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PREFACEK.

————

Tre first edition of the present work formed a part of the
Handbuch der Hygiene, edited by von Ziemssen and von
Pettenkofer; the deseription, however, there given was incom-
plete, because it was intended to supplement it by arficles by
other authors on “ Air,” *“ Soil,” and ‘‘ Common Diseases.”” As,
however, the appearance of these supplementary articles has been
greatly delayed, and as also, on account of the great divergence
of the views on the subject of micro-organisms, uniformity of
deseription was scarcely possible, I have preferred to publish the
second edition of *“ Micro-organisms ™ in a separate form, and to
add chapters on the subjects which were not treated of in the first
edition.

Apart from these additions, the chapters of the previous edition
have been fully revised and in great part re-written.

There are two leading ideas which have gnided me in the pre-
paration of the present edition. In the first place, I desired to
give a practically useful classification of bacteria. For this pur-
pose I have described as fullyas possible the culture characteristics
of the individual forms, and have provided a key for the diagnostic
separation of the different species of bacteria in each of the three
chief groups.

I have not made any attempt to give a scientific classification
of the bacteria, and the characteristics described are only of use
practicallyin enabling the reader to obtain a general idea as regards
the species already known, and to recognise new species should
he meet with them, &e. In this way material will be collected,
which may, perhaps, at a future period be of use in leading us to
a truly seientific clagsification.
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Our knowledge of micro-organisms is as yet so imperfect that
for the present we absolutely require some such rough method of
making ourselves mutually intelligible. The attempts to classify
bacteria according to other principles, and with reference to their
ontogenetic and phylogenetic development are doubtless justified,
but in view of the small number of definite observations are
premature, and at any rate for practical purposes are in the mean-
time completely useless.

Nor can we form a practical classification on the basis of spore
formation, because in the case of most species it is very diffieult
to decide whether, under what conditions, and how they fructify.

On the other hand, by careful attention to the characteristics
of growth on certain soils, it is comparatively easy, as the
experience of several years has taught us, for the beginner to
find his way in the labyrinth of the forms of bacteria, and we are
certainly justified in the meantime in joyfully trusting ourselves
to this Ariadne thread, always bearing in mind that the indica-
tions so obtained are provisional and only pave the way for more
thorough knowledge.

For the diagnostic summary attempted here it was necessary
to give names as far as possible to the individual species of
bacteria. The culture characteristics have for the most part
formed the bases for these names, and hence they have, like the
classification itself, only a provisional importance, and are only
Justified in so far as they render mutual understanding easier for
the present. Should some authors be dissatisfied with the names
which have here been chosen for the bacteria first described by
them, they may excuse my action when they remember the
necessity for a terminology, the provisional character of the
names, and the possibility of altering them at any time.

Some of the more common forms of saprophytes collected in
this Hygienic Institute are only deseribed incompletely, and with
almost exclusive reference to the characters which are of use in
differentiating them. A more complete study of these forms is
proposed at a later time. I am deeply indebted to the workers
at the Institute, Drs. Oberdiek, Henrijean, Guarneri, Kreibohm,
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&e., but in particular to my assistants, Dr. Deneke and Dr.
Praussnitz, for the help which they have given me in this
arduous work.

The second idea which guided me in altering the former
edition has reference to the etiology of the infective diseases.

As to the mode of spread of these diseases we have as yet
received explanations almost entirely from the experiences of
medical practice, and from statistical observations. The
number of definite results obtained in this way has, however,
been extremely small, and where a law such as the peculiar local
and seasonal distribution of typhoid and cholera epidemiecs is
recognised we are, with regard to the significance and expla-
nation of the phenomena, thrown back on a series of more or less
probable hypotheses.

The bacteriological investigations of the last few years have
produced a complete change in this respect. By the discovery
of numerous disease germs, and of the methods of their pure
cultivation, it has hecome possible to study experimentally thé
conditions of life of the infective organisms, their mode of life,
their relation to their surrounding, their transportability, and the
mode of their entrance into man, and thus to obtain information
as to the eauses of the peculiar mode of spread of epidemic dis-
eases, in a manner incomparably quicker and more trustworthy
than by empirical and statistical methods.

I have as far as possible in the present work made use of
these advances of the most recent scientific investigations, the
bearing of which is decidedly underrated, and have attempted
to explain the mode of spread of infective diseases, more espe-
cially of cholera, by reference to the facts ascertained by experi-
ment as to the characteristics of the causal agents.

It must be evident that we have already gained in this
way, in the case of a number of infective diseases, a deeper
insight into their mode of spread and the prophylactic measures
necessary in combating them. In the case of many diseases we
do not as yet fully understand their mode of spread ; nevertheless
by the aid of the results of bacteriological investigations we can
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at least understand what are the points which will eventually
lead to the elucidation of the peculiarities in this respect ;
and we can recognise most clearly that it is not correct to
regard in a one-sided manner the soil or the water as the only
important factor. In every case we may hope that a continued
experimental investigation carried on with a definite aim will
lead us most quickly to an increase of our knowledge, and to a
rational method of prophylaxis against the epidemic diseases.

Many other duties have prevented me from finishing the
publication of this book as quickly as I could have wished. I
have not been able to utilise completely the literature of 1885,
and only the most important of the works which have appeared
in the present year have been added while the book was passing
through the press. The yearly report of micro-organisms lately
published by Baumgarten, and written with as much care as
knowledge, relieves me, however, of the necessity of giving in an
appendix a notice of the more recent works.

C. FLUGGE.

GOHTTINGEN,
August 24th, 1886.
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INTRODUCTION.

Ix the outer world with which mankind is in daily con- Significancs
of IIIII'.'LU‘

tact, and which forms the subject of hygienic research, orounisms,
the attentive observer finds micro-organisms widely dis-
tributed and only just visible with the aid of the best
optical means; these bodies, however, on account of
their silent yet widespread and energetic activity, play
an important part in the economy of nature and in the
existence of mankind. They occasion the destruction
of dead organic material, they cause the oxydation of
substances otherwise very resistant, and constantly pro-
vide new nutriment for chlorophyllous plants; they set
up the most varied fermentations, and ave indispensable
aids in the preparation of our ordinary nutritious and
savoury food ; on the other hand they attack our plants
as parasites, bringing degeneration and death to their
hosts ; at times they cause the severest diseases in the
lower and higher animals, and threaten even man with
fatal epidemies. In no department of hygiene is their
influence missed; in the air, in the water, in the soil,
in our immediate surroundings, in our dwelling, and
in our food, the same minute organisms are present
as constant companions, and at times as dangerous
foes. :

The majority of these important yet minute bodies Synonyms.
are plants of the most elementary structure and with
the most simple mode of propagation, but yet with
extraordinary powers of multiplication. They are
grouped together under the headings ““ micro-organisms "
or ”micmbes”; at times they are designated as
“lower fungi' or as “ bacteria.”” Further, various
terms are npplmd to particular groups of these organ-
isms according to the partieular mode of action to
which attention is directed. Thus, from the physio-

13
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logieal chemical standpoint, they have been termed
‘ organised ferments”; on the other hand, from the
special pathological point of view, ‘ parasitic plants”
or ‘‘ micro-parasites.”

The object of the present work is to deseribe the form
and vital characteristics of these micro-organisms in so
fur as they have a direct or indirect interest from a
hygienie point of view.

The plan of this work embraces in the first place a
short historical sketch of the development of our know-
ledge with regard to the ferments and parasites during
the last few years. Then follows a description of the
form and mode of development of those micro-organisms
which are important from a hygienic standpoint, and also
a short morphology and eclassification, a knowledge of
which is indispensable for the comprehension and the
further successful study of these bodies, so difficult
to recognise and to distingnish one from the other.
Nor is the biology of the micro-organisms less instrue-
tive; hence the third part deals with the general
conditions of life of the lower fungi; in the fourth are
described the results of their life, their tissue change,
and energy, as well as their action as exciting agents of
fermentation and of parasitic diseases; and the fifth
chapter deals with the conditions of decay of the micro-
organisms and with the means which cause their
enfeeblement or death.

In the sixth and seventh divisions the points which
are of special interest in hygiene are referred to; in the
s:xth the distribution of the various miero-organisms in
our surroundings, in air, soil, water, food, and dwelling ;
and in the seventh there is given a digest of the
conclusions to which we must come with regard to
the ctiology and prophylaxis of the infective diseases.
The contents of this chapter include the discussion of
the external sources of infection, of the loeal and
ceasonal predisposition to infective diseases, of the
mode of entrance of the infective agents into the
organism and their fate in the body, of the means by
whieh it is possible to obtain protection against the









PART I.

THE PROGRESS 0F ENOWLEDGE W.I'l.'H REGARD TO THE

FERMENTS AND MICRO-TARASITES DURING RECENT YEARS.

Tue first undoubted observation as to the existence of The carliost
small microscopieal living beings in our surroundings was lliiﬁ’ﬁi’éﬁf
made by Ehrenberg, who found numerous organisms ﬁ?g"::ﬁg:ﬁ
in water and in dust, and designated them * Infusion
animals (Infusionsthievchen, 1828)." KEight years later
the vegetable nature of yeast was discovered by Caignard-
Latour and Schwann, although the cell formn had been
seen much earlier (first by Leenwenhoek, 1680), and
their organised and vegetable character had been sus-
pected by several investigators (Theénard, Persoon).
Sehwann also, in the vear 1837, asserted as the result
of experiments, that the atmospheric air was constantly
laden with fermentative and putrefactive germs, and also
that certain fermentative processes were dependent on
the access of living organisms.
From that time dates the lasting and active interest
in micro-organisms, and the development of the subject
has chiefly taken two different dirvections: on the one
hand, the problem investigated was the relation between
the fermentative germs and the processes of fermentation
and putrefaction ; on the other hand, the attempt was
made to demonstrate a causal connection between similar
minute living bodies and infective diseases in man and
animals, a connection which various hypotheses and
analogies rendered probable. ~ It is only possible to
follow tle nuumerous controversies with regard to the
significance of the micro-organisms by tracing separately
the gradual development of knowledge, on the one hand
with regard to fermentation, and on the other with regard
to parasitic crowll.
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I. Micro-oncanisys As THE ExciTine AGENTS OF
FERMENTATION AXD PUTREFACTION.

Gradual Development of the Vitalistic or Germ Theory.

Before Schwann's discovery the essence of the ferment-
ative process—and especially of the aleoholie or vinous
fermentation in which sugar is broken up into aleohol
and carbonic acid—was by some not at all associated
with the yeast, which was looked on as only an acei-
dental accompaniment ; by others the rdle of the yeast
was regarded as an etiological one, but only in the sense
that the mass of these cells acted as a porous body
which easily eondensed the oxygen, passed it over to the
other substances, and thus occasioned the decomposition
of the sugar (Braconnot, 1831), or that the yeast pos-
sessed catalytic properties, and thus had the power of
splitting up the fermentescible substances in the same
way as peroxide of hydrogen is decomposed by finely
divided platinum, &e. (Berzelius, 1827). Up to this
time no one had held the view that the process of fer-
mentation was closely connected with the living multi-
plying yeast cells, and was in fact the result of their
life, and no one could hold such a view previously,
because the organised nature of yeast was not yet
known. Schwann was the founder of the vitalistic or
germ theory. As the result of new experiments he
asserted that the cause of the fermentation was the
vegetation and multiplication of the living yeast in the
fermentescible fluid, that the yeast cells took from it
the materials necessary for their growth, and that the
elements which were not taken up by the yeast became
grouped together prinecipally in the form of alcohol.
Schwann’s experiments were repeated several times in
the course of the next few years, and the results were
confirmed and extended; among the more immediate
advances it is only necessary to mention the proof
furnished by Liuidersdorff that triturated yeast cells are
inoperative, and that only intact cells can produce fer-
mentation, and also the obscrvation by Blondeau that
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different fermentations ave caused by different kinds of
micro-organisms.

The strict proof that living yeast cells or minute Evidence re-
organisms similar to yeast are the only cause of every QU

prove the de-
fermentation, could however only be furnished by a pendence of

2 fermentation
series of experimental investigations, which must have on living
for their aim the following questions :— s

1. In the first place it was necessary to show that 1. Living cells
germs are present in all fermenting and putrefying &5 N fomment.
fluids. This was proved by all the investigators who iz fluids.
busied themselves with the question of fermentation
after Schwann, and in fact it was the constant presence
of definite microscopical organisms which formed the
starting point of the vitalistic theory. The fact itself
was much less disputed by the adversaries of this theory,
than its meaning. Not till later years were here and
there observations published which asserted the exist-
ence of putrefying and fermenting media without micro-
organisms—observations which will be considered in
detail later.

2. From the constant concurrence of putrefaction and 2. Fermen-
micro-organisms the causal 7dle of the latter did not Seuens qen

stances do not
of course directly follow; that must on the contrary fermentwhen

g ; the entrance
be proved by special experiments. The behaviour of oflivingyesst
fermentescible substances without miero-organisms was ﬁﬁﬂfﬂ‘ﬁ,'“""
therefore tested in the first instance; and for this
purpose the attempt was made to kill any germs which
might be present in the substances themselves, in the
vessels, &e., by a temperature of at least 100° C., care
being then taken to protect the materials against the
entrance of fresh germs, either by suitable methods of
closing the vessels, or by subjecting the entering air to
the action of means which counld kill the germs.

These experiments also date back to an early period.

In 1836 F. Schulze showed that no decomposition
occurred in putrescible materials when he boiled them,
thus killing any germs which might be present, and then
prevented the access of air, as for example by inter-
posing a layer of oil, or conducted the entering air
through sulphuric acid, which detained and destroyed
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the germs. Schwann also in 1837 made similar experi-
ments ; he freed the entering air from the organisms by
heating it strongly. At a later period Sehrider and von
Dusch attempted to remove the putrefactive germs from
the air by simple mechanical means, for example by
filtering the air through cotton wool; this was com-
pletely successful, and no putrefaction occurred in
vessels containing boiled putrescible materials and
plugged with cotton wool. Hoffmann, and later Chev-
reuil, and in 1862 Pasteur obtained the same result by
drawing out the neck of the flask used for the experi-
ment, and bending it several times acutely.

The weight of all these experiments was much
enhanced by the fact that control experiments were
made in which the same fermentescible fluids were
employed, and treated in the same way (by prolonged
boiling, &e.), only with this difference, that the air
entered the vessels without being previously deprived of
its germs by filtration or by destructive agents. In
these control-experiments fermentation or putrefsetion
always occurred ; and the same result was obtained if
the protective arrangements were subsequently removed
from vessels which had been preserved free from germs
for a long time, and the entrance of germ-laden air
was permitted, or when germs were intentionally sown
from other putrefying fluids.

These experiments were repeated later on a gigantie
scale in the preservation of articles of food ; scarcely any
biologieal experiment has been so extensively carried out,
and has furnished such a uniform result. If fermen-
tescible substances are treated by methods which are able
to destroy existing organised germs, and if the entering
air, and everything that will eventually come in contact
with these substances, is treated in such a way that no
organised living germs can enter, neither fermentation
nor putrefaction occurs ; if any of these precautions are
omitted, and the entrance of germs is allowed, then
fermentation takes place. Itis true, as may be remarked
here in passing, that at a later period contradiction of
these experiments and their results was not wanting.
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Some investigators asserted that in spite of the most
careful isolation of the fermentescible substances, and in
spite of the most thorough destruction of existing germs,
putrefaction and fermentation nevertheless oceurred.
These experiments will be discussed below, but I may
here point out that a contradictory result must be
obtained when even one of the many necessary precau-
tions is omitted during the experiment, and that
therefore a certain percentage of unsuccessful attempts
at preservation is something quite intelligible.

The more experienced the experimenter, the more
rarely do the experiments fail ; the more the methods of
preserving food have been developed, so much the more
successful are the results. The best experimenter must
register a series of failures when he begins to busy him-
self with these questions, in which the sources of error
are 80 numerous, and in which unusual precautions are
required. But for this very reason a few of these con-
tradictory experiments, in which putrefaction and fermen-
tation occurred, in spite of the apparently complete
exclusion of all germs, cannot be used as a proof against
the vitalistic theory.

If we assume, for the present, that the result of the
most numerous and carefully conducted of these experi-
ments is that by the exclusion of organisms putrefaction
and fermentation are prevented in fermentescible sub-
stances, there at once arises another old matter of dis-
pute, namely, that with regard to abiogenesis (generatio
e@quivoca). Seeing that no development of organisms
ocecurs in substances which under ordinary conditions
offer a most admirable soil for their development, when
the access of living organisms is rendered impossible,
and seeing that the most active life at once appears as
soon a8 even the smallest number of living organisms
enters, the conclusion is justified that the living cells
cannot be formed from unorganised material, but that
they always originate from another organised cell.

The experiments referred to admitted, however, of
two valid objections, and hence they required to be
farther modified if they were to prove absolutely the
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vitalistic theory of fermentation, or the improbability of
abiogenesis. Thus a possible objection to some of the
experiments was that the deficiency of oxygen in the
boiled and hermetically sealed vessels hindered the
development of organic life; but this objection was
already met by the fact that the experiments with air
filtered through cotton wool permitted an undiminished
supply of oxygen, and that nevertheless the develop-
ment of organisms was prevented. It was much more
difficult to answer the other objection; it was said that
the heating of the fermentescible substances which were
employed for the experiments altered them in such a
way that so-called chemical ferments which were pre-
viously present, and were able to cause their decom-
position without the intervention of organisms, were
destroyed by the heat, and that it was for this reason
that decomposition did not oceur. Had the heating
not taken place these substances would have undergone
fermentation under the influence of those ferments even
without the entrance of organisms. The advocates of
spontaneous generation also put forward a similar plea,
assuming that as the result of the action of the heat an
alteration of the material oceurred, and that it thus
became unsuitable for the generation of cells. These
objections gave rise to a large number of new experi-
ments with unboiled and quite unaltered organie
materials. Van der Broek, Pasteur, Rindfleisch, Lister,
and many others, more recently Meissner, Leube,
Hauser, Marchand, Cheyne, were able to preserve for
years a great variety of fermenteseible substances with-
out the occurrence of any fermentation or putrefaction
if only they were not previously exposed to the danger
of contamination by organisms, and were protected
from the entrance of new germs and kept in absolutely
pure vessels. In this way success was obtained with
arape juice, yolk of egg, blood, milk, the most various
animal organs, &e. These experiments, which we must
discuss more fully at a later period, and as compared
with which a few experiments in which the attempt to
preserve materials by the same method failed have of
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course no value, are of the greatest importance for the
questions of abiogenesis, and of the »dle of the
organisms in fermentation and putrefaction. It was
only as the result of these experiments that it could be
absolutely maintained that spontaneous generation does
not take place, and that fermentation and putrefaction
do not occur without the aid of minute organisms.

3. If organisms are the constant cause of fermentation
and putrefaction, one must, bearing in mind the faet
that decomposition of putrescible materials occurs at all
places and af all times (provided that no special means
are employed to prevent it), come to the conclusion that
these lower putrefactive organisms are extremely widely
distributed, and that thus there is always and every-
where opportunity for the infeetion of putreseible
materials. The further efforts of the advocates of the
vitalistic theory were therefore directed to the demon-
stration of the presence of organised ferments in all oar
swrroundings. Investigations which were begun by
Ehrenberg, and then continued by Pouchet, Tyndall,
Pasteur, Cohn, &e., demonstrated with certainty that
the air always contains the germs of fermentation and
putrefaction, that dust consists in part of micro-organ-
isms, and that water, soil, and in fact all our surround-
ings are always contaminated by these minute cells. In
recent times the methods, more especially of aéroscopr,
have been perfected on the view that the air is the most
frequent earrier of the germs, and is the medium which
leads most frequently to the infection of fermentescible
substances. Later investigations (Sanderson, Rind-
fleisch, Cohn, Hiller, Brefeld) have, however, shown that
the air in most places contains relatively few active
germs, and that the active agents of fermentation are
conveyed by solid substances, water, &c., which are
confaminated with germs, more frequently than through
the medium of the air; but by this alteration in
the views as to the part played by the different media
in getting up fermentation there is no change in the
doctrine of Panspermism and of the universal distri-
bution of germs in our surroundin gs.
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The causal connection between micro-organisms and
fermentation and putrefaction is definitely demonstrated
by the investigations to which we have referred. It
was found that organisms were present in all putrefying
and fermenting substances; the same organisms were
shown to be widely distributed in our suwrroundings ;
it was demonstrated that without these organisms no
fermentation or putrefaction oceurred even when the
fermentescible substances were left otherwise unaltered,
the entrance of the organisms heing alone prevented,
and that these changes only occurred when living germs
bad been introduced by contact with the impure
surroundings.

But there remained the further question, viz., in what
way the aetion of these organisms on the fermentescible
substances was to be explained ; and the further experi-
ments and researches with reference to the etiology of
the process of fermentation were made with the view
of ascertaining whether fermentation and putrefaction
were to be regarded as a vital process, as o manifestation
of the life and activity of the eausal organisms, and
what were the intimate changes that took place.

Even shortly after Schwann’s discovery definite views
were formed as to the mode of action of the organisms.
Schwann himself asserted that the fermentative process
went on pari passu with the growth of the yeast, and
that fermentation occurred by the yeast plant with-
drawing from the nutritive substratum eertain materials
necessary for its growth, and at the same time inducing
the formation of aleohol from the elements which
were of no use for nutrition. The contemporaries of
Schwann expressed views which were similar but on
the whole more speculative, and not sufficiently based
on experiment. The vitalistic theory was in reality first
elaborated by Pasteur. Tt is true that Pasteur did not
suceeed in finding at first a suitable explanation of the
process of fermentation, or one which was permanently
adopted ; on the contrary, his teaching has undergone
most important modifications in the course of time, and
as the result of further experiments and better know-
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ledge; but in such a complicated question, and one
requiring the whole efforts of more than one investigator,
a definite conelusion was not at first possible, and too
rigid & deduction would only have impeded the develop-
ment of knowledge.

In 1857 Pasteur demonstrated that fermentation was Pastenrs
most intimately bound up with the life and the growth ™=
of the yeast cells, and was thus a result of the action of
these cells. The growth of the yeast takes place at the
expense of the constituents of the fermentescible fluid,
and therefore all the sugar cannot be broken up into
aleohol and carbonic acid ; on the contrary a portion
(about 5 per cent.) is employed for building up the cell
constituents and for the formation of bye-products.
The fermentescible materials form the nutriment of the
yeast, and these cells employ a portion for the formation
of new cell substance, while the other and much larger
portion is transformed in the yeast cell into aleohol and
earbonic acid. As the yeast cells consist also of nitro-
genous material and mineral substances Pasteur assumed
that traces of both these materials must be present in
the fermentescible fluids if the yeast was to develop and
break up the sugar. Pasteur found at a later period
that yeast could develop in pure sugar solutions free
from nitrogenous materials, and could there exeite fer-
mentation ; but the further development in this ease
takes place at the expense of a reserve stock of nitro-
genous material which fresh yeast cells usually contain.
In like manner old dead yeast cells seem to be able to
furnish new nutritive material for young cells; and
under certain circumstances, namely, when yeast is
mixed with fluid free from sugar, the non-nitrogenous
substance (cellulose ?) of the old yeast cells can take the
place of the sugar, produce aleohol and carbonie acid,
and so give rise to a fermentation of the yeast itself.

In the year 1860 Pasteur showed that it was not
essential that the nitrogenous nutriment of the yeast
should consist of albuminous materials, but that salts
of ammonia could take their place. Such salts along
with mineral substances (which are most easily added in
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the form of ashes of yeast) and sugar form the only
necessary ingredients for a cultivating fluid for yeast,
and in solutions of this simple composition fermentation
goes on well. These experiments were completely con-
firmed by Cohn, Duclaux, &e., and they render it quite
impossible to aseribe to the albuminous materials in the
fermenting fluids such an important réle in the fermen-
tative process as Liebig, for example, has done. (Sece
below.)

The following observations on its relation to oxygen
were also very important for the knowledge of the tissue
change of the yeast. Pasteur found that the fermentative
organisms during their growth took up a large quantity
of oxygen and gave off earbonic acid ; this fact was con-
firmed by Schiitzenberger, who further ascertained that
the more oxygen was used the more active was the
vegetation of the yeast cells. Several other investiga-
tions led to similar results (Traube, Brefeld), and
thereby the biological behaviour of the fermentative
organisms seemed to have been made clearer and the

direct dependence of fermentation on the nutritive

processes of yeast rendered more certain.

But further investigations by Pasteur led to very
different results. He found that if the access of air
were hindered aleohol was formed in large amount,
while if oxygen was admitted but little sugar was broken
up. Pasteur made the same observation in the case of
other fermentative processes, for example in butyric
fermentation and in putrefaction; active fermentation
only occurred where the amount of oxygen was deficient ;
the admission of oxygen seemed in fact to be detri-
mental to the fermentative processes, although growth
and multiplication of the yeast cells could take place.
Certain exciting agents of fermentation and putrefiction
did not however seem to be able to exist without free
oxygen ; Pasteur distinguished these organisms as
aérobes from the anaérobes which are killed by free
oxygen, or at any rate are active only in the absence of
oxygen.

Deficiency of oxygen seemed to Pusteur to be the

I e
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most necessary condition of fermentation ; he looked on
it as practically an indispensable condition for every
fermentation, and formulated his views by saying that
fermentation oecurred as soon as any living cell was
compelled to grow in the absence of oxygen, and that
wherever fermentation was found there also the oxygen
wag deficient. More especially in the case of the
alecoholic fermentation Pasteur assumed that the yeast
cells, owing to the deficiency of oxygen, took it from the
sugar molecule, and thus cansed the latter to break up.

Numerous later investigations have shown that
Pasteur’s results are only in part correct; the majority of
fermentative organisms can, it is true, live and grow with-
out free oxygen, and it is especially those organisms which
can exist without oxygen which possess the property of
exciting fermentation. But, and in this the more recent
views differ somewhat from Pasteur’s, these organisms
are as a rule also able to thrive when oxygen is admltt.ed
destruction or hampering of their development by
oxygen only rarvely happens, and the vegetative life and
the fermentative action of the most typical fermentative
organisms oceurs most actively in the presence of
oxygen.

Pasteur’s view as to the more exact manner in which
decomposition of the fermenteseible materials by the
micro-organisms takes place has not, therefore, held its
ground, and other investigators have only as yet been
able to suggest more or less probable hypotheses as to
the nature of the physiological process of fermentation,
and none of these views can be looked on as free from
objection. (Compare the remarks in the fourth part.)
But the numerous experiments which have been under-
taken as proof of the one or the other hypothesis have
always shown that the most intimate relations exist
between the living micro-organisms and the ferment-
ations, and that fermentation must undoubtedly be
looked on as a phy sinlngicul act of the miero-organisms.
In favour of this view we have, besides the numerous L'ﬂfg::ﬁwu
experiments of Sechwann and his followers, the fact that 'ogical action

! i T of the living
the intensity of the fermentation runs pnrullul with the nnﬂl cells,
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development of the micro-organisms in the fermenting
mixture, that the fermentations go on best at that tem-
perature which corresponds with the optimum of tem-
perature for the growth and the other vital functions of
the miero-organisms, and that the typical physiological
poisons, such as chloroform, ether, and hydrocyanic acid,
are able even in small doses to prevent the ferment-
ation. It has also been demonstrated by accurate
chemical analysis of the products of fermentation, that
the breaking up of the fermenting material during
fermentation implies such a profound transformation
of the molecules, and such an intense displacement of the
atoms, that an approximately similar alteration could
only be obtained by our strongest chemical agents. And
as such chemical means do not come into play, we are
thrown back on the physiological actions, the profound
effects of which are everywhere evident.

Specific excit-  Of greater importance for the further develop-

;ﬂﬁ;ﬁﬁfﬁﬁ ment of the vitalistic theory of fermentation was
the demonstration of the fact that different sorts of
micro-organisms gave rise to diverse and specific
actions. At the time when the germ theory was
founded, one only spoke of organised ferments in
general. The course and the produets of fermentation
and putrefaction were studied under varying conditions,
without paying special attention to the species of fer-
mentative agents present, and without ascertaining
whether one definite species alone, or a mixture of
different fungi, were concerned in the decomposition of
the fermentescible materials. And yet rigid observation
of this kind was absolutely necessary in order to learn
accurately the conditions of the life of the organisms,
and the relation between their life and nutritive pro-
cesses and the phenomena of fermentation. In this
direction also Pasteur’s researches formed the real
foundation. He distinguished with striking perspicuity
a definite form of micro-organism which set up lactie
acid fermentation, another which furnished butyric
acid, &e., and he laid stress on the necessity for further
differentiation. It was thus that the advantages of
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experimenting with pure cultures of the fermentative
organisms were understood, and by the help of the
results so obtained a more accurate kmowledge of the
products of fermentation and of the equation according
to which the material was broken up in the individual
fermentations was gained. These questions even now
form the subject of the most active discussion and worl,
and it seems as if, by the aid of the most recent and
important improvements in the methods of pure culti-
vation of the micro-organisms, we may arrive at a pre-
cise knowledee of the different fermentative processes,
such as Pasteur and numerous other supporters of the
cerm theory have striven for a long time to obtain.

Objections to the Germ Theory.

In what has gone before, the vitalistic theory has
been represented as a completed whole, of which the
development seemed to be steady, and with scarcely a
trace of fundamental objections and attacks. This,
however, has by no means been the ease; on the contrary,
from an early period adversaries of the new teaching
have appeared, have laid bare with much acuteness all
its wenk points, and have sought to upset the propositions
of Pasteur and his followers by numerous experiments.

The following were the chief objections :—

1. Various observers found that fermentation and
putrefaction occurred in numerous experiments, even
when the entrance of micro-organisms was completely
prevented. In the interior of dead bodies, in the contents
of hatched but uninjured hens’ eggs, in dead embryos of
man and animals, intense putrefaction was often present.
Under similar conditions lactie, acetic, and butyric fer-
mentations were also repeatedly observed (Colin, Billroth,
Hiller, Schroder, Hoppe-Seyler, Kiihne). Numerous
experiments were also made by Hoppe-Seyler, Billroth,
Tiegel, Servel, Paschutin, Sanderson, Nencki, and others,
in which putrescible materials were kept for a long time
with such precautions that entrance of organisms ap-
parvently could not oceur; neverthcless, in many cases,
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putrefaction was observed. In the same way in urine,
kept with certain precautions, an alkaline reaction and
commencing putrefaction were observed after some time
(Colin, Billroth, Hiller, &ec.). Attempts were also
made to kill the organisms by the action of heat (Bastian,
Huizinga, &e.), or by the addition of a moderate amount
of carbolic acid (e.g., urine 0°5 per cent.—Hoppe-Seyler).
Nevertheless putrefaction sometimes occurred. Finally,
attempts were made to remove the organisms from
putrefying or fermenting fluids by filtration ; but here,
also, putrefaction or fermentation of the fluid thus
filtered, and free from organisms, occurred in several
cases (Helmholtz 1843, Fleek, and others).

In all these cases when the putrid fluids were ulti-
mately examined the observers found either no trace of
organisms, in which case the fermentation could only
have occurred under the influence of chemical ferments,
the existence and activity of which would lower the rdle
of the micro-organisms to a subordinate position ; or in
spite of all the precautions against the entrance of
organisms, they were found in the putrid substrata, and
then the supporters of abiogenesis saw therein a new
proof of the accuracy of their views., Even in quite
recent times Béchamp and Wigand have supported with
the greatest energy, and after many experiments, the
theory of the spontaneous generation of minute organ-

~isms from the dying cell-protoplasm of higher organie

monreos of
error in the=a
experiments.

beings. They observed the origin of moving and
multiplying miecro-organisms from the minutest consti-
tuents of dead animal and vegetable cells, and when all
external germs had apparently been completely excluded,
putrefaction and fermentation ocecurred under the influ-
ence of these organisms.

In spite of the large number of observers and
experiments, the germ theory is however mnot in any
way upset by these contradictory results. Sufficient
weight cannot be laid on the fact stated above, that in
these observations and experiments the results which
are unfavourable to the vitalistie theory always coincide
with possible errors of experimentation, or with want of
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accuracy in the observations. In view of the very wide
distribution of the micro-organisms, and of their
relatively great resisting power to noxious agents, it is
not easy to devise faultless experiments in which the
entrance of organisms into the fermentescible substances
will be prevented with certainty. It is only recently
that the degree of heat which will kill micro-organisms
in all cases has been accurately determined ; and we can
now assert definitely that the earlier observers admitted
sources of error in that the vessels and utensils employed
were not freed from germs adhering to them by exposure
to a sufficiently high temperature. Those experiments
are of course especially difficult in which exposure to
high temperatures, and in fact any alteration of the
fermentescible material, must be avoided, in order not to
interfere with any possible abiogenesis, or with the power
of the chemical ferments. It is only after great practice
and many failures that one is able to carry out such a
series of experiments with uniform results. If one is
contented with a small number of experiments, and is
not completely master of the methods, all or the majority
of his preparationswill without doubt contain organisms,
and show putrefaction or fermentation ; and if the sources
of error are overlooked, and if it is believed that in
every case the precauntions were sufficient to exclude
micro-organisms, every erroneous experiment will furnish
proof of abiogenesis, or of the oceurrence of putrefaction
without organisms. It is clear that it is only possible
to attach weight to such results when they arve uniform in
all cases and when we are justified in assuming that the
experimenter possesses the necessary skill in myeological
work. On the contrary, it is known that several investi-
gators—for example, Marchand, Meissner, and others—
have obtained a large number of results which support
the germ theory; substances of a putrescible nature
have been preserved without alteration for years, simply
by absolute exclusion of organisms, and indeed an
increase in the percentage of successes is distinetly
evident in these experiments in proportion to the
inereasing skill of the experimenter.
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As the result of more accurate knowledge of the
conditions of the life and death of the lower fungi, it is
at the present time easy to repeat at will the same experi-
ments with similar results, and only he who confinues
to hold completely false ideas as to the biological
peculiarities of the miero-organisms, and who is not
intimately acquainted with the more recent experimental
methods, can at the present day obtain results which
may be used in proof of the doetrine of abiogenesis.
The experiments recently published by Wigand have
been made with complete disregard of our present
knowledge. Wigand starts with the view that the dis-
tribution of the micro-organisms, and the danger of
their entrance from without, is not particularly great,
and he does not consider it necessary to test this assump-
tion in the same precise manner as others have done.

The striking result also at which many of the above-
mentioned observers arrived as the result of their
fermentation experiments, viz., that in spite of the
existence of putrefaction or fermentation no organisms
could be found in the fluids in question, rests, as we
can now assert with certainty, on an error. Under
certain eircumstances it is a difficult task to recognise
micro-organisms—~perhaps degenerated and altered—in
an albuminous fluid which has putrefied for a long time,
and at all events it seems essential to employ in all
cases the special methods which have been recently
devised, such as drying, staining, &c.; in former times
these methods were unknown, and as a matter of fact
micro-organisms were not found. DBut that by no means
justifies us in saying that in reality no organisms were
present at any period of the experiment; for in more
recent experiments on this point they have never been
missed, if care was taken to examine the fluid at a
sufficiently early stage of putrefaction.

9. In contrast to the experiments in which putrefaction
was found without micro-organisms, it was observed on
the other hand that numerous miecro-organisms could
take up their abode in fermentescible substrata, without
any resulting decomposition, fermentation, or putrefac-
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tion. Results of this kind were obtained by Hiller, for
example, in his experiments with urine. Further,
living micro-organisms were found by several observers
in organs which had been taken from the freshly killed
animal body, and their presence was therefore pre-
sumably unaccompanied by any alterative action.

These objections and experiments are, however, now
only of historical interest. They date from a period
at which little or nothing was known of the various
species of micro-organisms, and of their very different con-
ditions of life and mode of action. It is now self-evident
that it is not every organism which is able to grow
actively in every nutritive substratum, and further that
the development of certain organisms is not necessarily
accompanied by the formation of stinking gases, in short,
by the ordinary symptoms of putrefaction. To find
organisms without accompanying putrefaction or fer-
mentation is therefore not surprising, and proves nothing
arainst the vitalistic theory.

3. In several series of experiments it was observed 3. Difficultyin
that albuminous solutions were only slowly or not at all o nesitillh;
broken up by the micro-organisms sown in them, that the ﬂmﬁ‘sﬂgf},
latter, in fact, like the higher plants, build up their miero-
protoplasm from the simplest organie compounds, and TS
hence only grow and multiply with difficulty in the living
animal tissue, and in cultivation experiments in eggs,
for example. It was therefore concluded that it was
impossible that they could take any important part in
such intense decomposition of albuminous materials as is
the characteristic of the putrefactive process. (Billroth,

Hiller, Hoppe-Seyler, Paschutin, and others.)

These observations could only be puzzling at a time
when the marked biological differences between the
different species of fungi were as yet unknown or dis-
regarded. Now we know with the most complete cer-
tainty that some micro-organisms occasion a profound
decomposition of the albuminous molecules, and thus
set up the putrefactive process, while on the other hand
a large number of the lower fungi do not possess any
such power, and therefore we cannot deduce from experi-
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ments with any unknown kind of micro-organism that
no species is able to cause the putrefactive decomposition
of albumen,

4. More weighty objections, which have held their
ground up to the most recent times, were brought
forward by those investigators who sought a more
directly chemical explanation of the processes of fer-
mentation, and did not regard the wvitalistic theory as
clearing up, but on the contrary as obscuring what it
was desired to unravel. Liebig, more especially, and at
a later date Hoppe-Seyler took part in this opposition ;
Colin, Billroth, Hiller, Fleck, and others joined them.

As early as the year 1839 Liebig had endeavoured to
explain the phenomena of fermentation and putrefaction
by assuming the existence in yeast of a soluble protéid
substance, which in breaking up excited the decompo-
sition of the sugar exactly in the same way as numerous
well-known chemieal bodies when uniting or breaking
up are able to excite a similar movement of the atoms
in other bodies. This breaking up of the soluble
protéid substances is not an act of the living yeast
cells, but on the contrary is a correlative phenomenon
of their death. 1t is a peculiarity which may be
noticed in many chemical actions, that relatively small
quantities of the body which is breaking up are able to
set up the decomposition of large quantities of the other
body; thus Liebig instanced the decomposition of
oxalic acid, oxamid, and water in which a small quantity
of oxalic acid is sufficient for a large amount of oxamid ;
e also pointed out the similar fact in the decomposition
of cyanogen by aldehyde in the presence of water. The
difference between the aleoholic fermentation and the
putrefactive process can be easily explained on Liebig's
view. In putrefaction the decomposition is transmitted
by the decomposing albuminous material itself, so that
the process once begun continues by its own movement
even after the original cause which set it going has be-
come inactive; in fermentation, on the other hand, the
sugar (the substance here undergoing decomposition) is
unable to transmit its own movement, and hence a
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foreign cause, a ferment, is necessary, not only for the
commencement, but also for the econtinuance of the
movement. ;

Liebig's view was, however, evidently a purely hypo-
thetical one; the decomposing protéid substance which
was supposed to be the cause of the fermentation was by
no means demonstrated to be really present; the only
experimental support of this supposition was the fact
that in the so-called self-fermentation of yeast which
takes place without the addition of sugar, and entirely
at the cost of the yeast substance, much more alcohol is
formed than could be derived from the amount of
cellulose in the yeast cells, and that thus some other
complex substance contained in the cells must furnish the
materials for the formation of the alecohol. This analy-
tical proof was, however, shown to be erroneous by Nigeli
(T'heorie der Giélurung, p. 8), but at a much earlier period
Liebig had been compelled to modify his theory con-
siderably by the numerous experiments which absolutely
proved the direct dependence of the fermentative process
on the life of the yeast cells.

In 1870 he declared that the living yeast cells con- Later
tained and produced the supposed ferment-like substance, ﬂ}“ﬂ{&ﬁ?ﬂ“
and that therefore the formation of the ferment depends view:
on the life of the cell ; the fermentative act, however, de-
pends on an unorganised ferment, and the yeast cells in
producing the ferment do nothing more than numerous
other ecells do. Just as man produces diastatic ferment,
pepsin and trypsin, so all other animals and plants have
their ferments ; but the organisms are not identical with
these ferments, and the fermentative action cannot be
looked on as the direct work of the cells. If it were
possible to separate the ferments from the cells the
latter wounld then be no longer necessary for the com-
mencement and continuance of the fermentative process.
Similar views were taught by Traube in 1858 ; and in
1876 they were defended by Hoppe-Seyler. They rested
in part on the analogy between the fermentative and putre-
factive process, and the splitting up and decomposition
caused by unorganised ferments. The miero-organisms
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according to this view are not the primary and immediate
cause of the decompositions of organie substances oceur-
ring in fermentation and putrefaction; on the contrary,
it was assumed that a transformation of the fermentescible
materials usnally occurs at fivst from causes present in
the substances themselves—by soluble chemiecal ferments,
and that it is only when the material has undergone a
certain amount of alteration that multiplication of those
organisms occurs, which on acecount of the wide distri-
bution of their germs always of course gain access to
these substances; the nature and constitution of the
fermentescible substrata, and especially the first changes
that oceur in it, determine what particular species of
organism chiefly develop and flourish. From that point
these organisms aid as a rule in the decomposition of the
substance ; but they are not absolutely necessary even for
its further splitting up, and the decomposition does not
2o on by any means parallel with their development.

On this view accordingly by far the most important
réle is aseribed to the unorganised soluble ferments.
Lately we have become acquainted with a large number
of such ferments, and in accordance with this knowledge
the probability of their great activity in the ordinary
processes of fermentation and putrefaction seems to
inerease. The action of diastase, of emulsine, of
myrosine, of the inverting ferment of yeast, of ptyalin
and pepsin, the energetic action of the pancreas, and of
the trypsin isolated from it, offered the most important
analogies, and the support of the ‘ chemiecal” theory of
fermentation. As a matter of fact the supporters of the
germ theory have never disputed the influence and the
action of chemical ferments, but an exact analysis of the
decomposition caused by chemical ferments on the one
hand, and of the marked alterations in fermentation
and putrefaction on the other, lead us of necessity to
the conviction that it is quite inadmissible to designate
these two processes as sufficiently analogous and similar
to warrant the inference that both are due to a similar
cause. The chemical ferments only set up hydrolytic
decompositions ; their place can be taken by so-called
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contact-substances, and also by dilute sulphurie acid
and various other agents; the amount of the chemical
ferments remains the same or becomes diminished during
the process; the best temperature for their action is
about 60° C., and they are not affected by powerful
physiological poisons. In fermentation and putrefaction,
on the other hand, there is always a complex alteration .
in the grouping of the atoms, a separation of carbonic
aeid, and often of other atomic groups; the number of
the causal organisms increases in' proportion to the
intensity of the fermentation; they are most active at
a temperature between 25° and 40° C., and their action
ceases under the influence of physiological poisons.
Thus the nature and action of the chemical ferments,
and of the fermentative organisms, are sharply separated
from one another, and a relation between them only
exists in so far as in the more complex fermentative
processes, and especially in putrefaction, both agents
are often at work in such a manner that chemical fer-
ments which are in part produced by the micro-organisms
lead to the solution of the fermentescible substance, and
so prepare the soil for its subsequent profound alteration
under the influence of the specific organised ferments.

If, however, we assume with Liebig that in the latter
instance the transposition of the atoms in fermentation
and putrefaction occurs as the result of the action of a
ferment-like group of atoms which can only be produced
by living miero-organisms, and are practically bound up
with the life of the cells, we cannot regard this view as
an essential objection to the vitalistic theory; it is, on
the contrary, a recognition of it. This view corresponds Reeognitiono
entirely with the vitalistic theory in the immediate de- ﬂtﬂn‘,—.',f'f‘]“ﬁ“
pendence of the fermentative process on the life of the ‘
yeast cells ; it only seeks to define more precisely the
mode in which the living cells occasion the decomposition
of the fermenting or putrefying substance. But the exist-
ence of such a ferment is a pure hypothesis, as is evident
from the fact that it has as yet been found impossible to
isolate the supposed ferment from the yeast cells; this
failure being excused on the idea that the ferment is st
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once destroyed when the yeast cells die, or even when
their life is interfered with.

As the result of the preceding historical sketch of the
development of the views on fermentation and putrefac-
tion, we may take it as absolutely certain that minute
living organisms are the direct cause of the processes
commonly grouped together under these terms, and
that these procésses arve intimately dependent on the life
of the organisms.

II. Micro-orcanisus A8 Panrasitic ExcItiNG AGENTS
oF DISEASE.

Even at an early period of scientific observation and
research on the subject of the infective diseases, we meet
with the belief that the immediate cause of these de-
vastating affections is an entity endowed with vital
properties, a contagium animatwm. This view was
clearly expressed by Hufeland; but at first all sorts of
fantastic notions as to the more intimate nature and
mode of action of this supposed entity, endowed with
vital properties, were added to these leading ideas. Soon,
however, there was evolved from this cloud of phantasies
the definite view that the transmission of the infective
diseases depended on the growth of independent minute
organisms (Kircher, Linné, Wichmann, and others)., In
fact it was extremely tempting to refer the characteristic
phenomena in the occurrence of the infective diseases to
such organisms, and to draw a certain parallel between
these diseases and the processes of fermentation and
putrefaction, which are likewise caused by similar fungi.
The sudden appearance of epidemics in various isolated
places, their relatively slow spread, and the fact that
they often remain localised to a particular locality, must
exclude the idea of an evanescent, gaseous agent. The
mode of their spread, the unlimited development of the
infective material through a large series of individuals,
the transport of the infective material over considerable
distances, its adherence to the most heterogenecous ob-
jects, the stage of incubation, the typical cyclical course
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of the disease, and the subsequent immunity, pointed
more or less distinetly to the organised nature of the
causal agents, and could be explained by the mode of
development of these supposititions beings. The anxiety
to find a relation between the phenomena of infective
diseases and those of fermentation and putrefaction, is
shown Dby the fact that by some pathologists the whole
group of infective diseases was designated by the term
“ Zymotic diseases.”

These views, which have continuously gained ground
during the last forty years, did not, it is true, at first
rest on clear knowledge, and were wanting in an experi-
mental basis. They were only based on speculations;
but these speculations were made with such acuteness,
and with such logic, that they led to almost the same
results as were arrived at forty years later by elaborate
experimental investigations. It was more especially
Henle who, in the year 1840, in his Pathologischen
Untersuchungen, and later, in 1858, in his Handbucl
der rationellen Pathologie, sketehed with wonderful pre-
cision the relation of micro-organisms to the infective
diseases, and defined the intimate nature, the vital pro-
perties, and the mode of action of the micro-organisms,
as well as the dependence of the individual phases and
symptoms of the diseases in question on the behaviour of
the parasites, almost as accurately as has subsequently
been done as the result of direct observations with optical
aids, at that time unknown, and of numerous experiments.
The great influence which Henle'’s views have exercised
on the further development of knowledge on the subject
of the parasitic exciting agents of disease renders it
necessary for us to reproduce at this place some of the
most important of these views in his own words :—

“If we trace the minsmatic contagia in their action on the
animal organism, we find at once, although with many in-
dividual differences, a general and characteristic property
which can only be aseribed to living matter, namely, that of
multiplying at the cost and by the assimilation of foreign
organic material. This eonclusion is supported by the course
of the great majority of minsmatic contagious disenscs. They

Henle's
dednetions.
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belong to the group of diseases which I have termed typical,
whose sharply defined stages indicate a development of the
cause in accordance with definite laws, such as we only find
among living beings.

“What was stated above with regard to the properties of
the cause of miasmatic diseases in general holds good as
regards the multiplication of contagia by assimilation. It
can, however, only be absolutely proved in the case of the
inoculable diseases where we are able to define aceurately
both the point of entrance and the quantity of material
taken up, and the proof becomes the more insufficient the
more in any given epidemic the number of the cases produced
by miasma exceeds those arising by contagion. That the
cause of the disease has multiplied in the region affected
by the epidemic is probable whenever the latter spreads
gradually from small beginnings and attains large dimensions.

“1t 18 only when its development and reproduection in the
diseased body is demonstrated that we are justified in de-
signating the material which occasions epidemic diseases as
a contagium, and the analogy of these contagia with parasites,
the analogy of the miasmatic contagious diseases with the
results of the deposit of parasitic organisms in living bodies
previously referred to becomes at once evident. This analogy,
as I have indicated above, has led to the discovery of parasites
as the cause of many affections formerly termed contagions
digeases. There are, however, a number of diseases in the
contagium of which nothing has been found which recalls the
forms of known species of animals and plants. Nevertheless,
this negative result is not so certain that we can, therefore.
absolutely refuse to reckon the contagia among these micro-
scopic parasites. It is not necessary to assume that the
organisms which act as contagia are too small for our optical
means. But the smallest animals can only be distingunished
from the cells, nuelei, and granules which occur in so many
tissues and excreta, especially in pus, by their movements, and
the smallest plants only in certain stages of their develop-
ment by the arrangement of their elementary constitnents.
The granules of which the Botrytis bassiana consists behave
exactly like pigment granules or the molecules of pus. It is
possible, therefore, that bodies of very various and of great
significance may be concealed among the molecules which
oceur in every microscopical object. It is scarcely necessary
to add that these speculations are as yet only hypothetical,
but they are not superfluous even in the cases where animal
or vegetable parasites have been, or will yet be discovered in
the contaginm. The question will, however, still remain,
whether the parasite is an accidental inhabitant of the con-

L
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tagium and of the diseased body, or whether it is the important
active constituent. Much has already been gained by these
views which, though they may only represent a transitional
period in our knowledge, will prove a lasting gain. In place
of the unintelligible view that the diseased body, or the
disease itself, forms the contagious material, we have the
opinion that the formation of the contagium is a reproductive
process, and that the disease is the result of the reproduction
of this extraneous being in the organism and at its expense.
From this point of view we must interpret the symptoms of
the miasmatic contagions diseases.

“ While we must hold that the cause of the miasmatic con-
tagious diseases is a material endowed with independent life,
which can reproduce itself after the manner of animals and
plants, can increase by assimilation of organic materials, and,
growing parasitically on the infected body, can give rise to
the symptoms of the special disease, yet the question arises
of what the as yet unseen body of this parasite is composed,
the result of whose life is so evident and so devastating. It
is one of the laws of human phantasy that we must ascribe to
the contagium, as soon as we reckon it to be something living,
one of the forms which the known organic world presents to
our senses; hence in the earlier childish times of research
one thought of insects, and when the microscopic animals
were discovered, the infusoria could, with still better grounds,
be accused of being contagium and miasma. At the present
time, since the conclusions that have been arrived at with
regard to the fungus of muscardine and similar diseases, it
scems more likely that the contagium belongs to the vegetable
world, because the extensive distribution, the rapid multipli-
cation, and the tenacity of life of the lower microscopical
vegetable beings, as well as the mode of their action on the
hodies which they have selected as the seat of their vegetation,
present in fact the most remarkable analogies with the infec-
tive material of the miasmatic contagious disenses. Musecar-
dine also arises in stagnant marshes, apparently independently,
as if 1t were due to miasma ; under the influence of heat and
drought it becomes epidemic and contagious. Towards the
cessation of the epidemic its contagionsness diminishes, and
ultimately becomes lost. Currents of air carry the contagium
over long distances, so that the disease appears again in
another place, under the aspect of a mingmatic affection. The
contagium is an aériform, and at the same time a fixed, body
It retains its power for years in a dry state. An imponderable
and incommensurable quantity of it is sufficient to set up the
disease, and even to produce devastating epidemics.”
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Actual facts in support of the theory of the develop-
ment of disease by micro-organisms were first ob-
tained by the study of a number of diseases of plants
and insects. As far back as 1835 Bassi demonstrated
that a fungus was the cause of muscardine, a fatal
disease of silkworms; other diseases of insects were
shortly afterwards demonstrated with certainty to be
due to similar fungi; in like manner Tulasne, de Bary,
and Kiihn explained a number of devastating diseases
of various kinds of grain, of potatoes, &e., by the
entrance and parasitic development of fungi. Also in
the case of the higher animals and man positive proof
was soon obtained that minute vegetable bodies were the
cause of certain diseases. Apart from numerouns dis-
coveries of fungi which could not with certainty be
demonstrated to be' the cause of the accompanying
diseases, favus, thrush, and various affections of the
skin were shown to be dependent on parasitic micro-
scopic fungi. Of especial importance was the discovery
that anthrax was characterised by the appearance in the
blood of minute rod-shaped organisms, and that these
organisms could be shown experimentally to be the
cause of the disease (Pollender, 1855 ; Davaine, 1863).

On the one hand the constantly increasing frequency
of severe pestilences which led to the earnest desire to
solve the etiological questions, on the other hand the
convineing deductions of Henle, the numerous analogies
with diseases of plants and animals, and the discovery
of the contagium of anthrax, gave rise to a period of
research which was characterised by an excess of zeal
and by a large number of imperfectly proved discoveries
which were of no real advantage to the parasitic theory.

It was Hallier more particularly who became a too
enthusiastic apostle of the parasitic theory. As the
result of numerous researches he asserted that the
various micro-organisms only represented special vege-
tative forms of known mould fungi, arising in conse-
quence of the external conditions of life ; that these
vegetative forms gave rise to all sorts of diseases, but
that under suitable conditions one could always cultivate
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from them the corresponding mould, and could in this
way demonstrate the true cause of the disease. By the
investigation of and cultivation from a great variety of
diseased orcans and excreta Hallier obtained a series of
different fungi which he proclaimed to be the causes of
the diseases; and in a short time scarlet fever, measles,
as well as cholera, typhoid fever, and all other diseases
of this class, were referred to their supposed cause.

The reaction to this period of fantastical exaggeration Reaction
was inevitable. Authorities on fungi like de Bary Ji™" e
showed that Hallier's investigations were quite value-
less, because they were conducted with totally insufficient
precautions against the entrance of extraneous organ-
isms. De Bary's objections could not be upset, the
structure of Hallier's teaching on parasitic diseases fell,
and at the same time a serious blow was given to the
whole parasitic theory; even up to the present day
there are those who, as the result of the overthrow of
these errors, look on the development of disease by
micro-organisms as an erroneous and exploded view.

Fuarther positive discoveries with regard to parasites
which have been made by numerous investigators in
recent years tended, however, to restore the lost faith.

These discoveries had chiefly reference to the infective Micvo-
diseases of wounds ; Rindfleisch, Waldeyer, and von {proctive
Recklinghausen (1866, 1870) were the fivst who directed (isenses of
attention to the micro-organisms which occurred in

py®mic processes; similar observations were made in
erysipelas, in phlegmon, in diphtheria, and in puerperal

fever (Huter, Orth, Oerftel, and others). The pathogenic

nature of the micro-organisms found was confirmed by
numerous experiments on animals (Coze and Feltz,
Davaine, Huter, Eberth, Leber, Frisch, Klebs, and

others). :

The striking results of Lister’s antiseptic treatment of Lister’s
wounds had a most important influence on the recogni- Eﬁﬁﬁﬂ;?t of
tion of the parasitie theory ; carried out with the definite W™ 4.
aim of preventing or hindering the action of the infective
organisms, and followed by astonishing results, it spread

widely the knowledge and importance of the miero-,
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parasites, and the number of sceptics and opponents
have diminished from year to year.—It is true that the
difficulty of these investigations, which only permitted
an extremely slow advance, and one but little satisfying
to the earnest desire for rapid enlightenment, led some
observers to overstep the limits of exact investigation,
and to attach too far-reaching speculations to the results
of the experiments : it was natural and pardonable that
at times conclusions as to the origin of the diseases
were drawn from the mere presence of micro-organisms
in the dead bodies or in pathological secretions, and
that these organisms were at times prematurely and
erroneously proclaimed to be the exeiting agents of the
disease. On the other hand many investigators recog-
nised that it was only by detailed study of the different
forms of micro-organisms which came under observation,
by the investigation of the conditions and results of their
life, by improvement of the methods of microscopical
observation, and by faultless experiments on animals that
a basis could be obtained on which an accurate and sure
insight into the réle of the parasitic agents of disease
could be founded. Based on the recognition of these
facts the more recent methods of mycological investiga-
tions were built up. Before it was possible to obtain
exact and unequivocal results it was necessary to have
Pasteur's and Cohn’s systematic cultivations, Koch's
method of microscopieal investigation and pure cultiva-
tion of the fungi, Weigert’s and Ehrlich's valuable
researches on the employment of dyes for demonstrating
the micro-organisms, Brefeld’s contributions to the.
methodical study of the lower fungi, and Niigeli’s work
as to the conditions of life and the tissue change of the
lower fungi.

The objections which are raised against the parasitic
theory are derived almost entirely from former times,
and are now scarcely heard. Apart from the views of
some stubborn adversaries, who only believe the contra-
dictory results of their own experiments, the doubts raised
against the recent work on tee parasitic theory have to
do chiefly with individual cases and special diseases.
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Thus from time to time authors have denied that
micro-organisms act as exciting agents of the infective
diseases of wounds, their views being based more espe-
cially on the statements made by several observers,
that after mechanical removal of the organisms from
infective fluids the filtrate, which is devoid of organisms,
exerts pathogenic action. More accurate experiments
have however shown that this action depended solely on
an intoxication, on a poison in solution, and that there-
fore it could not be at all compared with an infective
process (Panum, Hiller, Koch, and others).—The Billroth's ob-
results of Billroth’s investigations attracted special at- i?f:,::ﬂ?cm o
tention for a considerable time; he repeatedly. found theory.
micro-organisms in subeutaneous suppurations, where
there was no external wound; he likewise found them
in living organs; and he concluded, therefore, that
living germs were always present in the body, but that
they were not able to develop in the healthy body, and
could not utilise the tissues of the living body as
nutritive material. It was not till a ‘ phlogogenous
ferment” (Phlogistisches zymoid) had been formed as
the result of decomposition, which ferment could of
1tself ecause inflammation, that the condifions were
suitable for the development and multiplication of the
micro-organisms ; and under favourable conditions these
organisms can become carriers, and lead to the multi-
plication of this ferment. According to Billroth the
micro-organisms originate from a single plant, the
Coccobacteria septica, which is characterised by the
multiplicity of its vegetative forms, and according to
the external conditions appears now in one, now in
another morphological form.

It is easy at the present time to refute Billroth's
objections. In the first place, we know from numerous
experiments that bacterial germs are not present in the
normal living organism in recognisable numbers, and
that the numerous organisms in the digeased living body
can only be referred to entrance from without—to an
infection. An objection might, however, be made that the
facts made out, as to the absence of pre-existing germs

7
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in animal organs, do not of necessity apply to man, and
it was therefore necessary, when possible, to bring
forward experimental facts which would undoubtedly show
that micro-organisms are the direet and only cause of
certain diseases, and are not merely accidental com-
panions of other noxious materials.
Definite proof ~ Experiments were formerly performed with this aim
OLePArasitic in the following manner: inoculations were carried out
micro. . with infective substances, an effort being made at the
ganisme by : 3 :
:;ﬂ_liiﬁl;'lj, them same time to free the orgamisms from -:_:rther materials
infoctive ox. adhering to them, which might possibly cause the
periments.  dijsease. In some cases an attempt was made to isolate
the organisms by the addition of distilled water, in
which the organisms would sink to the bottom, or by
filtration ; but in these attempts it was always question-
able whether the noxious materials by possibility present
in solution were really removed, and on the other hand
whether the organisms were not injured by the washing
Isolation by and by the great osmosis. Filtration in the living
filtration. — 3,5qy. obtained by studying the relation of the feetus to
the infected maternal organism, did not lead to a definite
result, as it was only in certain instances (anthrax) that
the foetus remained free from infection, while in other
cases it also became attacked by the disease.
By dilution of ~Experiments were then made by dilution of the
tﬁstﬂ;ﬁf’f’”ﬂ infective material, on the assumption—undoubtedly
correct—that only a contagium dependent on a living
organism capable of multiplication could be diluted to
an extreme degree without losing its activity. Such a
dilution was in reality obtained when one animal was
successfully inoculated from an infected one, a third from
the second, and so on through a whole series of animals ;
nevertheless there was always the possible objection in
this case that the cells of the body might take part in
the regeneration of the poison.
~ On the other hand all doubt as to the pathogenic
properties of certain micro-organisms is removed in the
face of the proof obtained during the last few years, that
the infective material can be diluted outside the body
to an extraordinary extent, without thereby losing its
activity. Thus Koch was able to dilute infective blood
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to such a degree that one-millionth part of a cubic
centimetre injected into the animal caused the same
typical disease, fatal in eighteen hours, as was obtained
by the injection of undiluted blood. The dilution can,
however, be carried to a much greater extent by the
aid of the methods of ecultivation. Pasteur and By cultivation
Klebs were the first to show that miero-organisms, sup-
posed to be pathogenie, could be cultivated outside the
animal body in artificial nutritive material ; that then
after the growth of a cultivation a minimal quantity
could be placed on a new nutrient material, that a trace
of the colonies which then developed could be inoculated
on a third soil, and that thus the micro-organism could
be cultivated through a whole series of generations.
Koch then gave us methods by which it is possible Koch's pure
AT 2 . cultivations.
to prepare the cultivations of any given organism
in such a way that no other organism grows along with
it, and that on further transplantations on new soil only
the same organism appears. Thus we could for the
first time study with certainty, and in an unaltered
condition, the organism suspected as the caunseof the para-
sitic disease, and that for a long time, and in spite of a
large series of new transplantations. When an organism
has in this way been cultivated through fifty or a hundred
cenerations, it is self-evident that the last generation
does not contain any of the materials which adhered to
the original organisms ; it is easy to see that the dilution
must be reckoned by trillions, and must ultimately be
incalculable ; any poisonous material originally mixed
with it, however intense its action may be, cannot be:
present in the last cultivation in appreciable amount, and
therefore when infection is obtained with the last eulti-
vation it can only be becanse the micro-organisms them-
selves, which are constantly reproduced at the expense
of the nutritive materials, are the real noxious agents.
As a matter of fact, inoculations with the minutest
quantity of the hundredth pure cultivation succeed quite
ng well as with the original material. In the case of
anthrax, of various forms of septiceemia, of glanders, of
tuberculosis, &e¢., Koch was able to carry on pure
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cultivations through a long series; if he introduced a
trace of the last cultivation into an animal, the disease
in question appeared with all its characteristic symptoms
after the typical incubation period ; death followed after
a definite time. The results of the antopsy were always
the same ; organisms of the same form, and with the
same characters as those infroduced, were found in
enormous numbers in the blood and tissues; and traces
of the blood containing the organismswhen inoculated info
other animals, cansed in them the same fatal disease.

In the case of these diseases the causal connection of
the micro-organisms was therefore proved with complete
certainty ; and it was natural to draw similar conelusions
with regard to the other numerous infective diseases
which had the same characters. Nevertheless it is best,
and will contribute more to the development of knowledge
with regard to the micro-parasites, if we proceed with the
greatest caution, avoid generalisations, and only proclaim
n disease as parasitic when we succeed in finding micro-
organisms with well-marked morphological character-
istics, in demonstrating their presence in such numbers
and with such a distribution that all the phenomena of
the disease can thereby be explained, in transmitting them
to other higher animals, or if possible in cultivating them
for several generations on an artificial soil, and repro-
ducing the characteristic disease by inoculation of
animals with minute quantities of these cultivations.

That these minute organisms act as parasitic exciting
agents of disease, is as much beyond question as is the
funetion of similar minute beings in exciting fermenta-
tion and putrefaction. And it is to this fact that the
great and many-sided importance of micro-organisms
in relation to hygiene and public health is due. It was
the processes of fermentation and putrefaction of organic
substances in our surroundings which first awakened
uneasiness and distrust, and called the efforts of modern
hygiene into being, and the most important, and also
the most difficult part of the hygienic investigation of soil,
water, air, and dwellings, lies in ascertaining those
conditions which favour the development and spread of
the exciting agents of disease,



11

PART II.

MORPHOLOGY AND CLASSIFICATION OF THE MICEO-
ORGANISMS.

The miecro-organisms which have as yet been The micro.
organisms

recognised as exciting agents of fermentation and whichinterest
putrefaction, or of disease, belong almost entively feherebelong
to the lower fungi. Certain preliminary observations fungi.
render it probable that organisms which belong to other

classes of plants or animals, for example the algw, the

flagellata, and the protozoa, may also occasionally act as

parasites, and become of hygienic interest; but in the

meantime the known facts are too few for a systematic-

review of this part of the subject, and it is therefore

sufficient to inelude here only those micro-organisms

which are of special importance for us, and which

belong to the lower fungi.

In order to indicate the place of the lower fungi in the
system of the plants the following short sketch is given,
and the botanical handbooks, more especially the paper
by Frank on the Cryptogams in Leunis's Botany, and
de Bary's Comparative Morphology and Biology of
the Fungi, will furnish further details.

The fungi, mycetes, belong to the eryptogams, that Place of the
great division of the vegetable kingdom which is ?.:EEH{;]EM
characterised by propagation by means of spores, in Kingdom.
contrast to the other great division of the phanerogams.

The phanerogams bear flowers and produce seeds, in
which the various parts corresponding to the future
structures of the plants are already distinguishable ;
the eryptogams are flowerless, and propagate by means
of the spores just mentioned, that is to say, by small
cells, which show no differentiation and, when present in
large numbers, resemble one another. The eryptogams
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are divided into the stem-forming eryptogams, and the
thallophytes, or leafy plants, in which only a leaf or
thallus is formed, which does not in any way follow the
laws of growth of the higher stem-forming plants.

The thallophytes were formerly divided into three
sub-classes—fungi, algm, and lichens. The fungi
were defined as cells devoid of chlorophyll, which can
only obtain nutriment from previously formed organic
compounds, and hence can only live as saprophytes on
organic substances undergoing decomposition, or as para-
sites in living plants and animals. Algse were described
as cells always containing chlorophyll, which obtained
nutriment from inorganic materials, and for the most part
lived in water. Lichens were defined as a mixture of
cells, some containing chlorophyll and others without it,
which could obtain nutriment from inorganic materials,
and for the most part lived in the air.

At the present time very little value is attached to
these distinetions, whieh are based chiefly on the pre-
sence or absence of chlorophyll. Even among the
phanerogams there are many plants which are devoid
of chlorophyll (orchids, monotropaces), but which are
not on that account struck out of the families or orders
to which from their morphological characters they
belong. If also in the case of the thallophytes the chief
stress is laid on the mode of propagation, and on the
morphological characters, the fungi and alge show a
great deal that is common to both. And with regard
to the lichens the latest investigations have shown with
considerable certainty that they consist of a fungus and
an alga, the first of which preys upon the second, so that
they cannot be looked upon as an independent class.
Hence it is best to give up the former division into
fungi, alge, and lichens, and to choose for the whole
of the thallophytes a principle of classification in con-
formity with that employed for the other plants.

Opinions vary greatly as to the most suitable and
natural mode of classifying the thallophytes, but we
need only refer here to de Bary's classification (Fer-
gleichende Morphologie und Biologie der Pilze, page
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142), to Brefeld's subdivision (Untersuchungen iiber
Schimmelpilze, Heft 4), and to Frank’s classification
in the third edition of Leunis's Botany, page 898. The
present deseription will be based chiefly on Frank’s
classification, because Leunis's Synopsis is an indis-
pensable book of reference for anyone who studies the
thallophytes minutely.

Among the thallophytes only the fungi are at present
of hygienic interest, hence the algse and lichens are not
at all referred to in the following pages, and with regard
to the forms of alge, morphologically similar to the
fungi, reference must be made to Leunis’s Synopsis and
to Cohn's Beitrage zur Biologie der Pflanzen, Bd. 1,

H. 2.

From the hygienic standpoint it seems most practical Subdivision of
to depart from the botanical arrangement and divide :.h;rfuﬂ?;;fmn
the fungi into four chief groups, of which the first [ygiene
comprises the true fungi, or mould fungi; the second the
mycetozoa ; the third the yeast fungi, or blastomyecetes;

and the fourth the fission fungi, or schizomycetes.

I. Tue Fuxcet Prorer (Mounp Fuxei).

General Morphology.

The fungi consist of small mieroscopical cells, in Nature of the

which we can distinguish a membrane and protoplasmic hungns gt
contents. The cell membrane is composed of a sub-
stance similar to cellulose but not identical with it,
and does not show any violet colouration with iodine.
In the protoplasm there are as a rule no nueclei, no
starch granules, and no chlorophyll; on the other hand
there are frequently vacuoles, oil globules, various
colouring materials, and at times crystals of oxalate of
lime which are however deposited especially on the
outer surface of the cell wall in the form of small
needles and prickles.

The growth of the fungi takes place by elongation of Hyphsw,
the cells. Thus a series of threads or hyph® are
formed. Usually the hyphw are divided into segments



Varieties of
the myecelinm.

104 CLASSIFICATION OF THE MICRO-ORGANISMS.

by transverse divisions; and the threads are almost always

branched, either by the formation of a branch at some

part or other of a segment, or by the terminal cell
becoming divided dichotomously during growth. The
group of hyphw, whether they are present in small
numbers or quite single, or whether they are united in
masses, 18 termed the thallus of the fungus.

In the thallus we have to distinguish mycelium, and
later fruit-bearing hyphw. Before the development of
the fruit-bearing hyph® the mycelium is identical with
the thallus, which signifies the more or less diffused
and branched hyph@ which have grown on an organic
substratum. As a rule by uniform spread of the
threads in all directions and by continued branching a
flocculent mycelium is produced. At times membranous
parenchymatous layers or fibrous bands are formed by
the close union of numerous hyphe. Under certain
circumstances the mycelium of many fungi assumes the
form of the so-called sclerotia, tuberous fleshy bodies
which develop secondarily from an ordinary mycelium.
In the sclerotium we can distinguish a cortical and a
medullary substance, the latter consisting of interwoven
liyphe, the former of the terminal cells of the hyphwe
firmly bound together and surrounded by dark mem-
branes. The sclerotium must be regarded as a resting
form, from which a development of fluid-bearing hyph:e
only oceurs after a long time, and when the surround-
ings are constantly moist.

The hyphe of the mycelium penetrate with great
energy into the nutritive substratum. In the case of
dead portions of plants the hyphe can bore through
the cell membrane, the molecules of the membrane in
contact with them being broken up. But even in the
case of living plants the parasitic fungi not only spread
on the surface, but the hyph® grow in between the cells
of the._plants and send short projections, so-called
haustoria, into the interior of the cells; or they pene-
trate through the cell walls, as in the case of dead plants.
In like manner animal membranes do not offer any
marked vesistance to the penetration of the growing

Sl
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hyphe of many fungi, and even teeth and bones may
become infiltrated with fungus threads.

The propagation of the fungi occurs usually by means Varictics of

gpore forma-

of spores, i.¢., cells, which can give rise to one or sev eral flon
germinating tubes, and thus to a new vegetative body
similar to the original one. In rare cases some of the
cells of the myecelium themselves form the spores; as a
rule, however, certain hyphw grow from the mycelium,
take on another form and show other conditions of
growth, and are termed fruit hyphe, or fruit-bearers. If

a large number of fruit hyphw® lie together, a so-called
fruit body is formed, and this is more especially the case

in the higher fungi. The modes in which the spores
develop on the fruit-bearers, and the manner in which
they are distributed after ripening, are very diverse, and
these differences in fructification furnish in the main the
prineiples on which the usual classification of the fungi

is based.

With regard to the development and dissemination of
the spores we distinguish—

a. Intercalary formation. Along the course of the
growing hyphae certain cells are marked off, assume
u somewhat distinct form, and become spores or spore-
bearing cells. These formations are frequently termed
Jenmme.

b. Acrogenous segmentation. The terminal portions
of the fruit Lhyphw are separated by transverse division,
and act as spores.  The thin stalks or fruit-bearers are
termed basidia. If from the ends of these hyphee thin
stalk-like branches proceed, on which the spores are
formed by strangulation, these spore-bearing stalks are
termed sterigmata.  As to the mode in which the trans-
verse division of the terminal cells oceurs only one spore
may be formed ; or a number of buds may arise at the
same time on the summit of the basidiam; or several
spores may be separated one after the other from one
basidium. The freeing of the spores takes place either
by disappearance of the stalk, or by strangulation, where
& zone disappears, or softens in the transverse division
between spore and fruit-carrier, or by being hurled away.
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The last mode of separation of the spore, which is very
pecnliar, occurs in this way : the spore cell rests on the
apex of a tube-like basidium, which, in consequence of
continued absorption of water, becomes more and more
turgescent, while it possesses at the same time a very
clastic membrane ; immediately beneath the transverse
division the cohesion of this membrane is less than
elsewhere, and here, therefore, as soon as the turgescence
has reached a certain degree, a ringlike rupture occurs ;
at once the elastic wall contracts, and a large part
of the contained fluid is foreibly driven out of the rent,
and earries the spore with it.

The spores formed by acrogenous segmentation are
termed basidiospores, or acrospores, or simply conidia.
At times this mode of spore formation eecurs in fruit
bodies, the so-called spermogonia and pyenida. These
fruit bodies contain a cavity, on the inner wall of which
is a thick layer of basidia which give off numerous spores.

¢. Endogenous spore formation. The spores arise in
the interior of mother cells, the walls of which persist
as sporangia till ripening has oceurred. The sporangia
are for the most part acrogenous cells; spore formation
occurs in them by division of the plasma without the
formation of walls. The sporangia have often a club-
shaped or tube-like form, and are then termed asei; in
these eight ascospores are usually formed. The aseiare
often formed in small round or flask-like fruit bodies, the
perithecia, which enclose a cavity, and the club-shaped
tubes spring from the bottom of this cavity.

The ripe spores cscape either through an opening in
the sporangium which is formed by sudden and great
swelling of a small circumscribed portion of the wall ;
or the largest and upper portion of the wall of the
sporangium becomes converted into a deliguescent
substance ; or, in the case of the asci, the above-
mentioned ejaculation of the spores is not uncommonly
observed.

d. The spore formation is often preceded by a sort of
sexual fructification. This may consist of the so-
called copulation, in which two hyphee, each with a club-
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shaped protrusion, grow towards one another, unite after
absorption of the opposing walls, and form a zygospore.
For the most part, however, well-marked male and female
sexual organs are formed. The female is attached to a
mycelinm thread in the form of a globular swollen cell,
and is termed oogoniwm; the male, antheridium, is a
long or club-like swollen cell which attaches itself to the
oogonium and becomes separated from its hypha; at
times the antheridium sends a so-called fertilising tube
into the interior of the oogonium. After fertilisation,
the oospores, which are globular cells provided with a
cellulose membrane, are formed in the oogonium. Such
anastomoses between hyphwe do not, however, in all cases
indicate a sexual copulation.

The ripe spores are for the most part simple, often, Structure of
Lowever, composite, cells of very varying forms; usually Yhe spotce:
they are spherical or oval ; at times, however, they have
the form of long thin rods. The wall consists of an
external, and often coloured sheath, the episporium, and
an inner, more delicate, colourless layer, the endosporium.
The contents consist of protoplasm, and oil globules
are frequently present. The general disfinctive cha-
racteristic of the spores is that they either become
converted into the mother cells of new spores, sporangia,
or send out one or more germinating tubes from which
the mycelium threads may again develop.

The swarming spores and the resting spores behave
somewhat differently. The former are round, naked pro-
toplasmic bodies without a firm cellulose envelope, pro-
vided with two cilia, and thus capable of movement; they
arise endogenously from the spores by division of the spore
contents, and become free by swelling of the sheath of the
sporangium. They are only formed and liberated under
water, After the mobile, naked stage has lasted for a
short time, the swarming spores come to rest, surround
themselves with a cell wall, and then, like other spores,
send out a germinating tube. By resting spores we
understand those spores which are not able to germinate
immediately after their formation, but require first a
period of rest, e.g., a whole winter. Zygospores and
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oospores are the forms which usually behave as resting
spores.

These different kinds of fruetifying organs oceur at
times together or in succession on one and the same
thallus ; the same fungus can under certain conditions
furnish basidiospores, and under other conditions asco-
spores ; thus there is frequently a polymorphism of the
fruetifying organs. In addition an alternation of genera-
tion often occurs; the thallus of one fungus bears only
one form of fructifying organ; the spores so developed
arow to form a thallus which'is different from the original
thallus and gives rise to another fructification, often
indeed not growing on the same host, but requiring
another species of plant for its development. From the
spores formed on the second thallus, the original my-
celinm with its characteristic fructification is again
developed.

Classification of the True Fungi.
(After Frank in Leunis's Synopsis).

First order : Ascomycetes.—Highly developed form of
fungus; at the height of vegetation ascospores are
formed. A formation of protospores often precedes this
fructification, these bodies appearing in the form of
conidia-carriers and conidia or spermogonia. The
protospore forms of the ascomycetes, such as Eurotium
aspergillus, Erysiphe oidium, &c., which occur much
oftener in nature than the higher forms of fructification,
were formerly described as particular species of fungi,
and have only recently been associated with the ascospore
forms.

Families : Perisporiacem, Pyrenomycetes, Tuberacez,
Discomycetes, Gymnoasei,

Second order : Basidiosporece.—In these the spore
formation always occurs by acrogenous segmentation,
even when the fungi have reached the acme of develop-
ment. Almost all form fructifying bodies, which carry
in their interior a hymenium layer of basidia.
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Families : Gasteromycetes, Hymenomycetes, Tremel-
lini, Alecidiacew or Uredinew, Entomophtoreme, Ustila-
oinee.

Third order : Zygomycetes.—These form zygospores,
as the highest form of fructification ; these spores arising
by copulation. A non-sexual formation of spores by
sporangia, or by separation of conidia, usually precedes
this fructification.

Families: Mucorinee, Chwtocladiace®, Piptocepha-
lidese.

Fourth order : Phycomycetes.—These are unicellular
thallophytes. The cell is tubular, and forms the spores
at the end of some of its branches. In the non-sexual
fructification these spores are swarming spores or conidia;
oospores are also often formed.

Families: Saprolegniacese, Peronosporem, Chytri-
diaces.

Of the various orders and families mentioned, I Description of
liave only selected for more detailed description those E'EESESSIE:?HE
which are of directly hygienic interest, in that they at ™"
times appear as parasitic exciting agents of disease in
man and the higher animals; or those which demand
attention on account of their wide distribution as ordinary
mould fungi, and on account of their constant occurrence
in all practical mycological work. In addition, some of
the forms which attack lower animals and plants are
described shortly where the mode of appearance and
distribution of the diseases excited by them furnish
analogies with human infective diseases. For all other
details the botanical text-books mentioned above must be
consulted.

A. The following forms, which are parasitic on plants
or the lower animals, may be mentioned :—

1. Ustilaginem. The fungi of various forms of blight Blight fungi.
(order: Basidiosporem), These are parasitic on the
organs of plants, especially on various kinds of grain.

The fine mycelium threads grow between and transversely
through the cells of the plants. At certain spots the
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hyphee multiply, become segmented, and break up into
spores, which then oeeupy the place of the tissue destroyed,
in the form of dark, dust-like masses. The short
germinating tube (promyecelium) branches in single
segments (sporidia), which become detached from the
promycelium, and can again grow in the form of germina-
ting tubes. Different species of these fungi attack different
parts of the plant,

J novw the flower,
now the stalk and
flower, and now
the root. The
detection of the
disease depends

Fig. 1.—Ustilago earbo X 400, Gl]ieﬂj" on the

4, ripe spores. : . presence of the
B, germinating spores, forming promycelinm

and sporidia (s). dark masses of

spores. Continued moisture is necessary for the germi-
nation of the spores, and for the penetration of the
germinating tubes into the host. The disease is pre-
vented by diminution
of the moisture, or by
disinfeetion of the '\
grain, e¢.4., by means ¥

of sulphate of copper.

Ustilago carbo (brand,
smut).—A black powder
on the ears and panicles
of wheat, barley, and oats.
Atthetime of harvest the
brand mass,whichrapidly
bireaks up, is removed by
wind and rain, and hence
there is no contamina-
tion of the meal. Spores
brown, spherical (fig. 1);
episporium smooth;
aporidia composed of

Fig. 2.—Tilletia caries X 400.

i sp, ripe spores,
longish cells (fig. 1, B). p p, sprouting spores, at a commene-

About 30 varieties. ing development of the sporidia:
Tilletia caries (smut) at s fully formed sporidia united
; in pairs,

powder in the graing of #'; secondary sporidia.
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wheat and spelt which smells of herring brine. The grains do
not fall to pieces, but remain closed; hence the brand mass
contaminates the meal, and imparts to it a disagreeable smell.
Spores spherical, pale brown; episporium, with highly de-
veloped reticular thickenings. When the spores sprout there
is formed at the end of the promyeelium a whorl of thread-
like sporidia, which at the lower half become united in pairs
by a transverse branch, and drop off while thus united; these
send out at some point or other a thread-like germinating
tube, in which there is frequently a separation of secondary
sporidia in the form of longish oval cells, which can again
sprout (fig. 2).

When grown in saccharine solutions the Ustilagines, ac-
cording to Brefeld's recent investigations, form a continuous
series of vegetative forms, the promycelium either continning
to develop in the form of buds, or the germinating tube of the
resting spore growing to form a thread-like mycelium, which
gives rise to spores by segmentation, either in the fluid or
on branches risine into the air.

2. Entomophtorem (order: Basidiosporem). These Empusa
organisms grow Tt CR
parasitically on in-
sects, and cause
the death of their
hosts ; they are the
cause of certain
epidemic diseases
of insects.

Empusa musca. —
Parasitic on house
flies. The flies which
are killed by this
fungus hang on the
walls with their legs
extended; three
white belts (the
basidia) project be-
tween the segments

of the swollen pos- '
terior part of the Fig. 3.—Empusa muascm % 30).

; " : (After Brofald.)
body; the fly is sur- A, ripe spores surrounded by protoplasm.

rounded by a broad B, s portion of the skin of a fly with germi-

white area of dun nating spores, _ :

which cona; t_dl Sbtf €, a_hypha formed in the interior of the
paiels., 9 body, the swollen end of which is de-

Bpores  which have veloping into & basidinm.

i D, portion of a similar throad with the gpore
seen thrown off. The already evident
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spores (0011 mm. in diameter) sprout readily on the skin of
the abdomen of healthy flies, send out a germinating tube
which penetrates under the skin and there forms, by budding,
short round cells, which become detached and spread in the
blood (the germinating tube possesses a very sensitive mem-
brane which iz at once dissolved in water, but not in salt
solution). These cells ultimately develop into tube-like hyphze,
of which one end projects through the skin of the posterior
part of the body, in the form of a club-like basidium. The
upper end of the basidium then forms spores by the production
of a pocket, into which plasma flows; this pocket, the future
spore grows, and finally becomes cut off by segmentation
from the basidinm. Large vacuoles are then formed in the
latter, it takes up more and more moisture, and becomes
swollen; finally it bursts, and the contents spouting ount, hurl
away the spore with considerable force. The empty tube
shrinks, and in its place a new one appears, in which the
same process is repeated. In this way the dusty layer of
spores around the flies is formed; the round spores (fig. 3) are
surrounded by a layer of plasma, which favours their adhesion
to the body of other flies. To this group also belong Empusa
radicans, observed in the caterpillars of the common white
butterfly, and Farichium megaspermum in the caterpillars
of Noctua segetum ( Wintersaateule).

Fangus of 3. Peronosporem (order: Phycomycetes). Parasites
Do on living plants; the mycelium present between the

cells sometimes sends haustoria into their interior. All
these fungi can fruectify asexually, fruit hyphs projecting
from the surface of the plant, and giving rise to conidia by
segmentation. The ripe conidia can at once germinate,
either by the direet formation of a germinating tube, or
by division of their contents info a number of portions,
which grow into swarming spores; these ultimately
sprout like the other spores. Many peronosporem,
however, possess in addition a sexual fructification.
Species Peronospora; about 40 varieties, attacking a num-
ber of phanerogams; mostly on green parts, the conidia
bearers being situated by preference on the under surface of
the leaves. The parts attacked become prematurely yellow
or brown, and die; the conidia bearers form a fine, grey,
mould-like covering on the surface. Peronospora infestans :
fungus of the potato disease; mycelial tubes 0-005 mm. thick,
without haustoria; conidia bearers with 1—5 branches, thin

towards the top, with ellipsoid or egg-shaped conidia (fig. 4).
This fungus has been known in Germany since 1830, and

was very destructive between 1845 and 1850; since then it
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las only been present when there was a large amount of
moisture. From the end of June brown spots appear on the
leaves, the under surface of which shows the mould-like
border of conidia bearers; this is soon followed by the death

of the plant. Decom-
position of the tubers
then takes place;
dirty brown patches
indicate the develop-
ment of the my-
celium. On the dead
tubers two forms of
mounld fungi fre-
quently develop:
Fusisporium  solani
and  Aerostalagmus
cinnabarinus, which
however havenothing
to dowith the disease.
The infective fungus
lives through the
winter in the tubers,
reaches the field with
the seed, and deve-
lops by preference
during extreme
moisture ; it is only ./ “ Fig. 4.—Peronospora infestans.
young parts with (After de Bary.)

delicate membranes A, Young twig of the fungns.

. B : B, Formation of swarming spores.
which permit the o8 ing sporeswhich have bored through
entrance of the ger- the epidermis of a potato stalk.
minating tubes P, a. Theconidia(c)formsasecondaryone (s).

Disinfection experi- b. Sprouting of conidia.

ments have as yet been without result; but the local pre-
disposition may be influenced by avoidance of moisture, the
individual predisposition by the selection of resistant, tongh-
walled kinds of potatoes, and the seasonal predisposition by
preserving the seed in a dry state and sowing late, a slow deve-
lopment of the fungus and a rapid growth of the potato being
obtained in all these ways. Other kinds of peronospora occur
on leguminous plants—clover, vines, leaves of beet-root, &e.

4. Pyrenomycetes (order: Ascomycetes). They live
partly as saprophytes and partly as parasites, on plants or
ingects. There are usually two modes of fructification :
conidia and ascospores, the latter formed in perithecia.

Ulavicops purpurea, the fungus of ergot, occurs in the fruit

3
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Fnu;t;us of of grasses. The fungusdevelops in the first place onthebloom,
ergot.

in the form of a conidia-bearing stroma, which looks like a
dirty white, cheese-like mass (sphacelia, see below). The
numerous conidia project from the bloom, and are covered
with a saccharine sticky juice (honey-dew) secreted by the
fungus. The fungus is spread directly by means of the
conidia; the mycelium becomes gradually converted into a
black sclerotinm, which assumes a horn-like form (1—3 em.
long), projects from the bloom, and carries at first on its
apex the dead and dried remains of the mycelium, like
a cap of a dirty yellow colour, This sclerotium lasts during
the winter, germinates in spring on moist soil, and develops

Fig. 5.—Claviceps purpurea.

A, spronting sclerotium (e) with fruit-bearers (cf).

£, longitudinal section of the npper part of a fruit-bearing hypha ;
cp, perithecia more highly magnified.

(', section through a perithecium ; sh, external layer of tissue;
hy, network of hyphee ; ep, orifice of perithecium,

D, ascus torn and giving exit to the thread-like spores sp.

E, ear of rye with ergot ¢; & remains of the sphacelia.

pcrit\muifubhmril1g stromata in the form of small stalked red-
dish heads. The perithecia are embedded in the surface of
the head; the spores are thread-like, unicellular. The sclero-
tium which has the form of a eylindrieal, dark violet body
with long sulei, and is in its interior white or reddish, and
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hard and wax-like, is known as ergot (Secale cornutum). It
occurs most frequently in the bloom of rye, more rarely in
barley and wheat. Damp situations favour its appearance.

To this group belong also Cordyceps isarie; fungi, whose
conidia bearers (isaria) develop parasitically on living larva
and caterpillars, while the perithecial fructification develops
on the dead animals in the form of club-like stromata (cordy-
ceps).—Also Fumago and pleospora, which are parasitic on.
plants, and laboulbenia on insects, but often withount any
serious disturbance of health.

Botrytis, grape mould.—IFruit hypha divided at the apex
imto little short closely aggregated branches, on which the
unicellular spores are seated. The proper fructification by
ascospores 18 unknown in most of the varieties. Mould-like
fungi oceurring on putrefying portions of plants, but also
parasitic on insects.

" Botrytis Bassiana, the muscardine fungus.—As was first Bassi's mus-
recognised by Bassi in the year 1835, this fungus is the cause Fﬁ;‘;:‘f
of the fatal disease of silkworms, called museardine or ealeing. '

Fig. 6.—Botrytis Bassiana. (After de Bary.)

4, spore-bearing portions of the fruit hyphm X 390,

B, spore-hearing twigs, at b most of the conidia have fallen off x 700.

', fungns threads from the inner part of the skin of a caterpillar,
at ¢ numerons eylindriform conidia are being given off by stran-
gulation X 300.

This disease formerly cansed great devastations, but for some
years has almost entirely disappeared. This fungus also
oceurs on various indigenous butterfly caterpillars and
nsects. It penetrates through the skin into the body, the
germinating tubes pass deeply among the muscular bundles
and fat lobules, where they give off cylindrical conidia from
their sides and apices. These conidia multiply in the blood,
and form a widely distributed mycelinm by longitudinal
growth and transverse segmentation. From this myeclium
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the numerons fruit hyphe grow, clothe the stiff mummy-
like corpse with a snow-white mould, and bear on their sides
several spore capsules, with colourless spherical spores. The
latter germinate in various nutrient solutions, and are thus
capable of artificial eultivation.

9. Uredinew, or MAcidiacew (order: Basidiosporem).
Parasites on plants. The thread-like mycelium grows
between the cells of the plant which acts as host, and the
organs of fruetification which arise under the epidermis
burst through it in the form of small, often reddish
dust-like masses or patches, which consist of closely
packed basidia. In most cases there is well-marked
alternation of generation; formerly the different frueti-
fying forms were deseribed as distinet species of fungi—
uredo, pueccinia, meidinm-—while at the present time
these former specific names are only used for the
particular spore form of these species of fungi.

As an example we may mention Puccinia graminis, the rust
of grain, which occurs on many grasses. It forms on its
mycelinm, which grows under the epidermis of the plant, elub-
shaped masses of basidia, which give rise to spores by segmen-
tation, break through the epidermis, and set free the spores
in the form of oval cells, in whose protoplasm an orange red
oil iz present, and whose episporium is colourless and rough-
These spores, the so-called uredospores, or summer spores,
sprout rapidly, and develop always the same mycelium and
the same fructification during the whole summer. In the
autumn, however. club-shaped spore cells develop on the
basidia, which consist of two superimposed cells with thick,
dark brown membranes, smooth on the outside; these so-
called teleutospores, or winter spores, germinate in the
following spring, but the germinating tube does not penetrate
into a plant, but sends out only a few thin branches, at the
end of which roundish, colourless cells are formed by segmen-
tation. The sporidia so formed germinate quickly, not on
grasses, but on the leaves of the barberry bush, through the
epidermis of which the germinating tubes of the sporidia

penetrate. The thallus developed in the barberry is called

Alcidium berberidis; from it short basidia are developed in
flask-shaped organs (mcidium flasks, the covering of which
is called peridia), and burst through the epidermis on the
under surface of the leaves. On the basidia long rows of
simple roundish cells are formed, containing reddish-yellow oil
drops. The ®ecidium spores germinate as soon as they are



CLASSIFICATION OF THE TRUE FUXNGI. 117

ripe, but the germinating tubes only continue to grow when
they can penetrate into the stomata of the leaves of grasses.

Here the original my-
celinm, with its uredo-
spores, 18 then developed,
and thus the peculiar
cycle of development of
this fungus is completed.

Along with the ecidia
another fructifying ap-
paratus, the spermogonia,
always occurs ; these are
small jug-like capsules,
which project by prefer-
ence on the upper surface
of the leaves, and shed
their spores even before
the mcidia are ripe; the
germination of these
spores has not yet been
ohserved.

In some uredines all
three generations occur
on the same host. In
many rust fungi one or
two of the chief genera-

Fig. 7.—Rust of grain.

A, Pueccinia graminis. A portion of the
basidinm with nredospores (ur) and
a telentospore (¢) X !

tions are absent. When they only possess the teleutospore
stage these spores germinate as soon as they are ripe, and com-

Ay Eeidinm berberidia,

Fig. 8,
Section throngh a thickened portion
of the leaf containing meidinm flasks (o) and spermogonio (&)

At & the under surface of the leaf. A
B, section through an scidinm in a young condition.
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mence the development again; if only the @mcidia exist, the
development begins likewise directly they are ripe, and the
process of germination is similar to that of the telentospores.
The species of the uredines are deseribed according to the
teleutospores because these show distinet differences, while
the uredo and meidinm fructification essentially coincide in
all the species. The rust fungi occur extensively on the most
various kinds of phanerogams, on grasses, shrubs, and trees.
Moisture of the ground and of the air favours their develop-
ment. In the case of many rust fungi the actual alternation
of generation is not yet certain, and hence the independence
of many forms as yet reckoned as particular species is doubt-
ful. Where it is known it is often possible to prevent the
infection by preventing the development of one of the stages
of fructification. Thus corn-fields may be protected against
infection with rnst by extirpating the barberry bushes in the
neighbourhood on which the seidium generation oceurs.

B. The following mould fungi, which are interesting
either from their frequent occurrence, or from attacking
at times higher animals, and even man, in the form of
pathogenic parasites, are worthy of note :—

1. Some forms of the Perisporiaces (order : Ascomy-
cetes). In the fungi belonging to this family the spore
tubes are formed in the interior of a capsule-like fruit
body, the perithecium ; the latter has no preformed
opening, but tears open when ripe. The perithecia are
very small round bodies, seldom more than 1 mm. in
gize, and commonly immediately surround the mycelium
in large numbers; their walls are for the most part
coloured, and often covered with hairs or hair-like pro-
cesses. In many cases the origin of the perithecium by
sexual fecundation may be demonstrated. In eurotium,
for example, short twigs develop from single mycelium
cells and become twisted like a serew (fig. 9, ¢); this
screw represents the female organ, the ascogonium.
From the lower part of this thread branches then grow
outwards along the side of the serew as far as its end,
and one of the branches and the upper turn of the screw
apply themselves to each other and exchange their con-
tents ; after this fecundation the male branches, the
pollinodia, divide and branch frequently, and thus form
a covering which becomes the wall of the perithecium.
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Some observers look on this supposed sexual copulation
as only an unimportant anastomosis of hyphse.

Besides the perithecia many perisporiacem present a
second asexual fructification on the same mycelium ;
simple fruit hypha are formed which give rise to spores,
or conidia, by fission. This asexual fructification is
extremely widely spread, and very frequently it is the
only form ; it is only the presence of a large amount of
nutriment which predisposes to the formation of peri-
thecia. Thus the most common mould fungi usually
form only the asexual fructification, and their connection
with the perithecial forms is for the most part only
recognised at a later period. Hence the conidia forms
of these fungi were described as particular species, while
from recent researches they can only be looked on as
secondary fruetifying forms of the ascomycetes. The
conidia germinate readily immediately after they are ripe,
form a myeelium, and again develop conidia bearers ;
on myeelinm arising in this way from conidia, peri-
thecia can also presumably develop under suitable con-
ditions, but this has not as yet been directly observed.
The ascospores are as a rule only able to germinate
after a period of rest ; in the case of some of them it is
certain that they develop to form a conidia-bearing
mycelium, The most important species are—

Eurotium—asperqgillus.

We distingunish (after Siebenmann) the so-called true
aspergilli (Asp. clavatus, flavus, fumigatus, niger,
ochraceus, albus), and the two eurotinm forms proper
(Eurotinm aspergillus glaucus and Eurotium repens).
In the former the higher form of fructification is repre-
sented by a form of sclerotium, the formation of which
is completed in two periods. In the first period a rest-
ing fruit (Dauerfrucht) is formed consisting of the
centrally placed ascogonium, which is for the time
being inactive, and the store material originating from
the carpogonium. This condition persists so long as
the selerotium is in a dry surrounding. On a moist

Aspergillua,
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substratum the second period at once begins; after
absorption of the store material the ascogonium enlarges
and sends out branches which finally develop into
asci containing spores. In the eurotium forms, on the
other hand, very delicate perithecia form in the place
of the tough sclerotia, and present the appearance of
refracting clear yellow or sulphur yellow transparent
bodies of the size of a grain of sand with an enveloping
membrane which is very easily crushed.

The sclerotia of the true aspergilli are found in old

Fig. 9.—Aspergillus glancus. (After de Bary.)

4, porticn of a mycelium thread (m) with o conidia bearer (¢} and a
young Eurotinm perithecinm (#') X 190.

B, I, conidia bearer with basidia and conidia. B, some of the basidin
more highly miagnified.

(', ascogon surrounded by the pollinodia.

D, young perithecium ent longitudinally; w, the future wall; f, the
store material x 250,

E, an ascus with spores from a perithecinm X 600

cultivations (for example on brown bread) arranged in
nests in those places where there is incomplete access
of air, and where therefore conidia bearers do not grow ;
they form granules 0°5—1'5 mm. in diameter, and of
irregular form. Usually, however, only the conidial
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fructification is met with. Iruit-bearing hyplw, not
branching and 0°'3—10 mm. in length, arise from g
colourless mycelinm consisting of delicate hyph:e.
These froit hyphwm are globular at their upper end, or
dilated in the form of club-shaped bladders, on
which thin projections or sterigmata are arranged
radially. It is only in the eurotium forms that the
sterigmata are separated by septa from the bladders of
the fruit-bearers. The sterigmata give off at their
apices a succession of conidia, consisting of round or
somewhat oval cells 1—6 p in diameter. Some asper-
ailli (A. clavatus, flavus, fumigatus) have unbranched
sterigmata; in the other three on the contrary they
are branched. The latter forms are also described as
sterigmatocystis.

Asp. flavus or flavescens.— Yellow or greenish
brown masses of fungi.
Conidia yellow or brown
with a fine warty surface ;
5—7 @ in diameter.
Sclerotia  very  small,
black.  Grows best at
about +28° C,

Asp. fumigatus.—
Greenish, often Dluish-
grey masses very like
penicillinm. Short conidia
bearers, eurved forwards
to form a hemispherical g
bladder, 8—20 u in :
dismeter. Closely packed 8- 10.7qspergiie fovas X 300.
awl-shaped sterigmata on

the hemispherical cup. Conidia round, smooth, with
single contour, for the most part colourless, 2:5—38 w
in diameter. Sclerotin unknown. Thrives best at 87°
—40° C.

Asp. niger—Dark brown masses. The knob of the
fruit hypha completely spherical. Sterigmata 20—100
# in length, branched like a hand. Conidia round,
when ripe blackish-brown . diameter 8:5—5 pn Sclerotia
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brownish red, of the size of a rape seed. Dest tempera-
ture 34°—35° C.,

Fig. 11.—Aspergillus fumi-
gatus X 300,
(After Siebenmann.)

Asp. ochraceus.—
At first of a flesh eolour,
later ochre yellow; sphe-
rical heads; branched 1
sterigmata. Fig. 12.—Aspergillug niger X 300.

Asp. albus.— Pure { After Siebenmann.)

= . . At the lower part on the left side
white in all par ts; the sterigmata have been removed

branched gtgrigmﬂta. artificially.
Asp. clavatus.—Greenish ; club-shaped bladders on
very long and strong fruit hyphe ; very small conidia,

Fig. 13.—Eurotinm n.n}mrg-illus. Fig. 14.—Eurotium repens X 300.
A

glancus X 800. (After Sie- (After Siebenmann,)

benmann. )
The eurotium forms possess mycelium and conidia
bearers like the true aspergilli. The perithecia, the
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formation of whieh corresponds with the general deserip-
tion given above, appear to the naked eye as brightly
refracting, very small, round granules ;s—{ mm. in
diameter, arising from the aérial mycelium, which is of a
sorrel colour in this stage of fructification.

Furotium aspergillus glawcus. — Bluish-green or
yellowish-green ; heads regularly round. Conidia round,
warty or knobby; 9—15 x in diameter. It occurs in
fruit juice, moist wood, frequently on damp walls, but
only in very cool places—about 10°—12° C.

Furotium repens.—At first white, ultimately dark
green ; heads often fringed; conidia oval, smooth,
colourless or greyish-green, 5—8'5 p in largest
diameter., Oceurs on preserved fruits, bread, &e.; the
best temperature is 10°—15° C.

The aspergilli have of late excited special interest
because some of them (Asp. fumigatus, Asp. flavus,
and Asp. niger) are able to grow in the bodies of warm-
blooded animals.

FPathorenic
properties of
the aspergilli.

This pathogenic property was first ascertained by Action of

studying the result of the injection of mixtures contain-
ing spores into the blood
stream of animals, es-
pecially of rabbits. When
the number of spores
injected was very large
the animals died in a few
days, and numerous small
deposits of fungus my-
celinm which had de-
veloped from the spores
were found in the in-
ternal organs. Ifsmaller
quantities of spores were
employed, the animals :
lived, but if they were Fig. 15.—Mieroscopical section

kill i : from the kidney of a rabbit
ed after two or three killed 36 hours after the
lfl-!'lr:j"‘r'! a small number of injection of spores. (After

: ; Grawitz.
mycelial deposits were ot

found; atlater periods these had d isappeared, sothat when

intravenons

injections of
SPOTeS,
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in small numbers they were evidently quickly destroyed
and were only able to ocecasion the death of the animal
when in enormous quantity. The mycelia formed from
the spores are not equally distributed in all the organs.
The kidneys are attacked by preference; then the
cardiae and other musecles ; at times numerous masses
are found in the liver. After the injection of the
gpores of Asp. fumigatus there are very peculiar dis-
turbances of equilibrium, the animals lying on one side
with the head placed obliquely, the one cheek looking
upwards, the other downwards; the eyes are directed
towards the same side. If one attempts to raise the
animals from this position they resume it at once; if
one places them on the opposite side they remain at
first in this position, but soon assume the old posture
with violent rotatory movements around the long axis.
Lichtheim found that the explanation of these symptoms
was the localisation of the fungi in the membranous
labyrinth.

The success of the infective experiments is most eertain
with Asp. fumigatus, and then with Asp. flavas. The
spores of Asp. niger do not appear to have by any means
such an intensely malignant action; the other species of
aspergillus and eurotium are on the other hand entirely
without effect, even when injected in large quantities.

It is not only by artificial infection that growth
of these aspergillus forms is observed in the animal
body, a natural infection seems to occur not uncommonly.
Mycotic diseases have been known for a long time to
oceur in the ear passages of birds; in these cases
we have to do with the growth of aspergilli. Schutz
has recently demonstrated by exact experiments that
the spores of these mould fungi can as a matter of fact
set up severe pneumonie affections. If healthy pigeons,
geese, and smaller birds were exposed for only a few
minutes to air containing numerous spores of Asp.
fumigatus the animals died of pneumonia as late as the
fifth day afterwards. Numerous myecelial threads were
then found in the bronchi, and in the cases where the
(disease had lasted longest extensive necrosis was present.
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An affection of the air passages also occurred when
masses containing spores were swallowed. The pneumo-
nomycosis aspergillina is caused most often by Asp. fumi-
gatus, more rarely by Asp. niger ; the spores of the latter
do not form a luxuriant mycelium, but only germinate
imperfectly, while Asp. fumigatus can even fructify in the
larger bronechi when there is a plentiful supply of free
oxygen to the mycelium. In zoological gardens extensive
epidemics of these mycoses have also been observed.
In the case of mammals also, for example in cows, In mammals.
similar conditions have been seen in the lungs, and
aspergillus mycelium has been often observed in human
sputum and in the bronchi of dead bodies. Henece it is
not impossible that the inhalation of similar spores
have also occasionally set up pneumonic affections
in man.

Deposits of aspergilli have been found on two parts In man.
of the surface of the human body. Leber observed,
after abrasion of the cornea by an ear of corn, that an
abundant development of aspergilius myecelium took
place in the cornea accompanied by severe suppurative
keratitis. On inoculation of the spores of the fungus
cultivated pure in an artificial soil, on the cornea or
into the anterior chamber of the eye of rabbits, growth
of the fungus oceurred. Further, the aspergilli develop
not uncommonly in the external auditory meatus ;
nevertheless only when diseased conditions are already
present, such as perforation of the tympanic membrane
with degeneration of the wall of the tympanic cavity,
and when there is a layer of serum which can act as a
suitable nutritive substratum. In that situation suppu-
rative and putrefactive processes interfere with the deve-
lopment. of the aspergilli, while the use of astringent
remedies as a rule favours it; the introduction of oil
readily sets up eczema, and thus favours the growth of
the fungus, or at any rate of the myeelium, while the
formation of conidia is hindered.

It is noteworthy that it is only those aspergilli whose Temperature
temperature optimum is high and approaches the body ¢rtimumofthe

: ] infective
temperature, that ean grow in the bodies of warm-blooded aspergilli.
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animals. Frinkel* was unable to diminish their patho-
genic properties by the continued action of abnormally
high temperatures. He cultivated Aspergillus fumigatus
for half a year at 51° C., numerous re-inoculations
being made; under these cireumstances the fungus
formed only a sterile mycelium, and it was necessary to
continue the cultivations from this mycelium. When
however it was placed at a temperature of 37° C., the
fungus at once began againto fruetify, and the spores
formed proved to be as virulent as others cultivated
in the ordinary manner.—All these fungi appear to
be very widely distributed in our climate. According
to Siebenmann, it is only necessaryto expose freshly
baked brown bread to the air for a short time, to place it
then in a moist chamber and to regulate the temperature at
various heights ; according to the temperature, it is found
that either on the surface or in the interior of the piece
of bread one or other form of aspergillus has developed.

Erysiphe oidium.

Erysiphe forms the mould-like covering on living
plants which is known as mildew. Summer and winter
spores are developed ; the former have the appearance of
oval unicellular conidia which are formed by segmenta-
tion on single upright fruit hyphwe ; the winter spores
are formed in the perithecia which arise at a late period
on the same myecelium, and they are only able to ger-
minate after a period of repose. The fructification by
conidia was formerly deseribed as a separate species of
fungus under the name oidium. In the case of some
forms of oidinm the corresponding peritheecial fruetifi-
cation has not yet been found. Mildew attacks the
most various kinds of plants, and the different species of
plants have their particular forms of mildew. The plants
which are attacked droop and die early. Damp weather
in the latter part of summer and autumn and moist
situations are favouring conditions,

Two important kinds of oidium whose perithecia are
as yet unknown belong to this group.

# Deutsche med. Wochenschrift, 1886, No, 81.
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Oidiwm Tuckeri, the fungus of vine discase—A whitish
mildewy layer appears on brownish patches of the leaves and
twigs of the vine, and also attacks the young berries, whose
epidermis dies and bursts. The
longish round conidia are placed
gingly on the fruit hypha.

Oidium lactis.—Fruit hyphe,
single, upright, colourless; form a
terminal chain of spores; at times
apparent formation of branches, the
fruit hyphe growing upwards along-
side the terminal chain of spores
already formed. Spores short, cy-
lindriform, 0:0077—0°0108 mm. long
(fig. 16). Very widely distributed,
forming a whitish mouldy coating
on milk, bread, dung, &c¢. Flourishes
best between 19° and 33° C. (Hausen).

In some parasitic skin affections Ol 3t a4l

of man development of fungi has soife ?:EIE:ums
been for a long time observed, tonsurans.

and these fungi appear to have a
certain resemblance to the my-
celium and fructification of oidium.
Grawitz has in fact attempted to
prove by cultivations that the favus /
fangus (Achorion Schénleinii), the (o
fungus of Tinea tonsurans (Trico-

pbyton tonsurans), and the fungus o)
of Pityriasis versicolor (Mieros- e =
poron furfur) are identical with Oi-
dinm lactis. According to Grawitz (k

1s

the conidia of this fungus, when cul-
tivated artificially, form one or
several germinating tubes; these —
soon become segmented and send in
out lateral branches which Elﬂﬂg- Fig. 16, —0idinm lactis.

ate by apical growth. The growth 4 older, B younger, fruit
censes often after a very short, L e el

&, chaing of spores in tho

f : i neighbourhood of which
ften again after a longer time, ‘nn-:l fhe ftt Byphm (A) don-
segmentation of the threads into tinue to grow like a la-

wae F R teral branch. x 200,
conidia beging ; these conidia are
at first almost cubieal cells, but later assume a longish oval
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form Dby rounding off of the borders. Certain {hreads
give off lateral branches almost at right angles ; where
the growth is luxuriant, certain of the lateral branches
become large refracting globes, which are cut off, ard
are again capable of growth. The mycelium of the

€3

Fig. 17.—Favus and Tinea fungus. (After Grawitz.)

A. g rminating tube cultivated in gelatine solution. -

F. breaking up of a germinating tube into single conidia (in con-
centrated solution). :

¢'. formation of fruit; a formation of buds; &, formation of gemmee.

I, tinea fungus ;: mycelial threads with fruetification. ;

E. conidia of Oidium lactis (in dilute acid nutrient solution, from
which thin gérminating tubes are growing out) X 350.

tinea fungus, &e., is very delicate in comparison with
the much thicker conidia of the Oidium lactis growing
on milk ; but on alteration of the nutrient substratum
Grawitz was able to obtain great varieties in this respect,
so that, for example, a large conidia sent out a much

—

e,
.
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more delicate thread, which then gave off a cell of one-
fourth of the diameter of the original one.

Grawitz's experiments were performed at a .time when
there were no trustworthy methods of isclating individual
fungi from a mixture of organisms, such as are usually pre-
sent on the affected skin, and hence they urgently require
vepetition with better methods, and the asserted identity is
rendered very doubtful by the result of experiments made
with other mould fungi. Oidium lactis flourishes only com-
paratively imperfectly at the body temperature, and therefore
its parasitic existence on the surface of the body is improbable.

In the lower animals affections occur very similar to Fungus ot
favus in man, and in these the causal agent has of late q'}}ﬁhfér'
been cultivated pure. Such are the fungus of tinea galli 9"
and that of the so-called favas of mice. The first has
been studied by Schiitz; it leads to the formation of
whitish grey round patches on the comb and wattles of
fowls, which gradually merge together and spread on to
the neck, breast, and trunk. By continued cultivation
on nutrient jelly Schutz succeeded in obfaining pure
from the scales on diseased combs a fungus which forms
a white mycelium, gradually liquefies the gelatine and
causes it to assume a reddish colour. It grows also
on potatoes, bread paste, &c., and best at a tempera-
ture of about 80° C. DMicroscopically the mycelium
consists of segmented and often branched threads of very
varions dimensions; not uncommonly these threads
show small warty or pedunculated projections; some of
the segments are also globular, while others are lying free,
and occasionally provided with processes. Again, in some
cases fine shoots are seen on the sides of the mycelial
threads, these shoots bearing one or two globular
greyish coloured bodies. Whether these or the spherical
bodies, or neither of them, are to be regarded as spores
is a8 yeb uncertain ; the position of the fungus is there-
fore doubtful, and it is only the microscopical similavity
of the mycelium and the simple separation of the cells
supposed to be spores that has led to its provisional
inclusion among the forms of oidium. Inoculation of
pure cultivations of the fungus gave rise to the charac-

9
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teristic morbid symptoms in fowls; mice, rabbits, and
various other animals were not affected.

Mouse favus has been repeatedly studied, and quite
recently in the author’s laboratory. Nicolaier demon-
strated that the disease could be transmitted by the appli-
cation of scales to patches of the skin of healthy mice
pr:avious]:,f scraped with a knife and denuded of epider-
mis.  After about eight days a crust is formed about
the size of a lentil, whitish yellow, and pitted in the
raiddle; this crust constantly enlarges till it finally
comes to occupy the whole forehead and ears, spreads over
the eyes and covers the head of the animal with a

Fig. 18.—Cultivation of Mouse Favus.
a, mycelial threads X 300 ; &, a thread more highly magnified X 700.

whitish grey dry mass of a laminated character which
forms a thick layer on the skin. Small crusts planted
on acid nutrient agar, or on potatoes impregnated with
tartaric acid, and kept at 30°—85° C., give rise after
repeated recultivations to a pure cultivation of a fungus
which forms a thick low myecelium, at first of a pure white
colour, with very closely packed, delicate hyphw, so that
the whole mass (particularly on potatoes) looks like a
crust of sugar. At a later period the surface of the
mycelium assumes a red or reddish-brown colour. In
microscopieal preparations of the favus erusts, or of cul-
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tivations, we see a maze of jointed threads which are
terminated by oval cells somewhat flask-shaped, or in
some cases more spheriecal.

Special spore-bearing hypha or distinet spore forma-
tion have not as yet been observed. Inoculation of mice
with small quantities of cultivations carried through a
considerable number of tubes gave rise in all cases to the
peculiar disease just described; inoculation of a cock
was tried without result.

Cultivations made from human favus furnished
appearances on the whole microscopically and macro-
scopically similar, but not identical; the investigations
on this point are not yet concluded. All these three
fungi probably belong to one species, and are in some
respects closely allied to the oidium fungi, but they
appear to differ among themselves as well as from the
Oidium lactis, as shown, for example, by the differences
in their temperature optima.

The fungus of thrush was formerly described under the
name of Oidinm albicans, and placed among these fungi.

Recent investigations render it, however, probable that the
thrush fungus belongs to the yeast fungi.

2. Mucorinem (ovder : Zygomycetes). Very widely
distributed ; on putrefying substances they form white
or brown patehes of mould, which consist of delicate
mycelium and fruit hyphe given off at right angles.
At the apex of the latter a globular sporangium is
formed, the protoplasm of which breaks up into a large
number of spores. The membrane of the sporanginm is
at first colourless, but later it usually becomes blackish,
and when the sporangium is ripe it dissolves in water.
Many mucorines form zygospores by the copulation of
two myeelium branches ; there is often also a formation
of gemmm.—Among these we may mention: Mucor Saprophytic
micedo.  Fruit hyphe colourless, simple or branched, forms of
1—18 em. long; sporangia yellowish-brown to black ; S



182  CLASSIFICATION OF THE MICRO-ORGANISNS.

T 41

Fig. 19.—Mucor mucedo.

A, ripe sporangium,

B, the same, represented as transparent; e, columella ; s, the space
filled with spores.

€, almost ripe sporanginum, the membrane having been removed by
artificial pressure,

D, fruit hypha with naked columella (e) X 50,

E, an old mycelium thread which has formed an end cell which has
hecome converted into a gemma X 350, ;

F, spore of Mucor racemoszus which has sprouted in a sugar solution

to a germinating tube, and has formed spherical yeast-like cells
(&) X 850,



ERYSIPHE OIDIUM. 133

membrane smooth, or closely covered with acicular
cystals of oxalate of lime (fig. 19). Longish spores
(0:008 mm. long, 00037 mm. broad). Very widely
distributed on 1l sorts of nitrogenous substances.—
Mucor racemosus, much more delicate fruit hyphe, at .
most 1'5 em. long ; sporangia yellowish to light brown ;
spores roundish. Grows extensively on substances rich
in carbo-hydrates. When the mycelium is old, or when
the spores germinate under water, so-called gemmsa or
brood cells (that is to say, pear-shaped swollen spots,
which develop thick membranes and a protoplasm rich
in oil) are formed in the hyph®.—On continued culfi-
vation in saccharine fluids the germinating tubes become
constantly shorter, and show yeast-like budding; the
spherical segments are termed spherical or segmentation
yeast (Kugel- or Gliederhefe). These spherical yeast
cells readily lead to deficiency of oxygen in the nutritive
medium, and can then break up any sugar which is
present into alecohol and carbonie acid—in other words,
set up fermentation. The rising bubbles of carbonic
acid usually however carry the yeast cells to the surface,
where they again form normal mgycelium, so that the
setting up of fermentation, and the production of CO,,
seem to be the means by which the fungus returns to its
normal conditions of life.

Mucor stolonifer.—Mycelium, with branches rising in arches
and again sinking, and attached by root hairs; sporangia
deep black and warty; spores brownish, almost spherical,
10—20 mikrom. in diameter; zygospores dark brown.

Further : M. macrocarpus; M. fusiger; M. aspergillus ; M.
phyeomyces, rare. :

M. Melittophtorus.—Found in the stomach of bees; colour-

less hyphe, with egg or pear-shaped sporangia; colourless
elliptical spores.
Lichtheim has recently discovered two new species of Pathogenic
mucor which exert a pathogenic action : o
M. rhizopodiformis. Mycelinum at first snow-white,
then mousy grey; mycelial threads colourless ;
brownish mycelial branches rise and sink in an arched
manner on the surface of the substratum, giving rise at

the point of contact to short branched rhizoids, with



134 CLASSIFICATION OF THE MICRO-ORGANISMS.

straight pointed branches which run downwards, and
to sporangia bearers which pass upwards, very like M.

Fig. £20a.—Mucor rhizopodiformis. (After Lichtheim,)
Zeiss A, eye-piece 5.

stolonifer, but
with shorter
sporangial stalks;
the egg-shaped
columella 1is
arched forwards
in a dome-like
manner, and di-
minishes in size
towards its base ;
spores colourless,
and only 5—6
in diameter.

M. corymbifer.—

Fig. 208.—Mnucor rhizopodiformis after Myecelium whitish
rupture of the membrane of the sporan- A
ginm. (After Lichtheim.) grey ; Sporangia

Zeiss E, eye-piece 2. bearers not pass-
ing upwards at right angles, but stretched lengthways,
branched in an nmbelliferous manner, and forming at
the end of the branches a number of grape-like, um-
belliferous, closely packed sporangia; the latter are
also colourless when ripe, rounded off at their apex,
jointed, top-shaped and gradually narrowing as they pass
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Fig. 214 —Muecor corymbifer, (After Lichtheim.)
Zeiss C, eye-piece 4.

Fig. 218.—Mucor corymbifer. Aftor ru iture of the wall of the
sporangium. (After Lichtheim).

Zuiss F, eye-piece 5,
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into the stalk; spores colourless, very small, longish,
3 p long, 2 w broad.

These two forms were obtained from ordinary white
bread kept at the body temperature. M. corymbifer
was also found by Hiickel in a plug in the auditory
meatus in man.—When the spores are injected into the
blood stream in rabbits, both forms cause the death of
these animals after 48—72 hours, the incubation period
lasting 24 hours. On post-mortem examination funguns
mycelinm is found chiefly in the kidneys, then in the
mesenteric glands and in Peyer's patches, more espeeially
in the lower part of the small intestine. The patches
show marked swelling and ulceration.—Injections into
the peritoneal cavity also give rise to the same symptoms.
Dogs are entirely immune, while aspergillus spores pro-
duce disease, though only when present in large numbers.
It is also noteworthy that of the mucor forms only those
can exert a pathogenic action which grow well at the
body temperature. On the other hand it is evident that
this is not the only or a sufficient condition for the
malignant action of mould spores on warm-blooded
animals, for M. stolonifer also flourishes well at high
temperatures, but the spores of this fangus cultivated at
that temperature cause no effect when injected.

In Aspergillus glancus, Oidium lactis, Mucor mucedo,
and Mucor racemosus, we have four of the most widely
spread mould fungi, with which every one who works
with pure cultivations of fission or mould fungi becomes
unintentionally acquainted. There is only one fungus
which excites even greater interest from this point of
view, because it oceurs extremely frequently, and is the
most common mould fungus: this is the pencil mould,
penicillium, which belongs to the tuberaces (order :
Ascomyeetes).

The higher form of fructification, a kind of truffle, is only

observed very rarely, and ander special conditions of cultiva-
tion. It presents the appearance of a small yellow, sand-like
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protuberance, and behaves like a thick-walled sclerotium,
and probably, like the perithecia, owes its origin to a sexual
act. On suitable cultivation an ascus-bearing fungus grows
out of this sclerotium, and the ordinary mycelium and frue-
tification can again be got from the ascospores thus ob-
tained.

Otherwise it is only the conidia fructification of penicil-
lium which is observed. The fruit hyphwe are segmented
and branched like a tree, and a whorl of upright branches
projects like a pencil from the uppermost cell, each
branch bearing either a chain
of spores or another whorl of
branches, terminating in spore- o, {Eg
chains. Spores spherical, uni-,ﬁ%i
cellular.—Penicillium glawcum, "%\
the most common mould fungus K
(fig.22), gives risetoaflocculent
mould growth, at first white, but
later bluish-green. It grows
on the most various nutritive
substrata; itoccurseverywhere,
and hence its spores very often
gain access to cultivations. It
does not seem to flourish at high
temperatures (38°—40° (.).
The diameter of the sporves is
0:0035 mm. ; that of the hyphm
varies according to the food be-
tween 0:004 and 000071 mm.
The very stunted forms are un-
branched, and bear only a single

chain of conidia; when the de- =
velopment is most luxuriant
several fruit hyph® become =

united to form a thick stem _, i

(coremi am), at th : 1 Iig. 23.—Penicillium glancum.
-I fd ﬂ, URPAY; e m, mycelinl hypha with a fruit

of which tha.‘.‘!' again separate hypha passing upwards,

and form chains of conidia, in the manner deseribed
above,

Penicillinm spores may be injeeted into rabbits and other
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Development animals in large numbers without causing any bad effects.

by eultivation Aceor

of malignant
properties in
mounld fungi,

ding to Grawitz, however, malignancy can be produced
by gradual acclimatisation of the mould fungi on fluid alkaline
substrata, and at the temperature of the animal body. This
view rests on an error, for Grawitz evidently worked with a
mixture of spores of Asp. flavescens and penicillium : when he
cultivated this mixture at a low temperature (15° C.) only the
penicillinm, which was quite harmless, grew; when, however, he
employed temperatures of 35°—37° (., the luxuriantly grow-
ing aspergillus overpowered the penicillium, which grows only
imperfectly at this temperature, and the aspergillus cultiva-
tion, which was quite similar in appearance to the penicillium
cultivation grown in the cold, furnished spores of a malig-
nant nature.

Addendum : Actinomyces, Ray Fungus.

A peculiar parasite, the relationship of which was
till recently quite doubtful, may find a place here
provisionally ; I refer to the so-called ray fungus. The
disease set up by this fungus is most frequently observed

Morphological in the jaws of cattle. It forms there a whitish tumour,

characters of
the ray
funguas,

which springs from the alveoli of the molar teeth, or
from the spongy tissue of the bone, expands the latter,
erodes it, and finally bursts outwards, or in rare cases
inwards. The substance of this new formation, which
is in the main soft and juicy, shows on section a large
number of yellowish, abscess-like foci, from which
peculiar bodies are obtained on seraping, about the size
of a hemp seed, of a sulphur yellow colour, and with a
fatty feel. Similar deposits are found in the pharynx,
in the larynx, in the corresponding lymphatic glands,
&c. On closer examination these yellow bodies are
found to present a coarsely granular, often mulberry-like
appearance, and consist of numerous closely interwoven
threads. On slight pressure the round gland-like
bodies break up into a number of fungus masses; these
are groups of bifurcated threads, like hyphs, which,
gradually spreading out from the centre, end in club or
flask-like swellings (Bollinger). The threads are usually
straight, more seldom slightly wavy, or even spiral, and
they swell more and more towards the periphery. As
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they spread out in all directions from a central point,

the resulting strue-
ture resembles that
of a closely packed
bunch of flowers, or
of adruse of erystals.

Since more atten-
tion has been direct-
ed to this peculiar
fungus it has been
often found, chiefly
in cattle and swine.
In cattle it causes
abscesses in the ex-
ternal soft parts of
the head, in the
tongue, and in the
bones of the jaws.
In swine it has
been often found in
the ecrypts of the
tonsils, without any
accompanying mor-
bid  appearances.
Several cases of
actinomyeosis of the
lung, and some of

peritonitis, due to °
actinomyces, have =

also been observedin
cows and swine. In
some instances in-
deed actinomycotic
disenses have appear-
edendemically; thus
therewasan endemie
in Denmark, which
attacked 30 cattle on

Clecnrrence of
the ray fungus

Fig. 23.—Druse of actinomyces (ray fungus) in animals.

with an isolated branched thread passing
upwards, (After Ponfick.)

r'-.l-.r
E
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one farm. In this Fig. 24.—Aoctinomyces druse, Soction from

case the only thing

& tumour X 300.
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that could be suspected as a common source of the disease
was fodder obtained from a newly tilled field (Bang).—
Duncker has also found bodies in pork similar to the ray
fungus, which however are not, according to Johne,
identical with actinomyces.

Masses of actinomyces have been at times observed n
the crypts of the tonsils in man, but here also without
any morbid symptoms. Also in various affections
accompanied by suppuration, such as abscesses in the
neighbourhood of the jaw, in coneretions in the lachrymal
duct, in severe suppurations which present the clinieal
picture of a prevertebral phlegmon, or of a peripleuritis
with suppuration and metastasis, or of a chronic pyemia.
Lately also five cases of peritonitis of actinomycotic
origin (per. chronica, parametritis, perityphlitis) have
been described by Zemann. In the latter affections the
usual point of entrance must be the intestine, in the wall
of which fresh nodules and scars can be found, or at times
also the Fallopian tubes and the genital apparatus; in
the case of actinomycosis localised on the face and
neck, carious teeth, injuries to the jaw, inflammatory
processes in the pharynx and tonsils, &e., predispose to
the affection. In all the above mentioned cases, different
as they were in their clinical picture, the same masses of
actinomyces could always be demonstrated in the pus.

That the fungus is in reality the exciting agent of the
disease is rendered much more certain by the inoculation
experiments which have been performed with isolated
and carefully purified actinomyces masses. The disease
has in several instances been reproduced in calves, by
introduction of the grains into the subcutaneous tissue,
but feeding the animals with them has had no result.
Dogs appear to be insusceptible to the disease ; rabbits
have recently been sueceessfully inoculated in the peri-
toneal cavity by Israel.

Repeated attempts have been made to eultivate the
fungus, first by Harz, then by Johne, and then by
Israel on solidified blood serum, which was intentionally
made of soft consistence. The results of these cultiva-
tion experiments agree but little with each other, and
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these authors do not appear to have succeeded in
cultivating the fungus on artificial substrata through a
long series of generations. Hence we were up fill
recently entirely without any guide as to the place
occupied by the ray fungus in the vegetable kingdom.
Lichtheim observed in his investigations on aspergillus
and mucor that a stunted myeelium, elosely resembling
the ray fungus, was at times formed in the animal body ;
and this was the only fact, though in truth a very feeble
one, on which a relation of actinomyces with the mould
fungi was provisionally based.

Lately Bostrom has made a preliminary communica-
tion, from which we seem to be approaching an elucidation
of the behaviour of the ray fungus in cultivations, and of
its place in the vegetable world. Bostrom employed for
his cultivation experiments not the refracting, elub-like
processes, which cannot be cultivated, but the central
network. The graing were placed in gelatine, which
was poured out on plates ; the slow growth of the mass
in the gelatine was not however awaited, but after a few
days the grains which had remained free from contami-
nation were taken out of the gelatine, crushed between
glass plates, and then employed for stroke inoculations
on ox blood serum and agar. These strokes soon acquire
a finely granular, whitish appearance, having become in
the first two days broader and thieker ; then there appear
in the centre small yellowish red nodular patches, the
borders of which are occupied by extremely delicate,
branched processes, growing from the line of inoculation
at definite distances. These yellowish red masses become
gradually confluent, and covered with a delicate downy
white layer; at the periphery similar masses are subse-
quently formed. The cultures require seven to eight
days for this stage. The temperature optimum is
between 33° and 87° C. The gelatine is not liquefied by
the actinomyees. The inoculation of such cultivations
on various animals has been repeatedly carried out with
positive results by Bostrom.

Microscopieally the cultivations show in the first two
days threads with true dichotomous branching. At

Bostrim's
enltivations.
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first they are segmented at wide intervals, the segments
afterwards become shorter, and when the yellowish red
masses appear in the cultivations numerous very short
rods and some more cocecus-like structures are found
lying free and mostly surrounded by a membrane. In
the deeper layers, and on those places where the nutritive
soil is exhausted, the well known club-shaped swellings
appear in connection with the colonies.

According to these results the actinomyeces does not
belong to the mould fungi, but to the fission alge,
and must be looked on as a branched species of
cladothrix. The place here assigned to the ray fungus is
therefore a provisional one, and can only be maintained
till the publication of more detailed and confirmatory
communications.

II. Tae MycET0OZOA.

The mycetozoa, which are as yet but little known,
include the myxomyeetes, or slimy fungi, the acrasia,
and the monadina. It is very difficult to define with
certainty the place of the mycetozoa in the vegetable
kingdom on account of their morphological and biological
peculiarities ; they are classified among the fungi because
they form reproductive organs, which resemble fungus
spores ; on the other hand the division of the monadina,
more especially, is placed by some botanists in the
animal world, usually among the rhizopoda, with which
they show many resemblances.

The myxzomycetes have no myeelium ; in the young
state they form naked protoplasmic bodies, plasmodia,
of a slimy consistence and of variable form. At the
period of fructification they become converted into
sporangia, in which spores are developed by the forma-
tionof ecells. When germination occurs, movable swarming
bodies are developed from the spores, and by the fusion
of large numbers of these bodies a plasmodium is again
formed. The plasmodia form for the most part brightly
coloured voluminous masses, which develop on putrefying
vegetable substrata, on trunks of trees, &e.; they often
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flow upwards to higher levels, and send out and again
withdraw simple or branched processes. Under favour-
able conditions of moisture
groups of sporangia are formed
from the plasmodia with con-
siderable rapidity, presenting
the appearance of large pedun-
culated or sessile bladders, only
a few millimeters in size. The
spores fill the interior of the
ripe sporangium in the form of
a dusty powder; they are simple
roundish cells, with a coloured
membrane ; when they germi- :
Fig. 25.—8pores of a myxomy-
nate they do not send out a cetes (trichia varia). " @, not
germinating tube, bu the pro- 22,3¢4 Ferminsied. o'l
toplasm passes out of the spore amceboid swarming body.
- iAfter de Bary.)

membrane in the form of
swarming spores, which are round or egg-shaped bodies,
with a swinging cilium at their anterior end ; at this end
of the swarming spore lies a cell nucleus, while the other
part contains one or two vacuoles, which alternately con-
tract and dilate, and contain watery fluid. The swarming
spores sometimes swim freely, rotation round the axis
and side to side movements being caused by the activity
of the cilium; at other times they creep like amceebwe,
protoplasmic processes being sent out and refracted.
The swarming spores multiply by segmentation ; they
finally unite together in constantly increasing numbers,
and thus form again a plasmodium.

The acrasie differ from the myxomyeetes only in that The acrasia.
the swarming spores do not fuse together to form
plasmodia, but become closely agoregated and then each
forms a spore.

The monadina, or the lower myeetozoa, form swarming The monadina.
spores, ammbe, plasmodia, and spores in the same "ﬂ'l‘t“j..f
as the higher mycetozoa ; they arve distinguished chiefly
by the fact that the result of the differentiation of the
plasma in the sporangia is the production of reproductive
eells in the form of mobile swarming spores or amabw ;
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the monadina thus form so-called zooeysts in contrast to
the sporocysts in which resting spores develop (Zopf).

The more highly organised mycetozoa obtain their
nourishment entirely from dead organic materials,
chiefly vegetable, more rarely animal. A large amount
of moisture is a necessary condition for their develop-
ment,—The lower mycetozoa, on the other hand, play an
important part as parasites. They chiefly attack aquatic
plants, alge, fungi, &ec., and in consequence of their
rapid development and the ease with which their germs
can spread the diseases of the alg® caused by them have
often an epidemic character. But they seem also to be
able to act as parasites on higher plants as well as in
the animal body. Animals which seek their food in
marsh water and in mud seem to be most readily
affected. In the intestine of man also amebe have
been found, but their characteristics are not accurately
known. It is therefore very readily conceivable that the
monadina, which it would be very diffieult to recogmise
in the animal body, may deserve marked attention from
a hygienic standpoint on account of their rdle as
infective agents.

Forthe present only 2 monadinze need be specially mentioned.

1. Plasmiodophora  brassicee—This organism lives as a
parasite in the roots of crucifers, especially in certain
varieties of cabbage, and causes marked swelling at the part.
Large cells with ameboid movements are found in the
markedly enlarged cells of the roots, these ultimately become
motionless and divide into a large number of spores, without
previously forming a special membrane. A ciliated swarming
spore escapes from the spore into the water, and eventually
penetrates through the young epidermis of the root into a
new host.

2. Haplococcus reticulatus—This organism has been fre-
quently found by Zopf in the muscles of swine. It forms
zoocysts 16—22 u in diameter, almost spherieal, with smooth
membranes. Inthese 6—15 amoebs are formed at the period of
ripening, and these pass out of thin and ultimately completely
gelatinous places in the membrane. The spores have the form
of spheres, or tetrahedra, with markedly rounded surfaces and
bhorders, and a diameter of 25—30 u; on the surface there are

often band-like elevations. In the contents of the ripe spore
there is a large drop of reserve plasma. The mode of sprout-
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ing of the spores and the further behaviour of the l}!'llmbﬂh
have yet to be ascertained.—Flesh, in which the parasites are
present in large numbers, presents a perfectly healthy
appearance; the muscular fibres seem only pressed together,
or pushed out of their position here and there by 1.3111‘3 parasitic
deposits. Nor is anything abnormal observed in the living
swine. The distribution of the fungus, which is probably
taken up with the food, seems to be very wide; Zopt found
that 25—72 per cent. of the swine examined were affected.
For further details as to mycetozoa see Zopf and de Bary.®

Fig. 26.—Plasmiodophora brassicm. (After Zopf.)

A, %X 9. Transverse section through a young root of a cabbage seed-
ling. In the epidermieccells (@) amosboid or plasmodin-like condition
of the parasite.

B, % 90. Section through the lamina of a cabbage leaf; cells (a, 1)
fillad with the spores of the parasite.

', a sporo which 18 just emitting its swarming spore X 600,

I, ewarming spores hecoming transformed into ammbhm X 604,

E, portion of the root of a voung ecauliflower which shows swellinga
cansed by the parasite, Natural size.

® Zopt, Die Pilsthiere oder Schleimpilze, Breslan, 1885, **.Ueber
Haplococeus reticulatus,” Biolog. Centralblatt, 1884, No, 22, * Ueber
Plasmiodophora’: Woronin, Pringsheim's Jahrb., xi., p. 548. Bee also,

de Bary, Morph. u. Biologie der Pilze; Mycetozoen u. Balterien, Leipzig,
1854, .

10
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IIT. Tae Yeast or Buppisg Fuxel.

A common characteristic of all forms of budding fungi
is that they consist of microscopical cells which multiply
by budding, the cell membrane bulging outlike a bladder
at one or both ends of the cell, this projection becoming
filled with a part of the contents of the mother cell,
gradually assuming the same size and form, and
finally becoming separated from the mother cell by
a transverse division at the point of attachment of
the bud.

A similar yeast-like mode of growth is seen in a
number of fungi which under other conditions assume
quite different developmental forms. This is the case
in Exoascus taphrina, where as a rule asei, arranged side
by side in a palisade-like manner, are formed from a
thread-like mycelium ; the ascospores expelled when
ripe germinate in water or in nutritive solutions, and
grow by typical and often repeated budding. This is
also the case with Mucor racemosus when it is culfi-
vated below the surface of saccharine fluids (see p. 133) ;
also with Exobasidium, a family belonging to the hymeno-
mycetes, in which the spores developed from basidia
send out yeast-like buds when they germinate. Accord-
ing to Zopf fumago behaves similarly ; and so, according
to de Bary, does Dematium pullulans, which probably
belongs to fumago or pleospora; and this also occurs,
according to Brefeld’s most recent investigations, in the
tremellini and ustilaginese (see p. 109).

This mode of growth by budding is specially developed
in a elass of fungi, which are termed, therefore, budding
or yeast fungi. Tothis class belong the ordinary yeasts,
the vinegar plant, and the fungus of thrush. It is
probable that they must all be classed among the lower
ascomycetes, and are most nearly allied to the species
exoascus, mentioned above; at least in some typical
yeast- fungi a form of fructification has been found in
which spores are formed within the cells corresponding
exactly to the process known in conmection with asei.
Tn the casy of other yeast fungi this higher form of
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fructification has not yet been observed; nevertheless
the position above indicated may be assigned to the
whole class of the yeast fungi.*

Many of the yeast fungi excite fermentation, and are
able to set up alcoholic fermentation in saccharine
solutions. Nevertheless there are typical budding fungi,
such as the pink torula, &c., which are not able to set
up fermentation; and on the other hand the yeast-like
developmental forms of mucor, and of other of the above
mentioned higher fungi, have a certain though restricted
power of exciting fermentation.

The peculiar mode of multiplication of the yeast fungi Multiplica-

F e tion by
goes on to an almost unlimited extent so long as all yuading.
the conditions of existence are favourable; the new
formed ecells which arise by budding develop fresh
daughter cells which either soon become separated and
continue to grow as independent individuals, or remain
united to the mother cell for a time, and thus give rise
to chains and masses. The cells have a spherical or
oval form, are surrounded by a thin colourless membrane,
and contain a granular protoplasm, in which are vacuoles
filled with cell juice.

By a special mode of cullivation it is possible to By spore for-
obtain multiplication by ascospores in various forms of ™4™
yeast (beer and wine yeast, mycoderma of wine). If the
yeast is cultivated, after being washed and freed from
adhering wort, on solid moist soil which provides little
nourishment, e¢.g., on slices of potato or carrot, two or
more round cells appear within the mother cell by free cell
formation just as in spore tubes, these young cells being
surrounded by a thick membrane and becoming free
after some time by solution of the wall of the mother
cell ; in other ecases the cell contents contract so as to
form a single spherical body. The spores thus formed
germinate in sugar solution, and develop in the form
of ordinary yeast.

At times n tendency to form myecelial threads i8 Formation of

observed. If the yeast is cultivated on the surface of ;';f';;;]jﬂl

* De :‘Bnr}' l. e, p. 202. Compare the contrary views of Brefeld in
Hotan. Unfersuchungen iiber Hefepilze, Leipzig, 13493,
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solid substances with free entrance of air the yeast-lik
buds lose their distinetness, the strangulations become
less deep, and the whole chain takes on more the form
of an elongated hypha-like eell with thicker and thinner
places. The cellular chain then represents a mycelial
hypha with the apical growth periodically interrupted,
but we never find the formation of a complete mycelium
consisting of true hyphw, or of typical fruit-bearing
hyphe. A marked formation of threads was observed
by Grawitz in the cells of mycoderma vini, and the less
the amount of sugar present in the nutritive fluid the
longer were the threads that were formed ; but constric-
tion of the apex or a subsequent segmentation were
never noticed.

Pasteur and Hansen describe under the name of tornla o
group of yeast fungi which do not form ascospores or
mycelial threads even on the most various solid substrata,
but multiply only by budding as in saccharine fluids. They
also occasion very slight or noalccholic fermentation in these
fluids, nor do they lead to the formation of a scum on the
surface. These torule, of which Hansen describes five
different kinds, are in some places very widely distributed,
and can easily be confused with true yeast, because a mor-
phological distinetion between the two budding forms is not
possible. With regard to these torula it is most probable
that they are only development stages of other fungi.

It has not as yet been possible to distinguish in a
satisfactory manner between the different kinds of yeast
fungi by morphological and biological characters,
because there was no method of cultivation by which we
could isolate them, and thus obtain with ecertainty a

pure cultivation of the individual forms. It is only

lately that such a separation and classification has been
attempted by Hansen and other investigators, but up to

the present these attempts have not been sufficiently

satisfactory to be of use for a handbook. Of the species
formerly distinguished from one another, the following
may be mentioned here :—

Saccharomyces cercvisie (Cryptococeus cer.), the
yeast of beer or brandy. Cells spherical or oval, 8—9
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p* in length, single or with’ branches composed of
short chains. Three or four spores in the mother cell,
4—5 w in diameter. Employed in the brewing of beer ;
in the low fermentation which goes on slowly between
4° and 10° C., the yeast is deposited at the bottom of
the vessel (unfer-hefe), and the cells are for the most
part single, or united in small numbers. In the high
fermentation, which takes place between 14° and 18° C.,
the stream of carbonie acid carries up the yeast to the

Fig. 28.—S8pore formation in
saccharomyces cerevisim.
(After Rees.)

a, b, cells with several vacunoles.
¢, cell with uniform granular

Fig. 27. —SBaccharomyces corevisie contents.

{ yoast). ., four plasma pﬂﬁi?li:. o
S S
A, slightly enlarged. : }Eﬂ:isi. spores arising
S ON yeunt h'ﬁ-l magnified. f, the same with double con-
L, npper yeast highly magnified. i

¢t, free spores after solution of
the membrane.
f, commencing sprouting of the
EpPOTes,
surfuce of the fluid, and this upper yeast (ober-hefe)
contains branched bands composed of several buds.—The
npper yeast is employed in baking to raise the dough ;
it further serves for the formation of the compressed
yeast.—On plates of nutrient gelatine the colonies form
after two days small white points, so long as they are
hpnnnth the surface ; as soon as they reach the surface
they form somewhat more extensive white drops, or dry
masses. Under a low power the colonies appear
yellowish-grey in colour, and with a rough contour, like

The mark p, which iz much ueed in the following pages, significs
& micromillimetor==0'001 of a millimeter,
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mulberries or bramble berries; here and there we see
irregular processes which look like fine knotted strings.
Under a somewhat higher power it is evident that these
colonies are composed of a number of individual cells.
In test tube eultivations they grow similarly and more
Inxuriantly on the surface than in the substance of the
jelly, and send out relatively thick processes.

Sacch. ellipsoideus, wine yeast. Cells elliptical, as a
rule 6 w in length, single or in short-branched chains ;
usually 2 to 4 spores in a mother cell, 38 to 3} u in
diameter.—This is the chief fungus of spontaneous
fermentations, especially of the fermentation of wine
Juice, hence it is present everywhere.—Sacch. conglom-
eratus. Cells round, bound together to form balls. It
occurs on decomposing grapes, and at the commence-
ment of the vinous fermentation.—S. exiguus.  Cells
conical or circular, 5 wp long, up to 25 p thick. It
appears in beer yeast during the after fermentation.—
S.  pastorianus. Cells oval or club-shaped. The
colonies consist of primary club-shaped joints 18 to 22 u
in length, which form secondary lateral roundish or
oval daughter cells 5 to 6 w in length. Tt forms 2 to
4 spores. It occurs in the after fermentation of wine
and cider, and in the fermentation of beer.—S. apicu-
latus. Cells citron-shaped, with short points at each
end, 6 to 8 g in length, 2 to 3 w in breadth ; its buds
are only at the pointed ends. Seldom united in
colonies. Spores unknown. Occurs along with other
forms of yeast in various spontaneous fermentations.
—AS. sphericus. The basal cells of the colony are
oblong or eylindrical, 10 to 15 g in length, 5 w in
breadth ; the other cells are spherical, 5 to 6 w in
diameter, united in branched families. Spores un-
known.

Sacch. mycoderma (Mycoderma cerevisie et vini,
Kahmpilz). Cells oval, elliptical, or eylindrical, 6 to
7 1 long, 2 to 8 p thick; form chains with numerous
branches. The spore-forming cells may be as long as
20 p; 1—4 spores in every mother cell. Forms a scum
on fermenting fluids, and grows on the surface withont
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exciting fermentation ; it is found especially on wine,
then on beer, juice of fruits, sauerkraut, &e.

Formerly it was supposed that this organism caused acetic
fermentation in fermented fluids; but according to Nigeli
the relation of the fungus to acetic fermentation is not a
causal one. It is found especially on the surface of mar ked]_';
acid fluids, e.g., wine poor in aleohol; in that case it occasions
no formation of acetic acid, the latter is due rather to
specific fission fungi, which, however, cannot vegetate in
markedly acid fluids. This fungus acts in the first place like
a covering of mould, it leads to the combustion of the acid,
and diminution of the amount of acid in the fluid. Thus it
prepares the soil for the reception and multiplication of the
fission fungus which produces acetic acid; the ocecurrence
of this scum is therefore a necessary preparation for the
acetic fermentation. Niageli distinguishes the following
scums on fermented fluids: 1. Acetic mother (Hssigmutter),
a very thick, tough, glue-like scum, witha smooth surface;
oxidises the alcohol to acetic acid, consists of bacteria—
Mycoderma aceti. £2. Acetic skin (Essighdutchen), thin,
slimy, smooth, or finely wrinkled, oxidises the aleohol to
acetic acid, consists of bacterin=Mycoderma cerevisize, 3.
Mesenteric skin (Kalmhaut, Gekrdsehaut), comparatively Compozition
strong and firm, folded like the mesentery, consists of yeast Kuiill;ulmu e
Eungl (Saccharomyces mesentericus), which destroy the fruit
acids, At a later period the acetic fungus (bacterium)
appears in the material, and oxidises the alcohol to acetic
acid = Mycoderma vini. 4. Smooth skin (Falsche Kalmhaut,
Grlatthaut), comparatively strong, but without folds, of a
loosely granular composition, consists of yeast fungi, does
not destroy the fruit acids to any marked extent, and does
not permit the acetic fungus to settle in the fluid. 5. Acetic
ether skin (Essigdtherhdutchen), thin, not folded. Composed
of yeast fungi (Saccharomyces spheericus) and of bacteria
(acetic fungus), the combined action of which converts a part
of the sugar into acetic ether.—The acetic mother and acetic
skin are formed on aleoholic fluids, which contain few fruit
acids, but on the other hand may contain a good deal of acetic
acid; for example, on beer, on vinegar, to which wine or
beer is added, seldom on slightly acid wine. The other
sking, on the other hand, appear constantly on fluids which
contain a certain quantity of fruit acids, the mesenteric
skin on fermented wine juice and other fruit juices, the
smooth skin at times on similar fluids which are altered by
the addition of sugar and other materials.—More recent
investigations by Hansen on the membranes occurring on
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beer have given the following results: if the surface is grey
and dull, Sacch. mycoderma is exclusively or chiefly present.
and numerous air bubbles appear between the groups of cells;
if the surface is glistening and slimy, the membrane consists
of microbacteria, and the fluid is then muddy and discoloured.
Under a membrane consisting exclusively of Mycoderma
aceti, Mycoderma Pasteurianum (see deseription of both
among the bacteria), or Sacch. mycoderma, the fluid is always
clear and unaltered in colour. A temperature between 30°
and 34° C. is particularly favourable for Myec. aceti and
Pasteurianum. Sacch. mycoderma grows hest at 15° C,, at
higher temperatures it is difficult for it to hold its own against
the bacteria; above 26° C. this becomes practically im-
possible.

If this fungus is compelled to vegetate beneath the
surface of fluids, a small quantity of alcohol is formed,
but the fungus soon dies.

In watery, acid fluids, poor in sugar, the cells often
form long tubes, which then send out further buds,
become transversely divided, and finally break up into
single cells. The latter again bud in a similar manner

gus of (Cienkowsky).—This structure is most pronounced in

the case of Saceccharomyces albicans, the fungus of
thrush (formerly described as Oidium albicans). Accord-
ing to Rees and Grawitz this fungus resembles very
closely the S. mycoderma, if, indeed, it is not identical
with it, Cells partly spherical, partly oval or cylin-
drical, 3'5—5 p in thickness ; the cylindrical cells are
10—20 times as long as thick. The budding colonies
consist for the most part of rows of eylindrical cells,
from the ends of which rows of oval or spherieal cells:
sprout out ; spores single, formed in roundish cells.
Occurs as thrush on the mucous membrane of the
mouth, especially in suckling children, and forms
greyish-white patches which contain also epithelium,
schizomycetes, veast cells, and mycelia of different
mould fungi. The thrush fungus is easily cultivated on
solid or in fluid nutritive substrata, which contain,
besides sugar, tartrate of ammonia and inorganic salts ;
according to the amount of sugar present, the cells
either sprout out to form long threads, or, in strong
gaccharine solutions, 4—8 daunghter cells project from
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one mother cell in various directions, these daughter

Fig. 20.—The thrush fungus, Saccharomyeces mycoderma.
.{Mtar Grawitz.)

A, sprouting spores highly magnified.

B, branched mycelinum with a few lateral buds, cultivated in dilute
nutrient solutions,

(', at & the yenst stage, ot b the mycelium stage of the thrush fungus.
cells being for the most
part round and arranged
im roll-like rows.—The
fangus is able to set up a
very mild aleoholic fer-
mentation. Spore forma-

tion has not as yet been
abzerved.

As the result of more re- © c@‘D
cent investigations, Plaut

; - Fig. 30.—Pure cultivation of the
does not I'Egﬂ.l‘{l S. myco- Ithnm'h f“:;m on a nutrient =il
derma and the thrush fun-  containing sugar. (After Plaut).

gusasidentical ; the first sets up only minimal fermentation
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with simultaneous death of the cells ; further, it readily
forms spores, its cells approach more and more the form
of spindles or ellipses, and are not able to cause thrush
when inoculated on fowls. The thrush fungus, on the
other hand, sets up marked fermentation with simul-
taneous luxuriant vegetation, forms no spores, the cells
are more spherical, and it causes distinet thrush when
pure cultivations are inoculated on the crop of fowls.
The experiments on animals require to be extended and
completed, in them more especially lies the decision of
the question of identity.

Pigment-producing yeasts are also known :

Saccharomyces glutinis (Cryptococcus gl.)  Cells
spherical, oval or short cylinders, 5—11 wx long, 4 p
broad, isolated or united in pairs. Cell membrane and
contents colourless in the fresh state, when dried and
again moistened they show a faintly reddish nucleus
in the centre. Spore formation unknown.—Forms rose-
eoloured slimy coatings on slices of potato, nutrient jelly,
&e. In the latter, when inoculated by pushing a needle
into the substance of the gelatine (puncture cultivation),
the growth beneath the surface has the appearance of
white threads shooting out on all sides ; marked growth
and the production of eolouring matter only take place
on the surface. The colouring matter is not altered by
acids and alkalies. The pink torula is apparently very
widely distributed ; in our neighbourhood one or more
colonies appear on every jelly plate exposed to the air
for a short time. According to Hansen there are three
different varieties of pink torula, of which one forms
ascospores, while a second gives rise to germinating
tubes of peculiar form when the nutriment is insuffi-
cient.

A brownish-black yeast is also at times present in
water and air; a more detailed description cannot as
yet be given.
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THE FISSION FUNGI. 1

IV. Tee Fissioxn Funer, ScHIZOMYCETES.

Under the fission fungi or bacteria®* is included a
large group of minute, unicellular, spherical, or thread-
like organisms, which multiply by fission. As they are
ordinarily devoid of chlorophyll, they are, like the fungi,
compelled to lead a parasitic or saprophytic existence.
Multiplication and assimilation of nufriment usually
oceur with such energy that intense alteration and
destruetion of the nutritive substratum is the result of
their development ; they are often able to increase this
decomposition still more by setting up fermentation,
and in the cases where they lead a parasitic existence
they are wont to bring disease and death to their host.

1. General Morphological Characters.

The fission fungi exhibit great varieties in external General

.o morphology of
form. © Some grow as spheres or oval cells ; this form of {i fegion”

growth is termed micrococcus ; if the spheres form funei.

il
Fig. 31a.—Various vegetative forms X 700,
@, micrococens, isolated. &, in the actof subdivision (diplococecus.)
¢, streptococcus, torula, i, mooglea.,

chaplet-like chains the organism is termed streptococeis
or torula; if arranged in irregular masses it is dis-

* Do Bary prefors the torm Bacteria because some varieties contain
chlorophyll, and are thus not true fungi." The term ‘* Bactorium"
Waa fﬂlrmerly employed for a division of the fission fungi; as, however,
thia division can no longer be maintained, there is mo objection to
de Bary's suggestion. Other names for this class are: Microbes,
Champignons, Torulacdes, Bacterids ( Pasteur); Mikrozymas ( Béchamp) ;
Spalthefe (Nigeli) ; Mikrosporinen, and Monadinen (Klebs) ; Cocoo-
Illﬂﬂriﬂ-—with the subdivisions Mikro- Meso: Meg-ncocens, Mikro-
Meso- Mega-bacterin—Glincocens, Petalococens, &eo. { Billrotlh).
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Various tinguished from the former as staphylococcus. Other
forms.  fission fungi grow in the form of rods, the longitudinal

diameter being markedly greater than the transverse;
for this form the term bacillus is employed. (Formerly
a distinetion was made between the shorter rods,
bacterium, and the longer rods, bacillus, in which the
one diameter is more than two or three times greater

Fig. 31B.—Various vegetative forms X 700.
e, bacilli : &, clostridinm ; e, threads, psendo-threads ; o, apparent
branching ; e, vibrio ; f, spirillum ; g, spirochmete ; k, spores.

than the other.) Bacilli which are swollen in the middle
or spindle-shaped have the special name clostridinwm.
Where the bacilli are much elongated we have true
threads, or where several bacilli are arranged in a longi-
tudinal direction so-called pseudo-threads ; this thread
form is sometimes termed leptothriz. The threads and
pseudo-threads never show true branches like the hyph®
of the mould fungi; at the most pseudo-branches are
formed by the peculiar apposition of several threads
(fig. 31, b). In many forms the bacilli or threads are
regularly wavy or corkscrew in form, and these represent
the vegetative form termed spirillum or spirochete. If
the turns of the corkserew are not markedly developed,
and if the spirilla appear more elongated, the organism 1s
termed vibrio. Loops of threads, the ends of which are
wound around each other like a plait of hair, are
termed spirulina. -

Spores. Another form which the fission fungi not uncommonly
assume is that of spores. These are spherical or oval
cells which serve only for the diffusion and the main-
tenance of the species, and always sprout and form again
organisms similar to the mother forms from which they
Arose.

Involution Further, the fission fungi when grown in exhausted

E: ¢oil and under various other conditions present all sorts
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of aberrant forms which are due to their involution and
decay ; flask-like swellings may be associated with
stunted, shrunken, and broken up forms. ' !
It is a characteristic of many s
fission fungi that they only oceur j fp ‘%‘5
under one form of growth, e.g., only ﬂﬂ"’fi 7 L
in the form of miecrococei. Other e
varieties of fission fungi present
various forms of growth through  Fig. 32.—Involution
: awe - forms.
which each individual passes in a
definite order during its development; thus many bacilli
arow to threads; in the threads spores are formed, and
from the spores bacilli are again developed. The bacillar
thread and spore forms belong therefore to the eyele of
development of this bacterium.
Besides the general characters of the vegetative forms
which have been deseribed, some slighter morphological
differences characteristic of the one or other species
can be made out in spite of the small dimensions of the
fission fungi. ither it is the size of the individuals Morpholegical
which is of importance, the one form growing only as ﬂﬁgesr:;im =
very Jarge cocei (megacoccus), which have a diameter Yegetative

form.
wE o
""'::\" B ‘;m{oa “I, . :r' 0% H ﬁ/fl ﬂ%ga‘
Fig. 833a.—Morphologically

Fig. 33B.—Morphologicall
different cocel X 700, htd

different bacilli X 700,

of 1% to 2 w or more ; other kinds forming very small

micrococei 01 to 0°2 p in diameter, &e. Still more Morphologi-
manifold and typical differences are found among the Eﬁgﬂe{::mw't
bacilli ; those of one species may be lank and thin,

those of another short and thick; the one very large,

the other extremely fine and delicate ; or the one may

have the ends rounded off or almost pointed, while the

other are sharply truncated or even somewhat concave.

Individual differences in form may also oceur in one Individual
avd the same species of bacterium. In this respect the fhocrcncesin
age of the individual is of the greatest influence ; young svecies.
bacilli appear shorter than older forms; cocei just
formed by fission are often smaller than those which
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are about to undergo fission. The nutriment has also a
certain influence ; according to the medium in which
the species in question is cultivated, and according to
the more or less favourable state of all the conditions of
life, slight differences in size and thickness appear, and
fully developed or stunted individuals are formed. As

(15

[/ c
{:‘:‘O‘% ol HH n']&; Pfﬂ ﬂ GHB
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Fig. 34.—Individual morphological differences dependent on age
and nutriment X 700,

«. cocei. Variouns conditions of age and nutrition of the same species.
e, various conditions of age of two species of bacilli.
i ¢, modifications of one species of bacillus dependent on the nutritive

conditions.
! 7, modifications of another species of bacillus dependent on the nutri-
tive conditions.

these factors, however, are of relatively slight intensity,
none of them asg a rule destroy the peculiar morpho-
logical character of 1the species; in spite of the modi-
fications induced by age and food, certain character-
istics, as for example the relations between longitudinal
and transverse diameter, the form of the ends of the rod,
&e., are so completely preserved in the majority of the
individuals that they are thereby sufficiently characterised
morphologically.

All bacteric cells consist of cell membrane and cell
contents. The latter have the appearance of ordinary
protoplasm, are as a rule colourless, except in some forms
recently discovered by van Tieghem, which contain
chlorophyll, as well as some putrefactive organisms
stained red by the so-called bacterio-purpurin. Small
oil globules are often observed in the cells ; at times also
dark, highly refracting bodies, which consist of sulphur
(beggiatoa and red putrefactive organisms). Some
bacteria assume a blue colour on the addition of iodine,
and thus show the presence of granulose ; this reaction
is especially marked in the stage preceding the forma-
tion of spores. Nuclei are not found. When the cells
degenerate and die a marked turbidity and granular

degeneration of the protoplasm occurs.
The cell membrane, which must be very extensile in
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the mobile forms, is in some species impregnated with
colouring matter. On the outside a further gelatinous
sheath may be recognised which is developed to a very
variable degree in different species of bacteria. At
times it is very distinet, especially after the use of
staining materials, and surrounds the individual cells
as a broad zone, the outer contour of which corresponds
to the form of the cell ; at times the existence of the
sheath can enly be suspected from the spaces left
between the closely packed cells.

Some vegetative forms and species of bacteria are Independent
always at rest ; thus the spherical cells, and all those 2oVeont of
species which only occur in the form of miecrococei, bacteria.
exhibit only a trembling movement with very slight
alteration of position which may be referred to unavoid-
able agitation and currents; they are never seen to
travel over considerable distances. Other forms, bacteria,
bacilli, and spirochete are sometimes at rest, sometimes
in active movement. This movement consists partly in
rotation around their long axis and partly in bending
and stretching; in many cases the action of flagella
seems to be the cause of the commencement and main-
tenance of the movement. These flagella can be demon-
strated with complete certainty in some
spirilla and bacilli ; but even in them /i @ )
they can only be seen with the best K
lenses, and after special treatment SL
of the preparation (drying and staining /
with gentian violet, or better with con-
centrated watery solution of hematoxy-
lin), At times their presence is only betrayed by the
peculiar whirling movement of the fluid surrounding the
ends of the cells. The movement of the swarming baeteria
takes place forwards and backwards in the direction of
the long axis; at times it is slow, oscillating and roll-
ing, at times active and darting, so that the field of the
microscope is traversed in a moment. Various alter-
ations of the external conditions, such as change of
temperature, exclusion of oxygen, &e., cause slowing
‘and cessation of the movement.

Fig. 35.—Bacilli and
apirilla with flagella.
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In the quiescent state the fission fungi either remain
isolated or are united in threads, or in extensive flat or
massive colonies. In the latter cases the daughter cells
which arise by fission do not becomeseparated, but remain
united by their gelatinous capsule ; ultimately large con-
clomerations of cells are formed which are all united by
gelatinous intercellular substance. This form is termed
zooglea; it is most frequent in the mierococei and
bacteria, but it is also observed in short bacilli and
spirochetze. The external form of the zooglea masses
is very various; sometimes they are spherical, some-
times tuberous, sometimes lobate; at times a very
peculiar tree-like branching oceurs; in certain cases
thick cartilaginous capsules are formed. As a whole
the zooglea formation is closely similar to the forma-
tion of gelatinous capsules in some families of algw®
(phycochromace).

The multiplication of the bacteria by fission takes
place as a rule continuously in the same direction, so
that if the new formed cells remain attached to each
other, a chain (streptococeus) or a thread is formed. It
is only in some micrococci (mikr. tetragonus, sarcina)
that simultaneous or subsequent division in two or three
different directions may be observed, leading to the
formation of flat groups of four or packets of at least eight
cells ; the former are designated by Zopf by the special
name merismopedia, the term sarcina being reserved
for the latter. In the spherieal bacteria the division
may occur in any diameter, in the rod-shaped cells on
the other hand only in the transverse diameter. Before
division the cells increase in length; then as a rule
a distinet constriction appears in the middle, and finally
the two halves separate at this spot. These two inde-
pendent individuals can either undergo further seg-
mentation apart from each other, or they remain united
by delicate gelatinous material and form chains and
psendo-threads, the transverse division always occurring
in the same direction; or lastly, they take part in the
formation of zooglea masses, gelatinous material being
produced in considerable quantities; in tbe interior of

i
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this zooglea mass the division of the individual cells
can continue, leading to a denser accumulation in the
zooglea.—The fission is as a rule completed very
rapidly ; at 35° C. complete division was observed in the
baeilli at the end of 20 minutes ; external and individual
influences may eause variations as regards the time, but
it is evident that the the fission fungi can multiply to
an enormous extent in one or a few days. If we start
with a single bacterinm and assume that each indi-
vidual requires an hour to grow and divide, we find tha:
in the course of a day about 16 million organisms
have been formed, while by the end of the following
day the number has reached several billions.

2. Propagation by Spores.

Besides multiplication by fission we find a true fructi-
fication, a spore formation, in many fission fungi under
special circumstances, chiefly, but not exclusively, when
the nutriment is becoming exhausted. Fructification Formation ot
by endospores and by arthrospores may be observed ; of PO
these the first is the most important and most definitely
ascertained mode of spore formation. This oceurs in
various bacilli, and perhaps in some spirilla, but the
process varies in different species. In many cases the
bacilli grow to

long threads be- R \
fore the forma- (" i ! Q B, ':j
tion of spores; % ",I { s Nl .
under favourable 90 | 4 %Jr 21 ﬁ] %
conditions they Fig. 36.—Spore formation in variona kinds of
may attain even bl o 700s

in .3—4 hours 20 times the length of the original
bacillus. The threads may be much twisted, united in
bundles or interwoven to form a thick network, and they
have pale homogeneous contents. After some hours the
segmentation of these pseudo-threads begins and becomes
more distinet ; at the same time the contents become
turbid and less in amount, and highly refracting granules
appear in the threads at regular intervals. After about

11
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20 hours highly refracting spores with dark contours,
and for the most part egg-shaped, are formed from these
granules, and the threads present a moniliform appear-
ance; the latter become gradually dissolved, and the
spores are liberated and sink to the bottom of the fluid.
In another mode of spore formation the baecilli do not
grow out in the form of long peendo-threads, but become
broader ; they thus assume spindle, elliptical, or tadpole
forms, while at the same time the whole plasma becomes
denser, and the membrane thickened. The contents then
become turbid, and highly refracting largish drops are
differentiated and transformed into the spores (spore
formation in Clostridium butyriecum according to Praz-
mowski). In other eases 2, 3, or more small spherical
refracting points, which represent the spores, appear in
the bacillus without the latter having undergone any
marked alteration; or a spherical or oval spore which
often markedly exceeds in diameter the parent bacillus
develops at one end of the rod. If a similar spore
formation oceurs at both ends of the bacillus, bodies are
formed of a dumb-bell appearance. At times the spores
bulge out the contour of the bacillus in a remarkable
manner, so that the latter appears as if covered with
small swellings.

The spores formed in this way within the eells appear
when isolated as spherical, generally however longish
ega-shaped cells of 1—2'5 p in longitudinal diameter,
and 0°5—1 p in transverse diameter. Their marked
refracting power is very striking ; it gives the impression
as if their contents consisted of a bright oil globule. At
the same time the refraction is not altered by boiling
with ether, so that the contents cannot be regarded as
fat, but rather as condensed protoplasm. The thickness
of the wall is well-marked ; at times two layers, an exo-
sporium and an endosporium, can be differentiated, and
there is often a peculiar clear area around it, which is

sometimes regarded as a spherical clear mass in which

the cells are embedded, sometimes however only as an
optical appearance due to the high refracting power of

the spore.
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The spores can germinate and form bacilli in suitable Germination

nutrient solutions and at a proper temperature ; but this
seldom occurs in the same solution in which the spores
were formed, nor till after a considerable period of rest.
According to Koch, when the process of germination
begins the clear spherical mass in which the spores
are embedded becomes egg-shaped, and then elongated,
while the spore becomes pale and finally disappears.
According to Prazmowski and Brefeld the spores swell
in the first place, become pale and lose their dark
contour and the clear area around; then half-moon
shaped dark shadows either appear at each end, and the
spore, which is in a state of trembling, dancing move-
ment, sends out a projection on one side like a papilla
which subsequently grows out to form a rod; or in other
cases the germinating tube
passes outin the direction of -co &/ o ““Q@h &
the long axis of the spore, pjg37.—Germination of spores
the spore membrane having © X 800
become uniformly thickened in its whole circumference.
The endosporium then becomes the cell wall of the
voung shoot, while the discarded exosporium usually
remains for a considerable time near the newly formed
rod.

In the case of the bacteria which fmm arthrospores go-ealled
the fructification simply occurs by individual members arthrospores.
of a chain or of a mass of bacterie cells showing greater
vitality than the rest; there is often no morphological
difference to be noted between them and the other
bacteria in the same chain, while at other times the cells
destined for the maintenance of the species-appear to
become somewhat larger, thicker walled, and filled with
denser and more highly refracting protoplasm. While
the remaining cells of the group die, these segments
form the commencement of new groups (de Bary).

Most spores, especially those formed endogenously, Resisting
liave the character of resting cells, which are more re- Eﬂ:’;“:l:l‘fn*h*
sistant than the vegetative cclla of the same species.

Some are extmmﬂmarlly resistant, can even withstand
boiling in fluids for several minutes, and are only slowly
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and incompletely destroyed by the most various chemical
agents. It is clear that on account of these properties
the spores possess a special hygienic interest; for
example, the possibility of exterminating a pathogenic
fungus from the surroundings of man by disinfecting
means depends chiefly on whether or not the fungus
in question forms resistant resting spores.—All resting
spores do not show the same high degree of resisting
power; different spores have apparently very different
powers of resistance, but a certain increased power of
resistance, notably the capability of retaining their
vitality for a long time in a dry state, must be held to
be a necessary characteristic of spores. Bearing this in
mind, we require better reasons than have as yet been
brought forward for assuming the existence of the
so-called arthrospores—The mierococei and most of
the spirilla are probably characterised by complete
absence of resisting spores; at any rate if we examine
strongly heated mixtures of bacteria to see what forms
have retained their vitality after exposure to a tempera-
ture of 80°—100 C., we find only the bacilli which form
resting spores, and none of the other vegetative forms,

3. Characteristics of the Cultivations of the Fission
Fungi,

External When in considerable masses, whether these consist

'f:ﬁ::“:?‘;he simply of apposed organisms and swarm formation, or

eultivations of of zooglea, the bacteria become visible even to the naked

the fission : - ;

fungi, eye. In fluids they cause either diffuse or elondy mud-
diness, or they cover the surface in the form of thin or
thick scums; or the zooglea masses form swimming
flakes; or a powdery deposit of bacteria forms at the
bottom, especially when the nutritive materials in the
fluid are exhausted and are no longer able to supply
food for a further multiplication of the organisms.
Yome species of bacteria can also undergo extensive
multiplication in fluids or on solids without anything
becoming noticeable to the naked eye.—The appear-
ance of the colonies of bacterin on solid substrata,
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containing much water, is especially characteristic.

Solid substrata have of late been employed by preference Advantages of
for the cultivation of thebacteria, and they are useful chiefly ;31‘;‘12:‘;5;?;;’;‘5‘
because they permit a completely independent develop- ;‘;’{L‘:ﬂef the
ment of each individual bacterie colony, while in fluids

the individual species do not grow at a definite spot, but

become mixed with any other species which may happen

‘to be present. It is therefore only on solid substrata

that the characteristie appearances of the colonies formed

by any given species of bacteria can be observed, while

it is just the external appearances of the isolated pure

colonies which are of the greatest importance, because

they differ in almost every species of bacteria, and be-

cause we can thus obtain much more important charac-

ters and better distinetive marks than we get with the

help of the microscopical differences in form.  For this

reason the appearance of the isolated colonies is of special

service in the diagnosis of the species of bacteria, a thing

which is otherwise often very difficult. ;

As suitable solid substrata we employ either potatoes,
bread-paste, &e., on which the bacteric eolonies appear,
sometimes as slimy white, yellow, or reddish drops,
sometimes as drier whitish films, sometimes as diffuse,
gelatinous layers of various colours, and sometimes as
delicate, scarcely noticeable skins; or we use the so-
called nutrient jelly (see eculture methods), which is
prepared by adding so much gelutine to a good nutrient
solution, that the mixture forms a transparent mass,
which is solid below 25° C. This nutrient jelly is
employed for plate cultivations, in which a very small
portion of the bacteric mixture to be investizated is
added to a quantity of the nutrient jelly, which is
liquefied by placing it at 80° C.: after the admix-
ture is complete it is then poured out on a horizontal
glass plate, so that the latter is covered by a layer a few
millimetres deep. The jelly solidifies quickly; each Character of
individual bacterium in the mixture is thus fixed at aﬂé"gﬁl‘iﬂ:‘
definite spot, and grows there to form a colony. If the plates.
experiment is successful, i.e., if too many bacteria
have not been mixed with the quantity of jelly, and if
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they are not sown too closely on the plate, each colony
develops apart from the others, and then shows distinctive
characteristics, sometimes so marked that with some
practice the species of bacteria present may be easily
diagnosed in the development either of small gelatinous
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Fig. 38.—Various colonies on a gelatine plate.

J

coloured drops, white, yellow, rose-coloured, red, or
violet (fig. 88, a); or of very small white or yellow
circumseribed, almost point-like beaps; or of flat, mucous
layers peculiarly bulged out at their borders (fig. 38, b,
¢) ; or of branching and twisted threads of surprising
fineness, which run out from a centre for a longer or
shorter distance into the jelly (fig. 38, f, g, &). Or the
organisms in the colony in question have the power of
eradually liquefying the gelatine, in which case a diteh-
like depression is slowly formed around the colony, the
periphery of which surrounds the colony in the form of
a ring (fig. 88, d) ; or a funnel is quickly formed which
is filled with fluid, at the bottom of which the original
colony lies, and which often extends rapidly over large
areas of the plate. Thus the contour, colour, size, mode
of liquefaction, &c., furnish special characteristies for
each bacteric colony; and the sum of these distinguish-

Fig. 39.—Youngest colonies of bacteria in gelatine X 80.

ing features increases very considerably when the colonies
are examined with a low power (X 80). It can then
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be seen that one colony presents a completely smooth,
sharp outline, another is bulged out or dentate at its
margin, or is provided with small outgrowths, or shows
wavy threads, which run out from the colony and back
to it again. The sarface of the former colonies appears
smooth, that of the latter granular; one is dark, almost
black, another brown, a third light yellow; some can
searcely be distinguished from the surrounding jelly by -
their colour.
If by this means of distingnishing and recognising
the species of bacteria it nevertheless turns out that
certain species do not differ in their growth on plates,
the growth along strokes, or along a punciure, may
show something characteristic. This is ascertained by Characteris-
pouring the nutrient jelly into test tubes, and allowing ;':ic'fm.ﬂ
it to solidify in some of the tubes in an upright position, SXt o8
and in others in an oblique or almost horizontal layer.
Then a small quantity of the colony which has grown
on the plate is picked up._on the point of a piece

[

Fig. 40.—Puncture enltivations in golatine,

of platinum wire, and long seratches are made on the
surface of the oblique gelatine, while in the other tubes
punctures are made with the wire to the depth of about
4 em.  Along the punctures we either find only small
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isolated punctiform colonies (provided that the quantity
inoculated was minimal) ; or a thin confluent layer
is formed along the course of the puncture, so that
the line of puncture appears as a thread, while a
delicate layer spreads out at its upper end towards
the periphery of the jelly (fig 41, b) ; or a thick opaque
mass is formed, filling the channel completely and

Fig. 41.—Puncture cultivations in gelatine.

forming a markedly prominent knob at the orifice
of the puncture (figs. 40, a, and 41, a) ; or liquefaction
oceurs, beginning slowly at the top and confined to
the vieinity of the punecture, or energetically and
from the first occupying the whole area of the tube
(fig. 41, c¢). At times a turbidity spreads through
the gelatine, starting from the line of puneture, which
however is not very distinet; in some cases the jelly
appears smoky, or cloudy, in others the growth is
more in the form of rays, or of a network of threads
(fig. 40, b, ¢). Where the stroke method is employed
we see whether separate little drops form, whether
these are glassy and transparent, or white and opaque ;
further, whether the growth remains limited to the

S

- i i e i i i



DISTINCTIVE CHARACTERS OF THE BACTERIA. 1069

line, or whether it spreads more or less rapidly from
it towards the periphery; whether the spreading margin
is straight or irregular, sinuous or jagged, &e.

In the case of many organisms which liquefy gela-
tine energetically, we may now and then employ with
advantage a mixture of the nutritive solution with agar-
agar, which remains solid at 87° C.; nevertheless this
cultivating medium does not on the whole show such
characteristic differences in growth. Some bacteria
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I'ig. 42,—Stroke cultivations on gelatine.

grow only on solidified blood serum at the body tempera-
ture, and may form very characteristic colonies ; finally,
some only grow to visible colonies when free oxygen
is excluded, and can therefore only be cultivated with
special precautions, to be afterwards described.

4. Classification and Distinetive Characters of the
Bacteria,

A systematic classification of the bacteria is a matter
of very great difficulty, becauge they are so minute
that even by the use of the highest powers of the
microscope only the external form, and not the differ-
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ences in the structure of the individual cells, ean be
recognised ; nor can any marked differences be made out
in the process of fructification, and yet it is that process
which furnishes the most important principle of classifi-
cation in other plants and in the higher fungi. In view
of the extremely numerous species of bacteria which are
already known, and the number of which is rapidly
increasing, an enumeration and classification of these
organisms appears to be indispensable, in order that we
may at least be able to obtain a general view of the
known species, to settle the identity of any species
which may in future come under observation, and to
include new species in the system of classification. This
necessity for a definite classification, and for a key for
the diagnosis of the bacteria, is so great, that in view of
the impossibility of forming a classification on the
ordinary scientific principles, we must for the present
put up with some kind of systematic division, although
the principle of the classification may not be founded on
the developmental history, nor have analogies in the
other departments of botany. Just as in the first begin-
nings of a botanical classification any striking external
characters which were of use for dirgnosis were employed
as aids for the distinetion and classification of the plants,
5o we must in the present state of our knowledge with
regard to ‘bacteria employ as means of distinetion any
properties of the bacteria, their morphological and
biological characters, their external form, their mede of
arowth on certain nutrient substrata, their relation
to oxygen, their behaviour with regard to stains, &e.,
provided that these properties are constant and cha-
racteristic for the individual species, and enable us to
distingunish them readily. We may hope that with the
advances in our optical means, and with the further know-
ledge of the processes of fructification, we may gra-
dually obtain for the bacteria a groundwork on which a
true classification ean be built, and we must therefore
thoroughly realise the provisional character of our
present attempts at classification. But to abstain
entirely from these attempts would be in the highest



DISTINCTIVE CHARACTERS OF THE BACTERIA. 171

degree unpractical, and would retard for a long time,
and practically prevent, the further progress of our
knowledge with regard to the bacteria.

In the present state of our knowledge it is best to em- Morphologital
ploy both the morphological and the biological characters S e
of the bacteria for their classification and distinetion. S¥°"Ps:
Four great divisions are in the first place made by
selecting a single vegetative form or a definite and
limited eycle of vegetative forms which are common
to a large number of species of bacteria. To the first
belong all those bacteria which only occeur in the
vegetative form, micrococecus. Inthe second we include
the bacilli which oceur in the form of rods, at times
#lso in that of threads or spores. The third division
is composed of the spirilla, which are only met with
in the form of spirals, or of fragments of spirals.

The fourth inecludes those bacteria in whose cycle
of development a variety of vegetative forms ocecur.
The chief characteristics of these four divisions are the
following :— 3

Division I.—Micrococer.

Spherical or egg-shaped cells multiplying by fission, Morphological
and always forming spherical cells; they do not show Eﬁ:iﬁ:ﬁ;g o
spontaneous movement. (The micrococei often exhibit, *°°°*
as above mentioned, a trembling molecular movement,
and frequently also an alteration of situation due
to imperceptible eurrents of fluid. On closer observation
theee can, however, be very easily distinguished from
true spontaneous movement.) Further, in the micro-
cocel endogenous spore formation does not oceur;
we either observe no spore formation at all (in most
eases), or else so-called arthrospores are present and
are distinguished from the other cells by their size and
refracting character. In some microcoeei the cells
are not accurately isodiametrie, but the one diameter
exceeds the other to such an extent that an oval or
egg form results. Further, the spherical form is often
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not distinetly marked when the act of fission has
begun, and while the two cells still adhere to one
another and the constriction is incomplete (diplococeus).
The cells which are undergoing division are under
these circumstances elongated with a sharp and more
or less deep constriction in the centre, so that they
resemble a short rod. A comparison with neighbour-
ing individuals not yet undergoing division, or with
those in which the division has proceeded further and
led to distinct formation of two spheres, is as a rule
sufficient in such a case to enable the diagnosis to be
made as against bacilli. After the division is complete,
the mierococei either remain isolated or they assume
the various arrangements mentioned on page 156,
staphylococeus, streptococcus, merismopedia, sarcina,
zooglea,  If in the zooglea formation the intercellular
substance is very tough, so that cartilaginous masses are
formed enclosed in the general mass, the group is termed
ascococeus ; if the gelatinous masses of such groups
become dissolved in the interior, so that only a thin ex-
ternal layer surrounds a hollow cavity filled with fluid,
the arrangement is termed clathrocystis.

Divisioxn 2.—Bacinni

Rods in which the longitudinal diameter is 2, 3, or
many times in excess of the tramsverse. The organ-
isms belonging to the class of the baeilli for the most part
pass through a definite eyele of forms, so that they do
not appear exclusively in the vegetative form, bacillus;
many can form threads, and in these spores; in others
there is only well-marked thread formation ; others pro-
duce spores in their middle, at the end, or at several
places, according to the modes described on p. 161 ; most
of them form at times all sorts of involution forms.
We may also meet with these bacteria under many
different forms ; but it is characteristic for all the thread
forms, and round or oval cells, oceurring in connection
with the bacilli, that they have been developed from
cells having the vegetative form of bacillus, and that if

SRS
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they are at all capable of development they again grow

into bacilli under favourable conditions, either directly

or after an intermediate stage. The bacilli oceur either

in a quiescent stage, in which case they are often

arranged in threads, heaps or zoogl®a, or in a swarm-

ing stage. In many forms, however, the latter stage

has not yet been observed. Now and then a mis-

take may be made between rods and mierococei when

the rods are in an upright position and present their

eircular transverse section to the observer's eye; a

correct conclusion may usually be arrived at by ecare-

ful examination with repeated alteration of the fine
adjustment of the mieroscope, and by comparison with
neighbouring individuals, It is at times uncertain Distinction
whether an elongated cell constricted in the middle is biween .

a diplococcus or a rod. The sharp, acute-angled con- %i;li o
striction which is noticeable after the division of a whichare un-
coceus, and the round form of the two halves, may serve §iroes

division, or

as a means of distinetion when contrasted with the those which
are placed ab

less acute constrietion of the rod, and the fact that the right angles
- St e - . - to the field of
single individuals are never isodiametric. Even here, vision.
however, it is only after comparison with other neigh-

bouring cells, or after continued observation of the

further development of the individual eell, that an
absolute conclusion can be arrived at. Young bac'lli,

which have just been formed by fission, or by the
sprouting of a spore, often show a very slight excess of

one diameter over the other, and thus approach the
vegetative form, micrococcus, but are easily dictin-

guished from it by their further development, and

by the presence at the same time of older forms.

Finally, in the spore form a confusion between bacilli Distinetion
and micrococei could also oceur, if it were not ng,f,f;:ml
that the higher refracting power of the spores, and the cocci.
feeble manner in which they take up aniline colouring

matters, formed good points for their recognition; the
diagnosis is rendered certain by the study of the further
behaviour of the two cells, the sprouting of the one to

form a bacillus, and the multiplication of the other by

division to form fresh spherical cells.
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Division 3.—SPIRILLA.

The {ypical forms are spirally twisted threads, which
produce new spirvals by fission, and which are for the
most part mobile and often united in swarms. As
to the existence of a cycle of forms in the spirilla
there is very little known, but they seem to have a
special tendency to the formation of involution forms.
In the case of some spirilla it can be distinetly seen
that the spirals are composed of short, curved rods;
under certain circumstances these rods form the pro-
minent vegetative form, while under other conditions
they become fused together, and spiral threads are
developed. A precise differentiation of these rod-shaped
spiral elements from true bacilli, which often show
a slight corvature in microscopical preparations, is
frequently very difficult; and it will probably be im-
possible, as our knowledge increases and transitional
forms are discovered, to uphold the genus spirillum as
an independent division. In the meantime, however, it
appears desirable on practical grounds to group together
in the genus spirillum those curved bacilli in which a
development of spiral threads and a multiplication in that
vegetative form is observed.

Division 4. — Fisstonw Funet wiTH VARIABLE VEGETATIVE
Forus.

The aquatic fungi studied by Zopf (formerly deseribed
as fission algm)—cladothrix, beggiatoa, ecrenothrix— can-
not be included in any of the foregoing divisions. In
these fungi, according to Zopf, a manifold cycle of
forms occurs, so that one and the same fungus may
appear in micrococcal, bacillar, and spirillar vegetative
forms. It is possible that m course of time other
bacteria may become known in which an equally exten-
sive serics of forms oceur. The species which ean at the
present time be included with certainty in this group
are comparatively easily recognised and distinguished
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by their great tendency to the formation of various
vegetative forms, as well as by a number of other
characteristies.

The external form of a bacteric cell does not of itself afford Necessity for
information as to the species to which the vegetative form :n;:irnmnc:u?n-
under ohservation belongs, but at times admits of various gesignation of
conceptions and interpretations. If, for example, we find a :I.;T Etﬁ??e
spherical cell, it may be a micrococcus, a spore, or an furg:l.
ivolntion product. The cell can only be designated as a
micrococcus when it can be proved that it arose by fission
from a similar spherical eell, and that, under suitable circum-
stances, it may again give rise by fission to another spherical
cell. For it is characteristic of the vegetative form, micro-
coceus, that the same spherical vegetative form repeats itself
through a shorter or longer series of cells. If, on the other
hand, the round cell has arisen not by fission but by spore
formation from another bacteric cell, and if it is not capable
of multiplying by direct fizsion, but must first sprout and
form an individual similar to the mother cell, this spherical
cell must be looked on as a spore. And, finally, if the
apherical form of the cell has arisen from a cell of another
shape only when it began to deeay, if this spherical remnant
18 no longer able to multiply or propagate itself in any way,
then we have a dead involution structure before us, to which
the term micrococcus cannot be applied.

To take another example: if a twisted or spiral thread

comes under observation, the question arises whether it has
developed by fission from a cell of the same form, and
whether it can again give rise to a cell of a similar shape.
It is not till this is demonstrated that we are justified in say-
ing that we have to do with the vegetative form spirillum
or spirochsete. TIf this is not the case, it is possible that we
have before us a portion of a thread accidentally twisted, or
some phenomenon of decay which has arisen under abnormal
conditions. It is very important to be clear from the first as
to the meaning and the proper designation of these various
vegetative forms, as otherwise confusion and mistakes
readily occur.

The subdivision of the four ehief groups cannot be made Bmployment

exclusively according to the morphological characters; Siutt;ii{;}t'ﬂ:-a

the various species of bacteria which oceur in the micro- of growth for
the further

coceal form more especially show scarcely noticeable distinetion of
differences of shape under the highest powers, and even ¢ bacteria.

the arrangement of the coeei in chains or masses pre-
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sents so many transitional appearances that they eannot
be employed as decisive distinctive characters. Here it
is evidently of importance to make use of the manifold
and valuable distinetions deseribed above, those, namely,
which the bacteria show when growing on certain sub-
strata, especially on nutrient jelly. When sub-classes
have been successfully formed by the help of these
differences, the further subdivision of the relatively
small number of bacteria in any small group may be
made by the help of morphological characters, of be-
haviour with staining re-agents, of relation to oxygen, or
of the power of exciting fermentation or disease, and
thus we are ultimately able to recognise a given species by
the study of its various characters as compared with
other species. Of course the species thus formed can-
not in the slightest degree be regarded as natural
species or varieties; they have an entirely provisional
character, and are only meant to serve as a means
of rendering the further recognition of the bacteria
easy, and of paving the way for a natural classification ;
they have only arisen from, and are only sunitable for the
practical necessities. Hence the elassification given

“here rests on that practical method which almost every

one now employs who wishes to ascertain what baecteria
are present in gny unknown mixture of fungi. The
first step is always an attempt at isolation by means
of gelatine plates; the colonies which have developed on
the plates can then be easily investigated by making a
microscopical preparation with a small quantity, and ascer-
taining whether the colony consists of mierococei, bacilli,
or spirilla. Tt is almost always easy to decide this point,
because when we have a large number of similar indivi-
duals all at the same stage of development we have none of
those uncertainties mentioned above which mightrender
the diagnosis of an individual cell a matter of great diffi-
culty. When the chief division to which the species in
question belongs is thus ascertained, the appearance of
the colonies, both mneroscopically and under low powers
of the microscope is investigated, and then with the help
of a gimple table (see p. 178) the relation of the species

b
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to a small group of similar species of bacteria is fixed.
The distinction of these closely similar species is then
easily made by the aid of some very characteristic
reagent, or is a complicated study, and can only be
done by observing the appearance of the growths in
stroke or puncture cultivations, by studying the action
of the cultivation on animals, &c.

Formerly Cohn made the attempt to distinguish a large Cohn's former
number of species of bacteria on the basis of their morpho- ¢ tﬁlﬁﬁcntmn
logical characters. But exactly similar morphological pecu- schizophytes.
liarities occur in the lower algme: and it |is essentially only
the abzence of chlorophyll which separates the fungi from the
algz; on this point however, as has been said above, no
special weight is now laid. And thus when special attention
is paid to the morphological characters, the resulting classi-
fication of the “schizophytes,” must include fission fungi
and fission algm. Such a classification is certainly admirably
adapted for placing in correct light certain similarities and
differences between the lower alge and fungi, but it is not
sufficient for the number of species now discovered, and it no
longer meets practical wants, more especially becaunse a
number of heterogeneous organisms of unequal value from
a hygienic standpoint are mixed together. In the former
edition of this handbook the author attempted by omitting
the algsm to transform Cohn's classification in the following
manner so as to be useful for a circle of readers composed
chiefly of medical men :—
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Bearing a doubtful relation to the fission fungi are: Creno-
thrix, spheaerotilus, spiromonas, rabdomonas; monas Okenii,
Warmingii, vinosa.

It was frequently stated in the previous edition that this Necessity for
classification is in many points impracticable, that many of i’%:f}:?;:rﬂ
the genera cannot be upheld as independent forms, and that classification,
it would have to give place to onc more in accordance with
practical requirements. In fac! i has become more and more
evident in the course of the last few years that certain of the
genera up till recently reckoned as independent forms only
represent vegetative and colony forms of various species
belonging to other groups, and that the presence of gradual
transitional forms greatly increases the difficulty of ding-
nosis. Thus a deposit within a tough gelatinous mass which
was held to justify the classification under ascococcus occurs
more frequently than was formerly supposed, and in bacteria
of different vegetative forms (leuconostoe, clostridium,
polymym, &ec.) Again, sarcina cells are spherical microcoeci
before the characteristic divizsion into 8 occurs, and often exist
for a very long time as isodiametric cells before the division
into 4 or 8 is apparent; other micrococei usually occur as
single cells or as diplococei, at times, however, in a meris-
mopedia-like arrangement; hence this character can be em-
ployed at the most only in a small group of micrococci. As
regards the method of arrangement, clathrocystis closely re-
sembles the genus ascococcus. Further, a distinction between
bacterium and bacillus is impossible, because there are too
many transition forms which may be placed with as much
right in the one class as in the other. The genera leptothrix
and streptothrix represent a vegetative form which is seen in
many baeilli as an occasional stage of development. Similar
difficulties attend the diagnosis between spirillum and spiro-
chiete as between bacterium and bacillus. Finally, beggiatoa
and cladothrix, on account of their great mutability of form as
discovered by Zopf, must be entirely excluded from a classi-
fication based on the constancy of morphological characters.

Cohn, also, has always regarded his classification as a De Bary's
provisional one, and one only intended as a general guide til] classification.
a suitable classification is obtained analogous to that of
the higher plants, in which speeial regard is paid to the
peculiarities of fructification, and to the natural process of
dew:r]{‘:-pmenb‘ Attempts have already been made from the
botanical side to form such a classification. Thus Van Tieghem
and de Bary make 2 great divisions—bacteria which form
ev:l:r}u;mrua, and those which form arthrospores; but this
fll‘i_'lsiun is of little service for practical purposes, because it
18 Just the mode of spore formation which is most difficult to
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ascertain in investigating a fungus, while on the other hand

Zopf's clagsifi-
cation of the
bacteria,

this snbdivision only indicates the first beginnings of a
scientifically correct classification.

Another classification of the bacteria has been made by
Zopf. He extended the doctrine of pleomorphism which he
had observed in the aguatic fungi mentioned above to the
other bacteria, original observations, and some made by other
observers, having demonstraved in several cases a change
of form from cocei into bacilli, threads, and spirilla. Zopf is
of opinion that variability of the vegetative forms occurs in

-all bacteria, and that though in the case of many bacteria

the complete cycle of forms appertaining to them is not yet
known, we may expect that even in the organisms as yet
known only in a micrococcal form, thread-forming stages,
&e., will yet be discovered.

Zopt divides the bacteria according to these views into
4 groups :—

1. Coccacem. These are as yet only known in the coceus
form. To these the following genera belong: streptococeus
(cocel arranged in threads like strings of beads); merismo-
pedia, tablet cocei (division in two directions, leading to the
formation of tablet-like flat layers of cells); sarcina, packet
cocel (division in three directions, leading to the formation of
bale-like colonies) ; mierococeus (division in one direction, the
cocel becoming aggregated together in irregular heaps); and
ascococeus (the heaps of cocei accompanied by marked forma-
tion of gelatinous material).

2. Bacteriacem. These possess chiefly coceus, rod, and
thread forms; the former may also be absent; in the latter
there is no contrast between base and apex. Threads straight
or serew-like.

Genera: Bacterium, forms cocci and rods, or only rods
which are arranged in rows to form ordinary threads; spore
formation absent or unknown. Spirillum, threads serew-like,
formed only of rods, or of rods and cocei; spore formation
absent or unknown. Vibrio, threads serew-like, spore forma-
tion in the longer or shorter joints. [Leuconostoe, forms cocei
and rods, spore formation in coceci. Bactllus, cocel and rods,
or only the latter in the form of simple or twisted threads;
spore formation present, oceurring in rods or in cocei. (los-
tridiwm, resembles baeillus, but the spore formation oceurs in
peculiar dilated rods.

3. Leptothrix. Coceal, rod, and thread forms; the latter
show a contrast between base and apex; threads straight or
screw-like ; spore formation not demonstrated.

(Genera : Crenothriz, threads’enclosed in a sheath, cells with-
out granules of sulphur; inhabitants of water. Beggiatoa,
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threads without a sheath, cells with sulphur granules; inha-
bitants of water. Phragmidiothriz, threads without sheaths,
successive divisions very extensive; cells free from sulphur;
inhabitants of water. IDepfothriz, threads with or without
sheaths, divisions not very extensive; cells devoid of sulphur.

4. Cladothrix. Show coccus, vod, thread, and spirillar
forms. The thread form is provided with pseudo-branches.
Spore formation not demonstrated. Genus: Cladothrie. :

A priori the possibility of the mutability of form of the Em:‘?;.:::mt{:nd
hacteria asserted by Zopf, and to which expression is given in iug the )
the foregoing classification, must at any rate be admitted; adoption of
but before we accept it as a matter of fact, and as so general, tzﬂ'eﬂfi: Bypo-
we must demand complete proof, and we must insist the more
strenuously on a satisfactory proof, as we would be deprived,
by the admission of extensive changeability of form, of an
important diagnostic aid which is of great value to us in
medical and hygienie practice. We know now a number
of exciting agents of disease which occur, for example, in the
form of characteristic bacilli; we are able to make a diagnosis
of tuberculosis by the discovery of the tubercle bacillus, and
of cholera by the demonstration of the cholera bacilli.  If the
characteristic bacilli are absent on careful and repeated in-
vestigation, and if we find only bacilli or cocel of other form,
we consider ourselves justified in denying the existence of
tuberculosis or of cholera. IPurther, we frequently undertake
the investigation of some object, which is suspicious from a
hygienic point of view, for the presence of typhoid bacilli, of
anthrax bacilli, &e., and we ean only hope for a result because
we search in all cases for an organism of definite and charac-
teristic form. If, however, Zopf's view is correct, and if these
bacilli often occur in a coccal form, investigations of this .
kind must obviously be without result; it is impossible to
recognise by the microscope organisms in the coceal form, and
hence any extraneous innocent coccus might lead us to the
diagnosis of tuberculosis or typhoid fever just as well as the
supposed coccal form of these pathogenic bacilli. We should
also meet with great difficulties in isolating organisms by
cultivation if the colonies of, for example, the typhoid bacillus
could occasionally contain only coccus forms. We should
then find it very difficult to decide with regard to a group of
cocei whether they should be included in the genus spirillum,
or beggiatoa, or micrococeus, or bacterium, and also to what
species of these genera they belonged.

Complete proof of the accuracy of Zopf's views has certainly Absence of
ot been furnished with regard to the great majority of the Emggrﬁfﬁﬂ
fission fungi. Our most skilled microscopists and bacteriolo- applicability

gists have never as yet heen able to demonstrate a trans- o 4oP8
: hypotheais.
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formation of micrococei into baeilli or vice versd. The positive
observations which furnish support to Zopf's views proceed
almost entirely from investigators who have not had a long
and special instruction and experience in bacteriological re-
search. These, however, are the investigators who are most
liable to fall into errors which lead to a mistaken assumption
of an alteration in form, and which are only avoidable by long
practice and particularly careful observations. In the first
place, it may easily happen that any roundish body which is
like a coccus may be mistaken for a true cocens.  Such a mis-
take is possible, for example, with spores and with involution
forms (see p. 175) ; further, young bacilli just formed by fission
show often only a very slight excess of the long diameter (see
p- 173): bacilli standing upright and seen in transverse
section resemble cocei; by the use of staining materials—a
method to which we owe the most beautiful facts, but which
in unskilled hands is a dangerous means and often leads to
mistakes—a cocens form may be produced by staining very
old baeilli which no longer take up the colouring matter in
their whole extent, or by heating too strongly, or by employ-
ing differentiating materials for too long a time, so that again
only a partial staining results. Ininvestigating cultivations
also, the possibility of contamination from without is never
absolutely excluded, and abnormal forms must always in the
first place be closely tested on the suspicion that they may be
derived from contamination with other fungi; it is only
when we repeatedly obtain similar results after employing
all precantions for maintaining pure cultivations that we ecan
conclude that all the forms observed have arisen from one
and the same species.

These numerous sources of error certainly justify us in
exercising a certain reserve with regard to the statements as
to an extensive alteration in form of the bacteria. Many of
these statements have already been shown to be undoubtedly
erroneous; thns Kurth has, in the case of the bacterium
Zopfii which is according to Zopf a striking example of the
great mutability of form of the fission fungi, seen, according
to his own description, spores, but not cocei, originating from
the bacilli; for these “cocei” did not multiply by fission, but
grew directly to rods in fresh nutritive solutions, and were less
gensitive to external influences than the rods. In like manner
the bodies which Hauser of late saw arising from bacilli, and
which he erroneously termed cocei, do not produce new cocel
by fission; while the spirnlina of the same author represent
simple bending and irregular intertwining of threads such
ag occeurs in every long flexible thread. To mention another
example, we may refer to de Bary's bacillus megaterium,
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which is said to oceur in coccus forms; this form was

observed “when the cultivations were rendered impure by the

presence of other small bacteria, the species under discussion

retaining, however, the upper hand; the torula-like chain

form can then by purer cultivation be again transformed

into that of the smooth rods.” TUndoubtedly such a trans-

formation in very impure cultivations is not free from objec-

tion.—Thus a number of apparent proofs of the mutability of Constancy of
form of the fission fungi have been refuted or recognised as un- E-':-Ertﬁn?liit-y
certain, while on the other hand we convince ourselves daily of the

how extraordinarily constant the most various saprophytic bacteria.

and pathogenic species of bacteria are when full attention is

paid to all the sources of error. On the ground of these ex-

tensive and daily observations one may now with justice assert

that variation in form does not occur to any large extent in

the majority of the bacteria; that on the contrary most

bacteria pass through only the limited eyele of forms which

are easily observed and permit a diagnosis of the individual

varieties. Should, however, new and unobjectionable investi-

gations demonstrate an extensive mutability of form in one

or other species, these species must then be classed with the

fungi included in the last division of this provisional classi-

fication ; we would, however, be compelled to regard such a Express
state of matters rather as the exception than the rule, and :ﬁﬁ“ﬁ;ﬁgﬁﬂ
would not be warranted in deducing a law applicable to all of exceptions.
other bacteria from such exceptional cases, seeing that mani-

fold investigations have always proved the contrary.

I. MICROCOCCI.

(For characteristics, see p. 171.)

A. Micrococcr PaTrHOGENIC IN MAax.

Staphylococcus pyogenes aureus.

First observed by Ogston ; cultivated by Rosenbach,
later by Krause and Passet. Small isodiametric cells
about 0°87 p in diameter (Passet). Often grouped as
diplococei, at times in 4's, and also in short chains of 3
or 4 individuals, generally, however, in larger irregular
masses. Retains the aniline stain after freatment with
Gram’s fluid (iodine and iodide of potassium solution
and aleohol).—Grows on gelatine plates,* and forms in

* Where we apeak of nutrient jelly in the following pages we always
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Growthon  two days at the temperature of the room punctiform

relatine 5 5 -

plates. colonies, which under a low power of the microscope
present the appearance of light brown circular balls,
dark in the centre and with smooth borders. On the
second or third day the colonies have generally increased
to such an extent that they reach the surface of the
gelatine ; they then assame a characteristic appearance,
presenting a yellow colour from this time forward. and
also slowly liquefying the gelatine in their neighbour-
hood. The liquefaction becomes evident by the occur-
rence of a very shallow depression around the colony which
is marked off from the rest of the gelatine by a sharp
border. With suitable illumination a number of abso-
lutely circular depressions, 5—10 mm. in diameter, are
seen on such a plate, and in' the centre lie the yellow
colonies of at the most 1 mm. in diameter. At a later
period the liquefaction extends further, the individual
liquefying centres coalesce, and the colonies break up

In puncture  into fragments.—The puncture in nutrient jelly shows at

cultivations. gt 5 white confluent layer along the track of the
needle ; liquefaction quickly occurs, beginning at the
surface, and soon, as a rule, oceupying the whole tube
up to the glass; after a few days the yellow coloration
appears, and increases somewhat in intensity up to the
eighth day. The whole contents of the test-tube ulti-
mately become liquid, and at the bottom lies the golden
yellow mass of the deposited colonies.

Growth on If agar-agar is employed as the solidifying material
-:‘:.lagfanutnhm instead of gelatine, no liquefaction occurs, and the

arowth of the colonies on the plates can be watched for
a long time, but the very characteristic appearance due
to the slow liquefaction of the gelatine is absent. In
strokes and punctures the agar cultivations have the
appearance of whitish masses, which after a few days
present at the surface a golden yellow colour. The

refor to the mixture containing 5—8 per cent. of gelatine deseribed in
detail in the chapter on the methods; it is only in such a mixture that
the characters of growth of the various bacteria present the appear-
ances deseribed here. Further, a temperature of 20°—22° C. is generally
employed for gelatine cultivations.
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staphylococeus grows on potatoes in the form at first of
a bright yellow, and later of a thick soft golden yellow
layer.—When inoculated into milk, coagulation occurs
after one to eight days in consequence of the production
of one or several acids, among which lactic acid has the
preponderance. A peculiar sour smell also becomes
evident after some time in the cultivations on potatoes
or agar.

The yellow colouring matter is only formed where Products of
the colony is in contact with free air ; under a layer of EromsL
oil the cultivations remain white. It is probable from
the peculiar and energetic action of the fungus on the
living tissue of warm-blooded animals that poisonous
irritating materials are produced, and hence it would be
very desirable to obtain a more accurate knowledge of
the products of their growth. Brieger has recently
(Weitere Untersuchungen tiber Ptomaine, p. T8) iso-
lated an organic base from staphylococcus which had
been grown in meat infusion. This base does not appear
to be identical with any of the ptomaines as yet known,
and thus seems to be a specific product of the growth of
the staphylococeus; it did not however prove to be
poisonous to the animals experimented on.

The staphylococcus is remarkable on account of its
relatively great resisting power lo external agents ; the
cultivations in gelatine or agar are active after more
than a year.

The action of the staphylococcus on animals varies Action on
greatly according to the mode of application. Subeu- ™™
tancous inoculation is without result in mice, guinea-
pigs, and rabbits ; when inoculated on the cornea of
rabbits a small greyish white infiltration oceurs, accom-
panied by inflammation which subsides on the fourth day.

After subeutaneous injection the pyogenic properties of
the fungus become evident. Ttis only in mice, and after
the injection of relatively large (uantities, that death
oceurs early; in guinea-pigs and rabbits, on the other
hand, an abscess forms in the first instance, and this
can either heal and the animal recover, or a general
infection may ultimately occur. Intraperitoneal and
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intravenous injections usually kill the animals after from
two to nine days. On post-mortem examination the
most characteristic alterations are found in the kidneys,
which present the appearance of a septic embolic
nephritis ; whitish yellow masses from the size of pin
points up to that of peas are present, and at times large
wedges which infiltrate the kidney like pyramids. Many
capillaries are completely blocked with thrombi consist-
ing of coeei, as are also the smaller arteries in the cortex
as well as a few straight tubules. Further, purulent
metastases often oceur in joints, in the musecles, and,
where fractures have been recently made, in the medulla
of the injured bones; frequently, however, the latter
situation escapes, although recent fractures are present.
Small guantities of the fungus are at times without
effect, even when injected into the veins ; nevertheless
in these cases also deposits appear to form in the kidneys,
but remain limited and heal.

The deposits in the kidneys do not arise as the result
of the excretion of the staphylococcus by the kidneys,
nor does the localisation occur here in connection with
any protective excretion; on the contrary, it has been
demonstrated by the experiments of Wysokowitsch®
that not a single coccus appears in the urine during
the first six hours after the injection of large quantities
of staphylocoecus, and that when cocei can be cultivated
from the urine deposits are always demonstrable in the
kidneys. The cocei introduced into the blood are
deposited in various organs, especially in the spleen, in
the medulla of bone, &e., and they either soon die or
remain for a long time capable of development.

Staphylococcus occurs very frequently in man ; it is the
most common pyogenic organism. The experiments of
Rosenbach and Passet, repeated recently with great care,
have shown that materials mechanically and chemically
irritating (turpentine and mereury) can only excite sup-
puration in extremely exceptional cases, when micro-
organisms are not present at the same time. In almost
all the cases of suppuration which come under observa-

# Gottinrer hygien, Institut.
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tion in practice bacteria are the causal agents, and some
forms of suppuration are more especially caused by
staphylococcus aureus. This organism causes rapid
suppurative destruction of the
tissue, and it excites suppura-
tive phlegmons which spread
more in the tissue than in the
lymphatic vessels. Hence it
is found more especially in
acute abscesses, in empyema,
and in boils ; further, in acute
osteomyelitis, although the
above mentioned experiments  pi 43 Pus containing

in animals have not demon- staphylococcus X 800.
strated with absolute certainty the causal role of this
fungus in that disease. Lastly, it occurs at times in
some severe diseases, accompanied by metastases, in
py@mia, and in ulcerative endocarditis. According to
the point of entrance of the fungus into the body, and
according to the numbers which enter, affections of very
different severity may follow. That in reality the staphy-
locoecus cultivated from pus from osteomyelitis is also
the exeiting cause of furuncular inflammation has been
proved recently by an experiment made by Garré on
himself, where a culture of staphylococcus, originating
from the pus from osteomyelitis, was rubbed into the com-
pletely intact skin of the arm, and where the organisms
penetrating through eanals of the cutaneous glands,
set up furuncles over a large extent of the surface.

Staphylococcus pyogenes albus.

Found frequently by Rosenbach in pus along with
staphyl. aureus. Corresponds in microscopical appear-
ance, in the characters of its cultivations, and in its
relation to animals, with staphyl. aureus, the only
difference being that its colonies remain white even
after a long time ; in old gelatine cultivations a white
deposit is seen at the bottom of the liquefied mass.
According to Passet, staphyl. albus occurs more fre-
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quently in man than aureus ; according to Rosenbach, on
the contrary, less frequently, and usually mixed with
aureus. In many animals (rabbits) the staphyl. albus
seems to be decidedly the most frequent.

Staphylococcus pyogenes citreus,

Found by Passet in a few cases (in 10 per cent. of the
cases) in the pus of acute abscesses. Differs from the
foregoing only in the bright citron yellow colour of its
cultivations, the difference as contrasted with the dark
yellow orange-coloured pigmentation of staphyl. aureus
being distinctly evident, especially in old cultivations.

Micrococcus of the  Clow de Biskra."”

By the term *“Clou de Biskra, or Bouton d'Alep,”
is meant an endemic disease occurring in Aleppo, Bagdad,
Biskra, and Tunis, characterised by tubercular swellings
on the face and extremities, which develop in the course of
a year, burst, and finally cicatrise. Duclaux has found
micrococel in the blood of these patients, which were less
than 1 u in diameter, occur in the form of diplococei or
zooglea (thus belonging to the staphylococei), and can be
cultivated in neutralised wveal infusion. Twenty drops of
the cultivation injected subentaneously into rabbits excite
extensive gangrene, but the animals ultimately recover.
Large doses injected into the blood of rabbits kill them
within 16 hours, and on post-mortem examination peri-
carditis, pleuritis, heemorrhagic infarcts in the lungs, &c., are
found. After the intravenous injection of small doses, a
chronic disease, which gradually gets well, begins after an in-
cubation period of 10 days ; this disease is characterised by the
occurrence of numerous small ulcerating nodules distributed
over the skin of the whole body, and recalling exactly the
disease in man. A confirmation of this observation by the
investigation of other cases of Clou de Biskra must be
awailted.

Duclaux has made a striking observation with regard to
the cultivations of these micrococei. Old cultivations gra-
dually lose their virulence, so that after standing for two
months the cultivations were inactive, even in large doses.
But if fresh infusion was inoculated from these old inactive
cultivations, the new cultivation was as virulent in the first
few days as the former young cultivations, and according to
the dose employed it set up the whole series of morbid symp-

IS .



MICROCOCCI PATHOGENIC IN MAN. 15)

toms described above. As, however, the experiments were
made only with fluid media there is no absolute certainty
that in these experiments impurities in the cultivations did
not lead to mistakes.

Mierococcus pyogenes tenuis.

Found by Rosenbach in a few instances (in 10 per cent.
of the cases examined) as the only micro-organism pre-
sent in the pus of unopened abscesses. Irregular cocei,
somewhat larger than staphylococei, showing in con-
trast to the latter, but little tendency to the formation
of masses. Two dark poles with clear intermediate
substance are frequently observed in the mierococei ; the
cultivations on agar have the appearance of thin deposits
spreading out from the line of inoculation, almost as
clear as glass; in puncture cultivations a somewhat
thick and slightly opaque layer is formed. No experi-
ments on animals have as yet been made.

Streptococcus pyogenes.

First recognised by Ogston from its microseopical
appearance ; cultivated from pus by Rosenbach, then by
Kranse and Passet.—Spherieal cocei, about 1 w in dia-
meter, larger than the staphylococei. Retain the stain
in Gram's method. What is very characteristic, and the
origin of the name of this species, is the tendency of the
cocel to divide continuously in the same direction and to
form chains of 4, 5, or even 10, or
more cocel; these chains are fre-
quently united in delicate loops to
form larger heaps. Besides the chain
form, the fungus often appears as a
diplocoeccus. At times one or other
cell in a chain is larger than the rest;
it i8 not certain whether this indi-
cates the formation of arthrospores.—

Fig. 44, —TIus contain-
The streptococcus grows on gelatine  ing streptococcus

; X 800
plates in the form of very small punc-

tiform colonies which spread out on the surface as very

Pyogenic

streptococens.

Growth on
gelnting
plates,
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small, slightly prominent transparent drops, about § mm.
in diameter. Even after several days there is no
extension of these colonies and no liquefaction of the
gelatine. Under a low power the youngest colonies
present the appearance of round, seldom oval, yellow
spots, with regular contours and finely granular surface.
Later they become somewhat darker, almost brown,
and the border is here and there interrupted by pro-
jecting chains of cocei, which either terminate in a
free end, or form loops; the growth is somewhat more
marked on agar plates, the colonies are rather broader
and opaque.—Along the track of the puncture in
gelatine a delicate layer appears, which consists, either
entirely or in part, of isolated colonies; these are of a
faintly whitish appearance, almost transparent, very small ;
only a few attain the size of a pin's head. In stroke culti-
vations the streptococcus seldom forms continuous lines,
it usually occurs in discrete centres; on agar the growth
is thickest in the middle, and becomes gradually thinner
in a terrace-like form towards the periphery; at the peri-
phery punctiform masses of the organismscan be seenhere
and there.—0On solidified blood serum the growth is similar
to that on agar; it does not seem to grow on potatoes.:
In mice in the majority of cases (about 80 per cent.)
no effect follows the subeutaneous inoeulation of small
quantities ; at times slight suppuration occurs at the
point of inoculation, at times the animals die without
the presence of any marked pathological change or of
micro-organisms in any of the organs. If rabbits are
inoculated on the ears marked redness and swelling
occurs on the following day, but disappears on the
second or third days; subcutaneous and even intra-
venous injection of considerable numbers of the strepto-
cocei cause as a rule no apparent effect in healthy rabbits.
Tt is only when the animals are artificially weakened, as
for example by the injection of toxic substances, that death
ocenrs from marked growth of the mierocoeei; the animals
also died after 2—5 days from extensive endocarditis, with
numerous deposits of streptococei, if the aortic valves
had been injured before the injection (Wysokowitsch).
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Streptococcus pyogenes is frequently found in pus Ocewrrence in
from man (in 40—60 per cent. of the kinds of pus ™™
examined). Itoeccurs by preference in the inflammations
which have their chief seat in the lymph tracks; it does
not as a rule cause such rapid suppuration and de-
struction of the tissue as the staphylocoecus, but it can
penetrate further into the tissue and infiltrate it befove
suppuration and destruction occurs. Also in severe
affections, in spreading gangrene, in several cases of
pyemia, cultivations from the pus have yielded only the
strept. pyogenes (compare the following streptococei).

Streptococcus erysipelatosus.

Proved by Fehleisen by cultivation and re-inoculation Streptococcus
on man to be the causal exciting agent of erysipelas; ° °r¥sipelas.
the streptococel had already been demonstrated micro-
scopically by other observers. It can scarcely be dis-
tinguished from the preceding either microscopically (also
by Gram's method) or by its behaviour in cultivations.

It is only in the case of the stroke cultivations that Growth in

a noticeable difference at times occurs in so far that CUMtivations.

the colonies have a
somewhat greater ten-
dency to run together,
appear more whitish
and opaque, and show
at the periphery nu-
merous out - growths
which consist of pro-
jecting chaing, and give
to the cultivation the
appearance of a fern
leaf. Nevertheless
these  characteristics
are not sufficiently

constant to furnish a Heotion through n,l'_'::_nphn.tie vessel of
trustworthy point of the skin,

distinetion between the two cultivations.
Experiments on animals show a slight difference
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between the two forms of streptococci. Subeutaneous
inoculations in mice are always without effect, the
wounds almost always healing without suppuration. In
rabbits inoculation on the cornea sets up keratitis, as in
the case of streptococeus pyogenes ; inoculations on the
ear cause in the majority of cases an erysipelas which is
recognised by redness and elevation of temperature of
the ear; it appears later, and is not accompanied by such
intense redness as is the case with the inflammation due
to the streptococcus pyogenes. A sharply limited red-
ness appears in the neighbourhood of the point of inocu-
lation within 36 to 48 hours; and this extends in the
direction of the veins as far as the root of the ear. In
sections of the affected ear the lymphatic vessels are
filled with micrococei in numerous places. The animals
recover completely after a few days; intravenous injec-
tions of large quantities of the organisms are also borne
without bad effect.

‘While thus only very slight differences can be made
out between these two streptococei as the result of
cultivations and of experiments on animals, they
apparently differ to a marked degree in their action on
man. Strept. pyogenes is present in about the half of
all kinds of suppuration, while the streptococei of ery-
sipelas only occur in this relatively rare contagious
disease, and are able to set up this disease in healthy

Cultivation of people. They can be best obtained, according to

the cocei from
man,

Fehleisen, from erysipelas in man, by excising a small
piece of skin from the sharply defined border of an
erysipelas marginatum (not from the earlier affected parts,
in which, as a rule, no living cocci can be found), and
introducing it into a tube containing nutrient jelly ; the
tube is then kept for two hours at about 40° C., so that
the gelatine becomes liquid, and comes into intimate
contact with the piece of skin ; it is then kept at 20°C.,
or better, the contents of the tube are poured out on a
glass plate in the usual manner. After two or three days,
numerous punctiform colonies can usually be found in
the neighbourhood of the piece of skin.

Fehleisen has inoculated these cultivations onman after

s — -
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a number (17 and more) of successive cultivations on new
nutrient jelly, and in these cases typical erysipelas has
vesulted. The experiments were carried out on patients
who were suffering from malignant tumours, which
could not be operated on (lupus, carcinoma, sarcoma),
and this was done because former experience has shown
that these tumours often improve in a remarkable
manner, or entirely disappear after recovery from an
accidental attack of erysipelas. Such an erysipele
salutaire’” has several times during the last few years been
induced by inoculation of pure cultivations, and often
with good therapeutical results. The incubation period
in the cases observed by Fehleisen extended from 15 to
61 hours ; the disease always commenced with an initial
rigor, elevation of temperature, and disturbance of the
general health. Individuals who had suffered from an
attack of erysipelas a short time (up to some months)
before the inoculation proved to be immune.

Streptococeus pyogenes malignus.

Cultivated by the author from necrotic masses in a
leucemic spleen. Not distinguishable microscopically
from the streptococei previously described, the cultiva-
tions are also very similar in appearance ; the colonies
on gelatine plates and in puncture cultivations appear
somewhat smaller and grow more slowly, so that they do
not begin to be visible till after about 48 hours. The
stroke cultivations resemble most closely those of
Strept. pyog.—Experiments on animals yield results
which differ in an important manner from those attained
by the other streptococci; mice inoculated subeu-
taneously with small quantities of the eultivation die
almost without exception after 8—j days; a large
collection of pus is found at the place of inoculation, a
moderate number of diplococei and short chains of cocci
in the blood and especially in the spleen, at times also
dl:‘.[.'lﬂsitﬂ of micrococei in the internal organs. The
ﬂ{aense may be transmitted to other mice by small
Pieces of the tissue, or by the blood, if not in too small

13
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quantities. Rabbits, after inoculation on the ear, show
at first almost the same appearances as after inoculation
with Strept. pyog. and with Strept. erysip.; but after
two or three days a general infection occurs, and death
follows on the fourth day ; the post-mortem appearances
are similar to those found in mice ; some of the joints
are also frequently affected, and filled with pus contain-
ing numerous cocei. It is probable that the Strept.
pyog. described by Krause, and which differed in its
malignant effects on animals from the coceus isolated
by Rosenbach and Passet, is identical with this organism.

Streptococcus articulorum.

Loeffier has observed chain-forming mierococei on and
in the diseased mucous membrane in various forms of
diphtheria ; these organisms probably do not bear any
causal relation to the diphtheria itself, but appear to be
accidental accompaniments which may give rise to
secondary complications either local or gemeral. If
these cocei are cultivated on nutrient jelly, small light
greyish drops, as clear as water, are noticed in about
three days, their borders showing with a low power small
curly lines composed of chaing of eoecci. The chains
may contain up to 100 individuals, some of which attract
attention by their size, and at times the whole of the
chain consists only of these large cocei; on closer ex-
amination indications of transverse division can be seen
in these organisms.—On subcutaneous inoculation or
injection of the cultivations into mice a considerable
number, more than half, of the animals usually die;
streptococei are found in the spleen and in other organs.
After inoculation on the ear an erysipelatoid inflamma-
tion oceurs in the ease of rabbits; if, however, eultivations
are injected into the veins, affections of the joints occur
in 4—6 days, the joints becoming filled with pus con-
taining streptococei, and the disease in most cases
gradually ending in the death of the animals. Similar
joint affections occur in connection with the streptococci
already described, but here only as part of a general

W 'S i s i s ei— e ;i
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infection running a rapid course. Further, after injection
of erysipelas eultivations Loeffler obtained joint affections
in two cases, but the author was unable to confirm this
result in a larger number of experiments.

Heubner and Bahrdt have recently found similar
streptocoeei in the pus in a fatal case of scarlatina, accom-
panied by suppuration of joints. They were able to show
that the eocei entered the jugular vein through a purulent
canal extending from the original diphtheritic affection
of the tonsil, and then, just as in Loeffler's experiments,
set up the suppurative inflammations of the joints.*®

Streptococcus septicus.

Although this organism has not as yet been observed
in man it may be mentioned here, because in its whole
behaviour it shows a great resemblance with the other
streptococei.— Strept. sept. was repeatedly found by
Nicolaier, and afterwards by Guarneri, in impure earth.}
It cannot be distinguished microscopically from the other
streptococei, but it has not such a marked tendency to
form chains under all circumstances ; it occurs especially
in the tissues, and usually in the form of diplococei.
Where, however, masses are present, which are com-
posed of larger balls of the organisms, the chain-like
arrangement becomes distinetly marked, especially at
the borders, and it is also well developed in cultivations
in hanging drops, on plates, &e.—The colonies on gela-
tine grow even more slowly than those of the other
streptococei—not till after 8 or 4 days do they become
evident as fine points; in puncture cultivations also
distinet colonies are first seen on the 5th or 6th day.
Mice die without exception in 48—72 hours after sub-
cutaneous inoculation of minimal quantities of a cultiva-
tion. During the last 24 hours a distinet motor and
sensory paralysis of the hinder extremities is present.
On post-mortem examination large numbers of diplo-
cocei are found in the blood and organs, at times in large

masses, which completely fill the vessels. Inoculations

* Berl, kin. Woch., 1884, No. 44,
t Gittinger hygien. Institut.
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on other mice succeed with the minutest quantities of
blood or splenic juice. In rabbits after inoculation on
the ear there oceurs in the first instance a local redness,
then a general disease, and death after 2 or 3 days.
In the internal organs a marked accumulation of micro-
cocei 1s found everywhere, at times leading to plugging
of the vessels and the formation of necrotic foei. This
tendeney to the formation of foci leads in the ecase of
rabbits to transmission of the coccus to the fetus, as
shown by Oberdiek ; * nevertheless in the latter there
are always markedly fewer micrococei, because the lesion
of the placental tissue evidently occurs only towards the
termination of the life of the mother.

In conneection with the species of streptococei just
deseribed we meet with the striking fact that five
organisms, scarcely distinguishable from each other
microscopically or by cultivation, are so markedly different
in their action on man and the lower animals. The
resemblances on the one hand, and the differences in
pathogenic effect on the other, have been accurately
ascertained by Guarneri in a special series of experi-
ments in which particular attention was paid to any
possible deception or confusion. More especially any
possible immunity of the animals as the cause of the
inefficiency of the pyogenic and erysipelas streptococei
was excluded, because the same animals which had
resisted one or several inoculations with the Strept.
pyog. without effect, at once died from inoculation with
Strept. pyog. malignus.

From this result we may assume that streptococei of
very different virulence occur in the various infective
diseases of wounds in man, and that the symptoms and
the result of the disease caused by streptococci are due
not only to the mode of invasion, or the functions of the
organs attacked, but also to the specific characters of
the organism. In order to recognise the latter it is

- Gottinger hygien. Institut,
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evident from what has gone before that the character-
istics observable by the microscope or by cultivation are
not sufficient, but that experiments on animals must
also be made, and in many cases even these are not
sufficient for a diagnosis.

In a series of diseases in man streptococei have been found,
but we have not been able to decide whether we have to do
with speeific organisms peculiar to the disease in question,
or with one of the forms of streptococei previously mentioned.
Thus in—

Fndocarditis uleerosa.-—The masses of micrococci
found in the vessels show for the most part a chain-like
arrangement of the cocei; nevertheless staphylococci
may present similar appearances in the tissues, and in
one cultivation experiment with the mierococei of endo-
carditis only staphylocoeci grew (Wysokowitsch). Accord-

Fig. 46.—Endocarditis uleero=a x 700.
Section from the cardine muscle: (After a photograph by Koch. )

ing to the author's experiments referred to above, it is
at all events unnecessary to assume the existence of a
specific organism in order to explain the origin of an
endocarditis. Further, in many cases of pymmia and
py®emic metastasis, also in puerperal metritis as well
48 in cerebrospinal meningitis, streptococei have been
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demonstrated microscopically, and have been assumed to
be the causal agents of the disease (Lit., pp. 15 and 35).

Micrococcus gonarrhea,

Gonorrhoea Observed by Neisserin 1879 in gonorrheeal secretions,
i and later termed gonococcus; cocei which almost
Morphological always occur in the form of diplococei. The elongated
peculinrities. ! . ; : :
body of the diplococeus in stained specimens shows in
the middle a clear line (best seen in preparations stained
with fuchsin), which with the highest powers appears
as a distinet partition ; this line divides the coecus
into two halves, and gives it the roll (biseuit) form. As
a rule the two halves are not true half circles; at
times a slight coneavity is present on the opposed and
flattened surfaces of the hemispheres. Cocel not under-
going division are only exceptionally seen. The average
length of the diplococeus
is about 1°25 p.; its long
diameter varies between 0°8
and 1'6 p., its transverse
diameter between 06 and
0'8 p.—The cocel in the
Fig. 47.—Micrococeus of gonorrheea gonorrheeal secretion  lie
x 800. (After Bumm.) - . :
o e chiefly on or in the pus cells
b, cocei in pus cells. in small irregular heaps.
e, epithelial cell containing cocei. ThE}' ard. mob an dontact
with the cell nuclei, but that they really lie in the proto-
plasm of the cells appears certain from the fact that in
carefully prepared specimens they do not extend beyond
the margin of the protoplasm ; a similar inclusion in the
protoplasm is not observed in the case of the other non-
specific micrococei, which are also often present in
considerable numbers in gonorrheeal secretion. Tle
number of cells containing cocei is greatest not so much
in the early period after infection, so long as the
secretion still remains serous, as in the later suppurative
stage of the gonorrheea.—The cocei become decolourised
in Gram's method.
Cultivation In cultivation experiments with the gonorrheeal cocei,
cxperiments.  he saprophytic organisms present in the secretion have
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often led to mistakes. By the elaborate researches of
Bumm it seems to be definitely ascertained that no
growth of the specific cocei occurs on nutrient jelly or
on the other ordinary nutritive substrata, or at the
temperature of the room. Positive results under these
circumstances have always been due to saprophytes
morphologically very similar to the gonorrheeal cocei.
According to Leistikow and Loeffler blood serum
aelatine is a very suitable soil for the gonorrheeal coeei ;
according to Krause and Bumm solidified blood serum
is the best. Bumm obtained the best cultivations with
moderately firm blood serum, the surface of which was
protected from drying by placing the tubes in a moist
chamber, and at about 32° C. If he inoculated the
secretion containing cocei on sueh blood serum, a fine
layer spread over the surface from several spots along
the inoeulation stroke; this layer attained a breadth of
1—2 mm., ultimately presented the appearance of a
very thin greyish yellow layer with moist smooth sur-
face, and then ceased to grow, and was found to consist
of closely packed masses of cocei. Further cultivations
can be carried on through several generations when the
reinoculations are made as early as possible. The
growth is always very imperfect ; the line of inoculation
increases in breadth by scarcely 1 mm. in the course of
a day, and the organisms frequently die without any
apparent reason.

Animals have proved completely immune to the Inoculution on
gonorrheeal cocei, In dogs, rabbits, horses, monkeys, “™*I*:
&e., neither the fresh secretion, nor eultivations inocu-
lated on the conjunctival or urethral mucous membrane
have caused inflimmation. On the other hand, the On max.
attempt has been made in two cases by inoculation of
cultivations on healthy human beings to demonstrate
the etiological rdle of the cocci in gonorrheea. In
the first case Bockhart introduced a large quantity
of a cultivation in peptonised nutrient jelly into the
urethra of a lunatic who died some time afterwards from
an aceidentally acquired pneumonia ; during life typical
gonorrhecea had developed, the secretion being full of
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cocel, and in the sections through the urethral mucous
membrane numerous cells filled with cocei were found.
This case is not quite free from objection, because later
experiments have shown that no growth of the cocci
occurs on nutrient gelatine ; perhaps, therefore, the
positive result was obtained by cocei which had not
grown in the cultivation but had been carried over
in the inoculations, and had remained alive; this is
not at all improbable, because large quantities were
employed in the inoculation from the pus, and in
the subsequent reinoculations, and also because the
fourth generation was employed for the infection ex-
periment. A second inoculation experiment was made
by Bumm on the healthy urethral mucous membrane
of a woman, and in like manner with a positive
result ; the second generation of a cultivation on blood
serum was employed. Here also, in spite of the
fact that pus cells could not be found in the cultiva-
tion on microscopical examination, the objection is
possible that perhaps cocci were carried over from the
secretion, especially as the first inoeulation on the
artificial soil was always made with relatively large
quantities.*
Ocenrrence of  The oceurrence of the gonorrheea coceus is, according
the gonorrhea e ;
COCCNS. to the opinion of all trustworthy observers who are ac-
quainted with the saprophytic forms similar to the gono-
coeeus, limited to gonorrheeal affections of the urethra
or bladder, of the cervix uteri, &ec., and to the specific
blennorrhea of the conjunctiva. The characteristic
cocei were also found in the purulent effusion into a
knee joint in a case of gonorrhwal inflammation of the
joint (Petrone and Kammerer).

Micrococcus suliflavus.
(Yellowish-white diplococeus of Bumm.)

S s 3 Similar to the foregoing, frequently observed in the

similar to the Jochia and in vaginal secretions, and perhaps also
ronorrhaean

COCONE, * Bumm has since obtained a successful result by inoculation of a
twentieth enltivation.
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pathogenic for man. A diplococcus 0°5—1'5 . in
diameter ; it shows a central division, and is composed
of two hemispheres like the gonococcus ; in contrast to
that organism M. subflavus retains the aniline dye after
treatment with Gram's iodine solution. Twenty-four
hours after inoculation on nutrient jelly whitish points
develop and grow to whitish-grey, later yellowish, and
finally ochre-coloured confluent masses; after a few
days nutrient jelly and blood serum become liquid in
the neighbourhood of the ecultivation.—Inoeculation ex-
periments on various mucous membranes susceptible to
the gonorrhaeal contagium was without result. On the
other hand, according to Bumm, an abscess, varying from
the size of a pigeon’s egg to that of a man’s fist, and con-
taining numerous diplococei, follows the injection of these
bacteria into the subcutaneous cellular tissue in man.
Besides the lochia this organism was also found in
the urine in some cases of catarrh of the bladder and
also in the contents of the bulle in pemphigus nconat.,
and in the pus of a mammary abscess. TFurther,
Frinkel has found the same diplococeus, along with
another coccus to be mentioned under the saprophytes,
in the vaginal secretion in a large number of children
suffering from colpitis, but not infected with gonorrheea.

Micrococct in Zoonotic Finger Erysipeloid.

Cocei were found by Rosenbach* in a mild disease of
the skin, not associated with general disturbance, which
18 characterised by a bluish brown red, sharply defined
infiltration of the skin of some fingers and of the hand
very similar to erysipelas. These organisms formed,
when inoculated on agar, very delicate and elegant
colonies which were scarcely visible without magnifica-
tion. Inoculation of the cultivations on the upper arm
of a healthy man reproduced the affection.

Corduat has studied 127 cases of the same disease.

¥ Mikroorganismen bei den Wundinfectionskrankheiten. Wieshaden,
1884, p. 117,

t Deutsche medicin, Wochenschrift, 1885, No. 33.
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The individuals chiefly affected were those who had to
do with animals and animal tissues, such as fanners
butchers, &e. Cordua was able to cultivate cocei from
the affected portions of skin, and they formed in 24—306
hours on agar at 36° C. luxuriant chalk-white colonies,
with slightly facetted margins. Inoculations on animals
were without result, but here, also, he was successful in
setting up the affection on his own arm from a cultiva-
tion. Probably Rosenbach and Cordua have been dealing
with cultivations of the same organism which presented
different appearances only in consequence of differences
in the nutritive substrata. Further investigations must
be awaited.

Microcoeci have also been described as cansal exciting
agents in numerous other diseases in man, but they have
been demonstrated either by microscopical investigation
alone, or the infective and cultivation experiments are
not free from objection, and therefore further con-
firmation appears to be necessary. To these belong *—

Variola, —Cohn, Weigert, Koeh, and others, found
micrococei in the pustules and in various internal organs
in persons who died of smallpox. Cultivations have not
vet been made.

Vaccinia.—In the lymph in the vesieles micrococci
have been frequently observed; cultivations of cocei
have also been repeatedly obtained from the lymph, but
all the micro-organisms as yet cultivated are evidently
only impurities for the most part of a saprophytic
character, as a vaceine pustule has never been produced
by inoculation of the cultivations. The recent ecultiva-
tion experiments by Wolff do not seem to have given
a better result.

Scarlatina, Measles.—Mierococei found, but of no
importance (see Lit., p. 85).

Diphtheria.—In the former investigations by Klebs,
Oertel, and others, these authors evidently did not work

# - : gaare
A to the Micrococens pnenmoniee see under ** bacilli.
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with specific organisms. As to Loefller’s streptococcus
see above (p. 194); as to bacilli in diphtheria see below.

Cerelbrospinal meningitis—Leyden, and more recently
Leichtenstern, have found cocei in the purulent exudation
on the pia mater; these were sometimes enclosed in
white blood cells, sometimes they lay outside them.

Influenza.—According to Seifert numerous microeocei
1'5—2 p. in length and 1 p. in breadth, are embedded
in the tenacious mucus composing the greyish-white
clumps present in the sputum and in the nasal
secretion at the height of the fever. They are mostly
arranged in long chains; their numbers markedly
diminish as the number of ecells in the secretion
inereases. In control examinations of the secretion in
bronchitis, &e., the cocel were not found.

Ozena.-— Friinkel found various microcoeei in the
secretion, Loewenberg chiefly only ome kind. The
cultivation and infection experiments do not sufliciently
establish their significance.

Cocel have been demonstrated in Hemophilia neonda-
torium, and in acute yellow atrophy of the liver.

In yellow fever Domingos Freire has found a micro-
organism which he terms Cryptococcus xanthogenicus
and whiech he regards as the cause of that disease; the
observation, however, is evidently based on gross errors.
Cornil and Babes recently found in one case that the
capillaries of various organs contained long chains of
diplococei, but they could not find these organisms in
five cases investigated subsequently. As to bacilli in
yellow fever see below.

In trachoma of the econjunctiva Sattler has found cocci
in the seeretion and in the trachoma nodules ; he was
able to cultivate these organisms on nutrient jelly, and
when inoculated on the normal conjunctiva they set up
vesicular-like granules without pathological secretion or
subjective symptoms. We must await repetition of
these experiments with more typical results before con-
cluding that these cocci are the causal agents.

I'm area Celsi, Bucliner, and later von Sehlen, have found
micrococei somewhat less than 1 . in diameter, and
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have cultivated them in nutrient jelly. Michelson has
however asserted that von Sehlen’s ease was not one of
true area Celsi (see Lit., p. 37).

Rindfleisch found numerous plugs of streptococeci in
the cutaneous eapillaries in a case of mycosis fungoides
or granuloma jfungotdes (spongy nodular out-growths
of the skin consisting of granulation tissue); these
organisms stain well with Gram's method. Auspitz
has also seen cocei in a similar case.

B. Micrococcr PATHOGENIC IN THE LOWER ANIMALS.

Mierococei have been stated to be the cause of some
important infective diseases of domestic animals (mam-
malia), nevertheless the proofs as yet brought forward
are insuflicient.

Rinderpest.—In Russia, and in some parts of Austria,
a widespread epidemic contagious disease exists among
cattle; it is characterised by general prostration, in-
creased secretions, fluid, slimy, or bloody stools, and
quickly terminates in death. On post-mortem exami-
nation the appearances are those of an intense gastro-
enteritis with hypertrophy or ulceration of the solitary
follicles, and of Peyer’s patches. Semmer asserts that
he has cultivated micrococei from the dead body, and
that he has caused the disease by inoculation of these
organisms. These investigations are however open to
the same objections as the other bacteriological work of
the same author. '

Pleuropneumonia in cattle ( péripneumonie contagieuse
du gros bétail). An epidemie pleuropneumonia of cattle
which causes death in a fourth of the cases. Poels and
Nolen have isolated cocci from the pulmonary exudation
which resemble Friedlaender's pneumonia bacteria mor-
phologically, and in their growth in cultivations. Cornil
and Babes found a mixture of various bacteria in the exu-
dation, as to the special etiological significance of which
nothing has as yet been settled. The fluid flowing from
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the cut hepatised lung has been frequently employed for
protective inoculations; it is injected subeutaneously
into the tail, and caunses at the most a local affection, and
after this has passed off immunity is said to be attained.

Swine erysipelas (pig typhoid, &e.). Pasteur and
Thuillier have found micrococei in the blood and in the
exudations, and have aseribed to them a causal signifi-
cance. Loeffler and Sechiitz, Lydtin and Schottelius
have, however, described bacilli as the true causal agents
of this disease (see later).

A number of well characterised pathogenic micrococei
have been observed in various of the animals ordinarily
employed for experiment. To these belong, besides the
above-mentioned staphylococcus, which can be inoculated
on lower animals with success, streptococeus malignus
and septicus.

Micrococcus tetragenus.

First described by Gaffky.* It is not uncommonly Micrococeus
found in human sputum, and is especially observed HhR.
in the sputum and in the walls of the cavities in cases of
pulmonary tuberculosis. Microcoeei about 1 p. or Mieroscopic
more in diameter, dividing into four individuals which "FPe#FRes:
remain united by a gelatinous envelope. In eunltivations
we find some large spherical cells undergoing division,
but the greatest number consist of cells in which the
division has been completed. The round gelatinous
envelope stains fuintly, the microccoci strongly with
aniline dyes; the colour is retained in Gram's method ;
the appearance recalls that of sarcina, but the division
in the third plane and the formation of many-celled
packets is absent.—On gelatine plates M. tetragenus
forms in 24—48 hours small white points which under
a low power present the appearance of cireular or citron-
shaped yellow masses, with a granular, mulberry-like
surfuce, and regular, but somewhat rough, jagged

Cultivations.

® " Klinische, experimentelle u. botanische Studien iiber die Re-
Qetltung des Torfmulls als Verbandmittel.”” Von Dr. Neuber, Dy,
Gaffky, n. Dr. Prahl, v. Langenbeck's Arch, £, Chir,, vol. 28, Heft 3.
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borders. When they have reached the surface they
form white raised thick drops on the gelatine 1—2 mm.
in diameter. In the inoeulation punecture the colonies

Fig. 48.—Micrococeus tetragenus. Seetion of lung x 800.

become confluent, so that a thick white gelatinous mass
is formed along the line of puncture, and fills any
eracks or cavities in connection with it; on the surface
a thick layer 4—5 mm. in breadth is formed.
Hxperiments  LThe minutest quantity of the enltivation inoculated
onamimals.  onhentaneously into white mice causes in all cases a

Fig. 49.—Micrococens tetra-
genus. Section of spleen
x Eﬂﬂl

mice are almost without exception immune against M.

fatal disease. The first 2 days
pass by without noticeable symp-
toms; then the animals become
still and somnolent, and after
3—~6daysdeathoceurs. Thecocei
are only present in the interior
of the blood vessels ; in the blood
of the heart they are relatively
few in number, they are present
in larger numbers in the splenie
juice and in sections of the lungs,
in the glomeruli of the kidneys,
in the liver, &e. Grey house

Pl iy

PR TR L -
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tetragenus ; guinea-pigs show either local abscesses
or septicemia; rabbits and dogs are unaffected by
large quantities injected subcutaneously or into the
veins. Whether in man the presence of M. tetragenus in
the tuberculous lungs is accompanied by any secondary
injurious results must be ascertained by further investi-
aations. In the meantime M. fetragenus is of import-
ance to us as it is a micro-organism admirably adapted
for experiments on account of its morphological pecu-
liavities and of the ease with which it ean be eultivated.

The following are imperfectly known : Streptococeus Dl'gﬁmbm of a
perniciosus psittacorum.  According to Eberth and p:,_sriﬁi o
Wolff parrots imported into Europe dlE! in large numbers
from a disease in which nodules are formed on the sur-
face of the lungs, spleen, kidneys, &c. Cocei of medium
size with a tendency to the formation of chains are found
in the vessels, in the nodules, and in the blood of the
heart.

Streptococcus Charrin.—Found by Charrin* in the Charrin's

bodies of rabbits which had died of anthrax. Oval micro- S&Usimie
cocei 1 to 2 p. in diameter, with a tendency to form @ charbon.
chains composed of as many as twenty cocei. They are
present in large numbers in the vessels of all the organs.
The micrococeus kills rabbits within eighteen to forty-
eight hours after subcutaneous inoculation. On post-
mortem examination we find great swelling of the spleen
and cedema at the seat of injection. Besides rabbits,
sparrows and cats are also susceptible, the latter, how-
ever, not always; dogs and fowls are immune. This
septicemia is termed ‘‘septicémie consécutive au char-
bon.” It is probably identical with Koch’s coccal sepsis
(p. 211).

Streptococcus  bombycis (M ikrozyma bombyeis, Bé- Silkworm
champ.) Oval cells at most 1°5 . in diameter, single or e
united in pairs or chains of 4—8, or even longer straight
or curved chains ; causes the lethargy (flacherie, flacci- Lethargy.
dezza, maladie de morts-blanes) of the silkworms which
appeared about 15 years ago, and since then has broken
out with great violence from time to time.

* Société de biologie, Stance du 2 Aodt, 1884,
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The living animal shows diminished appetite, and becomes
languid ; soon after death the bodies become soft and almost
fluid ; after 24—48 hours they present a dark colour, and
become filled with gases and blackish brown putrid funid.
The disease appears to develop *“spontaneously”™ under
unfavourable hygienic conditions—bad ventilation and food,
&e. ; it is also propagated by infection. The disease can be
set up in healthy animals by feeding them with dust from
affected localities. In the digestive tube of the diseased and
dead animals, especially in the juice of the stomach, these

o ﬂ micrococel are constantly present in
sl large numbers, and other bacteria also
scoa, o700, appear shortly before death. Never-
Ehnaﬂnbu theless there is no proof that all the
S morbid symptoms can be explained by

o ':E,n,,r"" the distribution of the microcoecei in the

Fig. 50.—Micracoecus P0dY: or that the minutest number of
bombyeis (afterCohn) the isolated organisms can induce the
i 600, disease; there is, therefore, a possibility
that other bacteria more difficult to demonstrate are the true
exciting agents of the disease. .
Nosema bowmbycis (Micrococcus ovatus, Panhistophyton ovatum,
corpuscules du ver a soie), the cause of the pebrine (Galtine,
Fleckenkrankheit, maladie des corpuscules) of the silkworms

= may be included here, although

5 JQ 2 from the size and form of the
L %ﬁ'"';"'& organisms, as well as from the

Qp a-a o impertect knowledge of their
i) aﬂ g g 5 developmental history, we are
' i) still doubtful as to their proper

Fig. 51.—Nosema bombycis Place. In the blood and in all

X 500, the organs of the diseased worms

e, Nosema cells. we find highly refracting oval cells,

b, urates which are usually 34, long, 2 u. broad; for the
present in the prepara- : ¥ ;

tions. (After Duclaux.) most part isolated, at timesunited

in pairs or masses. They were

firet discovered by Cornalia, and subsequently described by

Lebert, Nigeli, and Pasteur. Recently Metschnikoff has

supported the supposition formerly entertained, that the

exciting agents of pebrine belong to the psorospermese.

The disease is characterised by the appearance of blackish
patches on the skin of the caterpillars. At the same time the
appetite diminishes and the worms become more slender and
watery ; the silk organ swells up in a garland form, becomes
opaque, and the diseased worms furnish no coccoons, or only
very weak ones; finally, they die after a short time. The
whole organs then appear to be infiltrated with the * micro-
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cocei”; the organisms are also found in the eggs of the butter-
flies, and by means of these infected eggs the hereditary
transmission and the continuance of the disease iz provided
for; for otherwise, on account of the slight resisting power of
the micrococei, they would be in danger of disappearing.
Pasteur has demonstrated experimentally that the disease
may be transmitted by micrococel contained in the food, or
by their penetration through injured parts of the skin, and
that currents of air, handling by the breeder, &c., may lead to
the spread of the infective germs.—As prophylactic means
the plan introduced by Pasteur is now generally adopted;
the butterflies which are laying eggs are separated in pairs,
and after copulation and the laying of the eggs, are examined
as to the presence of the characteristic “mierococel.” If
the latter are found the eggs are destroyed, and not employed
for breeding.

To this group also belong some infective wound dis- Koch's micro-
eases in animals which were investigated as fully as fofostive ™
possible by Koch by mieroscopical observation at a time Jourd
when no trustworthy methods of cultivation were known. lower animals,

Micrococeusof Progressive Necrosis of tissue in Mice.—

Round cells, 0°5 p. in diameter,usually arranged in beautiful

and regular chains, at times
massed together in thick
groups (fig. 52), causes ne-
crosis of the tissue; as far
as the micrococei reach no
blood or connective tissue
cellsremain intact, and even
the cartilage cells are de- i 4 i
stroyed. The gangrene ex- Fig. 52.—Micrococei of progressive
tends from the point of Kp5° CRCRBBRR AN TUGeE LS
inn{:ulatiun, and sooncauses a, cells of the cartilage of the ear.
death (in about 8 I'III.}'E) : b, chain forming micrococei.

the blood and internal organs remain free from miero-
cocel,  From their behaviour we must assume that a
soluble noxious material is produced by the vegetation of
t!:a cocei.—The disease was obtained by Koch by inocula-
t!un of putrid material on the ear of mice; at the same
time, however, baeilli which caused septicemia were always
inoculated, and led to the death of the animal ; it was
not #ill field mice, which are immune against the

14
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bacillar septiceemia, were inoculated, that the course of
the disease could be observed undisturbed by the pre-
sence of other bacteria.

Micrococcus of Progressive Abscess Formation in
Rabbits.—Minute cells, only about 0°15 p. in diameter,
generally in thick cloud-like zooglea masses (fiz. 53).
It was obtained by injection of putrefying blood into

Figr. 533.—Micrococens of progressive abscess formation in rabbits
(after Koch) x 700.

Border of a cheesy abscess :—
a, cloud-like mnsses of zooglaa.
&, smaller colonies of micrococei.
¢, nuclei.

rabbits ; an extensive abscess formed at the seat of
injection, and caused the death of the animals in about
12 days. No bacteria are present in the blood ; a finely
granular mass is found in the cheesy contents of the
abscess ; the wall of the abscess is formed of a thin
layer of microcoeei united in dense zooglea masses ;
towards the interior of the abscess the zooglea appears
to degenerate and die. Nevertheless the contents of
the abscess are infective, and set up the same disease
in healthy rabbits.

Mierococcus of Pyemia in Rabbits.—-Round cells,
0°25 p. in diameter, for the most part single or united
in pairs; they tend to surround and enclose the blood
corpuscles in a characteristic manner (fiz. 54). The
disease in question was obtained by injection of fluid
used for maceration ; on post-mortem examination there
was great infiltration around the seat of injection, peri-
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tonitis, metastatic deposits in the lungs and liver—in
short the appearances of pyemia. In the capillaries of
all the organs investigated dense micrococcal masses,
with enclosed blood corpuscles,
were found; likewise in the me-
tastatic deposits, where they had
passed out of the vessels and at-
tacked the neighbouring tissues.
In the blood of the heart and of
the larger vessels numerous miero-
cocel were likewise present, but,
in consequence of the numerous
thrombi, they were not so numer-
ous as in other septicaemic diseases. o st

Healthy rabbits were infected suc- pymmia in rabbits
cessfully by inoculation of blood (¥ ter Koch) x 700,
essel from the cortical
from the heart, &ec., but larger part of the kidney:—
doses (1—3 drops) caused death “ m:fl'f{*“f L
more rapidly (40 hours) than & micrococei.
small quantities (1Y) drop), on account of the relatively
small numbers of cocei in the eireulating blood.
Micrococcus of Septicemia in Rabbits (compare above
Streptococeus Charrin).—Oval cells, 0°8—1°0 p. in
greatest diameter. They do not cause coagulation in
the blood, and never enclose the blood corpuscles, but

Fig. 55.—Mierococcus of septicamin in rabbits (after Koch) x 700.

Part of a glomernlus:— :
At a the capillary vessel with micrococe.

push them to one side (fig. 55). The disease was
obtained by Koch by injection of meat infusion ; after
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death slight cedema was found at the seat of injection,
small extravasations of blood, marked enlargement of
the spleen; no embolic processes, no peritonitis. Masses
of mierococei were found obstructing the capillaries of
various organs, more particularly in the glomeruli of the
kidneys. Inoculation of the blood of the heart trans-
mitted the disease to rabbits and mice, but only when
considerable quantities (2—10 drops) were used.

C. SarrorpuyTIic MICROCOOCT.

Some micrococei set up fermentations, or peeuliar
decomposition products, when growing in suitable media.
To these belong :—

Micrococens Uree.

Mierococei 0°8—1°0 p. in diameter, often grouped
together in the form of diplococel and tetrads, fre-
quently also in longer chains. In plate cultivations,
according to ILeube, white mother-of-pearl-like spots
about the size of a hemp-seed, with smooth surfaces
and sharply defined margins, are formed on the gelatine
within 24 hours. In 10 days the colonies have attained
the size of about a 20 pfennig piece (about tha size
of a sixpenny piece). They project somewhat above the
surfuce, and resemble a drop of stearine which has fallen
on the gelatine. The circular colony gradually breaks up
into several portions divided by fissures, and each of thesc
forms a zooglea, which gradually increases in size.—
Under a low power the border of the colony

%ﬁa}% appears finely granular ; further towards
e ?ﬁﬂ%ﬁm the centre it is completely opagque.—The

Fig. 56 —Micro- gelatine is not liquefied. Along a pune-
G imewurim X lure in gelatine the cocei form a thin

' tenacious thread. In old cultivations a
heavy paste-like smell is developed. ‘

If a small quantity of the cultivation is introduced
into urine, or into a solution of urea, an energetic decom-
position of urea into ammonium earbonate occurs.
Pasteur and van Tieghem regarded micrococei as the
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active causes of this dehydration, and gave to this
organism the name of M. urea; ILeube has recently
shown that a large number of bacteria (such as sarcine
from the lungs, and several bacilli which are found in
ammoniacal urina—see under *‘bacilli”) can set up
the same decomposition with, to some extent, the same
energy. In the author's laboratory another coceus was
isolated from decomposing urine, which, like the preced-
ing, causes an energetic fermentation of urea, but shows
certain differences in the characters of growth ; more
especially it liquefies the gelatine.

Micrococcus uwree liquefaciens.

Spherical cells, 1-25—2 u. in diameter, single or
forming chains of 3—10 individuals or irregular groups.
On gelatine plates they form in two days small white
points, which under a low power appear as dark-
arey -circular dises, with sharply defined borders.
When they reach the surface the colonies become
markedly larger; when magnified 80 times they have
- the appearance of dises of a yellowish-brown colour,
which often contain in their middle a dark nuclens—
the deeper portion of the colony; the surface of the
dises is distinetly granular; the borders gradually
assume a wavy character, at the same time gradual
liquefaction of the gelatine occurs. In the puncture
cultivation a white confluent layer is at first formed along
the needle track, then liquefaction of the gelatine soon
occurs, and extends to the wall of the glass ; finally, the
half or the greater portion of the tube becomes filled with
a whitish turbid fluid, at the bottom of which a thiek
whitish-yellow deposit lies.

It might appear doubtful which of the two cocei deseribed
above was the one referred to in the ohservations published
Fm'm_[rrlg,' at a time when a definite isolation of the individual
species was not possible.  Nevertheless, the circumstance
that in Leube's elaborate experiments the organism first
deseribed was chiefly met with in the great majority of cases,
15 in favour of the view that former observers were working
with it.—From the numerous contributions to the biology

A micrococens
nres which
lignefies the
gelatine,

Biological
propertics of
the micro-
COCCIE nram,
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of this organism which have been furnished by Pasteur
van Tieghem, Musculus, v. Jaksch, and others, we learn that
the alkaline reaction which occurs in no way interferes with
the development of the organism. The fermentation con-
tinues till about 13 per cent. of carbonate of ammonia has
been formed. Artificially prepared solutions of urea, to
which the necessary salts have been added, are rapidly
decomposed in the same manner. According to v. Jaksch
the best artificial cultivating fluid consists of 3 grammes of
urea, 5 grms. of tartrate of potash and soda, 0012 grms. of
monophosphate of potash, 0°06 grms. of magnesium sulphate,
dissolved in 1,000 cem. of water. The best temperature for
Musculuz’s  development lies between 30° and 53° C.—Musculus has
{;’:i’l':f“t of attempted to show that the ferment of the ammoniacal fer-
. mentation can be separated from the microcoeci which pro-
duce it, just as the inverting ferment can be separated from
the yeast. By precipitation of urine containing much mucus
from cases of catarrh of the bladder by means of absolute
aleohol, and subsequently drying and pulverising the pre-
cipitate, Musculus obtained a substance soluble in water
which converts urea very energetically into carbonate of
ammonia. Leube was able, nevertheless, to show that pure
cultivations of Microe. ures filtered through plaster cells are
inactive, that thus the ferment whicdh was isolated is not
produced by the organisms, but has perhaps some other
souree of origin.
According to v. Jaksch and Billet the micrococeus shows
a great variety of vegetative forms in that it can also give
rise to rod-shaped forms, which again become changed into
chains of cocci. These observations were made on cultiva-
tions in which there was no guarantee for their purity, and
could not be confirmed either by Lenbe or in the author’s
laboratory.

Leuconostoe mesenterioides.

Recognised by Cienkowski and van Tieghem as the
cause of the so-called frog-spawn fermentation (Frosch-
laichgdlrung) of the beet juice and molasses in sugar
factories. Forms chains of cocei, which are surrounded
by a thick tenacious gelatinous envelope ; large compact
velatinous masses ultimately arise by union of numerous
chains. When the nufritive materials are becoming
exhausted, the majority of the cells die; some however,
which appear to be larger, with thicker walls and more
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highly refracting, remain as arthrospores, and develop
in fresh nutritive solutions to new coccus chains.

The organism grows on the surface of carrots or beet-
root in the form of thick massive gelatinous cakes, of
cartilaginous consistence. It also flourishes in solutions
of grape and cane sugar, to which nitrates and phos-
phates have been added. Cane sugar is in the first
place converted into glucose, by a ferment formed by the

Fig. 57.
Leuconostoc mesenterioides, (After Zopf.)
1, 2, 3, 4. Buccessive stages of division of the cocei and formation of
the gelatinons material. 5. A collection of small zooglea. 6. Section
through an older zooglma mass, containing fairly long torula-like

threads. 7. Chain of cocei, showing spores here and there, the spores
heing larger than the cocei,

organisms. When the organisms develop luxuriantly,
enormous quantities of sugar can be assimilated in a
relatively short time and converted into the substance of
the organisms, chiefly into the gelatinous material. This
material is described by Scheibler as “ dextran,” and the
whole process, which may be very hurtful to the manufac-
turers of sugar, is included under the term “ dextran fer-
mentation.” Nothing is as yet known as to the growth
of the organism on the ordinary solid nutritive media.
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Micrococcus viscosus.

Pasteur * has found a micrococcus which seems to be
the cause of viscosity in wine (vin filant) ; the diameter
of this organism is only 0°2 ., and it is arranged chiefly
in the form of chains. It grows in the most various
saccharine fluids, and converts them into a viscoid and
tenacious mass ; a form of gum is constantly developed,
to which Béchamp*t has given the name of viscose.
Nothing is definitely known as to the morphology and
characteristics on cultivation of this organism. Cocci
have been found by Schmidt-Milheimi in tenacious
milk, which were possibly the cause of this abnormality.
The coeci measure about 1 p., and often lie in chains
like strings of beads, containing 15 or more individuals.
The decomposition does not appear to be the same as in
the case of the viscous wine, for no mannite and no car-
bonie acid are formed; the mucus is closely allied to
that of plants. Cultivation experiments are wanting.

Micrococcus Prliigert.
(Bacterium Pfliigeri, Ludwig.)

Mierococei § to 1 p. in diameter, for the most part in
zooglea masses. They were first observed by Pfliger,
later by Lassar, Ludwig, and Nuesch, on phosphorescent
meat (from slaughtered anlmals, fish, &e.), the surface
of which was covered with a luminous slime. The
cocei are also said to grow on boiled white of egg and
potatoes, on which they also develop their peculiar
luminosity. Further statements as to the conditions
of cultivation, &e., are wanting.

Micrococcus fotidus.

Found by Rosenbach in carious teeth. Very small
oval somewhat irregular cocei which stain badly with
aniline dyes. They could not be cultivated in stroke
cultivations on agar jelly, but on the other hand grew

* Bull. de la Soc. Ch., 1861, 30,

t Compt. rend., T. 93.
I Pliiger’s Archiv, 1882, vol. 27, p. 400,
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on exclusion of air at the bottom of nutrient agar, the
arowth being accompanied by the development of gas
and foul smell.

Mierococei of Putrefaction.

Besides the forms already mentioned there are pro-
bably a number of micrococei which play some part in
the ordinary processes of putrefaction. At the com-
mencement of putrefaction more especially, and also
when it occurs at a moderate temperature, micrococei of
varying size and arrangement are always observed in
enormous numbers in the substrata; they multiply
actively for some time, and must exert some preparatory
or direct action. Isolation of these organisms, and the
determination of their special action and the part they
play in the process of putrefaction, must be the subject

-.' A 3
oo Om o =
SFEP 2t 7 ﬁ_fﬁ.
:% "-= l{ - B E‘ - . ‘
Fig. 53A.—Micrococei of varions sizes  Fig. 588.—Micrococci
from putrefying blood x 700. arranged in tetrads
- > 700,

of subsequent investigations. Fig. 584 shows some of
these micrococeus forms from blood which had stood
for 4 days at about 10° C.; fig. 588 shows micrococei
arranged in fours which had developed in wound secre-
tions in man (both after Koch).

Some saprophytes arve of interest to us because they
are frequently found as accidental colonists on the jelly
plates and on other nutritive substances ; they are evi-
dently very widely distributed in our surroundings, and
can enter the cultivations from the air or by contact
with a great variety of substances. Hence the forms
deseribed here represent only a small selection from the
micrococei which have been met with in the Laboratory
ab Gottingen. A more complete description will shortly
be published in another place.
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Miecrococcus candicans.

Moderately large micrococei, completely round ; unite
together to form irregular masses. In gelatine plates
the colonies lying in the substance of the jelly present
after two days the appearance of white dises with a
tendeney to yellow 0°'4—0'5 mm. in diameter ; those
which lie on the surface form within the same time pure
milk white flat colonies like drops of varnish, and with
a diameter of 2 mm. or more. Under a low power the
deep colonies are quite circular, with smooth margins,
and of a dark blackish brown colour with indications of
a granular surface; the superficial colonies present
irregular contours, often indented and sinuous; the sur-
face is finely granular, and in correspondence with this
shows under a somewhat higher power (100 diameters)
a finely jagged border. In the middle the colonies are
dark brown, but become clearer towards the border,
which is quite transparent. In puncture cultivations
there are confluent white masses and a knob-like eleva-
tion (nail cultivation) on the surface at the entrance of

the canal.—An extremely frequent impurity on plates,
&c.*

Micrococcus cinnabareus.

Large spherical micrococei often in the form of diplo-
cocei, each half however being completely round ; often
arranged in threes and fours.—Grows extremely slowly ;
after 4 days the colonies lying in the depth are punecti-
form and just recognisable, while those placed super-
ficially have attained a diameter of 0'5—1 mm. ; after
about 8 days the latter are elevated above the gelatine
in a knob-like form. The colonies appear at first of a
light wax-red colour, later cinnabar red. Under a low
power the youngest deep colonies are egg or lentil-
shaped, with sharp contour, and of a dark reddish-brown
colour. The superficial colonies are light brown, trans-
parent at the margins, round but with a somewhat
irregular contour, due to projecting heaps of cocei.—In

#® Gottinger hygienizches Institut.
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the puncture cultivation white colonies, which remain
isolated, form in the deeper parts after 4 or 5 days;
on the surface there is a moderately large knob, at first
rose-coloured, and later of a cinnabar tint. The gela-
tine is not in the least liguefied. The growth is some-
what slower on potatoes.—It occurs frequently as an
impurity on old cultivations.

Micrococeus flavus liquefaciens.®

Comparatively large cocel, arranged for the most part
in twos or threes, or also in masses. They form small
yellow colonies on gelatine plates after two days, around
these a shallow depressed zone ean be seen (similar to
the Staphyloe. aureus). The youngest colonies are
(as seen under a low power) cireular or oval, or also at
some parts irvegular; their surface is finely granular;
their contour sharp but finely toothed ; their colour
vellowish brown. The superficial colonies, which are
already causing liquefaction, and are distinetly yellow,
still show the remains of the deep colony in the centre ;
the border forms a ring with a sharp outline which is
here and there interrupted by heaps of coeei, and ulti-
mately several neighbouring colonies coalesce. The
ring is separated from the centre by a broad clear zone,
in which we see isolated, radially arranged lines of
cocci. The whole colony has in this stage a diameter
of 4—6 mm., and resembles microscopically the wheel
of a waggon.—In test tubes spherical yellow colonies
appear in two days along the puncture track; these
become confluent, and soon liquefy the jelly, so that
after 8 days the tube contains an upper zone filled
with clear fluid with the yellow masses of organisms
at the lower part.—It is comparatively common.

Micrococcus flavus tardigradus.

Large spherical cocci, showing at times peculiar dark
poles ; for the most part arranged in masses. Grows
extremely slowly. After 6 days the deep colonies in

® Gittinger hygienisches Institut. + 1hidd,
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gelatine plates have attained the size of 0'4—0'6 mm.,
are of a dark chrome yellow colour, round or oval; the
superficial ones have a smooth wax-like surface, measure
ultimately §-—1 mm., and project at their middle some-
what above the gelatine. Under a low power the deep
colonies present a sharp, smooth contour, and a uniform
dark olive green colour; in the superficial ones the
colour becomes lighter and more of a gréyish yellow
tinge towards the margin.—In the puncture it is not
till after 6—8 days that arow of minute yellow colonies,
which form balls and remain isolated, can be noticed.
The gelatine is not at all liquefied.—ILess common than
the forms mentioned before; often occurs along with
M. cinnabareus.

Mierocoecus coronatus.®

Cocei somewhat more than 1 g, in diameter, single
or arranged in short chains or masses.—On gelatine
plates the colonies appear on the second day as whitish
yellow points ; those which lie superficially project some-
what above the gelatine, and are surrounded by a slightly
depressed zone. The deep colonies appear, when magni-
fied 80 times, as very dark opaque sharply defined plates.
In the superficial ones the remains of the deep colonies
are altered in a peculiar manner; at two or three places
of the dise, which was formerly circular, short pointed
processes project at equal intervals from the periphery ;
the remains of the deep colonies which have become
broadened out in this peculiar manner are of a dark
colour, but are now smrrounded by a broad yellowish-
brown border, the superficial extension of the cocei.
On the following day the gelatine is liquefied in the
neighbourhood of this border; a ring has formed at a
certain distance from the dark centre, and surrounds
the original colony like a erown or halo. At times the
colony lies somewhat excentrically in the ring, which is
then more of an oval form. Between the ring and the

* Gittinger hygienisches Institut.
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original colony there is clear fluid. A low power shows
at this stage that the contour of the original colony is
no longer quite sharply defined, the ring having an
irregular margin and granular surface.—In the punecture
cultivation the growth and the liquefaction of the gela-
tine does not present much that is characteristic.—The
organism was several times met with in examinations
of air.

Micrococeus radiatus.

Micrococei under 1 . in diameter, at times arranged
in short chains, more frequently in small masses.—
Even in 24 hours they form visible colonies; after two
days they are almost 1 mm. in size. They have a white
appearance with a yellowish green lustre; under a low
power they are yellowish brown with sharply defined
contours, granular, round, or with somewhat irregular
borders; at times they form a series of out-growths,
so that they appear like star-fish. In the middle a
small remnant of the deeper part of the colony usually
persists as a dark centre. At this stage the colonies
sink a little into the gelatine, which has become gra-
dually somewhat liquid, and after one or two days more
a very delicate regularly arranged circle of rays has
been formed from the out-growths; from the centre
thickly packed delicate threads project with a radial
arrangement, and these increase somewhat in breadth
towards the periphery, and thus almost run together to
form a ring ; a true sharply defined ring is however not
formed, but the irregular ends of the rays lie more
regularly near one another. After two or three days
more a secondary circle of rays has developed from the
periphery of the first, and eventually a third is formed ;
the radial rays are then however shorter, and the
arrangement more irregular. The whole colony occupies
at this stage a circle 1 to 1'5 em. in diameter.

This organism also grows in a characteristic manner
in test tubes, and here also the formation of rays be-
comes noticeable. Along the course of the line of ino-
culation isolated centres form from which projections
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extend in a horizontal direction, so that the line has a
pinniform appearance. At the same time a funnel-
shaped area of liquefaction forms at the upper part, but
this is very pointed and spreads relatively slowly.

Microcoeccus flavus desidens.

E::E‘l:f‘;ing Small cocei for the most part arranged as diplocoeci,

MICTOCOCCIE, but also in tl'iﬂﬂglﬂﬂ and short chains.—After two dﬂ.}"B
the colonies on nutrient jelly present the appearance of
whitish yellow points, which, under a low power, appear
as oval plates often projecting on one side, yellowish
brown, finely granular ; those which lie superficially have
a lighter zone towards the margin. After four days the
deeply lying colonies have undergone but little alteration,
they have only become more distinct. The superficial
ones are now 5—10 mm. in size, but present a round
form with various projections and a dull yellow colour
passing into brown; they form a smooth mucous
layer on the gelatine, and they neither project above it
nor lie markedly below the surface. It is only on
touching it that it becomes evident that the gelatine is
softened and has become pulpy in the neighbourhood of
the colony; after two days more this also becomes evident
by a moderate sinking in of the colony, which is then
surrounded by a very flat depressed ring 2—4 mm. in
breadth (hence the name desidens — slowly sinking in).—
In tubes a confluent mass of poreellanous white appear-
ance is formed in the depth of the puncture canal; on
the surface a yellowish brown slimy deposit, which does
not however reach to the walls of the glass. Aftereight
days the gelatine below the deposit is so far softened
that a eylinder filled with thick fluid has been formed
3—4 mm. in height, and of the diameter of the super-
ficial deposit, to the bottom of which the latter then
gradually sinks down.— Repeatedly observed as an
accidental contamination on plates.

Micrococcus versicolor.

Vorsicolonred  Small coeci arranged in pairs or in masses. They
mMICrococrng,
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form white points on gelatine plates after 24 hours;
after two days, yellow colonies, spherical when lying
deeply, up to 1 mm. in size, circular under a low power,
with sharp contours of yellowish green colour, opaque,
finely granular. The colonies which lie superficially
form flat deposits 2—6 mm. in size, increasing even to
10 mm. after four or five days, of irregular form, often
almost quadrilateral, as a rule approaching this form
very closely, and with an irregular outline. The deposit
is gelatinous, glistening at the surface, and yellowish
oreen, but according to the illumination there is a
greenish and bluish shimmer like mother of pearl. In
the middle of the deposit there is often a somewhat
projecting knob, the remains of the deeper part of the
colony. Along an inoculation puncture small spherical
colonies of a yellow colour are formed; on the surface
a deposit with irregular margins as if eaten out and
changing colour like mother of pearl.—Common.

Micrococcus viticulosus.™®

Micrococei with a very peculisar mode of growth Micrococens
observed by Katz in the Hygienic Laboratory at Gittin- Sl
wgen. They are somewhat oval, and measure about 1-2 p.
in the largest and 1 . in the smallest diameters; they
always form thick zooglea musses, but without parti-
cularly marked development of gelatinous material. On
gelatine plates their growth is quite different according as
the colonies develop in the substance of the material ot
on the surface. In the first case fine hair-like tendrils
develop from a centre, which soon however becomes
scarcely noticeable, and these form an extremely fine
and delicate meshwork and extend widely. Under the
microscope we see that these processes do not have
smooth contours, but are markedly bulged out; they
consist of numerous spherieal large or small zooglea
masses arranged in rows like a string of beads.—If the
threads reach the surface, or if from the first the colonies
lie near the surface, a thin deposit is formed of a muddy
white appearance and gelatinous consistence, and spreads

¥ — sirrous,
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very rapidly. This deposit often spreads along the
threads which run in the deeper part of the gelatine,
or sends here and there fine threads into the deeper
layers of the gelatine.—In the puncture and stroke culti-
vations the same appearance is repeated ; in the deeper
part a delicate network of threads is formed, but this is
soon obscured by the more quickly growing superficial
layer ; this network spreads out from the inoculation
track in the form of rays like the plume of a feather.—
This organism has as yet only been met with once, and
then as an accidental impurity.

— — ..

Some rarer cocci which attract attention by the pro-
duction of colouring material may also be mentioned
here, although they are for the most part as yet insuffi-
ciently known, and do not perhaps all belong to the
microcoeei. (M. cinnabareus, flavus, &ec., see above;
Micrococcus prodigiosus, see Bacillus prodigiosus.)

Micrococcus luteus.®*—Cells about 1 x. in diameter, elliptical,
highly refracting. Form yellow drops, 1—3 mm. in diameter,
on slices of cooked potato; on fluid substrata they form thick,
yvellow, wrinkled skins. The pigment is insoluble in water.

Micrococeus aurantiacus—Oval bodies, 1—5 g in diameter,
occurring singly or united in pairs, in fours or in zooglea
masses. Orange-yellow spots, which finally form an unin-
terrupted layer, especially on boiled white of egg; a thick,
golden-yellow layer on nutrient solutions. Colouring matter
soluble in water.

Micrococeus chlorinus.—Occurs in the form of a finely
oranular zooglea ; forms yellow or greenish layers on nutrient
solutions and boiled eggs. Colouring matter soluble in
water, decolourized by acids.

Micrococeus eyaneus.—Elliptical spheres, giving to nutrient
solutions and slices of potato an imtense blue colour. The
colouring matter is very similar to that of litmus; it is
soluble in water, becomes red with acids, and again assumes
the blue colour on neutralisation of the acid by ammonia.

Micrococeus violaceus—Elliptical cells, larger than Mic.
prodigiosus, often united in chains, form violet blue gela
tinous clumps and patches on boiled potatoes.

# All described by Schriter, Cohn's Beitrdge sur Biologie der Pflanzen,
Bd. 1, Heft 2.
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Micrococcus fulvus.—Spherical cells 1'5 u. in diameter,
frequently united in pairs, with tough intercellular sub-
stance. Form rusty red drops of firm consistence and about
+ mm. in diameter on horse dung (Cohn, Beitrige, Bd. 1.

Hit. 3).

To the pigment-producing micrococei belong also—

Micrococens hematoides.

Discovered by Babes as the cause of red sweat (suewr rouge). Micrococens
Microecoecei 1 . in length and 06 g.—08 u. in breadth, united of red sweat.
by a gelatinous zooglea mass of a uniform red colour. These
zooglea masses surround the hairs on those parts of the body
where the red sweat is formed, e.g., the axilla. The coeci
can be stained by Gram's method; they grow on white of
egrat 37° C., and here also produce the red colouring matter.
which has similar reactions to that formed by Bacillus
prodigiosus.

Sarcina lutea.*

Round cells more than 1 p. in size, which divide in Yellow
three axes; the daughter cells remain united together, =
and thus packet-like colonies are formed resembling
corded bales of goods; these again may be united
together in larger packets. When sown on gelatine
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Fig. ﬁﬂ:--—E{er:i;lu » 600, Fig. 60.—Sarcina X 650.
Drawnas if lying in one plane. Diagrammatic picture.

plates the colonies form in two days vellow points which
are just visible, and which under a low power present
th*ﬂ form of irregular plates in part lobate and furnished
with Prﬂj‘{ﬁtiﬂ‘ﬂﬂ grey in colour but transparent towards
the margin. In punctures and strokes on gelatine,
agar, and slices of potato, a slowly growing yellow
confluent mass is formed. It is not uncommonly
obtained from the air as an accidental impurity. ‘

* Hygionio Laboratory at Géttingen,
15
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Sarcina awrantiaca.

Observedin Koch's laboratory, and frequently employed
in disinfection experiments. (Mitth. a. d. Kais. Ges. |
Amt, vol. 2). On nutrient jelly it forms slowly grow-
ing orange yellow colonies with gradual liquefaction of
the gelatine. A more detailed description is wanting.

Sarcina ventriculi.

Discovered by Goodsir in 1842. Is found in the
contents of the stomach in man and animals, and
especially in the vomit; is most frequently observed
in those cases where there are intense fermentative
processes favoured by retention of the contents of
the stomach; colourless or yellowish brown, round or
slightly oval cells, with an average size of 2'5 p.,
united in groups of eight forming small eubes rounded
at the angles; these are bound together to form larger
packets.

Falkenheim has recently obtained cultivations of this
sarcina on gelatine plates; they formed after 86 to
48 hours roundish, for the most part prominent,
colonies of a yellowish colour. On microscopical ex-
amination colourless spherical cocei 1'5 p. in diameter
were found in these cultivations, as well as numerous
diplococei and tetrads, but no cubical packets. Growth
also oceurred on other nutritive media, potatoes, blood
serum, &ec., but the arrangement of the cocei charac-
teristic of sarcine was not present. On the other hand,
this arrangement was well marked in cultivations in
neutralised hay infusion, which showed after 24 hours
brownish floceuli and a seum consisting of small brownish
scales. In the scum as well as in the flocculent deposit
were numerous sarcina packets with a distinetly eubieal
arrangement. On the addition to the hay infusion of
2 per cent. of cane or grape sugar growth was very
luxuriant.

If the hay infusion was decolourised with animal
charcoal, and then a solution of litmus added, it became
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evident that an acid reaction was produced by the
vegetation of the sarcine. Falkenheim was also able Ioedine
to confirm the observation made by former writers, that FUGCROE,
the outer membrane of the sarcina cells gives a cellulose
reaction with iodine and sulphurie acid, or with a solution

of iodine and chloride of zine. If a little fluid contain-

ing sarcine is placed on a slide, and a drop of Schultze's
solution of iodine and chloride of zine is added to and
mixed with it, and if a cover glass is placed on the
Huid, the outer membrane of the cells is seen after some

time to present a distinetly reddish violet colour. Aniline

dyes, which are as a rule very greedily taken up by the
sarcinge, and must therefore be employed in very dilute
solutions, stain the contents of the cells. Nueclei cannot

be demonstrated in the cells.

For the present it is doubtful whether this Sarcina
ventriculi is identical with the Sarcina lutea desecribed
above, and which is everywhere present. Comparative
cultivations and comparative measurements of the size of
the individual cells are as yet wanting ; the fact that in
Sarcina lutea distinet cubical arrangement of the cells
occurs in gelatine and potato cultivations, points for the
present against any such identity.

There are many statements (varying somewhat with Ocourrence of
regard to the size of the cells and the composition of Sarcma
the packets,) as to the occurrence of sarcinm i i

packets, ® 1n other
parts of the human and animal body, in the sputum and
pulmonary tissue, in the urine, in the blood, &ec., as
well as outside the body on the most various nutritive
substrata. In the first mentioned cases it is probable
that micrococei arranged in fours, especially micrococcus
tetragenus, have been mistaken for sarcinm. Whether
in the other cases other species of sarcinm than those
d}*ﬁcribed here have been present cannot in the mean-
time l:r_c decided.—Zopf has found in the emeum of Zopf's Sareina,
domestic fowls a species called by him Sarcina in- ntestinalis.
testinalis, the colonies of which, however, do not form
cubical packets, but plates composed of tetruds corre-
sponding to the vegetative form merismopedia, but
eventually arranged in several superimposed layers and

e e
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then representing a true sarcina—The Sarcina lito-
ralis Reitenbachii hyalina, formerly reckoned here, has
apparently only a merismopedia-like arrangement of
the cells, and its other characters as well as its relation-
ship to the algme or to the bacteria are as yet doubtful.

In pus, secretions, &c., of the human body, the
following micrococei have also been occasionally observed
as saprophytic parasites; their characteristics must
however be more fully worked out.

Micrococeus cereus albus.

Cocei 1°16 p. in diameter, single or in groups, at
times also arranged in short chains. They form white
points on gelatine plates during the first few days ; these
subsequently spread out on the surface and ultimately
attain a size of 1—2mm. In stroke inoculationsa white,
dull stearin or waxy-like layer is formed with somewhat
thickened, irregular margins. On blood serum a greyish
white dull line appears along the line of inoculation ;
on potatoes a greyish white layer of medium thickness.—
Found by Passet on pus, but probably without pyogenic
properties, as injections and inoculations of the culti-
vations into animals produced no results.

Micrococcus cereus flavus.

Mieroseopical characters and growth in cultivations
like the foregoing, only the colour of the colonies soon
passes from the original white to a dark citron yellow.—
Also isolated by Passet from pus; without pyogenic
action.

Micrococeus citreus conglomeratus.

Observed by Bumm in pus from blennorrheea, and
also in dust from the air. Forms firmly agglomerated
masses which resemble tuberculated knobs ; if these are
crushed and diluted with much water we see diplococei,
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which have the tendency to unite in fours, and which
very much resemble the micrococeus of gonorrhcea.
The average size is 1°5 p.—Forms citron yellow
colonies on gelatine, which extend over the gelatine like
a tongue, and are raised like a wall at the margins ; the
surface is at first moist and slimy, later eracked and
sealy.—Inoculation on animals produces no effect.

Mierococeus lacteus faviformis.

Frequently found by Bumm and Bockhart in the
vaginal seeretion, also in the secretion from the cervix,
in sputum, &e. In these materials it usually forms
isolated diploeocei; preparations from ecultivations, on
the other hand, present a peculiar honeycomb appearance
(hence the term faviformis), the individual diplococei
lying side by side with their long diameter in the same
direction. Kach diplococeus measures on an average
125 p. and consists of two hemispheres which are
separated by a fissure ; the latter is narrower than in
the gonococeus, but otherwise there is a great morpho-
logical similarity between the two cocei—It grows
readily on the most various soils ab the ordinary
temperature, and forms small points in the stroke
inoculation, which gradually develop to milk white con-
fluent colonies.—Not infective.

Micrococeus albicans amplus.

Found at times by Bumm in vaginal secretion. Diplocoeci,
which are similar in form to the gonococcus, but are dis-
tinctly larger. Before division the hemispheres may attain
the size of 228 u. Grows on nutrient jelly at the tempera-
ture of the room in the form of greyish-white lines.

Micrococcus roscus.

Obtained accidentally on nutritive substrata from the
dust of the air (Bumm). Diplococei like the gonococeus, but
wibh a broader division between the hemispheres ; size=1—
I'5 u. Grows luxuriantly on nutrient jelly at the ordinary
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temperature without causing liquefaction; forms in stroke
cultivations broad raised stripes, with a moist, shiny, granular
surface, and wall-like raised margins. The colour of the
colonies is a distinet rosy red.

Diplococcus albicans tardissimus.

Cocei which are morphologically completely identical with
the micrococei of gonorrheea ; the concave form of the division
in the diplococel is also present. They stick together some-
what more readily than the gonococel, and form small masses.
They grow extremely slowly on nutrient jelly, the inoculated
track only attaining the breadth of 1 mm. after some weeks.
On blood serum at the body temperature whitish points
develop after 2 or 3 days, which finally form thin greyish-
white spots, with jagged contours and slightly moist surface.
—~Cultivated on several occasions by Bumm from pus from
the urethra, but quite harmless.

A diplococcus has also been cultivated by E. Frinkel* from
vaginal secretion which forms on nutrient agar a delicate
layer consisting of bundles branching off at right angles from
the line of inoculation; it never grows in the deeper parts.
More detailed statements are as yet wanting.

Miller has isolated a coccus from carious teeth which oceurs
singly or in chains, and forms in nutrient jelly luxuriant
spherical colonies, in the neighbourhood of which the gelatine
becomes pulpy; also another which forms irregular masses,
and very quickly liquefies the gelatine so that a funnel-shaped
depression appears in the tubes 4—6 hours after the inocu-
lation, and after 36 hours a broad canal filled with fluid
reaches to the bottom of the glass. See below.

We may also mention—

Asecococeus Billrothii.

The small spherical cells (mierococci) are united to form
peculiar colonies. On the surface of nutrient solutions it
forms a creamy skin in which numerous bodies of spherical
or oval shape can be distingnished even macroscopieally.
Under the microscope it is evident that each of the bodies
consists of an extremely resistant envelope 10—15 u. in thick-
ness, jelly-like and cartilaginous; one or several spherical

* Deutsche med. Woch., 1885, No. 2.
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or elliptical bodies are enclosed in it, 20—70 and more
4. in diameter, consisting of closely aggregated spherical
bacteria, and an uncommonly firm scanty intercellular sub-
stance (fig. 61).

It was first ob-
served by Billroth
on putrid meat in-
fusion, then by
Cohn on ordinary
nutritive solutions ;
in the latter it gives
rise to a cheesy
smell, converts the
original acid reac-
tion into a markedly
alkaline one, and

Fig. 61.—Ascococeus Billrothii X 65.

leads to the deve- Large tuberous cell families surrounded
lopment of consi- & by smaller ones, all of them being em-
 bedded in masses of micrococel.

derable quantities of

ammonia. It develops also on slices of turnip, in the
form of a whitish-green slimy mass; in beetroot juice
it sets up a viscous fermentation.

A development of the gelatinous enveloping substance
to the degree as yet reckoned as characteristic of asco-
coccus has been also observed in various cocei and
bacilli (as in Leuconostoe, in Mic. citreus conglom.,
Clostridium polymyxa, and in various other bacteria not
yet isolated pure). It is doubtful whether the produc-
tion of this marked gelatinous mass is constantly present
in the species mentioned ; at all events, on account of
its extensive distribution, it does not appear sufficient of
itself to serve as the distinguishing characteristic of an
individual species or family.

e T
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II. BACILLI.

(For the characters of the genus, see p. 172.)
A. Baciunr ParsocerNic v Max.
Bacillus anthracis.

(Bactéridie du charbon, Milzbrandbacillus.)

Rods 5 to 20 p.in length, and 1 to 1°25 p. in breadth,
which divide when they have grown to about double their
length. Bacilli are frequently found with a commencing
transverse division in the middle; many are bent at
this place, or are loosely connected, the two segments
forming an angle with each other.—The rods present
somewhat different appearances in preparations which
have been made by drying a thin layer of blood,
of the pulp of the spleen, &ec., and subsequent
staining. The chains of baeilli are then dis-
tinetly segmented ; the individual bacilli do
not show any difference in length and breadth,
but are truncated at the ends, not rounded
off; the segments are not divided by a trans-
verse line, but the clear line of division has a small
swelling in its middle, and the point of union between
the two segments presents a slightly knob-like thicken-
ing. Flagella have not been observed; the rods are
always motionless.—On cultivation on different media
the thickness of the rods may vary somewhat, without
the characteristic form being otherwise altered. Mani-
fold involution forms oceur under unfavourable ecircum-
stances. (See page 157.)

On suitable soil, and at a temperature of about 36°
C., the bacilli form long threads, which may be much
twisted, and often attain 100 times the length of
the original bacilli. After some time small, highly
refracting granules appear at regular intervals in the rod,
and develop into roundish spores, while the threads

Fig. 62.
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become gradually dissolved. The spore has an egg-
shaped form, and is embedded in a spherical transparent
mass. When the spores germinate this mass loses at
first its spherical form, then the swollen external
envelope splits at one pole, and the germinating tube

Fig. 63A.—Anthrax bacilli (after Koch) x 650.

A, from the blood of a guinea-pig.
B, from the spleen of a mouse after being cnltivated for three

hours in aqueons humour,
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Fig. 638.—Anthrax bacilli; spore formation and spore germination.
(After Koch.)

A, from the spleen of a monse after cultivation for twenty-four hours
;?lrzq&dn:o;uﬁab;mour. Spores arranged like strings of beads in the
ﬁ. germination of the spores X 650,
' the same more highly magnified % 1650,

shoots out in the direction of the long axis of the spore ;
the latter at first remains attached to one end of the
young rod.

T]‘:ue] anthrax bacilli are easily cultivated on artificial
nutritive substrata, on slices of potato, on gelatine, on
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seeds of plants containing starch, on juicy roots; they
may also be cultivated and form spores at a suitable
temperature in alkaline urine, in neutralised hay infu-
sion, in meat infusion. They belong to the aérobes, in
so far that they only grow imperfectly when oxygen is
excluded ; attention must also be paid in cultivations to
the great sensitiveness of the anthrax bacilli to an excess
of acid in the nutrient substrata.—In plates of nutrient
jelly they form after 24 to 36 hours small scareely visible
points; under a low power, however, a characteristic
appearance can be seen at this stage; the round, dark,
greenish-black colonies have an irregular wavy contour.

Fig. 64, —Anthrax eolony in gelatine.
a, after 24 hours. b, after 48 hours x 80.

This wavy margin becomes more and more marked as
the growth of the colony increases, and at once becomes
much more distinet and spreads out more quickly on all
sides when the colony has reached the surface of the gela-
tine. Under a low power the dark remnant of the deeply
placed colony can only be seen in the middle; around
this centre, however, there is a light-brown or light-grey
shiny mass, which consists of numerous wavy, curly
bundles, recalling the appearance of the locks of hair on
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the head of a medusa. Ultimately individual threads,

or bundles of threads, branch off from the irregular
periphery, and grow over the gelatine in various direc-

tions. At the same time the gelatine is liquefied over

a small area ; the colonies, which have now a diameter

of 2 to 4 mm., begin to float and break down at their
margins under the action of the fluid formed.—In punec- Puncture
ture cultivations in gelatine a delicate whitish line is cuiivstions
formed along the needle track, from which fine threads

run off at right angles, and grow in a ray-like form into

the jelly, extending furthest on and near the surface, to

a less extent at the deeper parts of the puncture; here

also slow liquefaction begins after two or three days, in

such a way that the radiating branches at first remain,

and it is only in the course of eight days that the

colonies sink to the bottom of the liquefied area, which is

now more extensive.—On the addition of a small quantity

of agar to the nutrient jelly, no liquefaction occurs. On Growth on
slices of boiled potatoes the anthrax bacilli form greyish- other nubrient
white elevated gelatinous depoesits with a rough surface;

these deposits do not extend over the whole surface of

the potatoes, but only spread for 8 to 5 mm. from the

line of inoculation. On blood serum they form whitish

layers; in meat infusion they cause a cloudy turbidity,

which develops by preference at the bottom of the

vessel.

When introduced even in minimal quantities into the Action on
blood of living animals or man by intravenous injection “Himais aud
or subeutaneously, the bacilli cause anthrax, which either
takes the form of local symptoms, anthrax earbuncles,
and then not uncommonly ends in recovery, or appears
as a septiceemia, and then usually rapidly ends in death.

Anthrax was the first ease in which an infective disease
oceurring in man was proved with certainty to be due to
a vegetable micro-parasite, the organism being at the
same time inoculable on various animals, and being thus
suitable for experimental study. The smallest trace of
a cultivation of anthrax bacilli inoculated on mice,
rabbits, guinea-pigs, hedgehogs, sparrows, sheep, and
horses, causes the illness or death of the animals from

—— =
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anthrax, death occwrring in the case of mice after
about 20 hours, and in that of rabbits after 42 hours.
After death the bacilli are found in largest numbers in
the swollen spleen, and also in all the ecapillaries,
especially in the lungs, liver, kidneys, and intestine ; in
the larger vessels, on the other hand, often only single
bacilli are met with.—Certain races of sheep (Algerian),
white rats, dogs (especially adults), and {frogs, are
entirely, or to a certain degree, immune against anthrax.

Fig. 65.—Anthrax, section from the liver x 700.

Cattle are comparatively slightly susceptible to anthrax
after inoculation, but on the other hand readily succumb
to the natural infection, which generally spreads in the
case of sheep and cattle from the intestine as the result
of infection by the food. Non-spore-bearing bacilli do
not appear to be able to retain their vitality in the intes-
tine: on the other hand, it has been shown with regard
to spores that they can sprout in the intestine of sheep,

S e e o
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and penetrate through the uninjured mucous mem-
brane.

In the body of living animals the bacilli mlllltiplg,r only :J;;;:ilyiﬂ]i;;t
by fission, and never form spores. These arise on dead tion.
nutritive substrata, but only under definite conditions,
among which a suitable temperature is the most impor-
tant. The highest limit of temperature is about 43"

C. ; the lowest from 12° to 182 C. ; below 12° C. neither
arowth of threads nor spore formation seem to occur.
Hence if the bodies of animals which have died of
anthrax are buried very deeply in the soil, where in our
climate there is a constant temperature below 12° C.,
spore formation does not occur, and the bacilli them-
selves speedily die without having passed into a resting
form. Pasteur’'s assertion that the bacilli or their spores

are preserved in the buried bodies, and that they are

then brought up to the surface of the soil by means of
worms, is thus wholly improbable. On the contrary, we

have to explain the oceurrence of an epidemic of anthrax,
according to Koch, in the following manner: the germs Mode of
which are distributed sinee ancient times in marshy E‘;mﬂf :
regions, on banks of rivers, &ec., can again develop on baeilli.
suitable vegetable substrata, and there form new spores;

these are carried to pasture lands by floods, and

thus become mixed with the fodder.—This mode of
spread also explains the infection from the intestine,
which is much the most frequent mode observed.
Recently Schrakamp and Friedrich have mentioned the
possibility that the growth and development of the
anthrax bacilli may also oceur in the upper layers of the

goil ; while Kitt regards eattle dung as the chief nutritive
substratum in which the development and spore formation

of the bacilli occurs in the regions infected by this dis-

case. (See the chapter on the exciting agents of disease.)

Of great scientific value is the discovery by Toussaint Artificial
and Pastenr that the anthrax bacilli can lose their patho- i
genic properties by the moderate action of abnormally beeilli
high temperatures, or of small doses of poisonous sub-
stances, while their morphological and biological cha-
racters remain otherwise unaltered. On the mode in
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which the means used for the attenuation are employed
depends apparently the answer to the question whether
and within what time the baeilli can regain their viru-
lence on subsequent continued cultivation under favour-
able normal conditions. The degree of attenuation can
be modified with precision to any desired extent by the
method described by Koch.—The inoculation of suffi-
ciently attenuated bacilli sets up in the case of sheep,
cattle, &e., a mild disease ending in recovery, after which
the animals in question are immune for a considerable
time against the virulent anthrax bacilli (Pasteur’s
protective vacecination).

According to Buchmer the anthrax baeilli are extremely
variable in morphological and biological characters, and by
variations in the cultivations can be transformed, after pass-
ing through a series of intermediate stages, into the closely
allied hay bacilli (Bacillns subtilis), and in like manner the
latter can be converted by suitable cultivations into true
anthrax baecilli. Buchner in the first place cultivated the
anthrax bacilli for many generations in a nutritive solution
containing extract of meat, peptone and sugar; after a short
time these cultivations were only virulent in large doses, but
the baeilli again regained their full virulence in the animal
body ; ultimately they entirely lost their pathogenic pro-
perties, but grew and behaved exactly like hay bacilli. Koch
has shown in the most convineing manner that this supposed
transformation can only have been due to contamination and
the gradual displacement of the anthrax bacilli by the hay
bacilli. Had it been a case of gradual loss of pathogenic
properties, there must have been, in the first place, just as in
the case of the anthrax bacilli cultivated at high tempera-
tures, a less severe and no longer fatal disease; in Buchner's
experiments there was no effect after small doses, while after
large doses there was the complete fatal action ; this circum-
stance, a8 well as the increase of virnlence after passage
through the animal experimented on, corresponds entirely
with the behaviour of impure nutritive substrata containing
only a few infective organisms from which by the culti-
vation in the body the pathogenic organism is again isolated
and cultivated pure.—Buchner tried to carry out the trans-
formation of the hay bacilli into anthrax bacilli by cultivating
the former in the first place in white of egg with a little meat
infusion, and then in fresh rabbit’s blood which was con-
stantly shaken up with air but not sterilised. TFrom such
blood cultivations further enltures were made in meat in-
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fusion, and by the injection of large quantities of the spores
formed in this medinm a fatal disease was obtained in some
cases which Buchner looked on as anthrax. Since it has,
however, been demonstrated that among the so-called hay
bacilli various pathogenic organisms are present which
resemble the anthrax bacilli and give rise to similar diseases
(see page 242), and that in meat infusion and putrefying blood
spores of these pathogenic bacilli often oceur, Buchner’'s
experiments cannot be regarded as convincing ; the disease
which was finally obtained was possibly not anthrax, but
malignant cedema or some other affection. This possibility
becomes a probability when we consider how extraordinarily
constant anthrax bacilli and hay bacilli have proved to be
under the most varied conditions of cultivation in the
hands of those investigators who rightly estimate the magni-
tude of the sources of error in enltivations in fluid substrata.
—Further, Buchner states that he has been able to obtain a
transformation of anthrax bacilli in the first place into an
intermediate form, and then into true hay bacilli within a
very short time (24 hours) by cultivating them at 56° C. in
nutrient solutions composed of meat infusion, yolk of egg
(from old eggs preserved in lime water), and a little alkali.
The yolk of egg was not sterilised, and the inoculation was
made from the spleen of an animal which had died of
anthrax ; thus there were two possible modes of entrance of
extraneous germs, and that such an unintentional contamina-
tion had in all probability taken place is likely from the
totally different results obtained in numerous other cultiva-
tion experiments with anthrax.—Recently Prazmowski has
in so far supported Buchner’s views that he has also in
cultivations made by Buchner’s method obtained a scum-
forming non-pathogenie motile bacillus which he looks on as
the result of the transformation of the anthrax bacilli. On
the other hand he ascertained that this organism was not
identical with Bacillus subtilis, which is totally different from
the anthrax bacillus in the mode of the sprouting of its
spores, and in its other constant chavacters. Experiments
which the author has set a-going with regard to Buchner's
views have only led to the convietion that the development of
extraneous organisms is a very frequent and scarcely avoid-
able occurrence in the method of experimentation described,
and that there was in no case any guarantee that the bacilli
ultimately obtained had been developed from the anthrax
bacilli inoculated.—Kurth comes to a similar conclusion as
the result of his own experiments in his work on * Bact,
Lopfii.”

A great ?fll'inhilibjr in morphological form has also been
wrongly attributed to the anthrax bacilli by various observers,
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Thus more especially Buchner, Zopf, Fokker, Archangelski,
and Roloff have observed cocci as a vegetative form of the
anthrax bacillus both in enltivations and in diseased animals.
Numerous careful examinations by those observers who are
thoroughly acquainted with microscopical technique, and
who know how to avoid the sources of error mentioned above
(page 182), have demonstrated the inaccuracy of this assertion.
—De Bary states that he has observed in certain cultivations
(peptone solutions) a breaking up of the threads of the
anthrax bacilli into round bodies which become aggregated
in the form of grape-like or irregular groups, but which with
doubtful exceptions proved to be dead. It is evident that
these degenerative forms, which are very various; have not
the slightest claim to be designated as cocei.

Bacillus cedemalis maligna,

Discovered by Koch as the exciting agent of malignant
cedema, a fatal disease of mice, guinea-pigs, and rabbits ;
formerly termed by Pasteur vibrion septique. Malignant
cedema has recently also been observed in domestie
animals and in man.

The cedema bacilli, which are morphologically similar
to the anthrax baeilli, are rods 83—385 p. in length and
1—1'1 p. in breadth ; usually two or three bacilli remain
united together, and then
the thread is two or three
times longer; indeed one
may frequently find long
pseudo-threads 15 fo 40
p. in length. The threads
F‘iﬁﬂédfih—{ﬁfgigﬂsE;ii;zl}iﬂ;ﬁ scem to be comparatively

Koch, % 700. ’ stiff, and are often broken or
4 P‘Dm the spleen of a guinea-pig. hent; at times also they are
, from the long of a mouse. :
looped and twisted around
cach other [n stained preparations they frequently
present a somewhat granular appearance, owing to
irregular deposit of the colouring matter. Anthrax
bacilli differ from {he cedema bacilli by their somewhat
greater breadth, their fruncated ends, and their peculiar
segmentation in stained preparations. Further, one
does not find in fresh anthracic blood the numerous
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long threads of the cedema bacilli, and the cedema bacilli
are sometimes, though not always, motile, while the
anthrax bacilli are always motionless. The most marked
morphological difference between the twois, however, the
mode of spore formation. Inthecedemabacilli thisdoes not
oceur in the threads in the same way as in .

the anthraxbacilli,but theindividual baeilli d g F Y
show before the spore formation a slight [ 2.0 J
swelling in the middle or at one end, so e
that a spindle or tadpole form results, ik v
and in this swollen part the large oval formationinthe
spore, at first dull, but later highly re- ];iflﬂ];ﬁfeﬂihﬁg
fracting, is formed, and when its forma- 700.

tion is eomplete the colourable remains of the bacilli
gradually disappear.

There is considerable difficulty in cultivating the Cultivation of
cedema bacilli, because they are marked anaérobes, so Mo egoun
mueh so that they only form visible colonies when
oxygen is pretty completely excluded. They do not
grow at all on gelatine plates, even in the deeper layers;
nor do they grow along the inoculation track on gelatine,
agar, or blood serum. On the other hand they ecan
agrow when they are inoculated at a certain depth in
tubes containing nutrient agar or blood serum, in such
# manner that the canal of inoculation becomes tightly
closed over the material introduced. As Hesse first
observed, a diffuse muddiness of the nutritive material
consisting of bacilli appears in the nutrient agar, with
here and there more markedly muddy lines or clouds. At
the same time gas bubbles are formed within the inocu-
lation canal, wh