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INTRODUCTION.

—

Tue following Paper was read before the Glasgow Philo-
sophical Society in December last, and appears in the
Volume of Transactions of the Society, recently published.
In that volume it chanced to attract the attention of Pro-
fessor Tyndall, who wrote me thus:

“In the undisturbed quiet of this day—=Sunday, the
«20th of October—I have read your article in the Pro-
“ geedings of the Philosophical Society of Glasgow, ¢ On
“ Microbes in Fermentation, Putrefaction, and Disease.
“Will you permit me to thank you for the pleasure I
“ have derived from the perusal of that article. Matthew
“ Arnold himself could not find fault with its ‘ lucidity,’

“while, as regards knowledge and grasp of the subject,
“T have rarely met its equal.”

Such a testimony to the merits of the Paper, coming
spontaneously from the highest authority among English
speaking men on the branches of science to which it relates,
a gentleman, too, with whom I could claim no personal
acquaintance, could not fail to be peeunliarly gratifying.
Although desirous of bringing before the medical and scien-
tific world the views contained in the paper, I had taken no
steps for that purpose chiefly from a conviction that without
the imprimatur of some weightier name than mine they
would receive no attention, This deficiency Professor
Tyndall's letter abundantly supplied, and explaining my
motive for doing so, I asked his permission to make publie
use of it, To my request he most courteously acceded, and
hence this preface—hence this reprint of my paper.

CHARLES CAMERON.,
NoveMpeR, 1882,






MICROBES

FERMENTATION, PUTREFACTION, AND DISEASE.

e P R S LA ———

MicrosE is a word with which the recent researches of M.
Pasteur into the intimate pathology of fowl cholera and
splenie fever have made the public of this country more or
less familiar. It was originally introduced by Sedillot as a
convenient and non-contentious name for various minute
organisms found in the fluids or tissues of the body in cer-
tain diseased conditions. As generally employed, its use 1s
confined to them. As we shall see, however, that precisely
similar organisms are inseparably connected with the pro-
cesses of fermentation and putrefaction, and in certain cases
that specific organisms associated with these processes, when
they find their way into the animal economy, give rise to
specific diseases, I see no reason why the use of the word
should be so restricted, and shall apply it indifferently
throughout this paper to the minute organisms which play
such a prominent part in the whole three classes of pheno-
mena, Though these microbes are generally believed to
belong to the vegetable world, in lower regions of life the
boundaries between the animal and vegetable arve very
indistinet, and there are many microbes which display so
much activity and such an apparent intelligence in the
direction of their movements, that it is difficult not to share
the sentimental preference to which Pasteur gives express
sion for placing them in the same kingdom as ourselves.
They consist of cells of different sizes and shapes, which
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itself in as many shapes as a leech. Of all these groups
there are may species, some of which have been carefully
studied and identified, but the vast mass of which are as
yet to be deseribed and classified.

Now, I need not tell you that of late years these microbes
have been shown to play a most important part in many
diseases ; but their characteristics naturally admit of much
more accurate and exhaustive study in the processes of
fermentation and putrefaction than when they are compli-
cated and obscured by the disturbing reactions of con-
current life. If, therefore, we wish to understand their
functions in disease, we must, in the first place, consider
what is known regarding them in the other processes in
which they intervene. I accordingly propose to direct your
attention to certain points in connection with their inter-
vention in fermentation and putrefaction, which seem to be
-essential to anything like a clear understanding of their
effects in disease. And if I seem to dilate at too great
length upon this branch of my subject, my apology must be,
that in this country the purely chemical teachings of
Liebig regarding fermentation have left so deep an im-
pression that, even to this moment, they cause the vast
majority of us to overlook the importance of the antagon-
istic and vital theory of Pasteur—a theory which has
directly led that scientist up to the wonderful results with
which the world has recently been startled into amaze.

The amount of pure yeast which can be taken upon a
pin’s point will suffice to accomplish the fermentation of an
unlimited quantity of wort. The reason is that the yeast
cell is a living plant, and grows so long as it finds material
to feed on, and its growth under proper circumstances is ac-
companied by the decomnposition of the sugar contained in
the wort into aleohol and carbonie acid. The life of the
plant and the decomposition of the sugar are cause and
offect.  Boil the yeast and no fermentation will result on its
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introduction.  Destroy its cells by rubbing them on &
ground glass plate and the same thing results. Retard its
growth by cold, and the decomposition of the sugar is
retarded; accelerate it by heat, and the production of aleohol
is accelerated; kill it by compressed oxygen or in any other
manner, and the fermentation stops. But the yeast plant is
far from the only plant which is capable of giving rise to
this decomposition, and under certain circumstances it fails
to give rise to it. In the first place, there are a number of
yeasts, doubtless descended from some common ancestor but
presenting specific differences, giving rise to slightly differ-
ing products, and incapable of transformation one into the
other. The ordinary yeast plants of our breweries produce
spores only under extraordinary circumstances of artificial
cultivation, but the microbes which give rise to the alcoholic
fermentation of the bruised grape are produced by spores
which are self-sown, which develop ferment cells only at cer-
tain seasons, and whose origin is to a large extent shrouded
in mystery. Various moulds, submerged beneath the sur-
face of the saccharine fluid in which they vegetate, and so
deprived of the oxygen which, under normal circumstances,
they derive from the air, continue to live, and extracting
that oxygen from the sugar amid which they are plunged,
give rise to the formation of alcohol and carbonie acid. In
forming the sugar which abounds in ripened fruits, the un-
ripe fruit absorbs oxygen from the air. If the ripening
fruit be placed in an atmosphere of carbonic acid, cell life
continues to go on in its interior, but the process is res
versed. The cells appropriate the oxygen, of which they
have need, from the sugar already formed around them, and
the production of alcohol and carbonic acid again results,
Even in fresh meat, where organic cell-life continues feebly
long after the animal from’ which the meat was cut has
perished, Bechamp has found alcohol—doubtless the result
of an analogous vital process. Nay, within the present year,
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M. Muntz, by a delicate reaction, has shown that aleohol, in
minute quantities, is to be found everywhere in nature—a
result of the decomposition of organic matter by the ferments
which everywhere exist, What is the explanation of all
this? I can conceive none other satisfactory than that
given by Pasteur years before many of the facts I have
mentioned were known. “The character of ferment,” he says,
“presents itself to us not as proper to such and such an
“ organism or such and such an organ, but as a property of
“the living cell, a character always ready to manifest itself,
“and really manifesting itself, as soon as life is not aceom-
“plished under the influence of free oxygen gas, or of a
“ quantity of this gas insufficient for all the acts of nutri-
“tion. Omne sees it commence and cease with this species of
“life—slight and of feeble duration if the species of life is
“the same ; intense, on the contrary, and of long duration,
“furnishing large quantities of alecohol and carbonic acid,
“when the plant, the organ, or the cell can multiply itself
“with facility under the new conditions. Thence all
“imaginable degrees of fermentation, and thence also the
“existence of ferments of all forms and of every different
“gpecies. One can even imagine without difficulty,” he
goes on to say, “that the decomposition of sugar should
“be altogether different from that of which we have spoken,
“and that, in place of alechol and carbonie acid, it should
“give glyeerine, &ec., or lactie, butyrie, acetic acid, &e. This
“would oceur with a certain class of cellular vegetables
“only, more or less analogous to those which decompose
“gugar into aleohol and carbonic acid. Others specifically
“different would act in a different manner. In a word, so
“many beings, so many different ferments.” Fermentation
of this class is then a process inseparably connected with
the functions of life, TIn certain cases, as in ordinary acetic
fermentation, the microbe takes the oxygen which it re-
quires from the air, and with it burns the combustible por-
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fermentation without exhausting the list of those of which
the specific mierobe has been demonstrated or studied.

We are now in a position to turn to the process of putre-
faction, and to understand precisely what that is, In a
sentence, putrefaction is neither more nor less than a
process of impure and mixed fermentation, the products of
which vary according to the species of the ferments which
happen to have been sown, the nature of the soil on which
they find themselves, and the ecircumstances in which they
are placed. A certain step in the reduction of organie
matters to their elements is effected by one ferment, The
new compound is taken up by a second, and advanced a
stage further on the way to dissolution. That again is laid
hold of by a third, until finally the organic structure is
reduced to its original inorganic elements, and these are
set free, once more to enter on a new cycle of life. A
microbe which plays a leading »dle in this great work of
reorganisation is the vibrio of butyrie fermentation. To
the fully-developed organism oxygen is fatal, and, when
exposed under a microscope in a drop of liquid covered by
glass, it is only in the centre of the field, where they aro
protected from air, that these vibrios retain life for any
time, But their spores or germs are endued with the
most robust vitality, They are to be found everywhere,
and carried by the air into putrescible matter, they do
their work in the lower strata, protected against the deadly
influence of the atmospheric oxygen by the air-loving
bacteria and mierobes which occupy the upper surface, and
monopolise the oxygen it dissolves, and in turn supplying
them with butyrie acid, which they, with the aid of the
oxygen of the air, reduce by a slow combustion to carbonie
acid and water. It is a fact, probably worth noticing in
passing, that, according to a recent investigator, M., Van
Tieghen, this butyric microbe is one of the most widely-
diffused in nature, It possesses the faculty of decomposing
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corpuscles will fall to pieces, and salts will erystallise out,
but it will not putrefy. Wort will oxidize, but it will not
ferment; and animal and vegetable infusions will remain for
years without apparent change. But, in establishing these
facts, it has been proved that the most extraordinary
difference exists between the tenacity of life exhibited by
the developed microbes and the spores or germs from
which they spring. Submit the microbes to a boiling heat,
or, in many instances, to a heat far short of the boiling
point, and they are killed. Dry them, and in many cases
they die at once, and in all in a comparatively short time.
Expose certain of them to the oxygen of the air, and they
perish. Saturate the fluid in which others are found with
carbonic acid, and they are paralysed; and though for a
time capable of revival by oxygen, ultimately succumb.
Expose any of them to oxygen under high pressure, and
they are asphyxiated. Dilute solutions of antiseptic agents
kill them. But as to the spores which they produce, and
from which succeeding generations spring, there is almost
no killing them. The more you dry them the better they
resist destruction. Time is no object with them, and they
maintain their dormant vitality for an indefinite number of
yvears, Absolute alcohol has no effect on them. As to
oxygen, they can stand that concentrated by the pressure of
twenty atmospheres, and be none the worse. Two or three
hours’ boiling, if they have been well dried beforehand,
seems not to hurt them, and they have been even known to
survive cight hours of the process. The only effectual
means for their immediate destruction that I am aware of
is the flame of a spirit lamp, To that their extreme
minuteness renders them an easy prey. Now, how, you
will ask, does it come, when these germs can stand so much
rough handling without destruction, that mild solutions of
stich harmless antiseptics as carbolie acid or borax, or per-
Ianganate of potash, can have any effect in preserving us
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pension into the circulation of the living animal, and found
that when more than two grammes of 1t was injected the
result was always fatal, while in doses below two centi-
grammes, on the contrary, it was almost innocuous.
Between these doses the effects observed were very cha-
racteristic. There was an elevation of temperature followed
by a depression often extreme, and the animal became
comatose. Almost immediately after the injection the sub-
ject of the experiment was seized with a diarrheea strongly re.
sembling that of typhoid fever, and after death the glands of
the intestines, known as Peyer’s patches, were found en-
gorged and ulcerated precisely as in that disease, The blood
was not altered in colour, showing that within the living
body its corpuscles had sufficient energy to enable them sue-
cessfully to contest that element with the yeast plant; but
every trace of sugar had disappeared from it. In non-fatal
cases there was the same fever, the same glairy and san-
guinolent diarrheea, in which the yeast globules were ap-
parently eliminated, for after a few days they were not to
be found in the blood,

When Pasteur discovered that the fermentation which
changes urea into ammonia was due to the presence of
a specific micrococeus, he ventured to assert that to the
same microbe, and not to the decomposition of effused
mucus, would be found to be due that formation of am-
moniacal urine within the bladder which in cases of reten-
tion of that fluid gives rise to such distressing symptoms.
This, subsequent observation has proved to be the case, Am-
moniacal urine is as much the disease of the micrococcus
urea as itch is the disease of a specific acarus.

Coming now to the ordinary microbes of putrefaction, we
all know by what a remarkable process of analogical reason-
ing a former fellow-townsman of our own grasped the fact
of the important part they play in surgical disease, and
how—without more knowledge of their individual peculiari-
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He filtered the liquid so as to separate the microbes, re-
peated the operation, and the result was nil. Finally, he
performed bistournage on one testis so as to sever it from
the circulation, injected the decomposing fluid, and then
performed bistournage on the other side. The gland that
had been -cut off from the access of the microbes by bis-
tournage previous to the infection of the animal remained
sound; that into which they had been allowed to find their
way previous to the operation rapidly putrefied.

I have described putrefaction as consisting of a varying
mass of mixed fermentation, and if this theory is correct—
and I am not aware that it is disputed—from what we now
know of the action of individual ferments we should expect
that the septic disease resulting from the introduction or
absorption of putrefying matter into the system should be
of a very complex nature; and so it turns out to be.
Pastenr has described two principal forms of it, and the
microbes giving rise to them in human beings; while Koch
has identified no fewer than six upon lower animals, and it
seems certain that the subject is not yet worked out.
Koch’s researches illustrate what is really an analysis of
disease, and as the adoption of a method so analogous to
that of the chemist promises great results to scientific medi-
cine, I shall enter into it at some little length. Owing to the
presence of so many ferment germs in the air it is impos-
sible without the most extraordinary precaution, to obtain
any one of them in a state of purity. The yeast of com-
merce is full of impurities, and can be made in a short time to
produce lactie, acetie, or butyrie fermentation. The superior
vigour of the yeast plant prevents the microbes of these fer-
mentations from doing much harm so long as aleoholic fer-
mentation is going on with energy, but under certain
circurnstances they occasion great loss to our brewers, 'To
separate different ferment microbes from cach other you
avail yourself of the fact that different species thrive best
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on different soils, One grows most vigorously in an acid
infusion, another in an alkaline. Oxygen is fatal to one,
carbonic acid to another. Tartaric or phenic acid will kill
off some species more rapidly than others,* and so by re-
peated cultivation in conditions favourable to this or that
form of microbe, and prejudicial to those with which it is
found associated, you get what you want. To analyse a
disease which, like septic poisoning, may result from a
number of microbes, you must resort to a similar process,
Some of these flourish in one animal or cultivation fluid,
but die in another, and on that principle the analysis can
be made. Koch, for instance, found that by injecting a drop
of putrefying matter into the circulation of the common
mouse, death resulted in 40 to 60 hours, and two distinet
phenomena presented themselves under the microscope,
The blood swarmed with vibrios of extreme minuteness,
and a micrococcus arranged in peculiar chains, the smallest
which Koch has ever seen, was found in the serum at the
point of inoculation. On the ordinary mouse it was impos-
sible to separate this latter microbe from the other, but by
inoculating them on the field mouse Koch found that the
vibrio perished and the micrococeus gave rise to a peculiar
gangrene. Neither of these microbes affected the rabbit.
Coze and Feltz, on the other side, selected that animal for
their experiments, and they found that the inoculation of a
few drops of putrefying matter into its circulation caused the
blood to swarm with certain other mierobes. But the
curious point brought out by their experiments was that by

4 According to MM. Gayon and Dupetit, in a paper read before the
French Academy of Sciences almost as this is passing through the press, a
microbe, which their experiments show to be the cause of the reduction of
nitrates, not only tolerates strong solutions of phenic and salycilic acid, but
ferments them with as little concern as yeast ferments sugar. This shows
that—as with mankind—one microbe's food is another’s poison, and illus.
trates the necessity for a more systematic investigation than has yet been
attempted of the precise action of reputed disinfectants in different diseases,
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repeated cultivations of these microbes in the rabbit they
could enormously increase their virulence. Thus, having
injected from 1 to 10 drops of blood putrefied in the air into
the veins of each of 48 rabbits they found that 26 of them
died. Injecting 1 to 4 drops of the blood of one of the
rabbits dead in this experiment into a number of others,
they found that all inoculated perished. Following the
same procedure, they found that at the fifth generation one-
hundredth part of a drop killed the animal in less than 20
hours. At the tenth generation they could kill a rabbit
with the 20,000th part of a drop, and in subsequent genera-
tions with even smaller amounts. Toussaint claims to have
proved that the organism thus cultivated out is none other
than the microbe of fowl cholera, of which we shall speak
hereafter.

The two forms of septic disease investigated by Pasteur
are human septicemia and pyemia. In the first of these he
has discovered a septic vibrio wonderfully akin in many
respects to the microbe of butyric fermentation. Like that
microbe, oxygen kills it, but like it, too, its germs are un-
impaired even by compressed oxygen. They will germinate
in carbonie gas, or even in vacuo. Like it, too, it manifests
its fermentative action by the liberation of hydrogen and
carbonic acid, TIts habitat par emcellence is in the serum
of the abdominal eavity, and in the muscles of the ab-
domen. It does not pass into the blood till the last stage
of the disease or after death, and in that fluid it assumes
an aspect of immoderate length, frequently passing beyond
the entire field of the microscope, and a translucidity so
great that it often escapes observation. When, however,
adds Pasteur, one has once seen it, it can easily be found
“creeping, flexuous, and separating the globules of the
blood as a serpent separates the grass in a thicket.” This
microbe does not give rise to the formation of pus, but
‘apparently poisons its victim by the production of an
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coccus, after many artificial cultivations, would give rise to
its characteristic formation of pus. Of course, pus can be
formed without its intervention, but when it is present the
suppuration is mauch more abundant, and what 1s all im-
portant, there alone will the pus set up fresh abscesses
wherever a drop of it, or the pyogenic microbe with which it
abounds, may be borne by the circulation.

But you will probably think that I have long enough
assumed the connection of cause and effect as existing be-
tween these microbes and the diseases with which they are
found associated, and that it is time that I should say
something of the methods by which it can be proved that
they really stand to each other in that relation. You are
aware that microbes of various species may be found in the
saliva and in the secretions of the bronechi and intestines,
even where there is no disease, and there can be no doubt
that after death these microbes make their way into the
blood and tissues of the body, when the microscope often
reveals them. It is not enough, therefore, to find bacteria
or vibrios, or other microbes, in the fluids of the body, to
enable you to say that they have had anything to do with a
disease. To prove the relation of cause and effect between
a specific microbe and a specific disease a much more
rigorous method of demonstration must be adopted. You
must not only show that the microbe is found associated
with the disease, but that it is always associated with it
You must not content yourself with showing that by the
moculation of blood or serum containing the microbe the
disease can be produced, but you must show that if the
microbe be destroyed or removed the fluids ave rendered
harmless ; and to complete the case you should be able
to free the mierobe by artificial cultivation from all con-
tamination with the fluids of the disease, to grow it as a
simple ferment outside the body, and to show that, thus
purified, when introduced once more into the animal
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tiplication by fission seems to be the mode of growth of
the bacillus of splenic fever when the temperature is too
high or too low for the most vigorous development of the
organism, and you can at will determine its mode of re-
production by regulating the temperature at which it is
cultivated. How completely, by means of a few successive
cultivations, you can get rid of all trace of the fluids of
the diseased animal from which the microbe is originally
procured, can be understood from a statement which has
been made, and which is probably sufficiently accurate for
illustration, though I have not checked the calculation,
that after twelve cultivations, each one in not more than
ten centimetres of fluid, the primary drop of liquid is as
much diluted as if you had originally added to it a volume
of liquid as great as the total volume of the earth. Freed
thus from every trace of original impurity, the microbe of
splenie fever continues to produce the same specific results,
and, thus purified, the different degrees of vitality of the
organism and its germs can be verified by direct experi-
ment, The life of this bacillus, like that of other microbes,
is easily destroyed. That of its germ or spore is as defiant
as theirs of ordinary destructive agencies. It preserves its
vitality for years, resists drying or moisture, cares nothing
for compressed oxygen or absolute alcohol, and can defy a
heat considerably above the boiling point. Now, it is a fact
remarkably illustrative of the intimate natural connection
between microbe life within and without the animal body
that it has been shown by direct experiment that if the
blood of an animal which has perished of splenic fever is
mingled with earth (as where one is skinned on the field
where it has perished), especially if the earth be moistened
with manure water, the bacillus grows and multiplies itself,
and gives rise to numerous corpuscle germs, which can be
recovered by eunltivation many months or years afterwards,
and are still capable of giving rise to the disease, In faet,
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yeast plant does precisely the same thing—although, accord-
ing to Rees, when cultivated on slices of potato or carrot, it
alters its manner of multiplication, and produces spores. I
have no doubt that you have all heard how, by cultivating
the microbe of fowl cholera in chicken broth, under pro-
longed exposure to oxygen, M. Pasteur succeeded in produc-
ing a modified, or, as he calls it, an attenuated, form of
organism which will impart the disease to a fowl inoculated
with it in any desired degree of severity; how 1t can be
reduced to such a degree of attenuation as to give rise to
only trifling local symptoms, and how even in that condition
it exercises a specific influence on the fowl on which it has
been inoeulated which protectsit against subsequent attacks
of the original disease, in the same manner as inoculation
with vacine lymph protects mankind aganst small-pox.
What I want to call your attention to is the rationale of
the process, and the intelligent manner in which this im-
portant discovery was made. What I want to insist upon is
the 1llustration it affords of the all-importance of the study
of microbe life in fermentation, if we desire to appreciate or
to control its action in disease ; and in order to illustrate
this point we must go back to the yeast plant.

In the course of researches undertaken for the purpose
of determining the identity or non-identity of various alco-
holic ferments, Pasteur discovered that if you take any of the
varieties of yeast in a state of perfect purity, place them in
a quantity of wort freely exposed to pure air, and allow
them to exhaust the materials on which they grow, the fer-
mentation ceases, but the yeast cells preserve their vitality
for a long time. Their structure, however, becomes altered,
and their energy as ferments modified. Let us suppose that
after all fermentation has ceased in the vessel enclosing a
yeast under the conditions I have described, a pinch of it
be taken on successive days and placed in fresh wort, fer-
mentation will be set up, but, other things being equal, its
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Now, we know that the living body is made up of living
cells, and, when a ferment is introduced into it, then a con-
test for existence at once arises between them and it. Had
Marix in the experiment I have referred to made use of
veast enfeebled by the treatment just described, I have no
doubt he would have found that he could have injected
much larger doses than he did without fatal results. In
the struggle for life the weakened yeast would have gone to
the wall, just as the fresh yeast did when an insufficient
dose was set to work against the combined forces of all the
blood globules and other cells of the body. Now, this is
precisely what did occur when the microbe of fowl cholera,
enfeebled by prolonged starvation in oxygen, was intro-
duced into the circulation of healthy fowls. The energy of
the organic cell-life within them was sufficient to achieve
over it a vietory more and more easy, precisely as it was
less or more enfeebled—exactly as, when infected in the
ordinary way, fowls die or recover according as their
natural forces are or are not sufficiently strong to overcome
the dose of the microbe which has introduced itself into
their system. And as it is found under circumstances of
ordinary infection that the system of the animal which
recovers has undergone some change which renders it unapt
to contract the disease a second time, so in those which
recovered from the attenuated virus it was found that a like
effect had been produced.

Extending his researches to the microbe of splenic fever,
Pasteur discovered that a similar course of treatment in its
case produced similar results. It, too, became enfeebled or
attenuated, but with much greater rapidity, and when thus
attenuated its inoculation upon sheep or cattle produced
precisely analogons effects. But in the case of this microbe
there is an important difference, with greatly augments the
facility with which we can avail ourselves of its attenuated
form as a protective against the disease. As I have said,
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afforded: sometimes they were not sufficiently scotched,
when a fatal result ensued. Again, MM. Arloing, Cornevin,
and Thomas have discovered that by injecting carefully-
restricted doses of the microbe of the Maladie de Chabert
(a disease for a long time confounded with splenic fever),
direct into the blood current of cattle, precautions being
taken to prevent all contamination of the solid tissues in
the process, they can produce the same protective result.
On the other hand, the smallest infection of these tissues
with the organism may give rise to the disease in its worst
form,

How are we to account for the the difference? More than
one theory has been advanced, but it is probably premature
to generalise, for different disease ferments seem to act very
differently under the same circumstances. Thus Chauveau
found that by injecting vacecine into the circulation of the
horse he produced a generalised eruption instead of the
strietly local one produced by ordinary inoeulation with the
virus. Different disease mierobes will doubtless be found
to develop greater vitality in different fluids and tissues,
precisely as different ferment mierobes are known to thrive
best in different media of cultivation. My object has been
to trace the intimate connection which exists between the
processes of fermentation and disease, but as yet I have
sald nothing of the products of fermentation in disease,
That such products are formed there can be no doubt, but
their production is complicated with so many other vital
reactions, and their operation so masked by other vital
phenomena that, so far, very little is known regarding the
extent or nature of their action in disease. The microbes,
multiplying themselves in the body by millions and tens of
millions, as they are known to do, must materially interfere
with the composition and aération of the blood. By their
gize, or by the peculiarvities of their growth, they may block
up the capillary circulation in vital organs, and produce
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but scanty justice to my theme, but we have considered
together a number of the characteristics possessed in
common by microbes of fermentation and disease. We
have seen how organisms which habitually give rise to the
process of fermentation may, when transferred to the in-
terior of the living body, give rise to the phenomena of a
specifie, though artificial, disease. We have seen that the
mixed ferment organisms of ordinary putrefaction, by a
series of animal reagents, ean be separated into their com-
ponent species. We have seen in fowl cholera a disease,
dependent on a ferment mierobe, probably to be everywhere
met with in ordinary putrefactions. We have seen how
that microbe can be spontaneously separated from its
fellows and brought to a state of wonderful purity and
deadliness by enltivation within the animal body, and how
when in this state transferred once more from a living to an
artificial soil it again comports itself precisely like the
ferment cell of ordinary yeast, multiplying itself by fission
and producing a narcotic poison as that produces aleohol,
becoming, like it, enfeebled by prolonged starvation in pre-
sence of oxygen, but capable, by proper treatment, of being
once more revived into its full pristine activity, We have
seen the baeillus of splenic fever with its natural habifat in
a living soil, yet capable of life and multiplication in earth,
and susceptible of artificial cultivation in yeast water and
other organic solutions, manifesting the same enfeeblement
as yeast under prolonged exposure to oxygen, and capable
of restoration to its original virulence by analogous methods,
We have seen how, inspired by the suggestive study of a
fermentation, Lister thought out his antiseptic system, and
Davaine first discovered that a microbe was the cause of a
disease. We have seen by what obvious and intelligent
steps Pasteur was led by the results of experiments on yeast
plants to his process for attenuating the mierobe of splenic
fever, and his discovery of a preventative against a most
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