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INTERIM REPORT

TO THE

Local Government Board, by Dr. Klein, on the
Relations of Septic to Pathogenic Organisms.

GroreE BuomAwaw,
Medical Department, 1884,

Srorion L

There is hardly any question which to the pathologist
and sanitary officer can be of greater importance than the
relation of septic to pathogenic organisms. To the patho-
logist the life history of a micro-organism, outside and
within the animal body, must ever remain an important field
of inquiry ; to the sanitary officer all conditions affecting the
life and death of those organisms which produce, or at least
are intimately bound up with, infectious diseases, such as
the distribution and growth of these micro-organisms outside
the animal body, the agencies which affect it in a favourable
and unfavourable sense, are the points which he has particu-
larly to consider in dealing with the spread and prevention
of infectious maladies. Now, it is known of many micro-
organisms, both those that are associated with putrefactive
processes as well as those that are bound up with infectious
disease, that temperature, the medium in which they grow,
presence and absence of certain chemical compounds are
capable of materially affecting them. I need not for this
purpose enumerate all that is known already by direct
experiment, but will only limit myself to reference to the
‘researches of Schriter, Cohn, and Wernich on that group
of micro-organisms known as pigment bacteria, i.e., bacteria
which only under certain conditions, notably temperature
and soil, produce definite pigments (Cohn’s Beitrige zur
Biologie d. Pflanzen) ; to those of Hansen ( Carlsberg Labo-
ratory) on yeast ; to those of Neelsen on the Bacilli producing
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fatal to any vodent susceptible to anthrax, but grown for
a number of days, two to three weeks, at 42‘”—4:&"’. C. (of
course without being allowed to form spores) lose, in most
instances, their virulence for sheep and cattle (Pasteur), but
not for the guinea-pig and rabbit. The same effect can
be produced by heating the blood teeming with bacilli up
to 55° (Toussaint), and by keeping the bacilli exposed a short
time to the action of carbolic acid (Toussaint, Chauveau).
Further, I myself have shown that ordinary cultures of
bacillus anthracis, provided they remain free of spores, lose
in from several days to a few weeks their virulent action on
white mice, but retain it for other rodents (guinea pigs and
rabbits). Koch (Die Milzbrandimpfung, Berlin, 1882) ob-
served that his cultivations of bacillus anthraeis, carried
on at 43° for more than six days, ‘lost their activity for
rodents. Again, it is now well established that bacillus
anthracis of whatever source having passed through the
guinea pig loses its fatal activity on cattle (Sanderson and
Duguid); that bacillus anthracis of whatever source passed
through the white mouse loses its fatal activity on sheep
(Klein and Roy); further, that bacillus anthracis passed
through the South American rodent biscachia loses its fatal
activity on cattle (Roy). '

Now, in all these instances of loss of virulence of the
anthrax organism, the bacilli have not lost their vitality ; for, as
I have eonvinced myself again and again by actual experiment,
if new cultures are made with them in the ordinary manner
they yield erops of bacilli which possess not only full vitality,
but also full virulence for the same species for which the
previous generations of bacilli proved inactive.

These experiments of mine, it will be noted, call in question
M. Pasteur’s statement that a culture of bacillus anthracis
that has become inactive for sheep always yields further
cultures which, although full of the typical anthrax baeilli,
nevertheless are inactive on sheep, that is to say, that the
bacilli anthracis, having once lost their pathogenic property,
are capable of yielding erops of bacilli also barren of normal
pathogenic properties. 1 therefore briefly enumerate the
facts I have observed in this connexion—-(a.) Blood of mouse,
dead of anthrax of whatever source, does not Ikill sheep,
but if a culture be made of the bacilli of the blood of such
a mouse, the bacilli of this new culture, with or without
spores, kill sheep. (&) A culture of bacillus anthracis
established and kept at 30°-35° C. kills mice in the first
week, but kept for a longer time in the incubator, provided
no spores appear, loses its virulence for iice only; but if of
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may be thought of as stronger than that of the hiﬁulc}llufdthcf
white mouse and guinea pig r-::spec!;wely, hecause_ll mI} 0.
sheep kills mice, but the blood of mice does not kill sheep;
blood of cattle kills- guinea pigs, but blood of gumea pigs
does not kill cattle.  Again, sheep and qnttle ‘appear to
require a stronger virus than mouse aqd guinea pig, hecahu.sle
sheep and cattle are unaffected by vacein charbonneux, while
mice and guinea pigs are killed by it. Thus considered,
cattle require a stronger virus than sheep, because guinea
pigs’ blood does not kill cattle, but kills sheep. ;

Upon this view, too, we should have to say that virus
taken from the guinea pig and passed through the mouse
decreases in strength. And we should have to define as the
weahest virus, that which kills mouse but does not kill guinea

i, sheep, or cattle.

Prigain?’upnn this view weak virus passed through the
guinea pig becomes stronger, because vaccin charbonneux,
which does not affect sheep, passed through the guinea pig
kills sheep. But in this case it has not become strong
enough to kill cattle, which it does when passed through
the sheep. _ ;

It would appear then that the virus of the mouse is weaker
than that of the guinea pig, sheep, and cattle, and that
mouse requires weaker virus than any of these animals;
further, that the virus of the guinea pig is weaker than that
of sheep and cattie, and that the guinea pig requires a
weaker virus than sheep and cattle; and, lastly, that the
virus of sheep is weaker than that of cattle, and that the
cattle require a stronger virus than sheep.

Certainly all this harmonizes with the general assumption
of various degrees of virulence. But there is also another
side to the question ; it is this: from the fact that a culture
does not kill mice, but kills guinea pigs and sheep (such as
I have mentioned on several occasiong), one would arrive at
a directly contrary conclusion from that above, viz., that the
mouse requires a stronger virus than the guinea pig or sheep.
Again, if blood of such a guinea pig be used, it will be found
very virulent for the mouse,® and if the blood of this mouse
be used, it will be found to kill mice but not sheep. Con-
sequently, while on the one hand we have a virus which is
not strong enough for miouse but fatal for sheep, we know,
on the other hand, that viros exists which is fatal to mouse,
but not fatal to sheep; and once more, as [ have men-
tioned before, 1t a culture be made of the blood of the

—

e

* “ Mouse " should be read throughont this report as signifying * white
mouse.” :
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on mice and guinea pigs, and anthrax blood of guinea pig
being virulent to sheep, but not virulent to cattle.

What we have to suppose is that the bacilli are in all
instances the same, but that there is something else present
which has become associated with the bacilli in particular
cases, and which hinders them from producing their fatal
effects; and that it is the presence or absence of this some-
thing which determines the effect of the bacilli upon animals
of one or another species.

That an inhibitory effect can be produced on the bacillus
anthracis by purely chemical processes is shown in the
behaviour of these bacilli under the influence of certain anti-
septics. ThusChamberland and Roux found that carbolic acid
or bichromate of potash added to the nourishing medium in the
proportion of 1:800 or 1: 1,000 respectively, produced a
distinet ¢ attenuation ” of the bacillus anthraeis ; and I myself
have found (by experiments, which I shall state in a further
report) that exposure of bacillus anthracis, both of the blood
and of a culture, to weak solutions of phenyl propionic and
phenvlacetic acid produces a distinet inhibition of the
virulence of the bacilli, but these bacilli were capable of
again starting cultures of virulent bacilli. An inhibition of
the function and vital activity by purely chemical means
occurs in the case of many other organisms besides the
bacillus anthracis. It is well established by Wernich and
others that in cultures (natural and artificial) of putrefactive
organisms cerfain chemical substances (chiefly belonging to
the aromatic series) are brought into existence (eg., indol,
skatol, phenol, and others) which have an injurious effect on
the organisms, g0 much so, that as these substances aceumu~-
late 1n a given culture, in proportion to the progress of the
arowth of the organisms, the functional activity of the parti-
cular organisms becomes inhibited and eventually altogether
extinguished. And there is @ priori no reason why some-
thing similar should not occur in the case of pathogenie
organismg, and certain chemical substances be prmlucmi in a
nourishing maferial as the result of the growth and multipli-
cation there nf the -::-_rgani'sr‘ns themselves y such substances,
although owning this origin, having some such inhibitive

power for the pathogenic organisms that indol, skatol, and
phenol had for putrefactive organisms,

Whatever may be the nature of this inhibitive material,

we may infer something about the circumstances of its
presence and about its properties,

It is present after some days in a sporeless cuiture esta-
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hibitive matter is not the same in nature in the case of sheep-
anthrax and of mouse-anthrax. '

We have, then, to deal with a variety of substances which
have in common the property of inhibiting during a par-
ticular culture the action of anthrax bacilli; by entering into
markedly close association with the bacilli themselves, though
not into any association with the spores of the bacilli ; and
which exercise their inhibitory property upon the bacilli only
during the maintenance of the particular culture, baving no
further power of the kind upon a succeeding culture of those
bacilli. = Of these inhibitory substances we know that they
can exercise this property within the body of an animal
inoculated with anthrax, either by simple restraint of all
aetivity of the associated bacilli, the animal keeping well after
the inoculation and remaining as susceptible as ever to death
by a fresh inoculation, or otherwise (as in the case of mouse’s
blood in sheep), by restraint of the fatal activity of the
baeilli, the animal getting a modified attack of anthrax and
remaining protected more or less completely against attack
of anthrax when a fresh inoculation is practised. Probably
some of the inhibitory substances possess the one kind of
ability, whilst others act in the other way.

As far as I can see, the bacillus anthracis is the only case
in which a change of activity has been experimentally shown
in a pathogenic organism ; as regards other micro-organisms,
such as those of septicaemia (Semmer), tubercle bacilli, and
others, the observations hitherto made, are too incomplete
to admit of any critical review, but in any case the conside-
rations mentioned in connexion with the bacillus anthracis
are applicable in like manner to the other cases.

SeEcTioN IIT.

We come now to the question, has any change been
observed of a putrefactive or sepfic into a specific or patho-
genic miecro-organism? Three distinet septic micro-orga-
nisms have, after numerous experiments and careful obser-
vations, been mentioned, as being capable when growing
under certain extraordinary conditions of assuming patho-
genic properties. These three organisws are ; A., the common
bacillus of hay infusion is said by Buchner to be capable of
transformation into bacillus anthraecis; B., a bacillus sabtilis
present 1n the air, which, although quite harmless in iteelf",
assumes distinct pathogenic properties when growing in an
mfusion of the seeds of Abrus precatorius, becoming hereby
endowed with the power of cansing severe ophthalmia
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be distinguished from one amother; the hay bacillus being
about half the thickness of the baﬂill]‘ua anthracis, In
stained specimens, too, the latter is beautifully made up of a
row of cubical cells, whereas the former consists of cylinders
only.

True, the bacillus anthraeis is not always of the same
thickness, for, as I have shown, when growing in neutral
pork broth it is decidedly thicker than in the blood of an
animal dead of anthrax. And also in the blood of different
animals the bacillus anthracis slightly varies in thickness,
for in the guinea pig’s blood it is slightly thicker than
in that of the rabbit or sheep.

The hay bacillus is motile, possessed of a flagellum, and
therefore capable of locomotion ; the bacillus anthracis is not
motile. I am quite aware that Cossar Ewart (Quarterly
Journal of Microseopical Science, April 1878) states he has
seen in a specimen kept under microscopic observation at
artificial heating, that the at first non-motile bacillus
anthracis is capable of becoming motile. At one or both
ends a flagellum grows out from its body. But this
observation is unreliable, since Ewart did not guard himself
in any way from the accidental introduction of septic
bacilli, many of which are motile. Besides he says of the
bacilli, which he figures as anthrax bacilli, that they are
connected with one another by two fine threads, and that
they probably separate from one another and each retains
one filament, which is its flagellum. But his observations,
so far as they have application to anthrax bacilli, are
capable of quite a different interpretation. In every
specimen of blood and in every artificial culture bacilli can
be seen, in which at one place or more the protoplasm is
wanting, owing as I have shown to degencration; in such
places only the empty sheath is present, and of course in
fresh specimens this gives the appearance as if the two
protoplasmic portions of the bacillus were connected with
one another by two fine threads, i, the sheath being trans-
parent is seen here edgways.

In no instance has the bacillus anthracis been observed
to be motile. 1 have examined thousands of specimens of
fresh bacillus anthracis in the blood and in artificial cultures
and I have never seen anything that in the least would lead
me to differ from this proposition.

As regards the spores they are of the same aspect and
size in both the hay bacillus and bacillus anthracis. The
threads in good cultures form in both cases the same
bundles more or less twisted and forming convolutions, but
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both containing sterile broth, but in one the broth con-
centrated in the other dilute. Let him inoculate the two
test tubes with bacillus taken from the same blood, say of a
euinea pig dead of anthrax, let him place them in the incu-
bator at a temperature of 35°-42° C. After two or three
days, and more decidedly later, he will notice this very
difference in the aspect of the cultures that he lays so much
stress on as indicating a change in the physiological character
of the bacillus. One test tube, containing the dilute broth,
shows the typical fluffy convolutions at the bottom of the
fluid ; while the other, containing concentrated broth, shows
a distinct attempt at the formation of a pellicle. ILet him
now take out a droplet from this second test tube and
inoculate with it two test tubes of the same nature as above,
i.e., one containing concentrated broth, the other dilute broth.
After two or three or more days of incubation he will find
exactly the same differences as above.

These differences and their causes I have explained in
detail in a preceding article, and need not here enter again
into this matter. So much for this part of Buchner's asser-
tions.

Buchner states that the bacillus anthracis when carried
through a large number of successive cultures, at a tempera-
ture of 35°-37° C., gradually loses its pathogenic properties.
Of this assertion I have said already a great deal in my
Report for 1881-1882, and I mention it here merely in con-
nexion with Buchner’s other assertions. I have shown that
even assuming that Buchner has had in all his cultures the
true bacillus anthracis, but for which there is no definite
proof, as Koch has so ably pointed out in his critical review of
Buchner’s work (Mittheilungen aus dem k. Gesundheitsamte
]5':\31-1111:Er 1881, Bnd. I.), Buchuer, having tested his culture;
on white mice only, has fallen into a serious error, for, as I
have shown (Reports for 1881-1882), a culture of l}a’-:;illus
anthracis may have become quite harmless to white mice, but
be still very virulent to other amimals. In fact, there;bre,
Buchner’s results does not require for its achievement more
than one culture, provided this has been kept for several
days or weeks without spore formation, as was the case in
Buchner’s experiments.

As regards Buchner’s statement that by successive culti
vation of bacillus anthracis .at 35°-37° C., this assumes t]‘.u;
morphological and physiological characters of hay bacillus, I
agree with Koch in regarding this as a complete error !If
the cultures are quite safe from contamination nothin of
the sort ever happens. I have now for several years -::*ugri =
on such cultures, and have not seen anything u;' llu"; sort
It is of course clear that if by any accidental contamination ;






17

It is now admitted on all hands that the experiments of
Villemin of producing what is called artificial tu berculosis in
guinea pigs, by inoculating the animals subcutaneously with
cheesy matter derived from human and bovine tuberculosis
or from a guinea pig suffering from artlﬁmal.tuberculnsls,
cannot be produced by any other means; it cannot be
produced by ordinary, e, non-tubercular cheesy or other
pus,* nor by setons (as once thought by Wilson Fox and
Sanderson) setting up chronic caseous inﬂamma.tltnns. in the
skin of guinea pigs, nor by chronic mechanical irritation, e.g.,
insertion into the peritoneal cavity of bits of gutta percha
or other substances producing chronic peritonitis (as was
thought by Cohnheim and Fraenkel), but, as Cohnheim now
tersely put it, tuberculosis can be produced only by matter
derived from a tubercular source, and anything that produces
this tuberculosis is derived from a tubercular source. Dr.
Wilson Fox, after the very important experiments performed
by Dr. Dawson Williams, according to which chronic inflam-
mation in the skin of guinea pigs produced by setons, is
in no case followed by tuberculosis, has conceded that in his
earlier experiments there must have entered some error in
the use of the materials. Cohnheim has conceded the same.
It is clear that these observers, while working at the same
period with both tubercular and non-tubercular matter, must
have had, in the course of experiments with the latter sub-
stance, accidental contamination with the former, and hence
had the guinea pigs inoculated by them with non-tubercular
matter nevertheless affected with tuberculosis. Dr. Wil-
liams, who had no contamination to fear, working with non-
tubercular matter only, had consequently no accidental con-
tamination. This shows us how dangerous, as regards
reliability of results, it is to work in one laboratory with
different infective materials at the same period,

I have myself experienced some very curious results
bearing on this very point. During the last year I have seen
the following cases of accidental contamination oceur : I work
in the laboratory of the Brown Institution, which comprises
a swite of rooms, Although working extensively on anthrax,
I generally limit myself to one room only. A friend of mine,
who one day injected into a vein of a guinea pig blood taken
out from a_blood vessel of a dog suffering from distemper,
found, to his great disappointment, the guinea pig dead after
two days under the typical symptoms of anthrax, the blood
of this animal teeming with the characteristic bacilli, The
hypodermic syringe used in this experiment for injection

* Compare: Watson Cheyne, Practitioner, A pril 1883.
o 12141,
: B
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four weeks with the symptoms of extremely well-marked
tuberculosis—in fact, the best marked case that I have seen
—of both lungs, spleen, liver, and kidney, All tubercular
deposits contained the tuberele bacilli,

Also in this instance inoculations with tubercular matter
had been going on at the same time, when I meant to have
inoculated nothing else but a culture of anthrax bacilli.

I think all these facts taken together prove unmistakeably
that working with two contagia in the same laboratory and
at the same period, accidental contamination is of no rarve
occurrence. And this applies with equal force to Buchner’s
experiments. Buchner worked extensively with anthrax
cultures in the same laboratory, and at the same time he had
those successful cases of anthrax in mice which he thought to
have inoculated with cultures of hay bacillus, and aceidental
contamination probably was the result. Buchner himself
has experimentally shown that anthrax virus in the shape of

spores can by inhalation produce anthrax, and, therefore, this
- is another argument against his above cases of positive
results: I am assuming that his cultures of hay bacillus
were really free of spores of bacillus anthracis; but,
seeing that his anthrax cultures were probably contaminated
with hay baeillus, I do not see why, by some chance, one of
his tubes which he thought he inoculated with hay bacillus
should not have been accidentally contaminated with the
spores of bacillus anthracis, of which there must have been
many floating about in the air of the laboratory.

If Buchner could show us that in & laboratory, in which
for some considerable time anthrax cultures, anthrax ani-
mals, and examinations of anthrax bacilli had not been
carried on, cultivation of hay bacillus ultimately yields a
flaid which produces typical anthrax, then I should be
perhaps prepared to concede his proposition of a transmuta-
tion of hay bacillus into bacillus anthracis. Such a propo-
sition is of the widest importance, and therefore its proof
ought to be beyond cavil, there ought to be no chance of a
possibility of error.  Such proof Buchner has not given, and
I cannot therefore accept his interpretation.

B. The second instance in which the transformation of a
common septic nfo a specific or pathogenic organism has
been experimentally achieved, or I should rather say has
been stated to have been achieved, is the jequirity bacillus,
In 1882 the well-known opthalmologist M. L. de Wecker in
- Paris draw attention to the therapeutic value of the seeds or
- beans of Abrus precatoriug, a leguminosa common in India
and South America. The people of Brazl use it under the

B 2
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soil in which it grew, assumes definite specific or patho-
genic properties. To me this jequirity bacillus had a great
interest, since I was particularly anxious to get hold of
such an organism, in order to see whether and how it can again
be made harmless. For if ever there was a good case, a case
in which a previously harmless micro-organism had by some
peculiar conditions become specific : this was a case, and there-
fore it must be here possible by altering its conditions
of life again to transform it into a harmless being. ‘The
theorétical and practical importance of such a case must be
evident to every one who has at all devoted any thought to
the relation of micro-organisms to disease. The whole doe-
trine of the infectious diseases, I might almost say, is involved
in such a ecase, for if in one case it can be unmistakeably
proved that a harmless bacterium can be transformed into a
pathogenic organism, 7., into a specific virus of an in-
fectious malady, and if this again can under altered condi-
tions resume its harmless property, then we should at once
be relieved of searching for the initial cause in the outbreak
of an epidemic. But in that case we should be forced to
contemplate as floating in the air, in the water, in the soil,
everywhere, millions of bacteria which, owing to some peculiar
unknown condition, are capable at once to start any kind of
infectious disorder, say anthrax (Buchner), infectious ophthal-
mia (Sattler), and probably a host of other infectious diseases,
and thus to form the starting point of epidemics. And
the only redeeming feature, if redeeming it can be called,
in this calamily would be the thought that the particular
bacterium would by and by, owing to some accidental new
conditions, again become harmless, |

These were the reasons, and good reasons I think they
were, which prompted me to inquire into the jequirity
bacillus and jequirity ophthalmia, and after a very careful
and extensive series of experiments, to be described
presently, I have proved beyond any doubt that the jequirity
bacillus, per se, has no more power to create an infectious
ophthalmia than Buchner’s hay bacillus had of creating
anthrax.

The following experiments prove this conclusively —

The seeds of jequirity (Abrus precatorius) are erushed and
powdered, the perisperm is removed, and of the rest an
infusion is made of about the strength of half per cent. with
distilled water, previously boiled and contained in a flask
previously sterilized (by heat) and plugged with sterile
cotfon wool.  The infusion is made while the water is still
tepid. After half an hour the infusion is filtered into a fresh
sterile flask, plugged with sterile cotton wool, the access of
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of ophthalmia. = Every infusion of jequirity loses i
activity by boiling it a short tume, 1-1 minute, and hence the
above result. LR sl T

In this respect the poisonous prmmp.lﬂ of jequirity infu-
sion comports itself similar to the pepsin ferment, which, as
is well known, is destroyed by short boiling. ;

If an infusion is made, as above, and after 15 rm'nutea
it is filtered and then is subjected to boiling for -1 minute,
it will be found to have become absolutely non-poisonous, but
not sterile, placing it in the incubator after 24-28 hours, vast
numbers of the jequirity bacillus are found in it. But no
amount of this fluid is capable of producing the slightest
symptom of ophthalmia. ! e

A large per-centage of the rabbits, whose conjunctiva has
been inoculated with the fresh unboiled poisonous infusion,
die after several, 3-8, days. The eyeballs and eyelids are
intensely inflamed, as stated above, the skin and subcutaneous
tissue of the face, neck, chest, and even abdomen, is found
enormously cdematous, the pericardium pleura, lungs, and
peritoneum very much inflamed, their cavities filled with a
large quantity of exudation. The exudations of the conjunc-
tiva, pericard, peritoneum, the cedematous skin and subcu-
taneous tissues contain no infections property and no bacilli
or spores of any kind if examined in the living animal or
immediately after death.

There is one point which requires careful consideration,
it is this : Sattler states that he has cultivated the bacillus,
taken from a poisonous jequirity infusion, through several
successive generations on solid material, and with the new
cultures he was able to produce the jequirity ophthalmia.
I have no doubt whatever that this is really the case, but it
bears an interpretation different from the one Sattler gave it.
Sattler, and most pathologists, would, of course, say this: if
any micro-organism taken from a soil that possesses infective
properties be carried through many successive artificial culti-
vations, all accidentally adhering poisonous matter hereby
becomes so diluted that it practically may be considered to
have been lost; that is to say, that the micro-organisms of the
further generations have become altogether free of it. If the
organisms of these further generations still possess] the same
poisonous property as the original material, then we must
conclude that this poisonous principle is identical with the
micro-organism. I do not agree with this whole chain of
propositions, although -1 agree with some parts. If o
II_iich-urganiam be carried through several sucecessive cul-
tivations in a fluid medium, always using for inoculation
of a new culture an infinitesimal dose, and as nourishing
medium a comparatively large quantity of fluid, then, no
doubt, carrying on the cultivations through four, five, or
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pathogenic micro-organism is exemplified h}r1 the common
mould, aspergillus, a mycelial fungus. Grohe (Berlin
Klin. Wochenschrift., 1871) was the first to show, that the
introduction of the spores or conidia of some species of
aspergillus into the vascular system of rabbits produces
death under the symptoms of general infection and metas-
tasis in the various internal organs, due to localised foci of
growth of these spores into mycelial threads. Lichtheim
(Berl. Klin Woch., N. 9 and 10, 1882) showed that such a
myecosis in rabbits cannot be produced by the spores of
aspergillus glaucns, but by those of aspergiilus flavescens
and fumigatus, Grawitz (Virhow’s Archiv, vol. 81, p. 355),
who made a careful experimental study of this mycosis, found
that no matter whether these spores had been injected into
the vascular system or into the peritoneal cavity, there are
developed in the kidney, liver, intestines, the lungs and the
muscles, occasionally also in the spleen, the marrow of bones,
the lymphatic glands, the nervous system and the skin, minute
foci, composed of spores and mycelial threads with imperfect
fructification organs. Grawitz thought the spores of ordinary
mould (penicillium and aspergillus) by being cultivated at
high temperatures, 39°-40° C., and in alkaline media—they,
as a ruie, thrive only at ordinary temperature and in acid
media—can by gradual acclimatisation, as it were, to those
higher temperatures and alkaline media assume the power to
thrive also when introduced into the body of an animal ; this
they ordinarily cannot do, not being accustomed to grow
at blood heat and in an alkaline soil. Thus under those
varied conditions of growth: they are capable, thought
Grawitz, to assume pathogenic Emperties. This view has
been proved to be incorrect, for Gaftky (Mittheil aus d. K.
Gesundheitsamt, 1., 1881), Koch (Berlin, Klin. Woch. 1881),
and Leber (Berl. Klin. Woch. 1882) have shown that the
spores of those species of aspergillus which possess these
pathogenic properties possess them ab initio, and not
because they are grown under the different conditions men-
tioned by Grawitz. Amongst the many species of aspergillug
there are some, the spores of which differ in this respect
from the others, that they are capable of thriving at those
high temperatures and in the animal body (rabbits), and
thus are capable of producing the said mycosis in these ani-
mals ; that is to eay, the spores of some species of aspergillus
possess pathogenic properties ab initio, while the majority
of other species dﬂ_ not behave in this way, and cannot
acquire such a function under any circumstances.

I'hus also this third case of a transformation of a com-
mon 1nto a specific organism due to altered conditions of
growth falls to the ground.
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fore are unable to produce any disturbance. But some few
species there are, which although ordinarily growing and
thriving in putrid substances possess this power, that when
introduced into the body of a suitable animal set here up a
specific disease. g :

One of the best studied cases is that of the bacillus
anthracis. This organism is capable of growing well and
copiously outside the body of an animal, it thrives well
wherever it finds the necessary conditions of tempemtpre,
moisture, and nitrogenous material ; when it finds access into
the body of a suitable animal it produces the highly in-
fectious fatal malady known as anthrax. The mi?rncnccus
of erysipelas is now well known through the admirable re-
searches of Fehleisen to be capable of existence and multipli-
eation outside the animal body ; it grows well in artificial
cultures, so does the tubercle bacillus of Koch, so does the
bacillus which [ deseribed of swine plague and of which
more in a succeeding article, and so do other micro-
organisms. Davaine’s septiceemia in rabbits, Koch’s septi-
csemia in mice, &e., &e., cannot be produced by every putrid
blood or putrid organic fluid, only by some, only now and
then, 4.c., when the particular micro-organism, capable of
inducing the disease, is present in those substances, and then
only when it finds access into a suitable animal. Davaine’s
septiceemia of rabbits cannot be induced in guinea pigs,
Koch’s septiceemia of mice cannot be induced in guinea pigs,
anthrax bacilli cannot induce the disease in dogs, and so with
the other micro-organisms.

We conclude then from this that some definite micro-
organisms, although as a rule existing and growing in various
substances of the outside world, have the power when find-
ing access into the body of a suitable animal to grow and
thrive here also, and to induce a definite pathological
condition. But this power they have ab initio. =~ Those that
do not possess this power cannot acquire it by any means
whatever. Just as there are species of plants which act as
poisons to the animal body, and other species of plants
which, although belonging to the same group and family,
and although very much alike to the others, have no such
power and cannot acquire such a power by any means, so
there are micro-organisms which act pathogenic and others
which are quite harmless, The latter remain so no matter
under what conditions and for how long they grow.

SEcTION V.

I have made a series of experiments with the view to
obtain pure cultivations of definite septic micro-organisms, of
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all, if limited to the surface, or only slightly if at the time
of inoculation it was placed into a canal extending from
the surface into the depth a little way. In the latter case a
slight growth will be noticed extending into the depth. It
is quite clear from this that exposure to air 1s detrimental
to the growth of this micrococcus.

With this micrococeus were made a large number of
cultures in pork broth, beef broth, rabbits’ and chicken
broth, hydrocele, peptone solution, Agar-Agar and peptone
mixture, through many generations, and the cultures were
used for the inoculation of mice, guinea pigs, and rabbits.
The first two kinds of animals were absolutely refractory,
but in rabbits I had out of a large number of anmmals,
amounting to several dozens, three fatal cases. These cases
were :—

Case 1. A rabbit, we will eall it A., was inoculated into
the subcutaneous tissue of the ear on June 18 with a VIL
culture in pork broth.

On July 29, ie., 41 days after, it died. At no time was
there any inflammation noticed at the point of inoculation ;
after death this latter could not be seen. The left lung
was much inflamed, almost entirely solid; both kidneys
were enlarged and showed parenchymatous nephritis ; other
organs appeared natural. The microscopic examination of
the blood and diseased organs did not reveal any trace of
micrococci or any other organisms.

Case 2. Inoculated a rabbit B. subcutaneously in the ear,
on July 6, with a X. cultivation in beef broth. The place
of inoculation showed much swelling and inflammation after
a day or two, and spread gradually in the next days towards
the root of the ear. The animal died on August 2, i.e.,
27 days after. At the place of inoculation there was a hole
of the size of a sixpence, passing through the whole thickness
of the ear, and the hole was plugged by a dark scab, easily
taken out; the tissue at the margin of the hole was much
swollen and infiltrated. From here towards the root the
tissue was swollen and inflamed ; spleen and liver normal.
The small intestine filled with mucous. Both lungs showed
much hyperemia, and there were in them 1111&111110:1?(: patches.
Peritonitis with clear exudation, both kidneys large and
pale. With juice of the swollen margin of the defect of the
ear inoculated test tubes of sterile broth and two rabbits O
and D. Neither the tubes nor the rabbits showed any result
The swollen ear was examined in microscopical sections, but

no trace of micrococci or any other orgamisms could be
detected.
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temperature of 25° C,, still others at temperatures varying
between 30° and 38° C., and I have inoculated with them a
large number of rabbits (over 40), and out of all thesc: I had
death in three animals only. These were (1) a rabbit that
had been inoculated on June 16 with a L culture of t!}is
‘large micrococeus in pork broth, and again on June 21 with
the second culture of the same in pork broth. It died on
June 28, ie., after one week. There was no change at
the place of the inoculation. The animal was much ema-
ciated.

On post-mortem examination the following changes were
found in the internal organs : peritonitis with copious clear
exudation; bladder distended with sanguineous urine, in the
fundus the mucous membrane showed a large number of
heemorrhagic specks ; small quantity of clear plearal exuda-
tion; pneumonia of both lungs; liver and spleen appear
normal.

No mierococei were found in the blood or any of the
exudations, none in the lungs, none in the mucous membrane
of the fundus of the urinary bladder.

We cannot therefore consider this as a successful case.
- What the cause of the disease was I cannot say, but must
mention that at about this time, i.e, about Midsummer, and
also later in the summer, I had several rabbits dying with
similar symptoms, but without any cause being ascertainable,
they had not been touched by any experiment.

(2.) A rabbit that had been inoculated on June 21 with
the same II. culture of the large micrococcus used in the
preceding case, The animal died on July 27, i, about
five weeks after inoculation. The appearances were similar
to those of the preceding rabbit. There happened to die
on this same day a rabbit under the same symptoms, but on
which no experiment of any kind had been performed. In
neither case was there found any trace of a micrococeus.

(3.) A rabbit was inoculated into the ear on July 6, with
a VI culture of the same large micrococeus in pork broth.
It Eiierl on i.]'ul_',r 23, e, after 17 days; skin about the seat
of inoculation is much swollen, dark red, and the wound at
the place of inoculation is covered with a seab. Both lungs
show under the pleura numerous minute hamorrhagic spots ;
the mucous membrane at the pyloric end of the stomach.
and at the commencement of the duodenum, shows numeruuf;
small hmmorrhages ; the left cornea shows near its upper
margin a small patch of opacity. All other orgaus appear
natural.

No micrococci could be found anywhere, except in that
opac patch of the left cornea. This patch was on careful
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emaciated, and on post-mortem showed the following appear-
ances :—

Place of inoculation in ear and thigh not visible ; no
swelling of inguinal glands; spleen is much enlarged and
permeated by numerous firm white nodules, easily separating
from the surrounding tissue; their size varies between that
of a millet grain and that of a small pea; liver contains the
same nodules but less numerous ; kidneys large, contain also
a few of the nodules; both lungs contain a few of the same
nodules; mesenteric glands large, firm, white ; ccecum
contains in its wall the same white nodules.

The appearances were exceedingly similar to those one
meets with when rabbits are affected with artificial tuber-
culosis ; in fact, one would, without hesitation, pronounce it a
case of very marked artificial tuberculosis, the more so since
another rabbit affected with tuberculosis, and dead after four
weeks, showed precisely the same appearances of the spleen,
liver, kidneys, and lungs, except that the lungs were more
affected than in rabbit I. In this rabbit (tuberculosig) the
microscopic examination of the diseased organs, fresh and
after hardening, stained with Weigert’s mixture of anilin
dyes, revealed the presence of innumerable masses of tubercle-
bacilli and cultures made in Agar-Agar peptone mixture
(solid) from the nodules of the fresh lung yielded, after 12-14
days’ incubation at 38° C., a good crop of* the typical
tubercle-bacilli. But in the above rabbit I. no such bacilli
could be detected, neither the examination of the fresh nor
of the hardened organs, nor cultures made from the spleen,
yielded a trace of the tubercle-bacilli or of any other micro-
organisms. Nor did the inoculation of rabbits with the
nodules of the fresh spleen produce any result.

Rabbit II. remained perfectly well. Other rabbits inocu-
lated with the serum micrococcus of the same and of many
further cultures remained quite unaffected.

We see, then, that also this serum micrococcus remained
harmless after many generations.

4. Micrococeus derived from rabbit’s blood as in the first
two cases. Is as large as micrococcus 2, but differs from
this, that it forms beautiful chains, that it does not grow
well on the surface but that it grows copiously in the depth
of the fluid broth. It grows well in pipettes filled with
broth and hermetically sealed. It has no colour and does
not produce any change in colour of the fluid in which it
gTOWS,

It forms a copious loose precipitate at the bottom of the
fluid after several days’ incubation.

A very interesting appearance is noticed in the chains
0 12141, o
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heart was distended, especially the right, and filled with
blood. The pericardium was distended with a_copious
yellowish fluid; both lungs were found dotted with grey
points. No bacteria of any kind could be detected in the
blood.

From this animal I inoculated two test tubes of rabbits’
broth with heart’s blood, and two test tubes of rabbits’ broth
with pericardial exudation ; further, I inoculated with heart’s
blood one rabbit, ¢, with pericardial exudation one rabbit, d.

In the test tubes, subjected to a temperature of 35° C, for
several days, no growth whatever made its appearance.

Rabbit ¢ was found dead 19 days afterwards. It was
much emaciated. No trace of the place of inoculation
could be seen. Liver contained several white patches;
fluid exudation in the pericardial cavity ; both lungs showed
a few hseemorrhagic spots, some parts of the lung hypersemic ;
no micro-organisms could be detected anywhere.

Started with heart’s blood and pericardial exudation of
this animal cultures in rabbits’ broth, two with each, and
inoculated with the pericardial exudation two rabbits,
e and f.

A1l test tubes showed after several days’ incubation good
erowth of mierococcus. This micrococcus was used for
direct inoculation of fresh rabbits, and for starting new
cultures. And also these were then also used for inoculating
rabbits. But neither produced any effect, :

Rabbit ¢ died four days after inoculation. On post-mortem
being made there were found few white spots in the liver,
much hypersemia and inflammation of both lungs, especially
of the right lung, which was almost totally consolidated.
No trace of the place of inoculation could be seen.

No micro-organisms could be anywhere found, and no
arowth could be produced in nourishing fluid with the blood.

With heart’s blood of this animal inoculated one rabbit, g.
No result followed.

Rabbit f died 11 days after inoculation with the same
appearances as rabbit e. The other rabbits (e, d) remained
well.

The result, then, is this: In none of these animals could
there be found and could there be produced by cultivation
the bacterium termo originally employed, and therefore the
conclusion is justified that the bacterium termo employed did
not produce the death of animal a. The pericardial exuda-
tion of rabbit e was free of any bacterium termo, proof it did
nov start a growth of bacterium termo but of micrococeus.
It had, however, powerful poisonous action on two animals,
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medium, then for one or two generations in another, then in
a third and so forth medium. 1ty ' Jud

Many of these cultures, beginning with the original
culture, were tested on rabbits, on mice, and on guinea pigs,
inoculating a small quantity—one or two or three drops—
subcutaneously. The temperature of the rabbits and guinea-
pigs was taken daily. In no single instance have I seen the
slightest effect in rabbits or guinea pigs, either locally or in
the general health of the animals.

In mice, however, I have had what at first appeared suc-
cessful result, but which on analysis did not prove such.
These cases are :—

Two white mice, which we will eall 1 and 2, were inocu-
lated on August 30 into the subcutaneous tissue of the tail
with a first cultivation of the bacillus subtilis in pork broth,
Mouse 1 was dying on September 9. On post-moriem exa-
mination it was found : the tail, beginning with the place of
inoculation, was much inflamed, at the root of the tail was an
abscess, filled with thick pus, in it were numerous microcoeci,
chiefly in dumb-bells but also some in chains ; the right lung
was entirely occupied by an abscess filled with thick pus; in
this pus were present vast numbers of dumb-bells of miero-
cocel ; the left lung was much inflamed, and in its upper lobe
solid.

Mouse 2 had much inflammation of the tail ; on September
10th the distal portion of the tail was almost gangrenous.
On September 15th the mouse looked all right, the distal
portion of its tail having become altogether detached, When
killed nothing abnormal was found in its internal organs.

With the pus of the abscess of the right lung of mouse 1
moculated on September 9th in the tail two fresh mice, 3
and 4.

These two mice both showed severe inflammation on
September 12th, de., after three days, at the seat of in-
cculation, spreading thence to the root of the tail,

This inflammation steadily inereased until September 15th,
when the tail was found much swollen and discoloured,
The tails of both mice were cut off in narcosis and prepared
for microscopic examination. The animals soon recovered,
and remained well,

The micruscngh examination of these inflamed tails proved
the presence of large uuml?ers of mierococei, chiefly in
clusters, filling and permeating all crevices of the inflamed
tissues, particularly the skin and subcutaneous tissue, and
sPreadmg from the inflamed parts into all the lymph-
spaces of the skin and subcutaneous. tissue of the non-
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