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THE ACID-FAST BACTERIA (INTRODUCTION). 13

method, they are subjected to the action of acids and
alcohol. They further resemble’ the true bacillus of
tuberculosis in that when inoculated into animals they
produce nodular or tubercular-like growths.

These acid-resisting or acid-fast organisms are very
widely distributed in nature. They have been f-:}ur!d
with alarming frequency in butter, milk, and cheese, in
the secretions and excretions of many herbivora, and
also in normal and pathological secretions in man.

They have been seen in tonsillar exudation, in caries
of the teeth, in the sputum from cases of non-tubercular
abscess and gangrene of the lung.

Moeller has found them in grass, hay, pollen, dust
of the stable, and in the dung of cattle.

Rabinowitsch found acid-fast bacilli in 2877 of
samples of butter examined in Berlin and Philadelphia.

It would have been somewhat surprising if only the
bacilli of tubercle and leprosy possessed this acid- and
alcohol-resisting power, and even Koch' in 1884 stated
that it was * not improbable that in time other bacteria
may be discovered which have the same staining pro-
perties as the tubercle bacillus.”

Lubarsch, Moeller, Bulloch, and many others bhave
stated that the microscopical examination is now not
sufficient for the diagnosis of tubercle. The last-named
observer'" states that “it would now appear that there
are quite a number of bacilli which are as acid-fast to
acids and alcohol as any genuine tubercle bacillus, and
it must be acknowledged that this discovery has given
a rude shake to the belief that the microscopical ex-
amination of the tubercle bacillus 1s in itself sufficient
to establish a diagnosis of tuberculosis.”

Even in pure cultures I can most emphatically say
that many of these bacilli—not all—are, with the finest






THE ACID-FAST BACTERIA (INTRODUCTION). 15

I have therefore gathered from all available sources
as much information as possible on these acid-resisting
organisms, and have grown many of them, and by
means of pure cultures have ascertained how far they
resemble Koch's bacillus of tuberculosis. With a view
of finding a differential method of staining, [ have
further made a series of experiments into the degree
of resistance each species has to the ordinary decolour-
ising agents—e.g., acids, alcohol, acid alcohol, etc.—
and as a result have found what [ consider to be a
reliable method of differentiating all acid-resisting
pseudo-tubercle bacilli from the genuine bacillus of
tuberculosis.

[n these pages 1 will give an account of the follow-
ing acid-fast organisms :

The bacillus of tuberculosis, and its modifications.

The tubercle bacillus of birds and cold-blood
animals.

The bacillus of leprosy:.

The bacillus of smegma.

The bacillus of Timothy grass (Moeller).

The grass ii. bacillus of Moeller,

The mist or dung bacillus (Moeller).

The butter bacillus of Petri-Rabinowitsch and
Korn.

In addition, some forms of acid-fast streptothrix—
viz., that of Leishman and Birt, of Eppinger and
Nocard.

I will then describe the morphological differences
which exist between these: and, lastly, the results of

my inquiry into their power of resisting acids, alcohol,
etc,
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The bacilli occur sometimes singly, often in clusters,
and, especially in urine, in the form of tufts. They
are usually found in the mucus background of the
preparation, but not infrequently are inside the cells,
which may be crammed full of them.

In stained preparations from old cultures, and in
sputum, particularly that from a cavity, a number of
uncoloured spots or vacuoles, as many as 5 or 6, may
be seen, giving the bacillus an appearance somewhat
like a short chain of cocci. These, at first regarded
as spores, are now generally considered as vacuoles,
and represent a degenerative change, or even an ac-
cumulation of reserve material within the bacilli.

In addition to the unstained vacuoles alternating
with the stained parts of the bacilli, roundish granules
somewhat larger than the body of the bacillus may
occasionally be seen. There may be one, usually two,
rarely three of these in an organism, and they are
generally found near the extremities. They take the
stain much more deeply than the body of the bacillus,
and are usually of a brown or a black-red colour.
According to Coppen Jones, these granules resist the
decolourising effect of nitric acid longer than the rest
of the organism.

They are found in some specimens of sputum from
a cavity, and to a less extent in old cultures. They
are not spores, but what their exact nature is seems
undetermined.

These characters as regards shape and size are by
no means constant, either in the organism met with
in cultures or in sputum. Sometimes they are very
short, according to Macé little longer than broad: at
other times they are very much larger, and may be
swollen or clubbed at the extremities,
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occur, and these are found on the surface of the
medium, whilst in the depths they are only rods. The
rods, he thinks, do not contain true endospores.

Babes and Levaditi® found, on injecting rabbits with
cultures under the dura mater, that in the infected
areas only rod forms could be found during the first
three weeks, but at the end of the fourth week radiated
forms, consisting of branched rods with clubbed ends,
were met with.

Friedrich” and Nosske obtained these clubbed actino-
mycotic forms by injecting tubercle bacilli into the left
ventricle of rabbits, and, unlike other observers, they
obtained the best-developed radiated forms by the
injection of the youngest and most virulent cultures—
a fact which is adverse to the theory that these are
retrograde forms,

Schultze® also found that virulent cultures produced
the actinomycotic forms, and concludes that they do
not represent evidence of attenuation of the parasite,

Lubarsch? (as we shall see later) obtained similar
ray forms of growth by inoculation with the pseudo-
tubercle bacillus, notably Moeller's Timothy bacillus,
grass bacillus 1., and mist bacillus.

From these facts it seems natural that the tubercle
and also the pseudo-tubercle bacillus should be classed
among the higher fungi—the actinomyces. In favour
of this is the further fact that one of the characteris-
tics of the actinomycetes is the formation of nodular
or granulomatous inflammation.

The cultivation of the tubercle bacillus presented at
first considerable difficulty. Koch used blood serum
Nocard and Roux showed that the addition of glycerine
to various media, especially to agar, facilitates the
growth. “In all cases the isolation of fresh strains of

































30 CLINICAL DIAGNOSTIC BACTERIOLOGY.

The Smegma Bacillus.

[n 1885 Tavel and Alvarez,” whilst investigating
the so-called bacillus of syphilis discovered in 1884
by Lustgarten,® found in the normal preputial smegma
an acid-resisting bacillus—the bacillus of smegma.

This organism is found especially in the smegma
of the prepuce, in the secretions of the outer skin,
particularly where a collection of epithelium occurs,
as in the anal and vulvar regions, between the toes,
in the folds of the groin, and below the breasts.
The smegma bacillus closely resembles the bacillus of
syphilis of Lustgarten in its general morphology and
staining reactions, and the fact that the latter has
not been found constantly, or in sufficient numbers,
in syphilitic tissues makes it very improbable that
Lustgarten’s bacillus is the cause of syphilis. Some
authorities consider that Lustgarten’s bacillus is merely
the smegma bacillus which has penetrated the tissues,
whilst Neumann states that it is the general opinion
that Lustgarten’s positive findings in gummas were to
be explained by a mixed infection with tuberculosis.

The smegma bacillus, as described by Tavel and
Alvarez, is extremely like the bacillus of tubercle in
shape, size, and staining reaction. It can be stained
by the same method, but is said to be less resistant
to alcohol. The discoverers found that inoculation
experiments on animals gave negative results.

Matterstock,”® about the same time—1885—found an
acid-fast bacillus in smegma which corresponded in
morphological characteristics and staining reactions
with that described by Tavel and Alvarez, but he
also was unable to obtain a pure culture.

Laser” and Crzaplewski” in 1897 independently
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obtained cultures of micro-organisms resisting de-
colorisation by acids, resembling the diphtheria bacillus,
which they stated were identical with the bacillus of
smegma. Laser obtained his cultures from syphilitic
disease, Czaplewski from gonorrhceal pus.

Fraenkel® denied that these diphtheria-like bacilli
were identical with those described by Tavel, Alvarez,
and Matterstock, and he only considers those organ-
isms smegma which resembled the tubercle bacilli.

Fraenkel found that Laser and Czaplewski’s organisms
did not resemble the tubercle bacilli; that they were
more like pseudo-diphtheria bacilli, and that in later
generations they lost their acid-resisting power.

Moeller,” after examining this culture, agrees with
Fraenkel, and states that he was unable to get patho-
genic effects in guinea-pigs with the diphtheria-like
bacilli cultivated from smegma, or with secretions
containing the real smegma bacilli in abundance.

Neufeld” has also cultivated from smegma these
acid-resisting diphtheria-like bacilli, which were in-
distinguishable from Czaplewski’s, and which possessed
a moderate acid-resisting power. He had repeatedly
noticed acid-resisting bacilli very like the tubercle
bacillus in smegma, and these, he found, were much
more acid-resisting than the diphtheria-like forms. In
two cases he found a great preponderance of tubercle-
like, acid-resisting bacilli over the non-acid-fast forms,
and succeeded by cultivation in obtaining a great
increase in the tubercle-like forms, which, he particularly
remarked, possess a considerable degree of alcohol as
well as acid resistance, but he was unable to procure
a pure culture of the smegma bacilli, Neufeld there-
fore came to the conclusion that in smegma two types
of acid-fast bacilli were present—those like diphtheria
and those like tubercle bacilli.
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exactly as the tubercle bacillus. The acid and alcohol
resistance is not diminished in later generations. Thus
Moeller found its reaction the same in the twenty-fifth
generation as in the original culture.

Cultivations.— The smegma bacilli grow luxuriantly
when air is allowed access to them, but in stab cultures
there is only a slight growth along the stab. In the
first generation they grow rather slowly at the tem-
perature of the incubator. After about three days the
original culture appears as a clear layer of colonies.
After repeated transference the bacilli get used to
their artificial media, and growth takes place more
profusely, and after twenty-four hours a layer of
colonies is visible. At the temperature of the room
the growth is slower. They grow on all the usual
media. On glycerine-agar, at 37° C., colonies appear
as small dull gray-white scales, rounded at the edges;
later, these scales overlap and appear velvety and
shiny. When grown at room-temperature the dry
growth persists. The water of condensation remains
clear, but on the surface a slight film is formed, which
creeps up the side of the glass.

On potato gray-white, dull colonies are seen.

In milk they grow rapidly and luxuriantly, and
milk forms an especially good medium for growth.
The milk is not coagulated, and there is no coloured
growth at the edges of the surface, as is seen in the
other acid-fast bacteria,

In bouillon the fluid remains clear, and on the
surface a dry white film, which runs up the side of
the glass, forms in three to four days. If the tube
be shaken, tiny fragments fall to the bottom.

Inoculation experiments are negative. Moeller in-
oculated smegma contained in various secretions of

B}



34 CLINICAL DIAGNOSTIC BACTERIOLOGY.

the skin in rabbits, into hens and doves and guinea-
pigs, and has never obtained any pathogenic results.
The smegma-bacillus, he says, differs in this way
from other acid-fast bacteria.

Johannes Barranikow,” however, states that he has
obtained very different results, and as a result of his
experiments, draws the following conclusions :

1. Inoculation of preputial smegma from the body
of a non-tubercular adult, and from a healthy living
child, produced in guinea-pigs local and universal ap-
pearance of disease, just like that produced by the
inoculation of sputum containing tubercle bacillus.

2. That smegma of various domestic animals (pre-
putial, mammary, etc.) gave the same results by
inoculation—viz., exclusively general tuberculosis.

Both these statements, Barranikow says, are in
direct contra-distinction to the views and investiga-
tions of Moeller.

3. “It is desirable that those who assume that the
so-called tubercle bacillus is the specific cause of
disease, only because this acid-fast organism is found
in tubercle, should prove that this microbe is not the
so-called smegma bacillus, and that it cannot naturally
or artificially be changed into one.”

4. It is necessary to investigate the whole life-
history of the organism.

5. That the acid-proof bacteria described by various
investigators are only developmental phases of other
more highly specialised organisms, and the classifica-
tion into different species and genera, is based on
ignorance of their complete life-history.

6. That the so-called tubercle, smegma, lepra or-
ganisms, are not bacilli, but rod-like developmental
conditions of higher organisms.
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7. The acid-fastness and non-resistance to acids
are only transitory conditions of the microbe.

So far these views have not been confirmed by
other investigators.

The differential diagnosis of smegma bacillus from
true tubercle bacillus is of the greatest importance.
This is especially so of the genito-urinary tract, and
acid-fast bacilli found in this region could not be
declared tubercle bacilli,

Moeller, in doubtful cases, differentiates all pseudo-
tubercle bacilli by a simple method, depending on the
fact of the slow growth of the tubercle bacillus and
the higher temperature required for its growth. He
mixes the secretion to be examined with nutrient
bouillon, and keeps it at a temperature of 28° to 30° C.
If in the course of a few days there is a visible
increase in the bacteria resistant to acids, one can
assume with certainty that the case is not one
of tubercle, but pseudo-tubercle.  The true tubercle
bacillus requires a temperature of 37° C. for its
growth, and if mixed with other bacteria would be
overgrown by them before any increase could have
taken place, owing to its slow growth. *“ Sometimes
when the sputum is mixed with certain nutritive media
the tubercle bacillus grows at incubation temperature.
This proliferation, due in all probability to the im-
portation of globulin-like substances from the body, is,
however, exceedingly small, and ceases altogether after,
at the latest, forty-cight hours, whilst in the pseudo-
tubercle bacillus a persistent further proliferation takes
place at 30" C.” (Moeller.)*
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very numerous (in from nine to thirteen hours), and
then by means of agar plates isolated the bacilli.

Meoeller, in a private communication, states that he
has also obtained the bacilli from pollen.

The Timothy, or grass i. bacillus, takes the form
of little rods, which are microscopically very like, and,
according to Moeller, often indistinguishable from, the
tubercle bacillus. Lubarsch, however, states that they
are fairly easily distinguished by their greater thickness
and length. Like the tubercle bacillus, this bacillus
often contains deeply-stained granules, and also in
some cases oval unstained patches. It divides into
branches, and sometimes club-shaped swellings are
found at one end. True branchings are seldom seen,
and then only in dilute bouillon cultures and on
Fraenkel's albumin-free medium (Lubarsch).  They
are not motile.

The bacilli grow on all the usual nutritive media,
best at incubation temperature, indifferently at room
temperature. When grown at 37° C., distinct patches
of colonies are seen, and these sooner or later become
coloured. On glycerine-agar plates the colonies are,
after a few days, of an orange-red colour and have a
moist lustre, and although at first transparent, later
they become darker and more opaque. Streak cultures
on -glycerine-agar are of a brighter orange red colour,
moist at first, but after a time become wrinkled. In
bouillon there is a variable condition. Sometimes a
thin pellicle is formed over the surface, and the fluid
may remain clear or become turbid, but frequently a
precipitate of a yellowish colour occurs.

[t grows well on potato, the colonies appearing as
yellowish, moist elevations.

Moeller” says that the cultures differ considerably
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from those of the tubercle bacillus, but if the Timothy
bacillus is passed several times through the bodies of
animals, and then grown at 37° C., it more closely
resembles it, and like the tubercle it becomes slower
in its growth.

This pseudo-tubercle bacillus is alcohol- and acid-fast,
and behaves in the same way as the tubercle bacillus
does with the ordinary staining methods. Lubarsch’
thinks that the Timothy bacillus in the tissues of
animals is not quite as resistant against decolourising
methods as the tubercle bacillus, and in this way its
resisting-power is like the bacillus of leprosy. There
is, he says, a slight tendency for the methylene blue
to mask the red of the fuchsin, but this difference is
very insignificant.

When a pure culture of the Timothy bacillus, mixed
with sterilized butter, is injected into guinea-pigs,
general peritonitis, with adhesions, form, and in the
organs are changes which are, micro- and macro-
scopically, very like true tubercular lesions. If it is
injected into the veins or arteries of an animal, giant
cells, epithelial cells, and caseation, a condition very
like genuine tuberculosis, is produced. As Lubarsch
says, ‘“there can be no doubt whatever that it is
quite impossible to distinguish for certainty by histo-
logical or micro-parasitic examination between Timothy
fungus tubercles and true tubercles: the distinction
can only be brought about by cultures. In all animals
injected with Timothy bacillus a negative reaction to
tuberculin was obtained” (Moeller®).

Lubarsch’s’ animal experiments were briefly as fol-
lows: An eight-day-old glycerine-agar culture of the
Timothy bacillus was injected into the kidney of a
guinea-pig. At the end of thirteen days a small piece

st i
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of the kidney at the point of injection was e:-_-:cisecl,
and a small yellowish mass the size of a lf:nnl was
found, apparently of a caseous material. This, micro-
scopically, showed typical tubercular appearance—viz.,
masses of large epithelioid cells, amongst which are
Langerhans’ giant cells, and around these a prolifera-
tion of uninucleated round cells.

In the centre of this nodule the bacilli were arranged
in typical radial mass, like actinomycosis, with club forms.

On the thirty-first day after the injection a piece of
nodule which had formed on the kidney was excised,
and it was seen that caseation had increased and the
genuine Langerhans’ giant cells were more numerous,
The radial arrangement of the bacilli was still present,
and although not more numerous than on the thir-
teenth day, they were larger and the clubs longer
and thicker.

Grass 11. BacitLus (MOELLER).

Moeller” described this as *‘a new acid- and alcohol-
fast bacillus of the tubercle bacillus group, which
shows genuine branching.”

This organism he found in the pollen on the stable
floor, in fodder grass, and in the dust of grasses
generally, and was able to isolate it on gelatine plates.
It takes the form of little rods, sometimes like cocci
in fluid media, and morphologically and in its staining
reactions it is very similar to the tubercle bacillus, but
is generally somewhat thicker. When grown upon
moist media it appears as little rods, which are longer
and thicker than the tubercle bacillus (Lubarsch).
Like the other pseudo-tubercle bacillus associated with
Moeller's name, it is absolutely acid- and alcohol-fast,
especially in fresh cultivations.

In older cultures, especially those made on solid
media, and kept at 37° C. for four or five days,
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Especially long forms are found in the nodules which
occur in infected guinea-pigs. They generally have
a slightly bent shape. Similar to what has been ob-
served in the tubercle bacillus, they often arrange
themselves in the shape of a Y. Long branched
and unbranched threads are found in the margins of
the colonies, especially those grown on glycerine-agar
for three to four days at 37° C., and sometimes
fragment forms and coccothrix, particularly in milk
cultures. The threads often have deeply-stained gran-
ules, which are much broader than the body of the
bacillus. Swellings at one or both ends are some-
times seen. The branched forms are usually made
up of a long thread, from which other thread-like
branches or short clubbed swellings start off at right
angles, unlike the acute-angled branching of the clado-
thrix. The fine branches often divide again.

Moeller states that he has seen similar branching
of the tubercle bacillus in sputum, and Kral and
Dubard have found the same in the tubercle bacilli
of cold-blooded animals. Zopf, of Halle, considers,
with Moeller, that these, like some forms of the tu-
bercle bacillus, show true branching, and not the false
branching of the cladothrix, which would tend to
show that these, like the tubercle bacilli, are not true
bacilli, but forms more allied to the actinomyces. This
opinion seems to be steadily gaining acceptance.

Lubarsch incidentally mentions that the grass ii.
bacillus, as found in cultures, is rather less resistant
to acids and alcohol than the tubercle bacillus or some
of the pseudo-tubercle bacilli.

Inoculation into Animals. — According to Moeller,
guinea-pigs, intraperitoneally injected with a pure cul-
ture of grass ii. bacilli, died at the end of four to six
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