slightly, according to whether the
bacteria are in zooglcea or in the active state. In
the latter condition they are said to consist of 8342
per cent. of water. In one hundred parts of the
dried constituents there are the following :—

A nitrogenous body . ! . 8420
1 3721 S 3 A 4 . : 604
AShH | . . : ! . . 472
Undetermined substances . 4 504

This nitrogenous body is called Mycoprotein, and
consists of

Carbon . - i ; o Vo 5252
Hydrogen . . . ¢ . 7°55
Nitrogen . A ] 4 L VNS

but no sulphur or phosphorus.

The nitrogenous body appears to vary in different
species, for in Bacillus anthracis a substance has
been obtained which does not give the reactions
of mycoprotein, and, therefore, is distinguished as
anthraxprotein.

Considering bacteria as cells, we may speak of
the cell-wall and the cell-contents.

Cell-wall.—The cell-wall consists of cellulose,
or according to Nencki in the putrefactive bacteria
of mycoprotein. It may be demonstrated by the
action of iodine, which contracts the protoplasmic
contents, and renders the cell-wall visible. The
author has taken advantage of the action of iodine
to differentiate by staining the sheath of the Bacillus
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anthracts from its contents. If we stain cover-glass
preparations of this bacillus by the method of
Gram, we get the following results. By the first
solution the rods are uniformly stained blue; by
subjecting them to the iodine solution, the proto-
plasmic contents are contracted,
while the next solution, alcohol,
decolorises the sheath, which may
be then stained in contrast with
eosin.

The cell-wall may be either
pliable or rigid. Pliability is ob-
served in the long filaments, which F?FM %i;il;‘:fsﬂx
are endowed with a slow vermi- THRACKS, DOUBLE
cular movement, while rigidity Zfﬁi“{?,f{iﬁ GfNNI;
accounts for the maintenance of Eosiv. “he Sient
the characteristic form of several ‘the cell - contents
species, such as spirilla. i Pt

Cell-contents. — The cell - protoplasm yields
mycoprotein. In some it is homogeneous, and
in others granular. The action of the aniline dyes
indicates a close relation to nuclear protoplasm,
though all nuclear stains are not suitable for
bacteria. In some cases also, the bacteria remain
stained under the influence of a reagent, which
removes the colour from nuclei. The power of fixing
the stain is not always present, and indicates a
difference in the protoplasm of different species.
Thus in staining phthisical sputum, the nitric acid
removes the stain from all bacteria and bacilli
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present, with the exception of the tubercle bacillus.
This difference in the protoplasm of different
species is also illustrated by the necessity in many
cases of using special processes, owing to the
ordinary methods being unsatisfactory or not pro-
ducing any result.

The protoplasm of some bacteria contains starch
granules; thus Clostridium butyricum gives the
starch reaction with iodine. Sulphur granules are
present in some species of Beggiatoa which thrive
in sulphur springs. The colouring matter of the
pigment bacteria is probably external to the cell
as a rule; for example, in micrococcus prodigiosus
the pigment granules are distinctly between the
cells; on the other hand, in Beggiatoa roseo-
persicina, or the peach-coloured bacterium, the
special pigment lacterio-purpurin appears to be
dissolved in the cell protoplasm. In Bacillus
pyocyaneus the pigment is certainly not localised
entirely in the cell; for it becomes rapidly diffused
in the surrounding medium, considerably beyond
the confines of the growth itself.

Gelatinous envelope.—In several species, either
as a result of a secretion from the cell, or of the
absorption of moisture and swelling up of the outer
layer of the cell-wall, a mucinous or gelatinous
envelope develops around them. This envelope
may form a capsule, such as we meet with in
certain bacteria found in the rusty sputum of
pneumonia, and in Micrococcus tetragonus ; or it may
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occur as a continuous sheath around a chain
of bacteria, which by its disappearance sets the
individual links free. The capsule is soluble in
water, and under some circumstances is difficult tc
demonstrate. In the pneumo-coccus of Friedldnder
the capsule disappears on cultivation, but reappears
in preparations made from an inoculated animal.
In the pleuritic fluid of a mouse these cocci are
often found with a strikingly well-marked capsule,
and in other capsuled cocci the extent of the
envelope has been observed to vary considerably
in the same species of bacterium.

When this gelatinous material forms a matrix, in
which numbers of bacteria are congregated in an
irregular mass, we have what is termed a zooglcea.
Thezoogleean stage is a resting stage, often preceded
or followed by a motile stage. Thus bacteria may
be present in a solution in an active state, and after
a time a scum or pellicle forms on the surface of the
liquid, which consists of zoogleea. At the edges of
the zooglecea individuals may be seen again to
become motile, detaching themselves from the
edges of the mass, and swimming off in the
surrounding fluid.

The same may be observed sometimes in culti-
vations started in nutrient gelatine. The inoculated
bacteria grow and multiply, and liquefy the gelatine,
and after a time a zooglcean film appears on the
surface of the liquefied layer. On potatoes the
appearances are very varied. In a bacillus which
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readily develops on unsterilised potatoes, the zoo
gloea may spread over the cut surface, forming a
pellicle which can be raised ez masse like a delicate
veil. Another bacillus forms a zooglcea, consist-
ing of a tenacious layer which can be drawn out
in long stringy threads. In Ascococcus Billrothii the
gelatinous envelope develops to such an enormous
extent that it forms the characteristic feature of the

species (Fig. 47).

F16. 47.—Ascococcus BILLROTHII, X 65. [After Cohn.]

Form.—The individual cells vary in form, and
may either remain isolated or attached to each
other. Round cells and egg-shaped cells are called
cocct.  The spherical form is the most common,
but cocci are occasionally exclusively ovoid, as in
Streptococcus bombycis. The giant cocci of some
species are spoken of as megacocci, to distinguish
them from the ordinary cocci, such as wmicrococct.
The fission by which the cocci increase may take
place in one direction only, and if the two resulting
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cells remain attached to each other, they form
a diplococcus. If these two cells again divide, and
the resulting cells remain linked together, we get a
chain or rosary, or streptococcus (Figs. 48, 49, 50).
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F16. 48.—STREPTOCOCCUS AND F16. 49.—~STREPTOCOCCUS IN THE
SARCINACOCCUS FROM A BLoop oF A RaBBIT, X 1200.

DROP-CULTIVATION, X 12CO.

These chains may consist of a few individuals
linked together, or of several hundreds, in which
case the chains are generally curved or twisted.
If the division occur in two directions, so that

F1G6, 50.—STREPTOCOCCUS OF PROGRESSIVE TIssUE NECRosis 1N Mick.
[After Koch.]
four cocci result, a tetrad or merismopedia is
formed. If the division occur in three direc-
tions, one coccus divides into eight, and we
get a packet form or sarcinacoccus. Immediately
after division, the daughter cells are not perfectly
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circular, but are flattened or facetted where they
are opposite to each other. They gradually
become rounded off, and each daughter cell is then
ready to divide in its turn. In other cases the
cocci after division only form irregular heaps or
collections like bunches of grapes. This form is
sometimes distinguished as <laphylococcus, but it
cannot be considered an important feature. Where
we find irregular masses or balls embedded in a
copious gelatinous matrix, the extent of the latter
affords a characteristic condition described as
@SLICOCCUS.

Another type is the rod, characteristic of bac-
terium and bacillus. The rods may vary con-
siderably in length. The very short rods with
rounded ends are very difficult to distinguish from
the oval cocci, but differ in that a rod, however
short it may be, must have at least two sides
parallel. The v#brio or bent rod may be considered
as the connecting link between the rods and the
corkscrew forms or spiri/la. Lastly we have the
filamentous forms, which may be straight, lplothrix,
or wavy, spirocheta (Fig. 51), or the wavy thread
may be looped and entwined on itself, spirulina
(Plate I., Fig. 37).

By involution forms we signify certain irregular
shapes which result especially in exhausted culti-
vations. They are peculiar, oval, pear-shaped, or
irregular enlargements (Plate I, Figs. 31 to 36).

Movement.—Many bacteria are devoid of move-



GENERAL MORPHOLOGY AND PHYSIOLOGY. 15§

ment throughout the whole of their life history.
Others, during certain stages of their life cycle, and
possibly some forms always, are endowed with
locomotive power. The character of the movement
is very varied, and ranges from a slow undulatory
motion to one of extreme rapidity. Many appear
to progress in a definite direction. Others move
continuously, first in one direction and then in
another, and others again seem to hesitate before
altering their course. They may either glide along
smoothly or progress with a tremulous action.
They appear to be able to avoid obstacles, and to

T
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FI1G. 51.—SPIROCHEATA FROM SEWAGE WATER, X I200.

set themselves free from objects with which they
have accidentaily come into contact. Vibrios have
a peculiar serpentine movement, but other forms,
such as the commonly-known Bacterium termo and
segments of spirilla, such as comma-bacilli, revolve
around their long axis as well as make distinct
progression. The complete spirilla are charac-
terised by the familiar corkscrew movement.
With regard to cocci there is some doubt as to
whether they are endowed with independent move-
ment; any quivering or oscillation is generally
regarded as only brownian or molecular. In some
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straight thread-forms, which are motile, the move-
ment is very slow and vermicular in character, but
in wavy threads, such as the Spirockate plicatils,
there is not only an undulatory motion, with rapid
progression across the field of the microscope, but
if they are confined by more or less @¢bris, they
give very peculiar and characteristic spasmodic
movements.

The rod-forms of Proleus vulgaris exhibit very
extraordinary movements on the surface of solid
nutrient gelatine, Groups of rods may be observed
to pass each other in opposite directions. Single
individuals meet and progress side by side, or one
or more individuals may part from a group and
glide away independently. Occasionally a number
of rods progress in single file. It is, however,
difficult to believe that these movements can occur
on a solid surface. The author is inclined to
believe that there is an almost inappreciable layer
of liquid on the surface of the gelatine, which is
expressed after the gelatine sets. In tubes of
nutrient agar-agar gelatinised obliquely and then
kept upright the liquid so expressed collects at the
bottom of the sloping surface.

What the means are by which bacteria are en-
dowed with the power of spontaneous movement
and of progression may still be said to be unsettled.
The author has watched the movement of long
slender threads in sewage-contaminated water,
which could only be explained by the inherent
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contractility of the protoplasmic contents; for if
any drawing or propelling organ existed in
proportion to the length of the organism, it would
probably have been visible. But in many cases
the organism is provided with a vibratile lash or
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Fic. 52.

1. Coccus with flagellum. 2. Similar coccus dividing with two flagella

3. Colony of flagellated macrococci of Beggiatoa roseopersicina. 4. Short
rod from the same Beggiatoa with flagella [all after Zopf]. 5. Bacillus
with flagella [from a photograph by Koch]. 6. Bacillus subtilis [after
Brefeld]. 7, 8. Short rod-forms of Beggiatoa roseopersicina with one
flagellum [after Zopf]. 9. Very long rod of the same, with flagellum at
both ends [after Warming]. 10. Vibrio, with double flagellum at each
end [after Warming]. 11. Vibrio, with flagella [from a photograph by the
author]. 12. Spirillum with flagella [after a photograph by Koch].
13. Spirillum with flagella [after Zopf]. 14. Spirillum with double flagella
[after Zopf]. 15. Beggiatoa roseopersicina, with a triple flagellum at one
end; and 16, with a double flagellum at both ends [after Warming].

flagellum at one end, or with one or more at both
ends (Fig. 52).
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Some observers believe that the movement of
cocci is due to the existence of a flagellum. In
Duacterium termo the existence of a lash at either end
was first determined by the researches of Dallinger
and Drysdale. In motile bacilli, such as the hay
bacillus and Bacillus ulna, and in vibrios and spirilla,
the flagella can be readily recognised by expert
microscopists with the employment of the best
lenses, and, what is of equal importance, proper
illumination. Theyare objects of extreme delicacy,
and tenuity, and in stained preparations may be
absent from retraction or injury. Koch succeeded
in photographing them after staining with logwood,
which turned them a brown colour. They may also
be stained with the aniline dyes, for the author has
observed them in vibrios in preparations stained
with gentian violet, from which also they have been
photographed, in spite of the violet colour, by the
use of isochromatic dry plates.

It is not certain whether the flagella are exten-
sions of the cell-wall, or derived from the internal =
protoplasm. Van Tieghem holds the first view, and
does not regard them as motile organsatall. Zopf,
on the other hand, adheres to the second view, and
moreover believes that they can be retracted within
the cell-wall.

Reproduction.—Bacteria multiply by fission,
and by processes which may be considered as
representing fructification. The bacteria exhibiting
the latter processes have been divided into two
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and at certain points in the thread a speck ap-
pears, which gradually enlarges and develops into
a circular or egg-shaped, sharply defined, highly
refractive body. The spore grows at the expense
of the protoplasm of the cell, which in time, to-
gether with the cell-wall, entirely disappears, and
the spore is set free. These phenomena are best
seen in an immotile bacillus in a drop-cultivation
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F16. 54.—CLOSTRIDIUM BUTYRICUM, x 1020.

B. Stages of spore-formation.
C. Stages of germination.
[After Prazmowski.]

on a warm stage, the whole process may then
be observed continuously from beginning to end.
Spores may form in each link of the thread, so
that a regular row results, or they may occur at
irregular intervals. Spore-formation also occurs in
free rods in the centre or at one end. Occasionally
a spore develops at the extreme end, giving a bacillus
the appearance of a drum-stick. The spore may be
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considerably wider, but is never longer than the
parent cell.

Arthrospore formation is illustrated in ZLewxco-
nostoc mesenterordes. Certain elements in the chain
of cocci, apparently not differing from the rest,
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F16. 55.—A THREAD OF BACILLUS ANTHRACIS WITH SPORES, IN A
DROP-CULTIVATION, X I400,

become larger, with tougher walls, and more refrac-
tive (Fig. 56). The remaining cells die, and these
cells having acquired the properties of spores are
set free, and can reproduce a new growth in any

F16. 56.—LEUCONOSTOC MESENTEROIDES ; COCCI-CHAINS WITH
ARTHROSPORES (after Van Tieghem and Cienkowski).

fresh nourishing soil. That this occurs in all species
which do not form endospores is at present only
a supposition.

Spores are invested by a thick membrane, which
is believed to consist of two layers. To this they
probably owe the property they possess of retaining
vitality when desiccated, and of offering a greater

Il
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resistance to the action of chemical reagents and
heat than the parent cells.

Spore-formation has been regarded by some as
occurring when the nourishing soil is exhausted,
thus providing for the perpetuation of the species.
For instance, anthrax bacilli do not form spores in
the living body, but when the animal dies it has
been stated that development of spores takes place,
and hence the danger of contaminating the soil if
the body is disposed of by burial. Klein, however,
has pointed out that if mice and guinea-pigs which
have died of anthrax are kept unopened, the bacilli
simply degenerate and ultimately disappear. Thus
there is good reason for believing that spore-forma-
tion is not due to exhaustion of the pabulum, but
probably free access to oxygen constitutes an im-
portant factor in inducing this condition. If we
inoculate a potato with anthrax, copious spore-for-
mation occurs, though we cannot consider that the
nourishing soil has been exhausted. But we have
in this case the surface of the potato freely exposed
to the air in the damp chamber. In the same way,
in cultivation on agar-agar solidified obliquely, so
as to get a large surface, spore-formation readily
takes place. Contamination of a burial-ground
must result, therefore, from bodies in which a post-
mortem examination has been made, by which the
blood and organs have been freely exposed to
the air, or from animals which have not been
examined, owing to their hides being soiled with
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excretions, and with blood which issues from the
mouth and nostrils before death.

When spores are introduced into a suitable
medium at a favourable temperature, they develop
again into rods. The spore loses its sharp con-
tour, and, at one pole or on one side, a pale process
bursts through the membrane, gradually growing
into a rod from which the empty capsule is
thrown off (Figs. 53 and 354).

Spores differ from the parent cells in their be-
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Fi1c. 57.—SporEs oF BaciLrus aN- Fi1g. 58.—SPORE-BEARING THREADS

THRACIS, STAINED WITH GENTIAN OF Baciirus ANTHRACIS,
VIOLET, AFTER PASSING THE DousBLE-sTaiNeD wiTH Fuch-
CoveEr-GLASs  TWELVE Times SINE AND METHYLENE BLUE,
THROUGH THE FLAME, X 1200, X 1200,

haviour to staining reagents. Like them, they can
be stained with aniline dyes, but not by the
ordinary processes. They require to be specially
treated. This is probably due to the tough capsule,
which must first be altered or softened by heat or
strong acid, until it allows the stain to penetrate.

Once stained, they again differ from the parent
cells in resisting decolorisation ; this fact is taken
advantage of to double-stain spore-bearing bacilli.

In staining micro-organisms, the protoplasm is
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sometimes broken up into irregular segments or
granules, as in many spirilla, and we may perhaps
add the bacilli of tuberculosis and leprosy. The
beaded appearance of the tubercle bacillus is well
known. Some observers have regarded the beads,
others the bright spaces between them, as spores.
But spores in unstained preparations appear as
glistening bodies with sharp contour, and do not
stain at all, or very little, by the ordinary processes.
It appears, therefore, very doubtful whether either
the clear spaces or the beads are spores, espe-
cially as the tubercle bacillus, when unstained,
is a slightly curved hyaline rod, without any dif-
ferentiation into granules. These considerations
led the author to stain and examine tubercular
sputum from various sources under careful
illumination, and with such lenses as Powell and
Lealand’s j% in. Hom. imm. The tubercle bacillus
may then be frequently seen to consist of a very
delicate sheath, holding together a number of
deeply stained granules, for the most part round
or cylindrical, with irregular contour, and differing
considerably in size, while the light interspaces
are seen to vary in form according to the shape
of the granules. In some preparations more dis-
tinct, and clearly ovoid, bodies may be observed
which are sometimes terminal. They can be readily
demonstrated by taking a photograph with a % in.
Hom. imm., and subsequently enlarging the nega-
tive to from 2,500 (Fig. 59) to 6,000 diameters.
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It is not impossible that these ovoid bodies are
spores, which, in their be-
haviour towards staining e
reagents, thus form an j\\
exception to the general )
rule. But there can be \ N
little doubt that a tubercle
bacillus consists, for the )
most part, Ofavel‘y delicate gy, 59. —TuBercLE Baciiur v
sheath, with protoplasmic :::;!g‘;" i 2550, o phicto-
contents which have a great
tendency to be broken up or coagulated into little
ey segments or roundish granules, owing
Lan) .
KR possibly to the treatment they are sub-
e jected to in making a microscopical
LE:;z;foﬁA_ preparation. This, however, does not
cuu, rrov always occur, for the bacilli at times are
A SECTION . . .
or sk, NOt beaded, but are stained in their en-
x 1200.  tirety. In the leprosy bacilli a similar
appearance occurs. In stained sections the rods
have a beaded appearance, but the

intervals between the granules are ’w{“/\
sometimes very long, and occasion- ' ‘:‘i‘\\ )
ally the protoplasm appears to have =
collected only at the extreme ends S (3t

of the rod (Fig. 60). Very probably Gramins s oo
the appearances in the case of the  of A Granoess
bacillus of glanders (Fig. 61) and  Novvsm X 12c0
the bacterium of chicken-cholera (Figs. 62 and 63)

may be similarly explained.
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The fact that tubercular sputum preserves its
virulence for several months, even after desicca-
tion, has been attributed to the
formation of spores, and Babes
has drawn attention to ovoid
grains in old cultivations of the
bacilli, which he succeeded in
staining red, while the bacilli
were stained blue.

F1c. 62,

BacTterium oF CHICKEN- . o . o e
cnoLira, rrom Broop 1N his definition of spirilla

or Inrecrp Hew, X Zopf gives the spore-formation
1200.

as absent or unknown. In

comma-bacilli in sewage water, the author has often

noted appearances very suggestive of refractive

[
™
\: ') " ‘}?‘

Fie. 63. Fic. 64.
BacrteriuM oF CHICKEN-CHOLERA, COMMA-BACILLI IN SEWAGE
- FROM MUsSCLE JUICE OF AN IN- WATER, STAINED WITH

FECTED HEN, X 2500 (from a GENTIAN VIOLET, X 1200.
photograph).

spores (Fig. 64). The same also may be observed
in vibrios, differing by their regular contour from
the irregular spaces occasionally observed in stained
preparations (Figs. 65 and 66). They are possibly
only vacuoles.

Respiration and Nutrition.—Like all a-chlo-
rophyllous vegetables, bacteria require for their
nutrition oxygen, nitrogen, carbon, water, and
certain mineral salts. Many require free access to
oxygen, others can derive it from the oxidised
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compounds in the medium in which they grow.
Pasteur divided bacteria into two great classes—
the =robic and anzrobic; and considered that the
latter not only had no need for oxygen, but that
its presence was actually deleterious. Though this
view must be considerably modified, the terms are
convenient, and are still retained. They are well
illustrated by the bacillus of anthrax, and the
bacillus of malignant cedema; and a simple plan
of demonstration has been employed by the author.
A fragment of tissue from the spleen, for example,

i

F1c. 65. F16. 66.
VIBRIOS IN WATER CONTAMINATED SPIRILLUM UNDULA,
WITH SEWAGE, X 1200, X 1200,

known to contain anthrax bacilli, is deposited with
a sterilised inoculating needle, with the necessary
precautions, on the surface of nutrient agar-agar
in a test-tube ; another tube of nutrient agar-agar
is liquefied, and when cooled down almost to the
point of gelatinisation, a part is poured into the
first tube, so that when it sets the piece of tissue
is completely embedded. A piece of tissue from
an animal suffering from malignant cedema is
treated in the same way, and the tubes are
placed in the incubator. If then we examine
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them after two or three days, we shall find no
change in the anthrax tube; the bacillus being
eminently robic, no growth whatever has oc-
curred. In the tube containing the bacilli of
malignant cedema there will be a more or less
characteristic cultivation.

The nitrogen which is essential for building up
their protoplasm can be obtained either from
albumins, or from ammonia and its derivatives.
That the albumins can be dispensed with was
shown by Pasteur, who employed an artificial
nourishing solution built upon a formula repre-
senting the essential food constituents (p. 108).

Carbon is derived from such substances as cane
sugar, milk sugar, and glycerine, and, in some
cases, by the splitting up of complex proteid
bodies.

Water is essential for their growth, but depriva-
tion of water does not kill all bacteria. Desicca-
tion on potato is employed for preserving some
micro-organisms, as a new growth can be started,
when required, by transferring some of the dried
potato to fresh nourishing ground. Comma-bacilli,
on the other hand, are destroyed by drying. Sugar,
by abstracting water, prevents the development of
micro-organisms in preserves.

Mineral or inorganic substances, such as com-
pounds of sodium and potassium, and different
phosphates and sulphates, are necessary in small
proportions.
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Circumstances affecting their growth.
Nature of the Soil.—Though we know the
elements necessary, we are, nevertheless, as yet
unable to provide a pabulum suitable for all kinds
of bacteria. Thus we are quite unable to cul-
tivate some species artificially. Others will only
grow upon special media. Many grow upon nutri-
ent gelatine; but some species only if it be acid
or alkaline respectively. Whether in the latter
case this is due purely to the reaction or to the
presence of the particular ingredients is an un-
settled point. Though the comma-bacillus of Koch,
like the majority of organisms, grows best on an
alkaline medium, yet the surface of a potato is
acid, and on this it is well known to flourish at
the temperature of the blood.

Ejffect of Temperature—In their behaviour to-
wards temperature bacteria vary considerably, but
still for the majority we may distinguish a mazximaum,
optimum, and minimum temperature.

Many grow best at the temperature of the blood,
and hence the value of nutrient agar-agar, which
is not liquefied at 37°C. The tubercle bacillus
will only grow at a temperature varying between
30° and 41°C.  On the other hand, many forms
grow between the limits of 5° and 45°C. At
these temperatures their functional activity is
paralysed, but they are not destroyed, for by re-
moval to favourable conditions they spring again
to life. Bacteria seem to have a special power
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of resisting the effects of cold. It has been
stated that comma-bacilli exposed to a tempera-
ture of —10° for an hour, and bacilli of anthrax
after exposure to a temperature of —110° C., still
retained their vitality. Temperatures over 50° to
60° C. destroy most bacteria, but not their spores ;
spores of anthrax retain their vitality after im-
mersion in boiling water, but are destroyed by
prolonged boiling. Roughly speaking, all patho-
genic bacteria grow best at the temperature of
the blood, and non-pathogenic bacteria at the
ordinary temperature of the room.

Effect of Movement.—Bacteria probably grow
best when left undisturbed. Violent agitation of
a vessel in which they are growing certainly
retards their growth, but a steady movement is
stated not to affect it; at any rate anthrax bacilli
grow with enormous rapidity in the blood-vessels, in
spite of the circulation.

Effect of Compressed Aiy.—Paul Bert maintained
that a pressure of twenty-three to twenty-four
atmospheres stopped all development of putre-
factive bacteria. Oxygen, under a pressure of five
or six atmospheres, is stated to stop their growth.
Other observers have, however, obtained different
results.

Effect of Gases.—Hydrogen and carbonic acid are
stated to stop the movements of the motile bacteria.
Chloroform is believed to arrest the changes brought
about by the zymogenic species.
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Electricity.—Cohn and Mendelsohn found that
a constant galvanic current produced a deleterious
effect owing to electrolysis. At the positive pole
the liquid became distinctly acid, and at the
negative pole distinctly alkaline. With a weak
current there appeared to be no effect, two power-
ful cells at the very least being necessary.

Light—Downes has shown that sunlight is fatal
to putrefactive bacteria. This is believed to be
due to a process of induced hyper-oxidation, from
which living organisms ordinarily are shielded by
protective developments of the cell-wall, or of
colouring matter, which cut off injurious rays.
Duclaux has investigated the same subject, and
observed that micrococci were more sensitive to
sunlight than the spore-bearing bacilli.  Engel-
mann has described a bacterium whose movements
cease in the dark, and Zopf states that in his
cultures of Beggiatoa roseo-persicina the growth was
much more strongly developed on the side of the
vessel facing the light.

Chemical Reagents.—Many substances, such as
carbolic acid, corrosive sublimate, chlorine, bromine,
etc., have a marked effect upon the growth of
bacteria. This will be more fully described in
another chapter. In several cases the bacteria
themselves secrete a substance which is injurious
to their future development.

Products of Growth. — Bacteria may be
grouped together according to the changes pro-
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duced in the media in which they grow. Thus we
have pigment-forming, fermentative, putrefactive,
and pathogenic bacteria.

Chromogenic or pigment-forming bacteria elabo-
rate during their growth definite colour stuffs,
Such species are exemplified by Bacillus ianthi-
nus, which produces a striking purple growth;
Bacillus pyocyanens, which secretes pyocyanin, a
substance which has been isolated and obtained
in a crystalline form ; Micrococcus prodigiosus, which
produces a pigment allied to fuchsine ; Beggiatoa
roseo-persicina, which is characterised by the
presence of bacterio-purpurin ; Sarcina lutea,
Bacillus cyanogenus, and many others.

Zymogenzc or ferment bacteria produce their
changes in non-nitrogenised media. ‘Bacterium
aceti, by its growth produces the acetic fermenta-
tion in wine by which alcohol taking up atmo-
spheric oxygen is converted into vinegar—

C?H®O + 0% = C?H*0O? + H?0.
The fermentation of urine, by which urea is con-
verted into carbonate of ammonia, can be brought
about by several micro-organisms, but notably
by the Bacterium wuree. The change produced is
represented by the following formula :—

co{ﬁﬁﬁ + 2H0 = (NHY) #CO.

Clostridium butyricum converts the salts of lac-
tic acid into butyric acid, producing the butyric
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fermentation in solutions of starch, dextrine, and
sugar. These bacteria are agents in the ripening
of cheese, and the production of sauerkraut. Thus,
in a solution neutralised with calcium carbonate :—

2[Ca(CTHI08)2] + H20 = Ca(C*H0?)?+ CaCO? + 3CO? + HS.
In the so-called viscous fermentation the Strep-
tococcus viscosws produces a gummy substance in
wines. According to Pasteur, the change may
be thus represented :—

25(C12H22011) + 25(H2O) — 12(C12H20010) + 24(C6H1406) +

12(CO?) + 12(H?0).
And as another example may be mentioned the
Bacillus acidi lactict, through whose agency sugar
of milk is converted into lactic acid :—
C12H24012 — 4(C3HGO3).

Saprogenic or putrefactive bacteria play a most
important #d/¢ in the economy of nature. They
produce changes allied to fermentation in complex
organic substances. The nitrification of soil has
been attributed to their agency. Their action on
proteids, according to Hoppe-Seyler, may be com-
pared to digestion; bodies like peptones are first
produced, then leucin, tyrosin, and fatty acids ;
lastly indol, phenol, sulphuretted hydrogen, am-
monia, carbonic acid, and water. They abstract
the elements they require, and the remainder enter
into new combinations. Associated with the forma-
tion of these substances are certain bodies, which
have a poisonous effect when introduced into
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animals. These poisonous alkaloids, pfomaines,
produce a septic poisoning, which must be dis-
tinguished from septic infection. The effects of
septic poisoning depend on the dose, whereas the
effects of septic infection are, to a certain extent,
independent of the dose. A small quantity of a
septic poison may produce only transient effects,
and a relatively large quantity may be necessary
to produce vomiting, rigors, and death. Septic
infection, on the other hand, may result equally
from a small dose, because the poison introduced
is a living organism which is capable of propaga-
tion and multiplication. Our knowledge of these
alkaloids is greatly attributable to the researches of
Selmi, Gautier, and also Brieger and others. Brieger
has isolated ptomaines from the human cadaver,
putrid meat, fish, and cheese. These substances—
cadaverin, putrescin, saprin, peptotoxin, and many
others—vary in their toxic properties.

Pathogenic bacteria are those which are genetically
related to disease. Many organisms have been
supposed to be pathogenic, or have been described
in connection with diseases, which are only sapro-
phytic associates. By the latter we mean organisms
which feed upon dead organic matter. Such are
many forms which are found on the skin, in the
intestinal canal, and sometimes in the internal
organs, especially the liver and kidneys ; the tissues
have lost their vitality, and the organisms, through
some lesion, have been carried into the circulation.
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That many organisms are causally related to
disease, there is strong evidence in proof; for no
organism can be considered to be productive of
disease unless it fulfils the conditions which have
been laid down by Koch (p. 17). Great stress must
be laid upon the importance of successive cultiva-
tion through many generations, as the objection
that a chemical virus may be carried over .from the
original source is thus overcome. Any hypo-
thetical chemical poison carried over from one
tube to another would, after a great number of
such cultivations, be diluted to such an immense
extent as to be inappreciable and absolutely
inert.

Though we may accept as a fact the existence
of pathogenic organisms, we are not yet in a posi-
tion to assert the means by which they produce
their deleterious or fatal effects. Many theories
have been propounded. It has been suggested
that the organisms—micrococci, for example—may
be compared to an invading army. The phagocytes
arrayed against them endeavour to assimilate
and destroy them, but perish themselves in the
attempt. This might explain the breaking down of
tissue, and the formation of local lesions, but does
not assist us in understanding the fatal result in
thirty-six to forty-eight hours produced by the
inoculation of the bacilli of anthrax. Another view
is that the invading army- seizes upon the commis-
sariat, appropriating the general pabulum, which
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is so essential to the life of the tissues. But this
would hardly account for so acute and fatal a result
as in anthrax, but would lead one to expect symptoms
of inanition and gradual exhaustion. Moreover,
against this theory we have the fact that death
may result, for example, from anthrax, with the
occasional presence of comparatively few bacilli;
and, again, the blood may teem with parasites
such as the flagellated monads in well-nourished,
healthy-looking rats, without apparently causing
any symptoms whatever. In the same category
may be placed the theory that eminently wrobic
organisms seize upon the oxygen of the blood
and produce death by asphyxia. Another explana-
tion is afforded by the suggestion of interference
with the functions of the lung and kidney by mecha-
nical blocking of the capillaries. Here the same
objection is met with in the case of anthrax,
the same fatal result may occur with only a few
bacilli, while other cases yield very beautiful
sections, looking like injected preparations from
the mapping out of the capillaries with the count-
less crowds of bacilli (Plates XXIII. and XXIV).

The most satisfactory explanation is probably
afforded by analogy with the putrefactive bacteria.
We have seen that they derive their necessary
elements from complex organic substances, and
accompanying the residue we find the presence of
poisonous alkaloids. Do pathogenic bacteria act
in the same way? Does the anthrax bacillus
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produce a ptomaine ant/racin, which in a certain
dose produces death, independently of the number
of bacilli, provided there are sufficient present to
develop that dose? Though this is possible,
observers as yet have failed to extract from culti-
vations of the anthrax bacillus any alkaloid with
virulent properties.

Lastly, it has been suggested that possibly a
special ferment is secreted by the organisms, and
that by the changes ultimately wrought by the
action of this ferment, the symptoms and phe-
nomena of disease arise. We have an analogy
with this theory in the alkaline fermentation of urine
by means of the Zvrula uree. By the researches of
Musculus, and later of Sheridan Lea, it has been
shown that a ferment is secreted by the cells which
can be isolated in aqueous solution, and is capable
of rapidly inducing an active fermentation of urea.
Either of the two last theories assists us in under-
standing how it is that in anthrax or in tuberculosis
we may find the presence of only a few bacilli, or
that, assuming both tetanus and hydrophobia to be
due to microbes, we can have such a violent dis-
turbance of the system produced by the presence
of very few micro-organisms. We may conceive
that different species of bacilli may vary greatly in
their power of producing an alkaloid or secreting
a ferment, just as the elaboration of pigment is
much more marked in some species than in
others ; thus it need not follow that the number of

)&
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micro-organisms bears any relation to the viru-
lence or activity of the substance they produce.
There is, however, yet another factor in the pro-
duction of disease. We know that in health we
are proof against most of these micro-organisms;
if it were not so, we should all rapidly fall victims
to the tubercle bacillus or some others, which we
in health inhale with impunity. We know that a
microbe may only cause a local lesion in one
animal, and death in another. It is still more
striking that the same micro-organism, as is the
case with anthrax, may have no effect whatever
upon certain species of animals, though it is
deadly to others. Again, an animal naturally sus-
ceptible to the effect of a pathogenic organism
may be rendered proof against it. These matters
will be discussed in a future chapter.
Distribution of Bacteria.—Bacteria are com-
monly described as ubiquitous. They are ever
present in the air, though not in such exaggerated
numbers as is commonly supposed. In nutrient
media exposed to the air one is often astonished
at times at the comparatively few bacteria which
develop in comparison to the amount of floating
matter, such as mineral particles, scales, spores of
fungi, and &ébris known to be present. In water
they are also present in considerable numbers,
though of course varying according to the character
of the water. Wherever there is putrefaction,
they are present in vast numbers. In the soil, in






CHAPTER IX.

ANTISEPTICS AND DISINFECTANIS.

INn the previous chapter several conditions were
alluded to which affected the growth of bacteria,
such as the nature of the nutrient soil, temperature,
light, and electricity. The effect of certain chemi-
cal substances, and of excessive heat and cold,
was also mentioned ; but this constitutes a subject
of such practical importance that it must be con-
sidered more fully. :

Agents which retard the growth of bacteria are
generally spoken of as antzseptics, as distinguished
from dzsinfectants, which altogether destroy their
vitality.

Though chemical disinfectants, or germicides,
when diluted, act as efficient antiseptics, the con-
verse, that an antiseptic in a sufficiently concentrated
form will act as a disinfectant, is not the case. The
term ‘“antiseptic,” indeed, should be restricted to
those substances or agents which arrest the changes
bacteria produce, but which do not prevent their
springing into activity when removed to favourable
conditions. Thus excessive heat, which destroys
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bacteria and their spores, is a true disinfectant; and
excessive cold, which only benumbs them, retard-
ing their development without killing them, is an
antiseptic.

Spores have a greater power of resisting the action
of these various agents than the parent cells, and
many species of micro-organisms differ from each
other in their resisting power. An exact knowledge
of the subject can, therefore, only be based upon
investigations which will determine the effect of
these agents upon pure cultivations of the different
micro-organisms causally related to putrefaction
and disease. In the latter case, especially, this is
not possible in the present state of our knowledge.
In some cases of communicable disease there is
considerable doubt as to the etiological importance
of the organisms which have been described; in
other cases no organisms have as yet been dis-
covered, or the organisms cannot be artificially
cultivated, or the disease is not reproduced by
inoculation, so that there is no means of testing
whether the agents have had any effect. One can,
therefore, only draw general conclusions by selecting
some well-known pathogenic and non-pathogenic
micro-organisms, and considering the influence of
chemicals, of hot air, and of steam upon them, as
representing the effect upon the various contagia
of disease and the causes of putrefaction.

Such knowledge must necessarily prove of the
greatest importance,—to the sanitarian, who is
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concerned in preventing the spreading of disease
and in the disposal of putrefactive matter,—to the
surgeon, who is anxious to exclude micro-organisms
during surgical operations and to arrest the
development in wounds of bacteria which have
already gained an entrance,—to the physician in
the treatment of micro-parasitic diseases. The
sanitarian and the surgeon must profit directly
by such experiments, for in the disinfection of
clothes and the sick-room by the one, and in
the application of antiseptic dressings and lotions
by the other, the micro-organisms are encoun-
tered as in the test experiments apart from the
living body. The physician, on the other hand, is
principally concerned in dealing with micro-para-
sites when circulating in the blood, or carrying on
their destructive processes in the internal tissues.
So far as our knowledge at present goes, the
physician can avail himself but little of the effect
of the direct application of the substances which
have been found to retard or destroy the growth
of the organisms in artificial cultivations, for the
concentrated form in which they would have to be
administered would prove as deleterious or as fatal
to the host as to the parasites. Thus Koch has
stated that to check the growth of the anthrax
bacillus in man it would be necessary that there
should be twelve grammes of iodine constantly in
circulation ; and that the dose of quinine necessary
to destroy the spirilla of relapsing fever would be
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from twelve to sixteen grammes. The retarding
influence, however, of certain substances when
diluted, and the fact that disinfectants are some-
times equally efficacious in a diluted form when
their application is prolonged, seem to indicate
measures which may be adopted, in some cases,
with chances of success, such as the inhalation of
antiseptic vapours in phthisis. For the most part
the physician must look rather to combating the
effects of micro-organisms by restoring to its
normal standard the lowered vitality which enabled
the bacteria to get a footing.

There is no wider field for research than the
determination of the real effect of disinfectants
and antiseptics.  Painstaking and laborious as
the researches are which have been hitherto
made, the subject is so beset with fallacies,
leading, in some cases, to totally erroneous conclu-
sions, that it is not surprising that one meets on
all sides with conflicting statements. The author
has no intention of analysing these results, but a
general idea will be given of the methods which
have been employed, and for further details
reference must be made to the original papers
mentioned in the bibliography.

Chemical Substances.—It was customary to judge
of the power of a disinfectant or antiseptic by
adding it to some putrescent liquid. A small por-
tion of the latter was, after a time, transferred to
some suitable nourishing medium, and the efficacy
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of the substance estimated by the absence of
cloudiness, odour, or other sign of development
of bacteria in the inoculated fluid. Koch pointed
out the errors that might arise in these experiments
from accidental contamination, or from there being
no evidence of the destruction of spores; and we
are indebted to him for a complete and careful
series of observations with more exact methods.

Instead of employing a mixture of bacteria,
Koch’s plan was to subject a pure cultivation of
some well-known species with marked character-
istics to the reagent to be tested. A small
quantity was then transferred to fresh, nourishing
soil, under favourable conditions, side by side with
nutrient material inoculated from a cultivation
without treatment with the disinfectant. The latter
constituted a control test, which is most essential in
all such experiments. To test the resistant power
of bacteria which are easily destroyed, two species
were selected, wmicrococcus prodigiosus, and the
bacillus of blue pus. These were cultivated on
potatoes, the surface of which was sliced off and
dried. A fragment transferred to freshly prepared
potato gave rise to a growth of the particular micro-
organism ; but if after treatment with some reagent
no growth occurred, the conclusion was drawn that
the agent was efficacious in destroying the vitality
of the bacteria. ,

Anthrax bacilli in blood withdrawn from an
animal just killed were taken to represent spore-
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less bacteria, while silk threads steeped in an
artificial cultivation of the bacilli and dried, afforded
a means of testing the vitality of spores.

Even by employing pure cultivations on solid
media, great precautions were necessary to avoid
mistakes. If, for instance, a large quantity of the
growth which had been subjected to some chemical
solution were carried over to the fresh tube con-
taining the nutrient medium, or if a silk thread,
which had been dipped in a solution, were directly
transferred to the new soil, enough of the supposed
disinfectant might be mechanically carried over to
retard the development of the bacteria, though
it was ineffectual. in destroying them. From a
growth not appearing, the conclusion might be
drawn that the spores or the bacteria had been
affected, and so a mistake occurs. To avoid this
Koch made a point of transferring a minimum- of
the disinfected growth to as. large a cultivation
area as possible, so that any chemical. substance
mechanically carried over, would be so diluted as
to be inert. For the same reason threads, after
withdrawal from the disinfecting solution, were
rinsed in sterilised water, or weak alcohol, and
then transplanted ; or, instead of judging from the
development on nutrient gelatine, the effect of
inoculation in a healthy animal was made the test.

A few examples may be quoted in illustration.
Silk threads, impregnated with anthrax spores,
were placed in bottles containing carbolic acid of
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various strengths. A thread was removed from
each on successive days, and transferred to nutrient
gelatine, and the result noted. It was found that
immersion of the thread in a 5 per cent. solution
of carbolic acid was sufficient in two days to effect
complete sterilisation, and seven days in a 3 per
cent. solution was equally efficacious. Since for
practical purposes a strength should be selected
which would be effectual in twenty-four hours,
Koch recommended that for general use, allowing
for deterioration by keeping, a solution containing
not less than 5 per cent. should be employed,
and for complex fluids probably a still higher
percentage would be necessary. In the case of
sporeless bacilli the results were very different.
Blood, containing the bacilli, from an animal just
killed, was dried on threads, and after exposure
for two minutes to a 1 per cent. solution, was
completely sterilised. Fresh blood mixed with a
1 per cent. carbolic solution produced no effect on
inoculation. If, on the other hand, the blood was
mixed with a *5 per cent. solution, the virulence
was not destroyed. The facility with which the
bacilli are destroyed, compared with their spores,
illustrates how easily errors may occur, if mere
arrest of growth or loss of motility be regarded as
a sign of the efficacy of disinfection.

To test vapours, Koch exposed anthrax spores
or the spores which occur in garden earth by sus-
pending them over solutions, e.g., of bromine or
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chlorine in a closed vessel. After a time they were
transferred to a nutrient medium to test their vitality.
To test the power of sulphurous acid gas, the spores
were spread about in a room in which the gas was
generated by burning sulphur in the ordinary way
for disinfecting a room. To test chemicals which
might be recommended for disinfecting vans and
railway carriages, spores were laid on boards which
were then washed or sprayed, and the spores then
transferred to the nutrient gelatine.

By such simple methods Koch investigated a
long list of chemical reagents, and according to
these experiments the salts of mercury, and the
chloride especially, proved most valuable. Where
heat is not admissible, these compounds were
therefore highly recommended, though their poi-
sonous nature is a drawback to their indiscrimi-
nate use. Koch states, for disinfecting a ship’s
bilge, where a 5 per cent. solution of -carbolic
acid must be left for forty-eight hours, a 1 in 1000
solution of mercuric chloride would only require a
few minutes.

There is, on the other hand, reason for doubting
the efficacy of very dilute solutions; for, though
anthrax spores subjected to a 1 in 20,000 solution
of mercuric chloride for ten minutes, and then
washed in alcohol, gave no growth in nutrient
gelatine, silk threads exposed for ten minutes to
a 1 in 20,000 solution, or even I in 10,000, still
proved fatal to mice.
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Herroun considers that the value of mercuric
chloride as an antiseptic is much  over-rated, as
he has cultivated ordinary septic bacteria in
albuminous filtrates, containing 1 in 2000. It is
precipitated by albumins if used of greater strength,
and is readily converted by the sulphur of albu-
minous bodies into mercuric sulphide,—a com-
pound which has practically no antiseptic pro-
perties.

Sternberg has also made an elaborate series of
experiments with regard to the action of germi-
cides. In this case cultivations of well-known
pathogenic organisms in liquid media were em-
ployed. The supposed germicide was added to the
liquid cultivation, and after two hours a fresh flask
of sterilised culture was inoculated from the dis-
infected cultivation, and placed in the incubator.
In twenty-four to forty-eight hours, if the chemical
were not efficient, there was evidence of a growth of
bacteria. Blyth has investigated the disinfection
of cultivations of Bacterium termo, of sewage, and
typhoid excreta, and, in conjunction with Klein, the
effect of well-known disinfectant materials on an-
thrax spores. Miquel, Laws, and others have also
contributed to our knowledge of the effect of anti-
septics and disinfectants upon micro-organisms. In
spite of all that has been done, there is room for
many workers; a great deal of ground must be
gone over again to rectify discrepancies, examine
conflicting results, and thus determine what
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observations may be relied upon for practical
application. :

Hot Air and Steam.—Koch, in conjunction with
Wolfhiigel, also tested the value of hot air. A
similar plan was adopted as in disinfection with
chemicals. Bacteria and spores were subjected for
a certain time to a known temperature in a hot-
air chamber, and then were transferred to a
nourishing soil, or animals were inoculated.

Paper parcels, blankets, bags, and pillows, con-
taining samples of micro-organisms wrapped up
inside, were also placed in the hot-air chamber, to
test the power of penetration of heat.

The conclusions from such experiments were
as follows :— |

Sporeless micro-organisms at a little over 100° C.
are destroyed in one hour and a half.

Spores of bacilli require three hours at 140° C.

If enclosed in pillows and blankets, exposure
from three to four hours to 140° C. is necessary.

Spores of fungi require one and a half hours at
110° C. to 115° C.

Further experimerts showed that at the tempera-
ture necessary for the destruction of spores of
bacilli almost all fabrics are more or less injured.

Koch, in conjunction with Gaffky and Loffler,
also investigated the effect of steam under pressure
and at the atmospheric pressure.

Rolls of flannel with anthrax spores or earth
spores, and a thermometer wrapped up inside, were
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subjected to steam, and the results compared with
the effect obtained with hot air.

Thus in hot air four hours' exposure to a
temperature of 130° C. to 140° C. brought the
temperature inside the roll to 85° C., and the
spores were not injured; on the other hand, ex-
posure to steam under pressure at 120° C. for one
and a half hours, raised the internal temperature
to 117° C. and killed the spores.

By such experiments the superior penetrative
power of steam-heat was established.

To test steam-heat at the atmospheric pressure,
water was boiled in a glass flask with its neck
prolonged by means of a glass tube, the tempera-
ture in which was found to be uniform throughout.
Anthrax and earth spores placed in the tube were
found to be unable to withstand steam at 100° C.
even for a few minutes. It was, therefore, concluded
that disinfection by steam at atmospheric pressure
was superior to hot air from its greater efficiency,
and to steam under pressure from the simplicity
of the necessary apparatus.

Parsons and Klein made some experiments which
were more in favour of dry heat than the above.
These observers state that anthrax bacilli are
destroyed by an exposure of five minutes to from
100° C. to 103° C, and that anthrax spores are de-
stroyed in four hours at 104° C., or in one hour at
118° C. Guinea-pigs inoculated with tuberculous pus
which had been exposed for five minutes to 104° C,,
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remained unaffected. They concluded that as none
of the infectious diseases, for which disinfecting
measures are in practice commonly applied, are
known to depend upon the presence of bacilli in
a spore-bearing condition, their contagia are not
likely to retain their activity after being heated
for an hour to 105° C. (220° F.).

In experiments with steam, the results were in
accordance with those already given, and complete
penetration of an object by steam-heat for more
than five minutes was deemed sufficient. They also
arrived at the same result as in Koch’s experiments,
that steam-chambers are preferable to those in
which dry heat is employed, though it must be
borne in mind that some articles, such as leather,
are injured by exposure to steam.



CHAPTER X.
IMMUNITY.

THE condition of being insusceptible to an
infective disease may be either natural or acquired.
In the description of the pathogenic organisms
several examples of natural immunity will be en-
countered. The bacillus of septiceemia, so fatal
to house mice, has been shown to have no effect
upon field mice. The bacillus of anthrax is
innocuous to cats, white rats, and, it is commonly
asserted, to adult dogs and asses. The bacterium
of rabbit septiceemia is equally inert in dogs, rats,
and guinea-pigs. The immunity may be as in
these cases complete, or only partial. Ordinary
sheep are very easily affected with anthrax, but
Algerian sheep only succumb to large doses of
the virus. Natural immunity may not only be
characteristic of certain species, but it may occur
in certain individuals of a susceptible species. The
same occurs in man, for certain individuals, though
equally exposed during an epidemic of small-pox,
may escape where others readily fall victims to
the disease.
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Acquired immunity is illustrated by the protec-
tion afforded by one attack of the exanthemata
against subsequent attacks. Thus one attack of
measles or small-pox, as a rule, affords complete
protection. A knowledge of the immunity result-
ing in the latter case led to the introduction of
inoculation of small-pox as a protection against
natural small-pox.

Immunity may be acquired by acclimatization,
for the inhabitants of tropical climates are less
susceptible to the diseases of the country, malarial
fevers for instance, than strangers.

In civilised communities also there appears to be
a degree of acquired immunity, for the infectious
diseases introduced among savages or isolated
communities have assumed the most virulent
properties.

The immunity acquired by protective inocula-
tion constitutes, in connection with the study of
pathogenic micro-organisms, a subject of pre-
eminent interest and importance. Pasteur, in his
researches upon fowl-cholera, observed that after
non-fatal cases the disease either did not recur,
or the severity of a subsequent attack was in
inverse proportion to the severity of the first
attack. It occurred to him to endeavour to obtain
the virus of this disease in a form which would
provoke a mild attack of the disease, and thus
give protection against the virulent form. This
attenuation or mitigation of the virus was

13
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successfully attained in the following manner:
Cultivations of the microbe, in chicken-broth, were
allowed to remain with a lapse of several months
between the carrying on of successive cultivations
in fresh media. The new generations which were
then obtained were found to have diminished in
virulence, and ultimately a virus was obtained
which produced only a slight disorder; on re-
covery the animal was found to be proof against
inoculation with virulent matter. The explanation
given by Pasteur of this change was, that prolonged
contact with the oxygen of the air was the influence
which diminished the virulence, and he endeavoured
to prove this by showing that if broth were in-
oculated in tubes which-could be sealed up, so
that only a small quantity of air was accessible
to the microbe, the virulence of the cultures was
retained.

Toussaint investigated the possibility of attenuat-
ing the virus of anthrax. Sheep injected with
3 ccm. of defibrinated blood, containing anthrax
bacilli, which had been exposed to 55° C. for ten
minutes, recovered, and were afterwards insuscep-
tible. ~ Pasteur subsequently argued that this
method did not admit of practical application;
difficulties would arise in dealing with infective
blood in quantity, and artificial cultivations started
from this blood could not be relied upon, as
they proved sometimes as virulent as ever.

Pasteur endeavoured to apply the same method
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for obtaining an attenuated virus of anthrax, as
he had successfully employed in chicken-cholera.
A difficulty was soon encountered, for in cultiva-
tions of the bacillus with free access of air spore-
formation readily takes place, and the spores are
well known to have an extraordinary power of
retaining their virulence. Pasteur found that the
bacilli ceased to develop at 45°C., and he believed
that spore-formation ceased at 42°—43°C., the
bacilli continuing to develop by fission only. The
cultivations were, therefore, kept at this tempera-
ture, and at the end of eight days the bacilli were
found to have lost their virulence, and were quite
inert when inoculated in guinea-pigs, sheep, or
rabbits. This total destruction was, however,
preceded by a gradual mitigation, so that a virus
could be obtained, by taking it at the right time,
which only gave a mild disease, and afforded
subsequent protection.

At Melun, in 1881, the protective inoculation
against anthrax was put to a practical test. Sheep
and oxen were inoculated with the mitigated virus,
and then with a virulent form; at the same time
other sheep and oxen were inoculated with the
virulent form without previous vaccination as a
control experiment. The unprotected sheep died
without exception ; the unprotected oxen suffered
from cedematous swellings at the seat of inocu-
lation, and a rise of temperature; but all the
protected animals remained healthy.
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As a result of these experiments an idea arose
that by preventive inoculation with attenuated
virus all communicable diseases would in time be
eradicated; but this does not follow, for all com-
municable diseases do not confer immunity after
a first attack, and in some cases the very reverse
is believed to occur. Thus erysipelas of the
face leads to an increased liability to subsequent
attacks of the same disease. Again, the occurrence
of one disease is stated to induce a liability to
others ; small-pox and typhoid fever are regarded
as predisposing to tuberculosis; so that the
principle of preventive inoculation does not apply
in these cases, and its effect would probably tend
rather to deleterious results than otherwise. Even
with regard to the prevention of anthrax, Pasteur’s
researches were opposed and criticised. Koch
investigated the subject, and came to the con-
clusion that the process did not admit of practical
application, chiefly on the ground that as immunity
only lasted a year, the losses from the vaccination
process would be as great or even greater than
from the spontaneous disease; further, there was
danger in disseminating a vaccine of the strength
required to be effectual. Chauveau proved that
the attenuation was due to the temperature, and
not to the prolonged effect of oxygen. By keeping
cultivations at 42°—43° C. 2z vacuo, the virulence was
found to disappear in twenty-four hours, and by |
keeping cultivations at a low temperature with free
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access of air the virulence was retained. Chauveau
considered, therefore, not only that oxygen was
not the agent, but that the mitigation was much
more easily effected in its absence. In spite of
these adverse criticisms, these researches never-
theless confirmed the principle of Pasteur’s con-
clusion, that immunity could be induced by
experimental measures, and further showed that
he had considerably advanced the: method by
which this could be effected.

Chauveau succeeded also in attenuating the virus
by a modification of Toussaint’s method. Sterilised
broth was inoculated with the bacilli, and placed
in the incubator at 42°—43°C. After the lapse of
twenty hours it was removed to another incubator
at 47°C, According to the time of exposure to this
increased temperature, the mitigation varied in de-
gree. Thus inoculation with the virus, before it was
exposed to 47°C., was fatal to guinea-pigs; but
after one hour at 47° C. the virulence was diminished,
and, though ultimately fatal, life was prolonged ;
after two hours’ exposure at 47°C. only half the
animals died ; and after three hours’ exposure they
recovered and were rendered refractory to sub-
sequent inoculation.

Attenuation of the virus has also been induced
by chemical means. Chamberland .and Roux
stated that a fresh growth started from a cultiva-
tion of bacilli which had been subjected for twenty-
nine days to zi5 of carbolic acid was found to
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be inert in guinea-pigs and rabbits. Bichromate
of potash added to a cultivation in the proportion
of 12500 — z000 gave, after three days, a new
growth, which killed rabbits, guinea-pigs, and half
the sheep inoculated; after ten days, rabbits and
guinea-pigs, but not sheep; and after a longer
time even guinea-pigs were unaffected.

In other diseases similar results have been
obtained.

Arloing, Cornevin, and Thomas found that by
inoculating a small quantity of the virus of symp-
tomatic anthrax anywhere in the subcutaneous
connective tissue, or a moderate quantity at the
root of the tail, and even by intravenous injection,
immunity was obtained from a virulent dose.

In swine-erysipelas, Pasteur and Thuillier ob-
tained attenuated virus upon quite another principle.
They discovered that by passing the virus through
pigeons the virulence was increased, but by passing
it through rabbits it was progressively diminished.
Thus a virus was obtained from the rabbit, which
produced only a mild disease in pigs, and after
recovery complete immunity. Similarly in rabies
Pasteur finds that passage of the virus through
various animals considerably modifies its properties.
By inoculating a monkey from a rabid dog, and
then passing the virus through other monkeys, the
virulence is diminished ; but by inoculating a rabbit
from the dog, and passing the virus from rabbit
to rabbit, the virulence is increased. More recently
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Pasteur has employed another method of attenuat-
ing the virus of rabies. The spinal cord of inoculated
rabbits is removed with all possible precautions, and
portions a few centimetres in length are suspended
in flasks in which the air is dried by fragments
of potash. By this process the virulence is found
to gradually diminish and finally disappear.

Animals inoculated with portions of these cords,
after suspension for a certain time, are rendered
refractory to inoculation with virulent cords.
Having rendered dogs, which had been previously
bitten, free from the supervention of symptoms of
hydrophobia by means of protective inoculation,
Pasteur proceeded to apply the same treatment to
persons bitten by rabid animals, with results which
tend to the belief that a prophylactic for rabies has
been found, though this must still be considered to
be sub judice.

The question as to what constitutes immunity
is a vexed one.

Raulin has shown that Aspergillus niger develops
a substance which is prejudicial to its own growth
in the absence of iron salts in the nutrient soil.
Pasteur has suggested that in rabies side by side
with the living and organised substance there is
some other substance which has, as in Raulin’s
experiment, the power of arresting the growth
of the first substance. If we accept the theory
of arrest by some chemical substance, we must
suppose that in the acquired immunity afforded by
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one attack of an infectious disease this chemical
substance is secreted, and, remaining in the system,
opposes the onset of the micro-organism at a future
time. In the natural immunity of certain species
and individuals we must suppose that this chemical
substance is norinally present.

Another theory is, that the micro-organisms
assimilate the elements which they require for their
nutrition from the blood and tissues, and render
the soil impoverished or otherwise unsuitable for
the development of the same micro-organisms here-
after; this condition may be permanent, or the
chemical constitution of the tissues may be restored
to normal, when immunity ceases. If, however,
we explain acquired immunity by the result of the
growth of a previous invasion of micro-organisms,
we are still confronted with the difficulty of explain-
ing natural immunity.

A third theory is that the tissues are endowed
with some power of vital resistance to the develop-
ment of micro-organisms, similar to the vital
resistance to the coagulation of the blood, which is
supposed to exist in the lining membrane of the
healthy blood-vessel ; that in some species and indi-
viduals this exists to a high degree,""and hence
their natural immunity But this does not explain
how one attack confers immunity from a subsequent
one. One would expect that the vital resistance
would invariably be lowered by a previous attack,
and increased liability be the constant result.
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1824 Bory de Saint Vincent also attempted a classi-

fication ; but it was not until Ehrenberg in 1838,

and Dujardin in 1841, worked at the subject, that

a scientific distinction of species was attempted.
Ehrenberg described four genera :—

I. Bacterium . . filaments straight, rigid.

I1. Vibrio ; . filaments snake-like, flexible.
III. Spirillum . . filaments spiral, rigid.
IV. Spirochazte. . filaments spiral, flexible.

Dujardin united Spzrellum and Spirockete, and
classed them thus :—

I. Bacterium . . filaments rigid, vacillating.
IL. Vibrio 3 . filaments flexible, undulatory.
ITI. Spirillum . . filaments spiral, rotatory.

Up to that time, bacteria were still considered as
Infusoria; but the year 1853 marked the com-
mencement of a new era in their history, for Robin
then pointed out the affinity of the Bacteria and
Vibrios to Leptothrix. Davaine, in 1859, still
more definitely insisted that the PZbrios were
vegetables, and that they were in fact allied to
the Alge.

Since that time a flood of light has poured in
upon this subject through the writings of Hoff-
mann, Pasteur, Cohn, Rabenhorst, Hallier, Billroth,
Warming, Nageli, Magnin, Marchand, Sternberg,
Van Tieghem, Koch, Fligge, De Bary, Zopf,
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Cornil, Babes, and many other workers in
the recent widespread revival of bacteriological
research.

- Of all these writers we are most indebted to
Cohn,* not only on account of his researches, which
extended over very many years, but also for his
system of classification, which has since been
almost universally adopted.

In his first classification, published in 1872, Cohn
considered the Bacteria as a distinct group be-
longing to the A/ge, and divisible into four tribes,
including six genera :—

I. Sphzrobacteria . globules (Micrococcus).

II. Microbacteria . short rods (Bacterium).
IIT. Desmobacteria . long rods (Bacillus and Vibrio).
IV. Spirobacteria . spirals (Spirochate and Spirillum).

Cohn noted, in spite of placing them with the
Alge, that the absence of chlorophyll connected the
Bacteria to Fungi, and we find Nigeli subsequently
adopting this view, and employing the term Sc/z-
zomycetes.

Billroth, in 1874, disputed the division into
species, and considered that all the forms described
by Cohn were but developmental forms of one micro-
organism, Coccobacteria septica. In the following
year Cohn answered the criticism of Billroth, and
produced a second classification, in which he still

* Cohn, Bertrige zur Biologie der Pllanzen, 1872, ef seq.
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maintained that distinct genera and species existed.
The genera Cohn considered to be distinguished
by definite differences in shape, which were adhered
to throughout life, while some special feature, as a
difference in size or physiological action, or some
minute difference in form, determined the various
species. Cohn illustrated, by his well-known com-
parison of a sweet and a bitter almond, the
appearances of which are similar, but the proper-
ties very different, that a distinction into species
might depend upon a difference in physiological
action only. Others strongly support Cohn’s views.
By cultivating various micro-organisms through
several generations, we conclude that a micrococcus
cannot be transformed into a bacterium, or a bac-
terium into a bacillus or spirillum. There is also
no evidence to show that a bacillus can change its
nature, and be converted from a harmless into a
pathogenic form, as asserted by Biichner.*

The second classification of Cohn (1875) only
differed from the first in that, instead of keeping
the bacteria as a separate group, he placed them,
from their closerelation ship with the Z/jccclire-
macee, under a new group, the Schizoplytes, and
added the genera Leptotierix Beggiatoa, Crenothrix,
Sarcina, Ascococcus, Streptococcus, Myconostoc, and
Streptothrix. '

Nigeli maintained that Bacteria were allied to

* Biichner, Ueber d. experim. Erzeugung d. Milzbrandconta-
Ziums aus d. Heupilzen.
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The belief is nevertheless rapidly gaining ground
that the lowest forms -of vegetable life cannot be
divided by a hard-and-fast line into a series with
chlorophyll (A4/g2), and a series without it (Fung?),
and the tendency now is to solve the difference of
opinion between Cohn and Nigeli by following the
example of Sachs, and amalgamating the two series
into one group, the Z/allophytes.

Researches by competent observers have quite
récently clearly demonstrated that several micro-
organisms in their life cycle exhibit successively the
shapes characteristic of the orders of Cohn.

This doctrine of pleomorphism, now widely ac-
cepted, was distinctly foreshadowed in a publication*
by Lister in 1873, though this memoir contained
certain conclusions which have since been aban-
doned. Lister described forms of cocci, bacteria,
bacilli, and streptothrix in milk, which he regarded
as phases of the same micro-organism, Bacterium
lactis. As a result of his observations, Lister re-
marks that “any classification of bacteria hitherto
made from that of Ehrenberg to that of Cohn based
upon absolute morphological characters is entirely
untrustworthy.” To Lankester, however, belongs
the credit of having definitely and precisely formu-
lated this doctrine. In a paper,t also published in
1873, Lankester observed that the series of form-
phases which he had discovered in the case of a

¥ Lister, Quart. Fourn. Microscop. Sci., 1873, Pp. 380-408.
+ Lankester, Zb¢2., pp. 408-425, and 1876, pp. 278-283.
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peach-coloured bacterium led him to suppose that
the natural species of these plants were “ within the
proper limits protean, and that the existence of true
species of bacteria must be characterised, not by
the simple form-features used by Cohn, but by the
ensemble of their morphological and physiological
properties as exhibited in their complete life-
histories.” Lankester inferred that these phase-
forms were genetically connected from their all
possessing the common characteristic of a special
pigment bacterio-purpurin.  These conclusions
were vigorously opposed by Cohn, and doubt still
remains in the minds of some as to whether the
different forms are really only stages in the life-
history of a single species. Nevertheless the
theory of pleomorphism has steadily gained ground
ever since.

Among the recent observers Cienkowski and
Neelsen have worked out the different forms as-
sumed by the ébacillus of blue milk ; Zopf has in a
similar manner investigated Cladot/rix, Beggiatoa
and Crenothriz, and traced out various forms (Fig.
67) ; Van Tieghem has investigated Baci/lus anylo-
bacter with a similar result; Hauser has quite
recently described bacillar, spirillar, and spirulinar,
and various other forms in the Profeus mirabilis and
Proteus vulgaris. These facts obviously shake the
very foundation of Cohn’s classification, and we
are left without possessing a sound basis for classi-
fication into genera or species. ‘The mode of
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reproduction is not sufficiently known to afford a
better means for distinction than the other morpho-
logical appearances taken alone, nor can we depend
upon physiological action, which is held by many to
vary with the change of form, according to altered
surroundings.

Zopf, who has warmly supported the pleomor-
phism of bacteria, has suggested as a result of
his investigations a division of the Sckzzomycetes,
Spaltpilze, or szszbnfuhgz', into the following four
groups® :(—

1. Coccaceze.—Possessing (so far as our knowledge
at present reaches) only cocci, and thread-forms resulting
from the juxtaposition of cocci. The fission occurs in one
or more directions.

Genera :—Streptococcus, Micrococcus, Merismopedia,
Sarcina, Ascococcus.

2. Bacteriaceae.—Possessing mostly cocci, rods
(straight or bent), and thread-forms (straight or spiral).
The first may be absent, and the last possess no distinction
between base and apex.

Division (as far as is known) occurs only in one
direction.

Genera :—Bacterium, Spirillum, Vibrio, Leuconostoc,
Bacillus, Clostridium.

3. Leptotrichese.—Possessing cocci, rods, and
thread-forms (which show a distinction between base and
apex). The last straight or spiral.

* Zopf, Die Spaltpiize, 188s.
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Genera :—Leptothrix, Beggiatoa, Crenothrix, Phragmi-
diothrix. . :

4. Cladotricheze.—Possessing cocci, rods, threads,
and spirals, Thread-forms provided with false branchings.
Genus :— Cladothrix.

Zopf, however, does not assert that all the fission-
fungi exhibit this pleomorphism, nor does he
pretend that his classification will include all the
micro-organisms described. Cohn, on the other
hand, was ready to admit that all the forms
described by him were not truly independent
species. Quite recently De Bary, Hueppe, Baum-
garten, and Fliigge have expressed new views with
regard to the classification of bacteria.

De Bary divides them into two great groups—
bacteria which form endospores, and bacteria which
form arthrospores. This affords but little practical
assistance, though regarded by botanists, from a
scientific standpoint, as a step in the right
direction.

Hueppe, acknowledging that the fructification
must. eventually be made the basis for classification,
suggests an arrangement for provisional . use in
which this view is introduced.
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It has already been mentioned that the produc-
tion of arthrospores is only established in a very
few species. Therefore, we are hardly justified in
assuming that all bacteria, the spore-formation of
which is quite unknown, are to be included with
those in which this kind of fructification has been
observed, and consequently to distinguish genera
on the same grounds may be considered, to say the
least, somewhat premature. In Baumgarten’s classi-
fication the genus bacterium is dispensed with, and
the genera divided into two groups, the mono-
morphic and the pleomorphic.

Groupr I.—MoONOMORPHIC.

Genera.—Coccus.
Bacillus.
Spirillum,

Group 1I. PLEOoMORPHIC.

Genera.—Spirulina,
Leptothrix.
Cladothrix.

Flugge also, in his recent classification, includes
the genus bacterium in the genus bacillus. The
new classification differs also from the original one
in the grouping together of the different species
according to the character and behaviour of the
colonies in nutrient gelatine. The abolition, in
Fliugge’s and Baumgarten’s classification, of the
genus bacterium is no doubt owing to confusion
having arisen from the distinction between a
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bacterium and a bacillus, being a question of
length. Observers differed as to whether a rod
of a certain length ought to be considered a bac-
terium or a bacillus. To meet this difficulty a rough-
and-ready rule was suggested, viz., that a rod less
than twice its breadth in length should be considered
as a bacterium, and otherwise a bacillus. But this
purely arbitrary division was inadequate, from the fact
that a rod at one stage of its growth or under certain

E

F1c. 68.—BacTeriuM PNEUMONIZ CROUPOsZ, x 1500 (after Zopf).

conditions might, as;far as length went, truly be
a bacterium, and under other circumstances be of
such a length as to entitle its being considered a
bacillus. We avoid such confusion if we follow
Zopf, and acknowledge as a difference between a
bacterium and a bacillus the presence or absence
of that form of spore-formation now distinguished
as endogenous spore-formation. We can then most
conveniently retain this generic term, to include that
group of rod-forms in which this spore-formation is
as yet unknown ; moreover, we shall find that by so
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doing, with one or two exceptions, we get collected
together those short rod-forms (Fig. 68), which
appear to link the simple cocci to the spore-bearing
rods or bacilli.

This must surely lead to less confusion than

Fic. 69.—EMMERICH’s BACTERIUM, X 700 (after Emmerich).

regarding all rod-forms as bacilli and massing
them together into one genus. For by those who
adopt the latter plan, not only are very short rods
with rounded ends included as bacilli, e.g., Bacillus

Fi16. 70,—CoLoNIES ON NUTRIENT GELATINE, x 60.

Neapolitanus or Emmerich’s bacterium (Fig. 69),
but even cells which are described as ovoid are also
regarded as bacilli, as in Loffler’s so-called Bace/lus
parvus ovatus.
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The grouping together of the different species
according to the - character of the colonies in

nutrient gelatine (Figs. 70, 71) is also of question-
able advisability. . These characters can hardly

Y
§

&

o @

F16. 71.—CoLONIES ON NUTRIENT AGAR-AGAR, x 60,

be considered to be of sufficient importance, or
indeed in many cases to be sufficiently constant, to
serve by themselves for this purpose. In many
cases a slight variation in the composition of the

Fi6. 72.—CoLoNy. oF BACILLUS ANTHRACIS, x 60, From a cover-glass
impression-preparation, stained with gentian-violet.

nutrient medium may- considerably affect the ap-
pearances of the colonies. ‘At the same time,
the appearances are very characteristic  of cer-
tain species of bacteria (Fig. 72), and in -other
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cases the characters of the colonies, together with
the characters of the growth in test-tubes, assist
us in distinguishing species which are morpho-
logically similar, as in the case of the comma bacilli
of Finkler and of Koch.

The classification here given will be found to
be a convenient form for arranging the micro-
organisms for reference, and it may lead the
investigator to work upon the same lines as Zopf,
and by tracing the life-history of individual forms
in pure cultivations, either to extend the work of
establishing protean species or to restrict the

S :ﬂ /"
99.'%
o"f .

F16. 73.—BACTERIUM OF RABBIT SEPTICEMIA.

doctrine of pleomorphism to a very few forms.
For though the author adheres to the lines of
classification proposed by Zopf, he is not prepared
to accept his teachings in their entirety; thus, to
embrace all described species, and to be consistent
with the author’s views, it has been necessary not
only to add to Zopf’s classification, but in many
cases to modify his arrangement of species. For
instance, Zopf regards the bacterium of rabbit
septicemia (Fig. 73) as a micrococcus. Of some
species alteration in the nomenclature is justified by
necessity.

Any arrangement at present can only be con-
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sidered provisional, and, therefore, that arrangement
which is of most practical assistance, and which leads
to a clear description of the important characteristics
on which the final classification will depend, must
be considered to be the best. For example, if we
abolish the genus bacterium, any rod-form may be
at once classed as a bacillus ; on the other hand,
in the plan here adopted, we must determine the
presence or absence of endogenous spore-formation
before we can decide whether it be a bacterium or a
bacillus. This necessarily leads to a more thorough
study of their life-history. In the systematic de-
scription which follows, stress is laid upon the
morphological appearances of bacteria, upon the
absence or presence of spore-formation, and upon
the appearances under cultivation, in addition to
other characteristics, such as the changes produced
by their growth. The determination of species
rests upon the accumulated evidence afforded by
a thorough knowledge of their life-history. The
form of the organism, the changes it effects, and
the microscopical appearances under -cultivation
must be collectively taken into account.
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Genus 1.—Streptococcus.

Streptococcus pyogenes, Rosenbach.—Cocci
occurring singly, in chains, and in zoogleea. The
individual cocci are small spherical cells, with a
special tendency after fission for the resulting
elements to remain attached to each other,
forming chains or rosaries. There may be a few,
three or more elements, linked together, or a
great number, forming straight, serpentine, and
twisted chains.

Preparations, stained preferably by the method of
Gram (Plate XIX.), should be studied minutely
with the best lenses and the best method of illu-
mination in order to make out all the minute details.
The individual elements composing the chains will
be found to vary considerably in size; here and
there in a preparation will be found a chain com-
posed of excessively small elements, in another part
the elements are all on a larger scale, and again in
another part the elements will be peculiarly con-
spicuous on account of their size. Very character-
istic appearances result from the fact that the
elements enlarge and divide both longitudinally and
transversely, and, indeed, the largest elements, for
the most part, clearly show a division in two direc-
tions, resulting in the formation of tetrads. So
great is the diversity in the size of the elements
of some of the chains, that one might imagine that

5
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there was more than one kind of streptococcus
present in a preparation, until on examining some
of the longest chains it is observed that various
sizes are represented in different lengths of the
same chain. In addition to the forms resulting from
the fission of the elements, there are here and there
in a chain, and sometimes terminally, larger elements,
which are spherical, spindle-shaped, or in the form
of a lemon. In the length of the chains, as in the
size of the individual elements, there is usually a
great diversity. In some cases they are composed
of only a few, three or four elements, or in others
eight, ten, or twenty. Here and there an exquisite
rosary will extend in a straight line across the field
of the microscope, or be twisted, curved, or serpen-
tine; in some preparations twisted or entangled
strands are observed which are composed of several
hundred elements. Such chains will be found to be
much thicker in one part than another. Another
characteristic appearance is produced by separation
of the elements resulting from fission in the long
direction of the chain, by which lateral twigs or
branches are formed. Another character, which is
very striking, may be seen when the individuals in
a chain have become separated; an unstained or
faintly stained membrane may be found bridging
across the interval. This will become still more
visible in some of the preparations contrast-stained
with eosin.

Cultivations.—In plate-cultivations the appear-
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ances of the colonies are not very striking. They
appear to the naked eye after three or four days
as extremely minute, greyish-white, translucent
dots, which under the microscope have a slightly
yellowish-brown colour. They are finely granular
and well defined. They do not liquefy the gelatine,
and after several weeks do not exceed the size of a
pin’s head.

If the surface of nutrient gelatine solidified ob-
liquely be traced over once or twice with a platinum
needle bent at the extremity into a little hook
charged with the cocci, a ribbon-shaped film de-
velops in two or three days.  This film is composed
of minute, greyish-white, translucent dots or droplets,
which can be more easily recognised with the aid
of a pocket lens. According to the number of organ-
isms sown on the jelly, the dots or colonies may be
completely isolated, or form a more or less continuous
film. The film by reflected light has an iridescent
appearance like mother-of-pearl, but has a bluish or
bluish-grey tint by transmitted light, and with a
pocket lens appears distinctly brownish. The gela-
tine is not liquefied, and even after several weeks the
cultivation is limited to the inoculated area, and the
individual colonies are not larger than pins’ heads.
In gelatine-cultivations of the same age, but kept in
the incubator at 18° C., the colonies get irregular in
form, especially at the margin of the film, and give
the growth an arborescent, fringed, or serrated appear-
ance. Cultivated on the oblique surface of nutrient
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agar-agar at 37° C. the growth is very similar, form-
ing a film composed of minute dot-like colonies like
grains of sand. But the film appears less trans-
parent, is whiter, and the colonies have a greater
tendency to get irregular in form. If inoculated
with one tracing of the needle the growth is scanty,
but tends to get thicker in the centre than towards
the margins, which may have a terraced appearance.
Inoculated in the depth of gelatine, there appears
after a day or two at 18°C. a thread-like growth
along the track of the inoculating needle. This
delicate growth is found on examination with a
pocket lens to consist of a linear series of extremely
minute granules. In a few days more the beads or
granules become more marked, but even after weeks
the cultivation only appears like a string of minute
white, compact, globular masses or grains. In broth
at 37° C. the cocci in twenty-four hours create a
turbidity, and gradually develop beautiful chains
varying in length according to the age of the culti-
vations. Even in forty-eight hours there may be
chains of eight, ten, twenty, or a hundred elements.
After a few days the growth settles down at the
bottom of the tube in the form of a white deposit,
while the supernatant liquid becomes clear again.

Inoculated subcutaneously in the ear of rabbits,
they produce in two days an inflammatory thickening
with erysipelatous redness without suppuration.

They occur in pus and in diseases associated with
septic complication.

p——
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The diseases and conditions in which streptococci have
been found will be enumerated. In some cases the strep-
tococct are identical with the first named, and in others
there is meed for further investigation ; some being
regarded as varieties, and others as distinct species.

Abscesses.—In abscesses a chain forming micro-
coccus was first described by Ogston. It was later
studied by the methods of cultivation introduced by
Koch and named by Rosenbach Strepfococcus pyogenes.
According to Flugge, after subcutaneous inoculation of
mice with a small quantity of a cultivation, there is no
result in 80 per cent. of the animals experimented on.
Sometimes there is limited pus-formation at the seat of
inoculation, sometimes the animals die without any very
striking pathological appearances.

Rosenbach examined six cases of pyzmia. From
Case 1 cultivations of S#reptococcus pyogenes were ob-
tained from the blood of the patient during life. The
blood was stroked over the surface of the culture
medium, and in two tubes the Stapiylococcus pyogenes
aureus was also present. In Case 2, with suppurative
pleuritis, the pleura was tapped during life, and cultiva-
tions of Streptococcus pyogenes were obtained. In Case 3
streptococci were found in the metastases in the kidneys
and in the other suppurations that were examined. In
Case 4 the pleura was opened during life, and Streptococcus
pyogenes and Staphylococcus pyogenes aureus were isolated
from the fluid which escaped. In Case 5 pure cultiva-
tions of Streptococcus pyogenes were obtained from pus
from the knee, which was punctured during life. This
case was one of erysipelas and pyzmia after removal
of a carcinoma of the breast. In Case 6, a case of
whitlow with metastatic abscesses, the patient recovered,
and no streptococci were found. Thus in six cases of
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metastatic pyemia Streptococcus pyogenes was found five
times, partly in the blood and partly in the metastatic
deposits, and twice in company with Staphylococcus pyo-
genes aureus.

~ Baumgarten, also, found the Streptococcus Pyogenes in
the internal organs in py=emic cases, and Eiselsberg
found Streptococcus pyogemes in company with Staply-
lococcus  pyogemes aureus in the blood of cases of
septicemia.

Erysipelas.—In erysipelas Fehleisen isolated a
streptococcus and described the appearances on culti-
vation.  Fehleisen regarded the organism as quite dis-
tinctive, with special characters. on cultivation, and
claimed that it produced erysipelas when inoculated
in the human subject. Rosenbach pointed out the
extremely close resemblance in every respect to the
Streptococcus pyogenes, though he described an apparent
difference on cultivation on nutrient agar-agar. Other
observers maintain that these organisms cannot be
distinguished with certainty by ecither their morphological
appearances or by their characters on cultivation. More-
over, the marked differences which have been described
after inoculation were not obtained by those who re-
peated the experiments. Passet found that the results
of inoculating Streptococcus pyogenes in the rabbit's ear
induced a very similar condition to the result of inocu-
lation of Streptococcus erysipelatis ; and both organisms,
by subcutaneous inoculation, and by inoculation in the
cornea of rabbits and other animals, induced results
without any constant difference. Passet showed that the
inoculation of the cornea produced the same form of
keratitis. Hoffa and Hajek described minute differences
at the seat of inoculation, but Biondi and Eiselsberg
repeated the experiments, and failed to establish the
alleged differences. Baumgarten also investigated this
subject, and failed to prove any essential difference,
and, indeed, found much more often than might have
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been expected from the publications of previous authors
that no marked result at all was obtained on inocu-
lation; and he concluded that Streptococcus pyogenes
and Streptococcus erysipelatis in their form, cultivation, and
their effects on animals were identical. Passet, Biondi,
Eiselsberg, Baumgarten, and Fridnkel have definitely
accepted the identity of the streptococcus associated
with suppuration, and the streptococcus associated with
erysipelas.

Spreading Gangrene.—From a case of spreading
gangrene, which was identical with Ogston’s erysipelatoid
- wound gangrene, and regarded by him as the most intense
and dangerous form of erysipelas, Rosenbach obtained
pure cultivations of a streptococcus by incising the skin
of the limb, and inoculating tubes from the turbid reddish
fluid which escaped. That the streptococcus was identical
with Streptococcus pyogenes was ascertained by comparison
with a cultivation derived from pus, of the mode of growth,
and of the effect on animals.

Surgical Fever.—Eiselsberg proved the presence
of a streptococcus in the blood of several cases of surgical
fever in Billroth’s clinic. The organism was identified by
cultivation with Sereptococcus pyogenes.

Diphtheria.—In three cases of typical diphtheria
Loffler found a streptococcus. He isolated it by culti-
vation, found that it was similar in form, characters on
cultivation, and effects after inoculation, to Fehleisen’s
streptococcus of erysipelas. Loffler was not inclined to
regard them as identical, because Fehleisen never found
his cocci in the blood-vessels.  Fliigge named the
organism Streptococcus articulorum, and states that, after
subcutaneous inoculation or injection of a cultivation in
mice, a large proportion of the animals die, and in the
sections of the spleen and other organs the streptococci
are again seen. Baumgarten investigated the same sub-
ject, and decided that the streptococcus was identical with
Streptococcus pyogenes.
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Puerperal Fever.—Frinkel isolated a strepto-
coccus from puerperal fever, which he at first called
Streptococcus puerperalis, but subsequently identified with
Streptococcus pyogenes. Winkel obtained a pure culti-
vation of a streptococcus from the blood of the heart
in a case of puerpera peritonitis. It produced erysi-
pelatous redness when inoculated in the rabbit’s ear,
and in form and in cultivation was similar to the strep-
tococcus in erysipelas. Cushing found Se#reptococcus
Pyogenes associated with puerperal infection.  The
cocci were found in endometritis diphtheritica as well
as in secondary puerperal inflammation. These obser-
vations were still further confirmed by Baumgarten,
and Bumm isolated the same -organism in puerperal
mastitis.

Scarlet Fever.—The occurrence of a streptococcus
in certain cases of scarlet fever has been observed by
several investigators—Crooke, Loffler, Babes, Heubner,
and Bahrdt, and notably by Frinkel and Freudenberg.

Crooke, in cases of scarlet fever with severely affected
throat, found bacilli, cocci, and streptococci in the organs
of the throat, and cocci in the internal organs. Crooke
left it an open question whether these cocci were the
specific organisms of scarlet fever, or to be regarded as
diphtheritic or septic associates. He inclined on clinical
grounds to the latter view.

Loffler, in cases of scarlatinal diphtheria, found the
same chain-forming micrococcus which he had found in
typical diphtheria.

Babes was able to constantly prove in inflammatory
products secondary to scarlatina the presence of a strepto-
coccus greatly resembling that in pus.

Heubner and Bahrdt, in a fatal case of scarlet fever
in a boy, complicated with suppuration of the finger- and
knee-joints and with pericarditis, found a streptococcus
identical in form, from his description, with S#reptococcus
pyogenes, Cultivations were not made. The secondary
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infection started from diphtheritically affected tonsils,
which were followed by retro-pharyngeal abscesses.

Frankel and Freudenberg examined for micro-organisms
three cases of scarlatina with well-marked affection of the
throat. In all three cases they obtained cultivations of
cocci from the submaxillary lymphatic glands, spleen,
liver, and kidney. These cocci could in no way be dis-
tinguished from Streptococcus pyogenes derived from pus,
nor from the undoubtedly identical streptococcus which
one of them (A. Frinkel) had already repeatedly culti-
vated in large numbers from puerperal affections. In
two of the cases Streptococcus pyogenes was the only
organism present, and in all three cases it was far in
excess of other colonies which developed. The organisms
were also found in sections of the organs by microscopical
examination. The identity of this streptococcus with
Streptococcus pyogenes and  Streptococcus puerperalis was
established by comparison of their macroscopical and
microscopical appearances in cultivations on nutrient
agar-agar, nutrient gelatine, and in broth, both at the
ordinary and at higher temperatures, and also by experi-
ments on animals. They concluded that it could be
stated with certainty that the organisms in question did
not stand in causal relation to scarlet fever. They
considered that special methods of microscopical and
biological research were apparently needed for demon-
strating the true scarlet fever contagium, which probably
was especially present in the skin. They considered that
the presence of the streptococcus was due to a secondary
infection, to which the door was opened by the lesions of
the throat—a view which was supported by the fact that
the organisms were found in the submaxillary lymphatic
glands. They preferred to use the term “secondary”
to “complicated” or “ combined ” infection, because this
expresses the fact that by the effect of the scarlatinal
virus the soil is rendered suitable for this ubiquitous
microbe when it has once gained an entrance.
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Klein found the streptococcus in five out of eleven
cases of scarlet fever, twice in association with other cocci,
and three times alone, and regarded it as the contagium of
scarlet fever. The cases from which the organism was ob-
tained were all cases with ulcerated throat. An analysis
of these cases is shown in the following table :—

: Condition | Source Micro-organisms eath o
Name of patient. tor:)st;ls. blgod. isolagt:ed.s gcover;.
1} Lilian Fuller, Severely |Finger Streptocaccus Ultimately
aged 5 ulcerated recovered.
Staphylococcus
2| Kate Fuller, Much Lila }:1 Z%;il:fgs z::;?ﬁ Died of
»n N
aged 2 ulcerated e atil pyeemia,
Streptococcus
Henry Lampson, | Ulcerated & Staphylococcus
] aged 8 {Strgpt}c;coccus Regiomerad;
4 (2 woman), Much Arm None [Not stated.]
aged 40 ulcerated
5 (@ giﬂ)r ” ” ” ”
aged 19
6| Blanche Moody, | Ulcerated |Finger|  Streptococcus Recovered.
aged 15
71 Ellen Warr, Much - None [Not stated.]
aged 22 ulcerated
8| Robert Hughes, | Ulcerated & » %
aged 8
9|Florence Glossop, o Heart Streptococcus Died.
aged 2}
10{ Edward Fenton, — ol None "
aged 3
11| R. Boucher, Advanced | ,, o 7
aged 20 months | ulceration

But the evidence is sufficient to show that in any
disease accompanied with a lesion of the skin or mucous
membrane, in which the blood and tissues are profoundly
affected by the virus of that disease, septic micro-
organisms gain an entrance into the circulation, and
may not only escape destruction, but may gain the
upper hand and set up destructive processes. And it is
interesting to observe in connection with this, that the
streptococcus was isolated in all cases at or about the
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time at which the temperature was highest; in other
words, at a time when the tissue resistance to an invasion
of micro-organisms would be lowered. The occurrence
of streptococci, in certain cases of diphtheria, scarlet
fever, cow-pox, small-pox, measles, typhoid fever, must
be regarded as a secondary result associated with suppu-
ration or with septic or pyamic complication ; in fact,
with the exception of negative evidence, bacteriology has
not assisted us in the least in the determination of the
real nature of the morbific agent or actual contagium of
scarlet fever.

Small-pox.—Hlava has established the presence of
Streptococcus pyogenes in the pustules of variola, and Garré
found streptococci in the internal organs in a case of
variola hamorrhagica.

In a fatal case of variola complicated with pemphigus,
Garré found a streptococcus in the pemphigus vesicles.
Whether it was identical with Streptococcus erysipelatis
Garré left an open question.

Foot - and - mouth Disease.—In 1868 Brown
figured a streptococcus in the milk of cows affected
with foot-and-mouth disease, From the vesicles of this
disease in sheep, Klein isolated a streptococcus which he
regarded as the contagium of the disease. From Klein’s
description of its morphological features and characters
on cultivation, it closely corresponds with Streptococcus
pyogenes. Baumgarten regards Klein’s alleged con-
tagium as most probably the Streptococcus pyogenes.
Against the fact of this organism being the virus
of this disease, and in favour of its being a septic
organism, we have the results of inoculation experiments.
A great number of subcutaneous inoculations in sheep
were without any result. One of several guinea-pigs fed
with the organism had an abscess, another an ulcer. In
sheep fed with the organism, two out of nine, after a
number of repeated administrations, developed a disease,
regarded by Klein as foot-and-mouth disease. There is the
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possibility of two fallacies—one that the disease, if really
foot-and-mouth disease, may have occurred incidentally;
the other, that the result which occurred may have been
a spurious form of foot-and-mouth disease. The control
experiment of exposing a number of sheep with these two
sheep to see if the disease would spread was wanting.

Cattle Plague.—Semner cultivated streptococci
from the blood and lymphatic glands of a sheep suffering
from cattle plague. A calf inoculated with a cultivation
was stated to have died in seven days from cattle plague.
The cocci were stated to lose their virulence by successive
cultivation, and the weakened cultivation to protect against
the virulent disease. It is extremely likely that this was
another manifestation of septic streptococci, and that the
animal died very probably of septic infection. Klein is
also of opinion that the specific nature of these micro-
organisms cannot be considered to be established.

Strangles.—Schutz has described a streptococcus as
the contagium of glanders.

Contagious Mammitis.—Nocard has cultivated
a streptococcus in contagious mammitis which he regards
as specific.

Yellow Fever.—Babes observed the presence of
streptococci in the vessels of the kidney and liver in
yellow fever. Cultivation experiments are wanting. It
was probably secondary infection with S#reptococcus pyogenes.

Bilious Fever.—Babes, in a case of fi¢vre bilieuse
typhoide, found masses of streptococci filling the vessels
of the liver, kidney, and spleen. Probably another in-
stance of secondary infection with Streptococcus pyogenes.

Measles.—From the blood and from inflammatory
post-products in measles Babes isolated a streptococcus,
which he describes as closely resembling the Streprococcus
pyogenes.

Ulcerative Endocarditis.—Wyssokowitsch found
cocci in the internal organs in ulcerative endocarditis, and
produced the disease in animals after injury to the valves
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by injection of Streptococcus pyogernes and other organisms,
Wechselbaum, by microscopical research and by cuitiva-
tion experiments, proved the presence of Streptococcus
pyogenes in acute verrucous endocarditis.  Baumgarten
confirmed this. He found Streptococcus pyogenes alone
in one case and accompanied by Staplylococcus aureus in
another.

Typhoid Fever.—Senger found a streptococcus in
a case of typhoid with secondary infection. This was
probably Streptococcus pyogenes. Dunin found the well-
known pyogenic organisms in post-typhoid suppuration,
mostly as staphylococci, but sometimes streptococci.
Pneumonia.—Wechselbaum found a Streptococcus
preumonie, which resembled Streptococcus pyogenes and
erysipelatis morphologically and on cultivation. It was
found in twenty-one cases of pneumonia by microscopical
research, and cultivated in nineteen. It had no effect on
the rabbit’s ear. Baumgarten, nevertheless, regards this
as Streptococcus pyogenes, and is of opinion that it is only
a matter of further research to establish that view.
Neumann found streptococci by microscopical research
in the lungs, and by cultivation isolated a streptococcus
in pneumonia after typhoid. It corresponds with Wech-
selbaum’s streptococcus in not affecting the rabbit’s ear.
Empyema.—Rosenbach obtained a pure cultivation
of Streptococcus pyogenes in a case of empyema. Wechsel-
baum, in two cases, also established its presence.
Broncho-pneumonia. — Thaon found a strep-
tococcus in the lungs of children in fatal cases of
broncho-pneumonia, complicating measles, diphtheria, and
whooping-cough. It was regarded as identical with the
streptococcus isolated by Loffler from diphtheria. Frinkel
discovered a streptococcus in the lungs of a case of true
croup complicated with broncho-pneumonia, and by culti-
vation established its identity with S#reptococcus pyogenes.
Progressive Tissue Necrosis in Mice.—XKoch
produced a disease in mice by subcutaneous injection of



238 BACTERIOLOGY.

putrid blood. In tissue sections a chain coccus was
found, and Baumgarten is of opinion that it is very
probably identical with the Streptococcus pyogenes ; but
cultivations are still wanting.

Fi16. 74.—StrEPTOCOCCUS OF PROGRESSIVE TIssUE NEcCRrosis IN MicE,
(@) Necrotic cartilage cells, and (4) Chains in masses; (¢) Chains
isolated [after Koch].

Anthrax.—Charrin found cocci in rabbits, examined
some hours after death from anthrax. These, when
isolated, produced death in rabbits from septiceemia with-
out suppuration. Chains composed of from fifteen to
twenty elements were found in all the organs. This was
probably another instance of Streptococcus pyogenes.

Syphilis. — Kassowitz and Hochsinger found the
presence of a streptococcus in the tissues and internal
organs, and especially in the blood-vessels, in fatal cases
of congenital syphilis. These observers regarded their
discovery as having an important bearing on the etiology
of syphilis, but Kolisko pointed out that it was only the
result of septic infection with presence of Streptococcus
pyogenes, as had already been established in scarlet fever.

Cerebro-spinal Meningitis.—From the menin-
geal exudation of a case of apparently idiopathic cerebro-
meningitis, Banti found by Koch’s methods the presence
of Streptococcus pyogenes and Staphylococcus aurens and
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" albus. The cocci probably entered through an abscess of
the jejunum.

Blepharadenitis and Dacryocystis. — Wid-
mark isolated by cultivations Streptococcus pyogenes and
other organisms from cases of blepharadenitis and phleg-
monous dacryocystis,  In phlegmonous dacryocystis
Widmark found Streptococcus pyogenes almost exclusively.

Leukzmia.—Fliigge cultivated a streptococcus from
necrotic patches in the spleen of a fatal case of leukzmia.
Cultures corresponded very closely with Streptococcus
pyogenes.  Inoculation in the ears of rabbits produced
similar results to Streptococcus pyogenes or erysipelatis.
Fligge calls it Streptococcus pyogenes malignus, but con-
cludes that it is probably identical with the streptococcus
from pus.

Soil.—Nicolaier, and later Guarneri, isolated a strep-
tococcus from soil.  Microscopically it could not be
distinguished from other streptococci. Baumgarten is of
opinion that it is neither in form nor in cultivation to be
distinguished with certainty from Streptococcus pyogenes.

Air.—Emmerich succeeded in proving the presence of
streptococci in the air of a hospital where erysipelas had
broken out. These cocci, in their form, their characters
on cultivation, and in inoculation results, were identified
with the Streptococcus erysipelatis.

Putrefaction.—Baumgarten points out that strep-
tococci are found in the most various substances under-
going putrefaction.

EXAMINATION AND CULTIVATION OF STREPTOCOCCI.

Cover-glass preparations can be stained with the
watery solutions of the aniline dyes. In some cases very
beautiful preparations can be obtained by using Neelsen’s
solution, and removing excess of stain by rinsing in
alcohol. To examine pus, milk, or broth, take an ordi-
nary platinum inoculating needle bent at the extremity
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into a hooklet. Dip it into the liquid to be examined,
and spread it on a cover-glass into as thin a film as
possible ; the preparation is treated in the ordinary way,
that is to say, the film is allowed to dry, and the cover is
taken up with forceps, and passed three times through the
flame with its prepared side uppermost.

Gram’s Method of Eosin—In this way the strep-
tococci are stained blue, and stand out in marked
contrast to the rest of the preparation. Use freshly pre-
pared solution. Float the cover-glasses on the solution
for ten minutes to half an hour, then transfer them to
iodine-potassic-iodide solution, until they assume the
colour of a tea leaf ; then immerse them in alcohol until
they are decolourised ; dip them in an alcoholic solution
of eosin for a few moments, and then transfer them to
clove oil to clarify the film; to remove the clove oil
gently press the cover between two layers of clean filter
paper, then mount in xylol balsam (Plate XIX.).

A good method for cultivating streptococci is to employ
a sterilised looped platinum wire, and to spread a droplet,
for example, of pus or blood over the surface of nutrient
agar-agar solidified obliquely. The tubes are then placed
in the incubator at 37° C. ; the streptococci will appear in
the course of two or three days in the form of minute
dotted colonies. If present alone, and in considerable
quantities, the inoculated surface will exhibit a pure
cultivation consisting of a number of such colonies, whilst
a flocculent mass is observed in the liquid which collects
at the bottom of the agar-agar tubes ; this flocculent mass
will be found to be composed of chains. From such a
tube inoculate a number of the small flasks employed in
Pasteur’s laboratory for cultivations in liquids. In this
way a number of pure cultivations in milk and broth are
established, which can be readily examined from time to
time. From a pure cultivation in broth or agar-agar
tubes of nutrient gelatine can be inoculated. Cover-glass-
preparations from the growths on solid media can be
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made in the usual way, and stained with either a watery
solution of fuchsine or gentian violet ; but to stain pre-
parations made from milk or broth, or from the liquid in
agar-agar tubes, use the method of Gram ; the stain will
then be removed, except from the streptococci, and very
beautiful preparations result.

Genus [1.—Merismopedia.

SPECIES.
ASSOCIATED WITH DISEASE :i—
Merismopedia gonorrheeze s . Pathogenic in man,
{ Saprophytic in man.
* ) Pathogenic in animals.
Diplococcus albicans tardissimus . Saprophytic in man,

Micrococcus tetragonus

UNASSOCIATED WITH DISEASE :—

Micrococcus citreus conglomeratus
Micrococcus subflavus . J . +Simple saprophytes.
Micrococcus albicans amplus .

Merismopedia gonorrheeze (Coccus of Gonor-
rhea).—Cocci 083 p in diam., singly, in pairs, in
tetrads, and zoogleea groups. They are found in
gonorrheeal pus adhering to the pus corpuscles and
epithelial scales. Artificial cultivations have been
carried out,* and it has been claimed that the
pathogenic character of the cocci has been esta-
blished by inoculation.

Micrococcus tetragonus.—Cocci about 1 p
in diam., in groups of four (tetrads), surrounded
by a hyaline capsule. They are found in the
sputa of phthisical patients and in the walls of
tubercular cavities. In a test-tube of nutrient
gelatine they form an irregular white growth, more
especially in the upper part of the needle track

* Bockhart, StZzungsberichte der Phys. Med. Gesell. Wiirzburg.
1882.
16
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(Plate V., Fig. 1). On the sloping surface of
nutrient agar-agar thick, whitish, heaped-up masses
develop. Guinea-pigs and mice inoculated with a
minute quantity of a pure cultivation die in from
two to ten days, and the groups of the characteristic
tetrads may be found in the capillaries through-
out the body, especially in the spleen, lung, and
kidney (Plate II., Fig. 1).

Double infection can be produced by inoculating
a mouse with a pure cultivation of Bacillus
anthracis two or three days after inoculation
with Micrococcus tetragonus. On examination after
death, the capillaries of the lungs, liver, and
kidney are filled with both anthrax bacilli and
masses of tetrads* (Plate XXIV, Fig. 2).

Micrococcus citreus conglomeratus, Bumm.
—Cocci 1°5 p in diam,, similar to gonococci. They form
lemon-yellow colonies on plate-cultivations. Isolated
from blennorrheeic pus and from dust from the air.

Diplococcus albicans tardissimus, Bumm.—
Cocci morphologically identical with gonococci. They
grow extraordinarily slowly on gelatine. They were iso-
lated from urethral pus..

Micrococcus subflavus, Bumm.—Cocci morpho-
logically resembling gonococci. Cultivated on nutrient
gelatine, they form whitish dots which become gradually
greyish and then yellow in colour, and confluent. They
were observed in lochial discharges and vaginal secretions.

Micrococcus albicans amplus, Bumm.—Cocci
in pairs and tetrads similar to gonococci, but considerably
larger. Found in vaginal secretions.

* The Author, Zancet, 1885.
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Genus I1].—Sarcina.

UNASSOCIATED WITH DISEASE :—
Sarcina lutea .
Sarcina aurantiaca .
Sarcina ventriculi .
Sarcina intestinalis
Sarcina urinze 5 2
Sarcina litoralis . . rSimple saprophytes.
Sarcina Reitenbachii
Sarcina hyalina
Sarcina alba .

'}Chromogenic saprophytes.

Sarcina lutea.—Cocci singly, in pairs, in
tetrads, and in packets. A single individual in a
tetrad may be divided into two, or into four, so
that a tetrad within a tetrad results. Cultivated
in nutrient agar-agar in a test-tube, they form a
colourless growth along the track of the needle,
and a bright canary-yellow layer upon the surface,
where they have access to the air (Plate VII,
Fig. 1; Plate IX,, Fig. 1). In plate-cultivations the
colonies are round, slightly granular in appearance,
and yellow. Cultivated in a test-tube containing
nutrient gelatine, they grow rapidly ; the gelatine
becoming liquid, the yellow growth forms a wad
about the middle of the tube (Plate VI., Fig. 2), or,
liquefying the whole of the gelatine, subsides to
the bottom of the test-tube. Cultivated on sterilised
potatoes, they form a yellow layer (Plate XV., Fig. 1).
In drop-cultures in bouillon the subdivision into
tetrads within tetrads and formation of groups of
8, 16, and 24 can be studied (Plate I, Fig. 7). In-
oculation of mice produces negative results. The
cocci are occasionally present in the air.
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Sarcina aurantiaca.—Cocci singly, in pairs,
in tetrads, and in packets. They form small
orange-yellow colonies on plate-cultivations, and
in test-tubes slowly liquefy the gelatine along the
whole needle track, forming on the surface an
orange-yellow growth. On potatoes they slowly
develop the same pigment.

Sarcina ventriculi, Goodsir.¥*—Cocci reach-
ing 4 p in diam., united in groups of four, or
multiples of four, producing cubes or packets with
rounded-off corners. Contents of the cells are
greenish or vyellowish-red. They occur in the
stomach of man and animals in health and disease,
and were first detected in vomit.

Sarcina intestinalis, Zopf.}—Cocci in groups of
four or eight. Very regular in form ; never in the large
packets which occur in Sarcina wventriculi. They are
found in the intestinal canal, especially the cacum, of
poultry, particularly fowls and turkeys.

Sarcina urinee, Welcker.—Very small cocci, 1'2
in diam,, united in families of 8 to 64. Observed in the
bladder.

Sarcina litoralis, Oersted—Cocci 1'2—2 p in
diam., bound together in 4 to 8 families, which, in their
turn, may unite and include as many as 64 tetrads.
Plasma colourless ; in each cell 1—4 sulphur granules.
Discovered in sea-water containing putrefying matter.

Sarcina Reitenbachii, Caspary.—Cocci about 1°5
to 2'5 p in diam., at the time of division lengthened to
4 . Mostly united together from 4 to 8 in number;
occasionally 16 or more. Colourless cell-wall, lined with

* Goodsir, Zdinburgh Med. and Surg. Fournal. 1842.
t Zopf, Die Spaltpilze. 188s.
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rose-red layer of plasma. Found on rotting water-
plants.

Sarcina hyalina, Kiitzing.—Cocci round, 2'5 p in
diam., almost colourless. United in families of 4 to 24
cells, reaching 15 pu in diam. In marshes.

Sarcina alba.-— Small cocci. They form small
white colonies on nutrient gelatine, In test-tube culti-
vations they grow slightly along the needle track, but
are heaped up on the surface without liquefying the
gelatine. They are present in the air.

Genus 1V.—Micrococcus.

SPECIES.

ASSOCIATED WITH DISEASE (—

Pyogenic in man (?).

Micrococcus pyogenes albus . Pathogenic in animals,

Micrococcus pyogenes citreus
Micrococcus cereus albus
Micrococcus cereus flavus .
Micrococcus in scarlatina ‘ !
Micrococcus in measles . 4 0
Micrococcus in whooping-cough

rMicrococcus pyogenes aureus

i } Non-pathogenic.

In man .{ Micrococcus in heemophilia neona-
torum, . . .
Micrococcus in ty'phus P . . [Possibly only saprophytic.
Micrococcus in acute yellow ¥
atrophy . 3 .

Micrococcus in dental caries .
Micrococcus in gangrene . .
Micrococcus pyogenes tenuis p .
Micrococcus ny rgbies . 5 . } Pathogenic ().
Micrococcus  of septicaemia in}
rabbits
Micrococcus of pyamla m rabblts
Micrococcus of progressive suppu- rPathogenic.
ration in rabbits . 5 5 .
Micrococcus parvus ovatus .
Micrococcus of pyzemia in mice
Micrococcus perniciosus L 5
Micrococcus bombycis . . . tPathogenic (?).
Micrococcus insectorum 3 g
In plants . Micrococcus amylivorus. : . Pathogenic (?).

In animals .
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UNASSOCIATED WITH DISEASE :—

Micrococcus cyaneus

Micrococcus aurantiacus
Micrococcus chlorinus

Micrococcus violaceus . 5
Micrococcus luteus. .
Micrococcus rosaceus . 0
Micrococcus hzematodes. »
Micrococcus candidus . 3 \
Micrococcus candicans . . 3
Micrococcus feetidus 5 5
Microcoecus crepusculum
Micrococcus cinnabareus
Micrococcus flavus liquefaciens
Micrococcus flavus tardigradus .
Micrococcus versicolor . 1 9
Micrococcus viticulosus .
Micrococcus lacteus faviformis
Micrococcus fulvus ; .
Micrococcus viscosus 2 3
Micrococcus coronatus . X 5
Micrococcus radiatus 2 s
Micrococcus flavus desidens . .

Chromogenic saprophytes.

Simple saprophytes.

Micrococcus pyogenes aureus. (Staphylo-
coccus pyogenes aureus, Rosenbach.  Yellow coccus in
pus® Coccus of acute infectious osteomyelitis).—Cocci
singly, in pairs, very short chains, and irregular
masses. Cultivated on nutrient agar-agar an orange-
yellow culture develops, looking like a streak made
with oil paintt (Plate IX., Fig. 2). Cultivated in a
test-tube of nutrient gelatine, the gelatine is rapidly
liquefied, and the growth subsides as an orange-
yellow sediment. On potatoes and blood serum a
similar orange-yellow culture grows luxuriantly.

The micro-organisms injected into the pleura or
knee of a rabbit produce, as a rule, a fatal result
on the following day; but if it survives longer, it
eventually dies of severe phlegmon. If injected

* Ogston, Brit. Med. Journ. 1881.
% Rosenbach.
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into the knee of a dog, suppuration occurs, fol-
lowed by disintegration of the joint. The cocci do
not cause any septic odour in pus, nor does any
gas develop. Albumen is converted by their action
into peptones,

They occur in the pus of boils and in the
abscesses of pyzmia, puerperal fever, and acute
osteomyelitis. Injected into the peritoneal cavity
of animals, they set up peritonitis, and introduced
into the jugular vein they produce septiceemia and
death. When a small quantity of a cultivation was
introduced into the jugular vein after previous
fracture or contusion of the bones of the leg, the
animal died in about ten days, and abscesses were
found in and around the bones, and in some cases
in the lungs and kidneys. Similar cocci were found
in the blood and pus of the animals.*

Micrococcus pyogenes albus (Stap/lylococcus
pyogenes albus, Rosenbach). Cocci microscopically
indistinguishable from the above. In cultivations
also they resemble the Micrococcus pyogenes aureus,
but the growth consists of opaque white masses.
They liquefy nutrient gelatine rapidly, and subside
to the bottom as a white sediment. They are also
similar to the above-mentioned in their pathogenic
action. Pure cultivations of the organism were
obtained from a case of acute suppuration of the
knee-joint.

Micrococcus pyogenes citreus (Stapiylo-

* Becker, Deutsche Med, Wochenschr.: Nov., 1883.
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coccus pyogenes citveus, Passet).® Cocci singly, in
pairs, very short chains, and irregular masses. If
cultivated on nutrient gelatine or nutrient agar-agar,
a sulphur or lemon-yellow growth develops (Plate
X., Fig. 3). When inoculated under the skin
of mice, guinea-pigs, or rabbits, an abscess forms
after a few days, from which a fresh cultivation of
the micro-organism can be obtained. They are
frequently present in pus.

Micrococcus cereus albus (Staplyloccocus
ceveus albus, Passet).* Cocci, morphologically simi-
lar to the above, but distinguished by forming on
nutrient gelatine a white, slightly shining layer,
like drops of stearine or wax, with somewhat
thickened, irregular edge. The needle track de-
velops into a greyish-white, granular thread. In
plate-cultivations, on the first day, white points are
observed, which spread themselves out on the sur-
face to spots of 1—2 mm. When -cultivated on
blood serum a greyish-white, slightly shining streak
develops, and on potatoes the cocci form a layer which
is similarly coloured. (Plate IV., Fig. 3, XI. Fig. 3.)

Micrococcus cereus flavus (Staplhylococcus
cereus flavus, Passet).*—Cocci which also occur in
pus. If cultivated in nutrient jelly, the growth, which
is at first white, becomes lemon-yellow, somewhat
darker in colour than Micrococcus pyogenes citveus.
Microscopically Micrococcus ceveus flavus corresponds
with Micvococcus cereus albus, and they both form

* Passet, Fortschritte der Medicin, Jan, 15th and Feb. 1st, 1885,
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zoogleea of medium-sized cocci (diam. 116 p). In-
oculation experiments with both kinds gave negative
results. Among the micro-organisms present in pus
a coccus has been described as occurring occasionally
which is almost identical with Bacterium pneumonie
croupose ; refer also to Streptococcus pyogenes (p. 225)
and to Micrococcus pyogenes aureus (p. 246).

In the following diseases cocci have been described.
On cultivation they have proved to be in many cases
tdentical with organisms commonly found in pus, etc.
Others require further investigation.

Scarlet fever. — Cocci have been found in the
blood,* in the scales of the desquamating epidermis,t
and in the discharges and ulcerated tissue of the throat
(see p. 232).

Measles.—Round cocci and diplococci have been
observed in the catarrhal exudation, in the papules and
in the capillary vessels of the skin, and in the blood of
patients attacked with measles.f

Whooping-cough.—Elliptical cocci are said to be
constantly present in the expectoration of persons suffer-
ing from whooping-cough.§

Hazmophilia neonatorum, Klebs—A coccus,
which has been named Monas hemorrhagicum, is stated
to be characteristic of this disease.

Typhus. — Actively motile dumb-bell cocci have
been described in the blood, and plugs of cocci in the
lymphatics of the heart, in cases of typhus fever.|

* Coze and Feltz, Malad. Infect. 1872.

+ Pohl-Pincus, Centralblatt f. d. Med. Wiss. 1883.

1 Keating, Priil. Med. Times. 1882. Cornil and Babes, Zes
Bactéries. 188s.

§ Biirger, Ber/l. Klin. Wock. 1883.

|| Mott, Brit. Med. Fournal. 1883.
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Acute yellow atrophy.—Cocci have been observed
in the vessels of the liver in this disease.*

Gangrene.—Oval and round cocci are found, which
form zooglcea in the depth of gangrenous tissues. From
gangrene of the lung cocci have been isolated, which form
greyish-white colonies in plate-cultivations of nutrient
gelatine. In a test-tube of nutrient gelatine a growth
results chiefly on the surface ; the cultivations yield a
penetrating odour.

Micrococus pyogenes tenuis, Rosenbach.—
Cocci, which, cultivated on agar-agar, form an opaque
streak in the track of the needle with a transparent glassy
growth extending from it. Occasionally found in the pus
of closed abscesses.

Rabies.—Cocci have been described in connection
with hydrophobia. The cocci were observed in sections
of the spinal chord of rabid dogs. The descriptions given
by different observers T vary considerably, and it is not yet
ascertained whether any particular coccus is constantly
associated with the disease. Nor have the organisms
observed in stained preparations been cultivated apart
from the diseased animal. By many, however, hydro-
phobia is believed to be due to the presence of a micro-
organism, and researches which are being carried on in
connection with attenuation of the virus still continue to
excite the keenest interest} (p. 198).

Micrococcus of septiczcmia in rabbits,
Koch.§—Ellipsoidal cocci '8—1 p in largest diam.
The disease was produced by the injection of putrid

* Eppinger, Prager Vierteljakrsschrift. 187s. 3

1 Hermann Fol, Académze des Scienmces. 1885. Babes, ZLes
%%%térzbs. 1886.  Dowdeswell, Fowrn. Royal Microscop. Soc.
1886.

1 Pasteur, Comples Rendus. 1882. Congrés de Copenkhague,
1884. Académie des Sciences, 1885, 1886. Vignal, ‘‘ Report on M.
Pasteur’s Researches on Rabies and the Treatment of Hydrophobia
by Preventive Inoculation,”’ Brit. Med. Fournal. 1886.

§ Koch, Wundinfect. Krankheit. 1878.



SYSTEMATIC AND DESCRIPTIVE. 251

meat infusion. After death slight cedema was
noted at the site of injection, slight extravasation of
blood, and great enlargement of the spleen. No
emboli or peritonitis resulted. Masses of cocci
were found in the capillaries of different organs,
especially in the glomeruli of the kidneys. Rabbits
and mice inoculated with blood from the heart
proved susceptible to the disease.

Micrococcus of pyesemia in rabbits,
Koch*—Round cocci and diplococci ‘25 p in
diam. The disease was produced by the subcu-
taneous injection in a rabbit of distilled water in
which the skin of a mouse had been macerated.
At the autopsy there were found great infiltration
around the site of injection, peritonitis, and accu-
mulations in the liver and lungs; in short, the
appearances of pyaemia. In the capillaries of the
organs examined, masses of cocci were observed
enclosing blood-corpuscles (Fig. 75). Fresh in-
oculations in rabbits with exudation-fluid, or blood
from the heart, reproduced the same disease.

Micrococcus of progressive suppuration in
rabbits, Koch.*—Cocci only about ‘15 g in diam.,
principally in thick zoogleea. The disease was
induced by the injection into rabbits of decom-
posing blood. At the place of injection a spread-
ing abscess formed, which was fatal to the animal in
about twelve days. No bacteria were observed in
the blood, but in the walls of the abscess thick

* Koch, Wundinfect. Krankkheif. 1878.
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masses of cocci were found. The pus is infectious,
causing the same disease in healthy rabbits.
Micrococcus parvus ovatus (Bacillus parvus
ovatus, Loffler).~—Small ovoid cocci, similar to the
coccus of rabbit septiceemia. Cultivated on gelatine
they develop readily a greyish-white growth at the
entrance of the inoculating needle. They are
pathogenic in mice and rabbits. They proved also
fatalin a pig after two days, producing cedema of the

F1ec. 75.—Micrococcus oF PvzEmia IN RaBBITS ; VESSEL FROM THE CORTEX
orF THE KIDNEY, X 700. (@) Nuclei of the vascular wall; (¢) Masses of
micrococci adherent to the wall and enclosing blood-corpuscles.

skin, inflammation of the mucous membrane of the
stomach, but no effect on the general intestinal tract
or mesentery. They were isolated from a pig suffer-
ing from a fatal disease simulating swine-erysipelas.

Micrococcus of pyaemia in mice, Klein.—Cer-
tain cocci which were present in pork broth proved fatal
to mice in about a week, producing purulent inflammation
and abscess in the lungs. Fresh inoculations in mice
again produced a fatal result with pyamic symptoms.

Micrococcus perniciosus (Parrot disease). —
Cocci, singly, in chains, and in zoogleea have been
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described in connection with the disease of the grey parrot
(Psittacus erithacus)* This disease is fatal to about 8o
per cent. of these parrots imported to Europe. They
suffer from diarrhcea and general weakness ; their feathers
are ruffled, their wings hang loosely, and their eyelids
close; convulsions set in, and death follows. At the
autopsy greyish nodules are found in the lungs, liver,
spleen, and kidney ; in and around the capillaries of these
nodules, and in the blood of the heart, the cocci are found
in great numbers in zooglceea, and more rarely in chains.
Inflammatory change in the surrounding tissue is absent.

Micrococcus bombycis, Béchamp (Microzyma bom-
bycis)—Oval cocci *5 u in diam,, singly, in pairs, and chains.
They occur in the contents of the alimentary canal, and
in the gastric juice of silkworms suffering from “ flackerie”
(“ Maladie de morts blancs,” “ flaccidezza,” * schiafsucht”).

Micrococcus insectorum, Burrill.—Obtusely oval
cells, ‘7—1 u long and ‘55 m broad, singly, in pairs,
chains, or zoogleea. They were detected in the digestive
organs of the chinck-bug (Blissus leucopterus) when
suffering from a certain contagious disease.

Micrococcus amylivorus, Burrill—Oval cells,
1—1°4 p long, 7 u broad, singly, in pairs, and rarely in
fours, never in chains, are found embedded in an abundant
mucilage which is very soluble in water. They have been
described as producing the so-called “fire blight ” of the
pear tree and other plants.

Micrococcus cyaneus, Cohn (Bacteridium cyaneum,
Schréter).—Elliptical cells, growing upon cooked potato,
and producing a blue colour. In nutrient solutions they
form zoogleea, at first colourless, then bluish-green, and
finally intense blue.

Micrococcus aurantiacus, Schréter.—Cocci, oval,
" 1°5 w in diam,, singly or in pairs, or in zoogleea. They
occur as orange-yellow spots which coalesce into patches.
A golden-yellow pellicle develops when they are cultivated

* Wolff, Virchow's Archiv. 1883.
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in nutrient liquids. The colouring matter is soluble in water.
They were observed on boiled potatoes and white of egg.

Micrococcus chlorinus, Cohn.—Cocci occur in
the form of a finely granular zooglcea, causing a yellowish-
green or sap-green layer on boiled eggs and nourishing
solutions. The colouring matter is soluble in water, and
is decolorised by acids.

Micrococcus violaceus, Schréter.— Cocci or
elliptical cells, described as uniting into violet-blue gela-
tinous spots, which again unite to form larger patches,
They were observed on boiled potatoes exposed to the air.

Micrococcus luteus, Schréter—Cocci similar in
size to the above, elliptical, with highly refractive cell
contents. They form yellow drops of 1—3 mm. diam.
on boiled potato, and a thick, wrinkled, yellow skin on
nutrient liquids. The colouring matter is insoluble in
water, and unchanged by sulphuric acid or alkalies.

Micrococcus rosaceus.— Cocci forming pink
colonies, and a rose-coloured growth on the surface of
nutrient agar-agar. Observed contaminating an old cul-
tivation (Plate X., Fig. 2).

Micrococcus hamatodes, Zopf.—Cocci, which,
cultivated on boiled white of egg in a damp chamber in
the incubator, form a red layer. The reaction of the
colouring matter is similar to that produced by Micrococcus
prodigiosus. They have been observed in human sweat,
especially from the axilla, colouring the surrounding parts
and the linen an intense brick or blood-red colour.®

Micrococcus candidus, Cohn.—Cocci forming
snow-white points and spots, upon slices of cooked potato.
Possibly identical with the following :—

Micrococcus candicans, Fligge—Cocci which
collect in masses. In plate-cultivations they form in two
or three days milk-white colonies. Cultivated in test-
tubes they form a white nail-shaped cultivation. They
were isolated from contaminated plate-cultivations.

* Babes, ‘“ Vom Rothen Schweiss,”’” Bl Centrabl., Bd. 2. 1882,
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Micrococcus feetidus, Rosenbach.—Small oval
cocci. Cultivated in agar-agar they develop gas-bubbles
and a feetid odour. Isolated from carious teeth. Possibly
closely allied to, if not identical with, the following :—

Micrococcus crepusculum, Cohn (Monus crepus-
culum, Ehrenberg. Mikrokokken in faulenden Substraten,
Fliigge).—Round or short oval cells, scarcely 2 w in diam. ;
singly or in zoogleea. They occur in various infusions
and putrefying fluids in company with Bacterium termo.

Micrococcus cinnabareus, Fligge. — Large
cocci occurring in twos, threes, and fours. In plate-
cultivations they grow very slowly, forming punctiform
colonies, in colour bright red at first, and afterwards
reddish-brown. In test-tube cultivations they form on
the surface of the gelatine a heaped-up, red-coloured
growth. Found contaminating old cultivations.

Micrococcus flavus liquefaciens, Fligge—
Cocci, diplococci, and zoogleea.  On plate-cultivations they
form yellowish colonies, and in test-tubes yellowish beads,
which become confluent and rapidly liquefy the gelatine.

Micrococcus flavus tardigradus, Fligge—
Cocci forming chrome-yellow colonies. Cultivated in test-
tubes they form yellowish beads in the needle track,
which remain isolated, and do not liquefy the gelatine.
Isolated from contaminated cultures.

Micrococcus versicolor, Fligge—Small cocci,
which form iridescent colonies. In test-tubes they grow
in the form of yellowish beads, and develop an iridescent
layer on the surface.

Micrococcus viticulosus, Fligge—Oval cocci,
1'2 @ in length, and 1 w in width. In plate-cultivations
the colonies differ when embedded in the nutrient medium
and when growing on the surface. The characteristic
appearance consists of a delicate network, which is visible
also in test-tube cultivations in the track of the needle.
On the surface of the medium they form a viscous layer.
They were isolated from contaminated cultivations.
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Micrococcus lacteus faviformis, Bumm and
Bockart.—Cocci 1°25 u in diam. Cultivated in gelatine
they form milk-white confluent colonies, and preparations
made from the cultivations have a characteristic honeycomb
appearance. Isolated from vaginal secretions, and from
sputum.

Micrococcus fulvus, Cohn—Cocci round 1'5
in diam., frequently in pairs. They form rusty-red conical
drops of a firm consistency, and about ‘5 mm. diam., on
horse-dung.

Micrococcus viscosus, Pasteur.—Globular cells
2 p in diam., singly or in chains. These and allied
forms have been considered to be the cause of mucoid
fermentation in wine and beer* (vin filant, biérve malade).

Micrococcus coronatus (Streptococcus  coronatus,
Fligge)—Cocci 1 p in diam., singly, in short chains,
and in zoogleea. In plate-cultivations the colonies have
a characteristic halo, formed by the liquefaction of the
gelatine around the colony. Isolated from the air.

Micrococcus radiatus (Szreprococcus radiatus,
Fligge).—Cocci less than 1 u in diam, singly, and in
short chains. They rapidly form whitish colonies with a
yellowish-green sheen. They liquefy the gelatine, the
colonies sinking down, and after one or two days develop-
ing a circlet of rays. A peculiar ray-like appearance is
characteristic also of the growth in test-tubes. Isolated
from contaminated plate-cultivations.

Micrococcus flavus desidens (Streptococcus
Jflavus desidens, Fligge).—Cocci, diplococci, and short
chains, They form yellowish-white colonies, which
gradually sink down in the gelatine. In test-tubes they
form china-white, confluent masses in the tract of the
needle, and on the surface a yellowish-brown slimy layer.
Isolated from contaminated plate-cultivations.

* Pasteur, Efudes sur le Vin; sur la Bitre. 1866 ; 1876.
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Genus V.—Ascococcus.

SPECIES.

UNASSOCIATED WITH DISEASE :—
Ascococcus Billrothii .  Zymogenic saprophyte.

Ascococcus Billrothii.—Small globular cocci,
united into characteristic colonies. They form on
the surface of nourishing fluids a cream-like skin,
divisible into an enormous number of globular or
oval families. Each family is surrounded by a
thick capsule of cartilaginous consistency. In a

Fi1c. 76.—Ascococcus BiLrLroran [after Cohn].

solution containing acid tartrate of ammonia the
fungi generate butyric acid, and change the origin-
ally acid fluid into an alkaline one. They were
first observed on putrid broth, and later on or-
dinary nourishing solutions; they also readily
develop upon damp slices of boiled roots, carrots,
beetroots, etc.

17
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METHODS OF STAINING COCCI.

Cocci stain well with watery solutions of gentian-violet,
methyl-violet, fuchsine, methylene blue, and bismarck-
brown. For examining cocci in liquids such as pus or
blood, or in cultivations in solid media, a little of the
material should be spread out on a cover-glass (page 65),
and stained with a drop or two of a watery solution of
fuchsine or methyl-violet. The former is especially recom-
mended for staining Merismopedia gonorriece.

For a zoogleea, or pellicle of micrococci, Klein recom-
mends transference bodily to a watch-glass containing the
dye, leaving it there till deeply tinted, then taking it out
with a needle, washing in water, and then in alcohol till
excess of colour is removed. It must then be transferred
to a glass slide, spread well out, and a drop of clove-oil
placed on it ; after a minute or two the clove-oil is drained
off, a drop of Canada balsam added, and covered with a
cover-glass.*

Cocci in the tissues may be stained by immersing the
sections in an aqueous solution of gentian-violet, or
in aniline-gentian-violet solution, then rinsing in water,
_decolorising in alcohol, treating with clove-oil, and pre-
serving in balsam (p. 76); or, after washing with alcohol,
they may be rinsed with water, and stained for half an
hour with Weigert’s picrocarmine.. From this they are
again removed to water, then to alcohol, clove-oil, and
Canada balsam.

The method of Gram is much more satisfactory (p. 76,
Plate IT,, Figs. 1 and 2). Sections should be examined with
and without a contrast stain. The affer-stain most com-
monly employed is eosin. The sections after the process
of decolorisation should be placed in a weak alcoholic
solution of eosin (two or three drops of a concentrated
alcoholic solution added to a watch-glassful of alcohol),
till stained a delicate pink. They are then rinsed in

* Klein, Micro-organisms and Disease. 188s.



SYSTEMATIC AND DESCRIPTIVE. 259

fresh alcohol, treated with clove-oil, and preserved in
Canada balsam.

Sections containing cocci of osteomyelitis may be afzer-
stained with weak solution of vesuvin. Safranine and picro-
lithium-carmine may also be used as contrast stains (p. 78).

Nuclear stains, such as carmine, heematoxylin, may also
be employed. Sections may be left one minute in Gre-
nacher’s solution, then washed out in weakly acidulated
alcohol (2—1000) ; and finally treated in the usual way,
with alcohol, oil of cloves, and balsam.

Sections containing Micrococcus tetragonus are best
stained with Gram’s method and eosin (Plate XXIV.,,
Fig. 2), but they may also be treated by the method of
Friedldnder, to demonstrate their capsules (p. 263).

To stain the cocci of rabbit-septicemia in the tissues,
place the sections twenty-four hours in Loffler’s solution,
wash in water faintly acidulated with acetic acid, then treat
with alcohol, oil of cloves, and balsam.

Grour 11.—BACTERIACEZA.

Genus 1. Bacterium.—Cocci and rods, or only rods,
which are joined together to form threads. Spore-
formation absent or unknown.

Genus I1. Sgirillum—Threads screw-form, made up
of rods (long or short) only, or of rods and cocci.
Spore-formation absent or unknown.

Genus III. Leuconostoc.—Cocci and rods. Spore-
formation present in cocci.

Genus IV. Bacillus—Cocci and rods, or rods only,
forming straight or twisted threads. Spore-
formation present either in rods or cocci.

Genus V. Vibrio—Threads screw-form in long or
short links. Spore-formation present.

Genus V1. Clostridium.—Same as bacillus, but spore-
formation takes place in characteristically en-
larged rods.
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Genus [.—Bacterium.
SPECIES.

ASSOCIATED WITH DISEASE :—

In man . / Bacterium Neapolitanum

In animals

Bacterium cavicida

UNASSOCIATED WITH DISEASE :—

Bacterium synxanthum

Bacterium indicum
Bacterium rubrum

Bacterium decalvans . £
Bacterium in diphtheria of calves . Pathogenic (?).
Bacterium of diphtheria of pigeons Pathogenic.
Bacterium cholerze gallinarum
Bacterium septicum agrigenum »
Bacterium of septiceemia in rabbits 5
Bacterium of Davaine’s septiczemia v
Bacterium septicum sputigenum
Bacterium crassum sputigenum
Bacterium pneumonicum agile
Bacterium oxytocum perniciosum

Bacterium in rhinoscleroma
Bacterium in diphtheria

Bacterium saprogenes .

Bacterium coli commune
Bacterium lactis aérogenes
Panhistophyton ovatum '
In plants . Bacterium hyacinthi

Bacterium prodigiosum .

Bacterium luteum

Bacterium violaceum
Bacterium brunneum g
Bacterium fluorescens putidum

Bacterium pneumonize crouposae

Bacterium pseudo-pneumonicum

. Pathogenic (?); possibly
only saprophytic in man,
pathogenic in animals.

. Saprophytic in man, patho-
genic in animals.

” ” ”n
. Pathogenic in man (?).
. Saprophytic in man (?),
pathogenic in animals.
. Saprophytic in man, patho-
genic in animals.
Saprophytic.

3 ”

3 ”

@ ”
) ”
- n
Y ”
< 1

! Patf;ogenic ?).

: Chromogenic saprophytes.

Bacterium fluorescens liquefaciens

Bacterium urez
Bacterium aceti

Bacterium Pasteurianum

Bacterium liodermos
Bacterium multipediculum
Bacterium ramosum liquefaciens

Bacterium Zopfii

Bacterium merismopedioides .

Bacterium Pfliigeri

Bacterium photometricum

Bacterium litoreum

Bacterium fusiforme

Bacterium navicula

Proteus vulgaris
Proteus mirabilis
Proteus Zenkeri
Bacterium termo
Bacterium lineola

3 }Zymogenic saprophytes.

Simple saprophytes.
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Bacterium pneumonize crouposae (Preuno-
coccus, Friedlinder).—Cocci ellipsoidal and round,
singly, or in pairs (diplococci), rods and thread-
forms. The cell-membrane thickens, and develops
into a gelatinous capsule, which is round if the
coccus is single, and ellipsoidal if the cocci occur in
pairs or in rod-forms (Fig. 77, Plate I., Fig. 3).
Cultivated in a test-tube of nutrient gelatine they
grow along the needle track in the form of a round-
headed nail (Plate. V., Fig. 2), without liquefaction

F16. 77.—BACTERIUM PNEUMONIE CROUPOSXE, FROM PLEURAL CAVITY OF
A Mousk, x 1500. A, B. Thread-forms. C, D, E. Short rod-forms.
G. Diplococci. H. Cocci, 1. Streptococci, [After. Zopf.]

of the gelatine. The cocci when artificially culti-
vated have no capsule, but it again appears after
their injection into animals. The cocci can also
be cultivated on blood serum and on boiled potatoes.
They occur in pneumonic exudation.* Inoculation
of dogs with a cultivation of the cocci occasionally
gave positive results; but in rabbits no results

* Friedlander, Fortschr. d. Med. 1883.
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followed. Guinea-pigs proved to be susceptible
in some cases; but thirty-two mice, after injection
of a cultivation diffused in sterilised water into the
lungs, died without exception. The lungs were
red and solid, and contained the cocci, which were
also present in the blood, and in enormous numbers
in the pleural exudation. Inhalation experiments
by spraying the cocci diffused in water into mouse
cages succeeded in producing pneumonia and
pleurisy in three out of ten mice. The nail-shaped
cultivation is not always produced, nor are these
conclusions accepted by all investigators.*

METHODS OF STAINING THE BACTERIA OF PNEUMONIA.

(Pneumonie-Coccen, Friedlander.)

Cover-glass preparations (p. 65) of pneumonic sputum
or exudation may be treated as follows :—

(@) Stain by the method of Gram, and after-stain with
eosin (p. 76).

(6) Treat with acetic acid, then stain with gentian-
violet or bismarck-brown. Examine in distilled water, or
dry and preserve in Canada balsam.

(¢) Float them on weak solutions of the aniline dyes
twenty-four hours; differentiation between coccus and
capsule is thus obtained.

(d) Stain with osmic acid ; the contour of the capsules
is brought out.

Sections of pneumonic lung should be stained by—

(2) Method of Gram.

(6) Method of Friedlinder. This method is employed
to -demonstrate the capsules in tissue sections, It consists

* Klein, Micro-organisms and Disease. 1885.
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in placing the sections twenty-four hours in the following
solution :—

Fuchsine . : ; : " 1
Distilled water . : 3 . 100
Alcohol ; : : 2 ; 5
Glacial acetic acid 2 : . 2

They are then rinsed with alcohol, transferred for a couple
of minutes to a 2 per cent. solution of acetic acid, and in
the usual way treated with alcohol and oil of cloves, and
preserved in Canada balsam.

Bacterium pseudo-pneumonicum (Baczllus
pseudo-pneumonicus, Passet).—Cocci round, oval, and
occasionally elongated, similar to the bacterium
of pneumonia. The oval forms are ‘87 n in width,
and 1°16 p in length. The colonies on plates appear
in twenty-four hours as white dots; in test-tubes
the growth develops as a greyish-white layer.
If injected into the pleura they set up pleuritis,
and into the abdomen peritonitis, in mice, rats, and
guinea-pigs.  Subcutaneous inoculation produces
septicemia in mice, and abscesses in rats, guinea-
pigs, and rabbits. Inhalation experiments gave
no results. They were isolated from pus.

Bacteria Neapolitanum (Bacillus Neapolitanus,
Emmerich).—Short rods with rounded ends. In width
‘0 p (Fig. 78). They form circular colonies, which later
become irregular, granular, strongly refractive, and of a
yellowish-brown colour. By introducing a large quantity
into small animals changes were produced in the intestines
with an analogy to the post-mortem appearances of cholera.
They are probably identical with bacteria found in healthy
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feeces. They were isolated from some cases of cholera at
Naples, '

Bacterium of Rhinoscleroma (Bacilius of
Rhiinosclevoma, Cornil and Alvarez *).—Cocci and
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Fic. 78.—BactErRtuM NeapoLiTANUM, x 700. (@) From intestinal contents
in a case of cholera; (4) From peritoneal fluid of an inoculated guinea-
pig [after Emmerich].

short rods, 1°5—3 p in length, '5—8 pu thick.

Deeply coloured points or granules may occur in

the course of the rods when stained, but it is very

doubtful whether these can be considered as spores.

The bacteria are encapsuled, the capsule being round

when enclosing a coccus, and ovoid when enclosing

©¢p §\%

F16. 79.—BACTERIA OF RHINOSCLEROMA, x 1400. Encapsuled cocci, diplo-
- cocci, and short and long rod-forms [after Cornil].

a rod (Fig. 79). The capsule is composed of a tough
resisting substance; two or more capsules may
unite by fusion, enclosing two or three, or a great
number of rods. The bacilli were observed in
sections of a tumour, #/%inoscleroma, which develops

* Cornil and Babes, Zes Bactéries. 188s.
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on the lip and on the nasal and pharyngo-laryngeal
regions.

METHQOD OF STAINING THE BACILLUS OF RHINO-
SCLEROMA.

Method of Cornil and Alvarez :—

Sections are immersed in a solution of methyl-violet (B)
for twenty-four to forty-eight hours, with or without the
addition of aniline-water ; are then decolorised after treat-
ment with the solution of iodine in iodide of potassium.
If the sections are left to decolorise in alcohol for forty-
eight hours, the capsule is rendered visible,

Bacterium in diphtheria of man (Bacillus
of diphtheria, Loftler).— Rods about the same length
as the tubercle bacillus, but about twice as thick;
the longer ones consist of single individuals
linked together. Spores not observed. They
were cultivated in a mixture consisting of three
parts of calf’s or lamb’s blood serum, to which
was added one part of neutralised veal broth,
containing I per cent. peptone, I per cent. grape
sugar, 13 per cent. common salt. Cultivated in
5 per cent. gelatine at 20—22° C,, the rods
developed into irregular involution-forms. In-
oculation gave doubtful results. The bacillus was
isolated from diphtheritic membrane.* They were
particularly noticeable in those typical cases
characterised by a thick false membrane, extending
over the fauces, larynx, and trachea. They occupied

* Loffler, Mitthedl. a.d. K. Gesundheitsamie (Microparasites in
Disease, New Syd. Society).
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the deeper layers below the masses of bacteria
which are found on the surface, such as the
streptococci already described (p. 231).

METHOD OF STAINING THE BACTERIA IN DIPHTHERIA.

Lofler's Method :—

Sections are placed in Loffler’s solution for a few
minutes, and excess of stain removed by  per cent.
solution of acetic acid. They are then treated with
alcohol and cedar-oil, and mounted in Canada balsam.

Bacterium saprogenes (Bacillus saprogenes No. 3,
Rosenbach).—Rods isolated from the putrid marrow of a
case of compound fracture, Cultivated on nutrient agar-
agar, an ash-grey, almost liquid culture is developed, with
a strong characteristic odour of putrefaction. Injected
into the knee-joint or abdomen of a rabbit, an opaque,
yellowish-green infiltration resulted (vide Bacillus sapro-

genes, p. 346).

Bacterium decalvans, Thin.—Cocci, singly or in
pairs, 1°6 u in length. Observed in the roots of the hair
in cases of Alopecia areata.

Bacterium in diphtheria of calves (Baci/lus
vitulorum, Loffler).—Rods about five or six times as
long as wide, mostly united in long threads. A
piece of tissue placed on blood serum developed a
white layer composed of the bacteria. Successive
generations were not obtainable. Mice inoculated
directly from the calf died of a characteristic illness,
and the same long bacteria were again found in the
inoculated animals accompanying widespread infil-
tration, starting from the point of inoculation. In-
oculation of guinea-pigs and rabbits gave doubtful
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results. The bacteria were found in the deeper
stratum of the diphtheritic patches.

Bacterium of diphtheria of pigeons (Baci/lus
columbarum, Loffler).—Short rods with rounded
ends, mostly in irregular masses. In plate-cultiva-
tions on nutrient gelatine they formed whitish
patches on the surface, and compact, ball-like
masses when embedded in the gelatine. They
were also cultivated on blood serum and potatoes.
Subcutaneous inoculations in pigeons with a pure
cultivation produced local inflammation and
necrosis ; inoculation in the mucous membrane of
the mouth gave the appearances of the original
disease. Other animals were only locally affected,
except mice, in which characteristic symptoms
and death resulted. They were isolated from
the diphtheritic exudations in pigeons, and in
sections were found in the vessels of the lungs
and liver. ‘

Bacterium cholerze gallinarum (Mzcrococcus
cholere gallinarum, Zopf. Bacterium of Fowl-cholera.
Microbe du choléra des poules).—Cocci 2—3 win diam.,,
short rods staining deeply at either pole, and longer
beaded rods (Figs. 8o, 81). In the tissues they
appear mostly as rods 2—3 p in length and 5 w in
diam., with their extremities stained more deeply
than their middle* (vide p. 165). When cultivated
by introducing a drop of the infected blood into
sterile chicken broth, a number of round bodies,

* Comil and Babes, Les Bactéries.
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undergoing rapid movement and as a rule united as
diplococci, or elongated and contracted in the middle,
appear in the broth, which is at first slightly milky,
but becomes limpid, and the microbes at the same
time pass into a finely granular state. From this,

Fi16, 80.—BacTErRiuM oF CHicKEN CHOLERA; Brooo of
INocuLaTED HEN, X 1200,

however, fresh cultures can still be started. Culti-
vated in a test-tube of nutrient gelatine, after from
three days to a week there develops along the needle
track a fine, almost imperceptible, greyish thread

" e
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Fic. 81.—BACTERIUM OF CHICKEN CHOLERA, FROM MUSCLE JUICE OF.
InrecTED HEN, X 2500 [from a Photograph].

without liquefaction of the gelatine (Plate IV,,
Fig. 2). The growth is exceedingly scanty, even
after several weeks.

Fowls suffering from the disease usually die very
rapidly. In the less acute cases they are somnolent,
weak in their legs, and their wings trail. They
suffer from diarrhcea, and pass into a state of sopor
and die. The micro-organisms are found in large
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numbers in the blood and organs after death, and
in the intestinal discharges.

A drop of the broth injected into the connective
tissue in the region of the pectoral muscles causes
the death of the fowl the following day, with charac-
teristic pathological changes.* If a culture be kept
for some time, and a fowl be then inoculated with
it, instead of death only local changes are produced,
and the fowl is protected against the action of a
virulent culture; thus affording an example of so-
called matigation of the virus.t The microbe is
arobic, and its toxic effect has been supposed to be
due to the abstraction of oxygen from the blood
producing asphyxia.

Bacterium septicum agrigenum (Bacillus sep-
ticus agrigenus, Nicolaier).—Cells morphologically similar
to the microbe of chicken cholera. The colonies on plate-
cultivations have a yellowish-brown centre, with a greyish-
yellow zone. 1In test-tube cultivations the appearances
are not characteristic. They are pathogenic in mice and
in rabbits. The organs show no characteristic post-mortem
appearances, but the bacteria abound in the blood. They
were isolated from earth.

Bacterium of septiceemia in rabbits (Bacillus
cuniculicida, Koch).—Short rods, slightly pointed at
both ends ; in width ‘6 p—7 p, in length 1°4 u. They
stain deeply at the ends, leaving an uncoloured

* Cornil, ““ Observ. Hist. sur les Lésions des Muscles déterminées
par linjection du Microbe du Choléra des Poules” (Arckives de

Plysiologie. 1882); Cornil and Babes, Les Bactéries. 188s.
+ Pasteur, *“ Sur le Choléra des Poules,”” Compt. Rendus. 1880.
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interval in the middle (Fig. 82), an appearance which
must be distinguished from a diplococcus or figure
of eight. Two or more bacteria may be linked
together in a chain. They may be cultivated in
bouillon, blood serum, and nutrient gelatine. In
plate-cultivations of the latter, they produce dot-
like colonies, and in test-tubes little spherical
masses in the needle track, and a layer on the free
surface. The smallest quantity inoculated subcu-
taneously or in the cornea of a rabbit produces
a rise of temperature and laboured breathing after
10—12 hours, and death in 16—20 hours. The

g{,”ﬂ’ Y,
’ f

Fic. 82.—BacTERIUM OF RABBIT SEPTICZMIA; BLOOD OF SPARROW,
X 700 [after Koch].

spleen and lymphatic glands are found to be en-
larged, and the lungs congested, but no extravasa-
tions, and no peritonitis. In the blood the charac-
teristic rods abound, and in sections they are found
in the vessels and capillaries. Mice and birds are
very susceptible; guinea-pigs and white rats have
an immunity. The disease was produced by in-
oculating rabbits with contaminated water (River
Panke) and with putrid meat infusion.
Bacterium of Davaine’s septiczemia.—Rods
similar to the bacteria described by Koch. They
were also found in the blood of rabbits suffering
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from septicemia, which, however, differed from
Koch's septicemia in that guinea-pigs were sus-
ceptible and pigeons immune.

Bacterium septicum sputigenum (Microbe de
salive, Pasteur. Micrococcus Pasteurt, Sternberg.*
Bacillus septicus sputigenus, Frinkel).—Cocci oval,
singly, in pairs, and in chains; often lanceolate or
rod-shaped ; encapsuled. They grow well in broth,
and on agar-agar at 30° to 35° C. On the solid
media they form a superficial, nearly transparent
deposit of gelatinous consistence. They are patho-
genic in rabbits, producing typical ¢ sputum
septicemia.” Fowls and dogs have an immunity,
and guinea-pigs are less susceptible than rabbits.
Mice die within forty-eight hours after being inocu-
lated. The blood of an infected rabbit just dead
is more potent than a liquid culture or than saliva
containing the coccus. An animal which recovers
after an injection of saliva is stated to be protected
from the potent virus. The pathogenic power is
modified by cultivation at a temperature between
39'5°and 40'5°. The organism has been supposed
to be intimately associated with croupous pneu-
monia, but any exact relation cannot be considered
as established. The organism differs from the
Bacterium pnenmonie croupose in that it is patho-
genic in rabbits, it can be directly isolated from
rusty sputum, and it requires a temperature for

* Sternberg, Stud. Biol. Lab., Fohn Hopkins, Univ. 11, No, 2,
1882. Fournal Royal Microscop. Society. 1886.
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its growth at which nutrient gelatine is liquefied.
The cocci were first observed in the blood of a
rabbit inoculated with healthy saliva, and again
found in a rabbit which died after inoculation with
the saliva of a child suffering from rabies. Later
they were isolated from the blood of rabbits in-
oculated with the buccal secretions of different
individuals, and were found to be constantly present
in the rusty sputum of pneumonic patients.

Bacterium crassum sputigenum, Kreibohm.
—Short thick rods with rounded ends. Colonies
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