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2 PATHOLOGICAL MYCOLOGY.

problem has the building of hypotheses on other than the basis of
exact observation been more discredited, and the principle more firmly
established that the only rational method of search for any cause is
the close scrutiny of effects, within the confines of which the cause
must necessarily be traced. It thus happens that this discussion has
been already limited in many directions by the results of careful
investigation of all the circumstances which occur in such cases; and
it is now held to be indisputable that in certain forms of disease
micro-organisms do play the part of the exciting cause. Tt is of
paramount importance to note what have been the means employed
in attaining this result, and to inquire whether the same principles
applied to the investigation of other diseases in which miero-organisms
occur may not lead to a more distinct and accurate conception of
their real significance. In so doing it will be found necessary to
enter somewhat minutely into details connected with the wvital
peculiarities of these lowly organised forms, and to describe in order
those methods of cultivation and observation which the experience
of specialists in this domain of science has pointed out as the
simplest and most effectual means of becoming acquainted with their
more important characteristics.

TrUE POSITION OF THE SUBJECT.

2. Hitherto the work has been carried on by experts only, and the
medical profession has been divided into two distinct, but equally
illogical, factions. There seems to be a general disposition on the
one hand to * pooh-pooh ” the very name of micro-organism, whilst on
the other there is only too good an example of excessive zeal. The
former section scouts the notion of any connection, direct or indirect,
relative or absolute, between micro-organisms and disease, of what-
ever nature. The members of this section have usually had but
scant opportunity of studying the evidence now at our disposal,
and still less have they tried to settle the matter by a thorough
personal investigation. The whole matter is summed up by them
as a prevailing “medical fashion,” and is cast aside as utterly un-
worthy of serious consideration. The second section, it is much to
be feared, has in great measure to answer for this antagonism. Its









































































































































































58 SOLID CULTIVATION MEDIA.

respectively, if the potatoes are of very large or small size) in this
position, and the water must be kept boiling the whoile of that time.

FiG. 15.—Bacillus anthracis growing on sterilised potato. The
growth has a succulent appearance, and forms an elevated plateaun
with rounded edges.

The potato-holder is now removed, and is placed on a layer of filter
paper, soaked with a one per cent. solution of perchloride of mercury,
to prevent contamination from the ingress of germs from below
carried by currents of heated air, whilst the lid is very slightly raised
at one side to allow the steam to escape, and at the same time to
prevent access of germs from above. :

Whilst they are thus cooling, preparations must be made for
receiving the potatoes into sterile chambers. Shallow glass bells (Fig.
17) are prepared for their reception, by thoroughly rinsing them
with the corrosive sublimate solution (HgCl, 1°/,). The lower half
of each bell is provided with a double layer of filter paper, which
accurately fits its floor, and this is also soaked with the same solution.
The bell thus prepared is allowed to stand an hour or two before
use, to permit of subsidence of dust and spores in the contained air,
and is kept carefully closed till the moment when the sterile potatoes
are introduced.
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tilled water. The flasks are provided with compact cotton wool
plugs. To make these, a square piece is taken from a sheet of

FiG, 23.—Mucor Lichtheimii growing on bread paste.
On the surface of the delicate growth, small translucent yellow
beads of liquid (whichs give an alkaline reaction) are seen.

cotton wool, and the corners consecutively turned inwards towards
the centre, till a firm round mass is produced. This is pushed into
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the neck of the flask, with its smooth compact end downwards, which
- adapts itself closely to the smooth inner surface of the neck of the

FIG. 24.—Aspergilius albus growing on bread paste.

flask. 'When such a flask has been sterilised, the firm plug acts as a
mechanical filter, allowing free interchange of air between the atmo-
E




66 SOLID CULTIVATION MEDIA,

sphere inside and that outside the flask, but preventing all ingress of
germs from without. The preparation of these plugs is a matter of

F1G. 25.—Aspergilins repens growing on bread paste—commencing growth.

great importance, for upon their effectiveness as filters depends the
purity of artificial cultures, not only in this special mode of cultiva-
tion, but in several of those to be mentioned subsequently.
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The steam steriliser is now prepared, and when the water is boiling
the flasks are placed in the steam chamber, where they remain for

FIG. 26.—Aspergiilus repens growing on bread paste (extension of surface of
growth causing undulations.)

half an hour. They are then removed, and placed in an ice-press for
twenty-four hours, and then once more steamed for thirty minutes.
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the flask pluzged, and only then is it restored to its upright position.
During all these manipulations the operator is careful not to breathe
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Fia. 28, —Adspereilins nigreseens growing on bread paste,

upon the flask, plug, or inoculating wire, and his hands are previously
washed in a 1 per rooo solution of perchloride of mercury, to destroy
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germs which might be carried upwards into the flask with the hot air
currents which are constantly rising from all the free surfaces of the

Fic. 29.—Micrococcus of osteo-myelitis growing on bread paste.

body.? The inoculated bread paste may with advantage be incubated
in any of the forms of incubator em-

at summer or at blood heat,

S : : d
1 «Fssays on the Floating Matter of the Air in relation to Putrefaction an

Infection "—Tyndall : London, 1851,
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ployed. Most organisms will also grow upon this soil at ordinary
temperatures, but more slowly than when incubated. By slightly

FiG. 30.—Black 7erulz growing on bread paste.

varying the proportion of water in the process of preparation, a more
or less succulent paste can be produced, and the requirements of a
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NUTRIENT JELLY IN TEST-TUBES,

organisms inoculated in the antiseptic vapour do not there-
by lose their vitality, while, if the spray be an efficient one, all

|
@&
i

F1G. 35. F1G. 36.

Fr16. 35.—Growth of violet bacillus in nutrient jelly. The growth -

commences first near the surface, along the track of the needle.
Liquefaction rapidly takes place, the liquefied material forming a
kind of inverted cone, the apex of which is made up of small beads
or globes, in which the violet masses of bacillus are deposited.

There is a violet scum floating on the surface of the slightly turbid
liquid ; if the test-tube be shaken slightly, part of this sinks. Near
the apex of the cone, and on the floor of the small beads, masses of
the violet bacillus are seen.

F1c. 36.—Fluorescing bacillus growing in nutrient jelly. A
delicate green, slightly opalescent, film is seen on the surface of the
jelly. A pale grey growth is seen along the track of the needle. The
surrounding f’;.:%]y gradually assumes a peculiar green fluorescent ap-
pearance, which alters very considerably according to the bacﬁ—
ground and the lighting used. This resembles the bacillus of blue
milk in many respects, especially below the surface. The surface
growths, however, differ very materially.

I‘"
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82 SOLID CULTIVATION MEDIA.

danger of contamination from the atmosphere is with certainty
excluded.

Nutrient jelly in test-tubes is specially adapted for the cultivation
of those organisms which can subsist on concentrated animal food
material, and which grow at ordinary temperatures. At blood-heat
the five per cent. jelly becomes liquid, and thus it is not adapted for
the cultivation of organisms, which require so high a temperature to
maintain their growth. Notwithstanding these limitations to its use,

f
E
?
!

Fic. 37.—Cultivation of B. anthracis in nutrient jelly, showing a
liquefaction of the upper portion. $ s

6. Dull yellow mass, composed of accumulated bacilli.

r. Bacilli growing along the tracks of the inoculating needle.

it is found to suit the requirements of a great number of species, and
:s the more useful from its giving a characteristic reaction in the
presence of several of them. Organisms vary very much in. I,I]‘H:
reaction which they occasion in the jelly ; some have the pecularity
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of liquefying it ; others produce nodules, delicate or thick cloud-
masses, spicular or branched growths; others have a distinct colour
reaction, by which they may at once be recognised (Figs. 35 and 36),
and the same holds true with regard to odours characteristic of certain
species. But this last feature avails but little in differentiating species

F1G. 38.—Cultivation in nutrient jelly of micrococcus found in
osteo-myelitis.
a. Liquefied upper layer.

b. Sediment from liquefied portion, forming an orange-yellow
mass of micrococei.

¢. Growths of the micrococcus along the tracks of the needle,

generally, as a classification of odours on a scientific basis is still a de-
sideratum in many branches of biological research,
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84 SQLID CULTIVATION MEDTA,

One of the best known species cultivated in gelatiné is the Bacii/us
anthracis (Figs. 37 and 43), which grows downwards in the track of the
inoculating wire in small round nodules of-the size of grains of sand,
and of a dull pale yellow colour, and gradually liquefies the contents

Fiz. 39. F1G. 40.
FiG. 39.—Cultivation of pink yeast in nutrient jelly, showing the
brighter pink colour of the surface growth.

Fi1c. 40.—Cultivation of micrococci found in vaccine lymph.

a. Yellow growth on the surface.
. Gmwthguf small rounded white masses along the tracks of the

needle. . ) i
. Cleft in the gelatine, from increased surface tension produce

hy evaporation.

of the test-tube from above downwards, till in the course of six to
eight weeks the whole mass has become liquid. At the bottom of the
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liquid is-a dense amorphous precipitate of a dull yellow colour, passing
in older specimens to an orange yellow hue, which consists of anthrax
baeilli, produced by the constant longitudinal growth and transverse
clezﬁ'age of the anthrax rods which were in the first place implanted.®

o T

" Fia. 4at, Fic. 42.
F1G. 41.—Organism of the rabbit septiceemia (bacillus).
a. Well-marked surface growth.

Hollowing of surface of gelatine due to evaporation.
6, Growth along track of needle, also well marked.

F16. 42.—Cultivation of micrococei found in vaceine lymph.
a. White growth on the surface. (Compare Fig. 40.)

Another organism which develops in a distinctive manner in pep-
tonised nutrient jelly is the pink yeast plant. Tt grows most luxuri-

* Cp. Klein: Rep. to Med. Off. Local Government Board, 1882,
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from it in all directions. This is at once recognised by its method
of growth as a specimen of one of the cheese moulds ( Peniciéiium

J. T,

FIG. 43. FiG. 44.
F16. 43.—Impure cultivation of B. anthracs in nutrient jelly.
a. Upper portion of jelly, liquefied.
b, Sediment of B. anthracis,
¢. Nodule of Penicillinm glawcum.

FiG. 44.—Growth of Bacterium termeo and Peniciilia in nutrient
jelly.
a. Liguefied portion of jelly with opalescent green tinge, due to
presence of 8. fermo.
#. Nodules of Peniedllizm growing in the track of the needle.

N.B.—The jelly was inoculated with a non-sterilised needle.

glawcum), the spores of which are almost universally present in the
atmosphere ; and the spherical nodule in the jelly represents the
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the cavity of the flask. Then the pipette is pushed down into the
liquefied gelatine, 10 c.c. of which are drawn up into the bulb by
suction. The upper end of the pipette is closed by the thumb, and the
pipette withdrawn. During the withdrawal of the pipette the cotton
wool plug is pressed firmly against it, to prevent ingress of dust par-
ticles ; and so soon as the point of the pipette is disengaged from the
cotton wool plug, that is replaced in its proper position." The same
manceuvres are carried out in introducing the pipette into the sterile
jar; and when this is done, the liquid jelly is allowed to trickle
down into the capsule, and the pipette removed with the same pre-
cautions as before. We have thus obtained a thin layer of a very
susceptible substance, which may be exposed to any atmosphere ;
and the reaction that occurs can be easily observed through the walls
of the glass jar without in any way disturbing the capsule in which it
takes place. The jelly soon solidifies ; and after being kept for a

F16. 46.—From a photograph of glass capsule exposed in Saint
Giles' Cathedral, Edinburgh (see description).

week in a warm room, to make sure that no adventitious growth will
take place in the capsule, it may be exposed to any given atmosphere
by the removal of the cotton wool plug. This exposure is of a definite

This method is open to the objection that it cannot be repeated safely more

than once or twice, as the risks of contamination are greatly increased by the
presence in the plug of even a small quantity of the nutrient material ; a hetter
|ﬂﬂ:1. 's to remove the plugs from both beaker and flask, and carry out all the
manipulations under the protection of the carbolic spray.
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04 - SOLID CULTIVATION MEDIA,

-either by heat, or a solution of perchloride of mercury one-tenth per

cent. (see Fig. 48). At one corner of the plate is placed a small spirit
level, by the aid of which, and the screws on the feet, the frame is
adjusted until the plate is perfectly level,

A number of smaller glass plates (of such a size that they will
readily go under the bell jar) are then put into a sheet-iron box, with
an overlapping lid, and are exposed to a temperature of 170" C. for
at least one hour in the hot air chamber. They are then allowed to
cool, and, after the operator’s hands have been perfectly purified by
means of soap and water and perchloride of mercury solution, one of
the plates is taken out and rapidly transferred to the tripod on to the
larger plate and under the bell jar. A small quantity of the pepton-
ised meat jelly, about 5 c.c., in a sterilised test-tube is warmed in a
water bath until it is quite fluid, and then a couple of drops or more
of the water to be examined are carefully introduced by means of a
fine pipette. (The drops of water must all be of equal size.) The
sterile plug of wadding is rapidly returned to the mouth of the test-
tube. The whole mass, whilst still warm, is well shaken; then, raising
the bell jar carefully, the liquid is poured out on to the small glass plate,
and the bell jar is lowered. The measured squares on the larger plate
are easily seen through bell jar, upper plate, and layer of gelatine ; but,
for the sake of convenience, the upper plate may be ruled, especially
where a number of samples of water are examined on the same day,
and where in consequence the small plates are in turn removed to a
larger sterilised chamber or bell jar, where they may be examined
from time to time, at first merely for the number and naked eye char-
acteristics of the growths which make their appearance at more or less
regular intervals. Inoculations from these growing points may after-
wards be made into various nutritive media, bread paste, gelatine, agar-
agar, &c. ; careful microscopic examinations must also be conducted.

Dr. Angus Smith’s modification of Koch’s solid medium process
serves admirably for the demonstration of the number of micro-
organisms. - He describes the method of working as follows : *—
“ A solution was made containing five per cent. of solid gelatine.

' Dr. R, Angus Smith *‘On the examination of Waters.” Second Report to
the Local Government Board, 1884.































104 SOLID CULTIVATION MEDIA,

do not flourish so well in peptonised jelly as in this medium, and
notably for the culture of the tubercle bacillus,

F16. 55—Tubercle bacillus
cultivated u solid serum in
test-tube, glass capsule (after
Koch).
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F16. 56.—Tubercle bacillus upon svnhd

SETI.

At an even summer temperature the
tubercle bacillus flourishes admirably in
this soil, and presents a quite character-
istic appearance. It grows in the form
of a delicate white pellicle (see Fig. 55),
which has a flaky, almost fluffy, appear-
ance, and a dull granular surface, which
forms a marked contrast to that of the
solid serum, which is smooth and shin-
ing. This pellicle covers the whole of the
surface of the serum in course of time,
and forms a thin membrane over the
few drops of moisture which occupy

. i ———
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more suitable for the growth of organisms, by the addition of one per
cent. of albumen peptone before the initial neutralisation and filtering
are carried out,

Bucuner’s Fruip.

52. Amongst the nutrient animal infusions, that recommended by
Buchner will be found of great value. It consists of—

Liebig's meat extract, : d : 10 parts.
Albumen peptone, . . : - By
Distilled water, . : . . Iooo

Before it is used it must be sterilised and incubated under observa-
tion for a week, as has been already described. _

A similar peptonised liquid can be even more easily procured by
using Darby’s fluid meat (peptonised) in a half per cent. solution :—
Darby’s fluid meat, . ; : : 5 parts.

Distilled water, : : : . IO 4
Sterilise by steaming, and incubate under observation before use.

URINE.

93. Urine passed into sterile flasks with antiseptic precautions (use
of spray, careful purification of meatus) does not become alkaline, as it
would do if exposed under ordinary conditions to the air. This is
equivalent to stating that it remains sterile; and it forms, without
further preparation, an admirable soil for several kinds of fungi
(moulds) ; but from its slightly acid reaction, it is not, in the first
place, so well adapted to the growth of the cleft fungi (bacteria).
Should, however, one of the latter (Micrococcus uree, Cohn) once
establish itself in the urine, it gives rise to the ammoniacal fermenta-
tion, and prepares the way for the growth of its congeners by render-
ing the liquid alkaline ; whilst the moulds, overpowered by the rapid
growth of cleft fungi, soon lose their vitality, and are disintegrated.
If urine cannot be collected with the precautions named, it should
be placed in sterile flasks, and treated as any of the animal infusions
above described, before it is used for experiments.

MILK.

54, If collected in sterile flasks with careful aseptic precautions
(pure air, or spray, and careful purification of teats ) milk will remain

1 ¢ Antiseptic Surgery,” Watson Cheyne, pp. 38-30, 1881










5 R~ L LACRE LS N .
% O 1] 3
- . - 1
| -
100 i




-

Iz LIQUID CULTIVATING MEDIA.

Li1sTER'S FLASK,

62. A convenient method of storage for sterile liquids consists in
making use of Lister's flasks (Fig, 57). They consist of spherical

Fic. 57.—Lister's Flask.
Bohemian glass flasks with two necks—a vertical and a lateral one ;
the former is straight, and is plugged in the usual way with sterile
cotton wool (§ 41, p. 64) ; the latter consists of a bent tube, piercing
the side of the flask, and ending with a constricted neck in a tapering
nozzle. This lateral entrance is protected by a mass of sterile cotton
wool enclosed in a piece of gauze, and secured to the constricted
neck of the tube by a piece of twine or an elastic ring. These flasks,
which contain about half a litre each, are filled only so full as to
avoid the risk of their contents reaching either of the plugs during the
process of ebullition, in which case the clearness of the liquid might
be lost by the abstraction of dust or fibrils from the cotton wool of
which the plugs are made. When it has been charged with a quantity
of stock liquid, the Lister’s flask is sterilised by subjecting it to
heat, that of the steam steriliser (Fig. 14) being preferred, from its
preventing evaporation during the sterilising process. The stock
liquid can then be kept for any length of time without becoming
contaminated. When it is desired to abstract some of the contents
of the flask, the sterile pad is removed from the bent lateral neck, and
as much liquid as is required is allowed to flow from the lateral
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the flame of ' a Bunsen burner. The test-tube is now tilted so that
its liquid contents come in contact with the seed material deposited
on its wall, and the inoculation is thus ingeniously provided for, with
absolutely no fear of contamination. -There is no tendency for germs
to be wafted in from the outside atmosphere during the inoculation,
as the sieve-like action of the cotton wool plug provides for the
atmospheric pressure being equal within and without the test-tube.

STERNBERG'S BuLE.

B4. Sternberg has invented another method of making pure cultiva-
tions in liquid media. It consists in the use of a very small glass
bulb with a tube opening into it. The bulb (see Fig. 59) is charged

Fi1G. 59.—Sternberg's Bulb.

by first heating it ; the tip of the tube is then broken off, and the end
of the tube immersed in the culture liquid. As the bulb cools the
liquid is drawn up into it, and usually fills about one-third of its cavity.
The tube is now sealed up again in the flame of a Bunsen burner, and
several bulbs thus charged are sterilised by intermittent heat in a water
or sand bath. They are then incubated for several days, and if they
then show no signs of contamination, they may be used in carrying on
cultures. In inoculating them the bulb is heated, the tip of the tube
broken off, and its end immersed in the material that it is desired to
cultivate. A trace of this at once enters the tube, and becomes
mingled with the liquid in the bulb. The tube is again carefully
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118 SEPARATION OF MICRO-ORGANISMS FROM TISSUES.

The same method may be used in the case of animals, but it is
usually better to kill them, and obtain the seed material as described
under “dead tissues.”

(¢.) Discharges—This comprehends contents of abscesses, and the
excretions from glands (eg., kidney) in which living organisms
capable of cultivation may be present. An abscess should be opened
with antiseptic precautions (spray, skin purified, &c.), and a drop of
pus as it emerges collected on the end of a looped platinum wire, and
at once plunged into some sterile nutrient medium. Urine should
be collected with similar precautions in a sterile flask, and after cool-
ing, some of the deposit drawn into a newly made glass pipette, and
transferred to some nutrient medium. Usually the organisms thrown
off in the urine are dead. They can be recognised microscopically,
but rarely cultivated. ~An ingenious method of separating the Baci/-
lus lepre from the living tissues has already been described (see foot-
note, p. 38).

2.—FroM Deap TissuEs.

68. Unless taken immediately after death, dead tissues are in general
useless for employment as seed material. If they can be secured at
once, however, pure cultivations of the micro-organisms which they
contain may be obtained with ease. In the case both of man and
animals a certain amount of dissection must be carried out with
aseptic precautions to obtain this result. In making this dissection
only sterile instruments must be employed. All the instruments
necessary (several knives, scissors, forceps, Pravaz’ syringes, &c.) are
thoroughly cleansed, and wrapped in sheets of cotton wool. They
are then placed in the hot air steriliser for an hour at 170° C.,*
not heated in the flame, as has been suggested, and which is a most
extravagant method, as it destroys the temper of steel completely.
They are wrapped in cotton wool, to prevent access of atmospheric
germs to the sterile instruments, when the outside air regurgitates
into the hot air chamber on its beginning to cool. They are only
unwrapped from their cotton wool protection immediately before use.

I The knives must have bone handles, as, il made of wood, they become in-
cinerated.
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