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FROM THE )
PREFACE TO THE FIRST EDITION.

Doubt, honestly arrived ai and acknowledged, is better than apparent
certainty without a statement of those things upon which it depends.

For years my brother, J. F. Lehmann, the publisher
in Munich, has requested me to furnish him for his
¢« Medical Atlases’’ one which would simplify bacterio-
logic diagnosis. After I had long refused to undertake
the vast labor which this would necessitate, a fortunate
circumstance in the summer of 1894 led me to accept the
plan. T discovered in Dr. R. Neumann, who was working
in bacteriology in my institute, so excellent a talent for
drawing and painting that I proposed to him that he
undertake the work with me. Whether we have solved
the problem remains for the critics to decide. It seems
to me that the plates, painted by Dr. Neumann with un-
tiring zeal under my continual supervision, and carefully
reproduced by the lithographer Fr. Reichhold in Munich,
are a useful addition to our means of teaching. With few
exceptions, the reproduction leaves little to be desired. At
Jeast, we have had the satisfaction of finding the pictures of
great advantage in our own work and in that of numerous
gentlemen working in our institute. We carried out many
investigations regarding the method of illustrating before
selecting the one employed, which may be considered as
almost entirely satisfactory.

At the present time, when, properly, photography is so
much used for the objective representation of objects in the
natural sciences, especially those of bacteriology, many will






FROM THE PREFACE TO THE FIRST EDITION. i

stains, ete., and constant reference 1s made to them. More
complete information in these matters 1s furnished by the
well-known works of C. Friinkel, Giinther, Hiippe, and
in especially painstaking minuteness by the exhaustive
work of Heim: ¢ Lehrbuch der bacteriologischen Unter-
suchung und Diagnostik.”’ e

The special part attempts to give, so far as possible in a
natural botanical arrangement, a complete description of
the important varieties, with constant reference to less im-
portant ones which for any reason are worthy of notice.
Those which we have described in detail we have also
thoroughly investigated, thus supplying many previous
omissions.? A great part of the related species have been
studied so far as time, strength, and opportunity allowed.

Of new ‘“species,” we have introduced only a very few;
identical varieties described under various names we have
grouped together; and in many places we have directly
tried to build up a natural system. It was evidently im-
possible to offer anything complete or final in the treat-
ment of the non-pathogenic varieties.

Moreover, we are of the opinion that the advance of bac-
teriology, which we seek, especially the elucidation of the
questions of variability, relation, distribution in and out-
side of living organisms, etc., cannot be accomplished by
one or several, but only by systematic national—or, better,
international—cooperation of investigators under a grand
division of labor. One task for this cooperation would be to
so improve and remodel the present often unprecedentedly
arbitrary and unscientific nomenclature of fission-fungi
that it will not challenge the derision of every scientist.
(Compare Introduction to Special Part.)

Not infrequently our observations did not agree with
certain statements of various respected observers, but
we have always expressly acknowledged the same, and
especially have pointed out the contradictions and defects,
hoping thus to do service.

For an extensive reference to literature we have found no

1Tf this were conscientiously done by all editors of bacteriologic
works, there would be at least a partial elimination of the varieties
which are non-critically enumerated, absolutely insufficiently de-
seribed, and often repeated under different names.






PREFACE TO THE SECOND EDITION.

SoonER than we dared to hope, a large German edition
of this work has been exhausted; the English, Ttalian, and
Russian editions also have found a large sale. We accept
this as an indication of the practical value of the book.
With special pleasure we have observed in the numerous
reviews of the book that its reformative tendency in regard
to the grouping of varieties of bacteria, the strict division
of the system especially, the rational naming of bacteria,
etc., have found warm praise. The text-books of Heim
and Mez have accepted our nomenclature entirely or in
part. For many new names in Fligge-Kruse’'s work,
which appeared a few months after ours, according to the
rule of botanical systems, the priority remains with us.
Moreover, where we have found that properly selected
names, older than those which we chose in the first
edition, existed, we have naturally strictly adhered to the
rule of priority. We affirm with pleasure that, because of
our exaet observations and of reliable statements in the
literature, the carefully championed view of the exceed-
ingly great variability of bacteria finds more and more
recognition, and that the authors who to-day describe
““new species’’ are in the main fewer, as is witnessed by
the intelligent views advanced by the collection of bac-
teriologists in New York in 1895 (C. B. xx, 450).

The opinion advanced from an esteemed source, that the
constant emphasis of variability, of the limits of our knowl-
edge, and of the uncertainty of known methods, may some-
times discourage the beginner, may not be entirely un-
founded. Yet we believe this absolute frankness to be an
advantage, even if thereby the dogmatic sharpness of the

statements should sometimes suffer. With beginners one
9
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BACTERIOLOGY.

A. Introduction to the Morphology of
Bacteria.

By bacteria (spaltpilzen, schizomycetes of Nigeli)
we understand a very large group of lower vegetable
organismg, morphologically very simple and uniform, but
biologically extraordinarily differentiated, which are so
connected with both the lower algse ! and fungi by tran-
sition forms that a sharp separation by an accurate defini-
tionis difficult. Arthur Meyer emphasizes the relationship
of the spore-forming varieties to the ascomycetes, in which
the spore-forming cells appear as asci. Indeed, bacteria
bear a great resemblance to the simple flagellata, which
are usually conceived as animals. 2

The following definition may at least serve the practical
requirements of experimental bacteriology.

Small unbranched ® eells, rarely more than 2, hardly ever
3—5 pan thickness, almost * always without chlorophyl, spher-

! Recently we have learned that the green lower alge also possess
parallel colorless forms, which can be obtained from them by cultures
(Beyerinek); compare also Ludwig, C. B. L. 11, 348.

* Compare Biitschli in Bronn’s Klassen des Tierreiches, Bd. 1, Abt.
11, Mastigophora.

;gRegaMEng the branching forms nearly related to bacteria compare
p-

* Practically, important bacteria with chlorophyl are unknown.
Yet the green tadpole bacillus (Kaulquappenbacillus) of J. Frenzel
must be recognized as a bacterium (Z, H. x1, 207). There is more
llﬂl.lhtnlftﬂ to the relation of Dangeard’s Eubacillus multisporus to the
bacteria (C. B. x, 745). L. Klein described colorless varieties with
hluish—gg:en spores (C. B. vir, 440).

17
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PSEUDODICHOTOMY. 19

Long serew (Langschraube) = spiral form (R): all screw forms possess
either steep or flat turns.

Spindle forms (Spindelform ) (1) { _

Oval rods (Ovalstiibchen) (k) are differentiated from the spindle form

by less tapering ends, from the oval form by their greater length —

94 % the width.
C lubbed form (Keulenform ) (7).

Growth Groupings.

Diplococeus (Doppelkugel) (i) with barely perceptible separation:
Biscuit form (n).

Streptococeus brevis (Kugelreihe) (o) up to 8 cocei ; with barely per-
ceptible separation : Torula form ( p).

Streptococeus longus (Kugelfaden )(g), or, if bent, Rosary form ( Rosen-
kranzform) (s); with barely perceptible separation : Torula threads (r).

Staphylococeus (Traubenform) (f). Diplobacillus (Doppelstibehen)
(w). Jointed threads (giederfaden) (v).

Tetrad (Tetradenform) (w): plane grouping of 4, 8, 16, etc., cells.

Sarcina (Wiirfelform) (x), cubical form : solid grouping of 8, 32,
ete., cells.

Branching, i.e., springing up of a side bud, was until
recently unknown in connection with bacteria, and it is,
at all events, rare. Besides in others, it is well established
in the so-called tubercle and diphtheria bacilli as a frequent
appearance, and thus it is demonstrated that here forms
occur which do not strictly belong to bactera.

Exceptionally, true branching appears to occur in other
varieties. Heim mentions it in Bact. fluorescens. Vin-
cenzi (C. B. x1v, 149) appears to have observed the same
in tetanus, but in spite of special care, we have made no
similar observations.

Often pseudodichotomy is confused with branching and
dichotomy. According to Babés (Z. H. xx, 412), 1t occurs
not infrequently in the most typical bacteria, and consists
in thig, that either the lower member of a thread grows past
the gide of the upper member, or that, in a row of cocel,
the division of a coeccus parallel to the direction of the
string suddenly creates the beginning of a second thread.
Stolz (C. B. xx1v, 337) has recently studied exhaustively

1 Some anthors falsely designate this true branching as true dichot-
omy, but true dichotomy means, according to botanical usage, only
the division of the growing ends of threads into two equal twigs, and
it is not certainly known to occur in bacteria.






SPOROGENIC GRANULES. 21

looked upon as spores. (Compare Fig. 4, a, bie i
water, this shrinking rapidly disappears, and also under
the prolonged action of saline solution.

Migula (A. K., Bd. 1), simultaneously and independently, reaches
the same opinion as A. Fischer regarding the very large Bacillus oxval-
aticus, a spore-forming variety related to the hay bacillus. It happens
especially in this that in the pressing outward of the protoplasmic
layer, the central fluid space becomes distinet ; in dehydrating media
it becomes smaller; in water, larger.

While the botanists have hitherto sought in vain for a
true nucleus, Arthur Meyer would recognize it in small,
single, oval granules, staining with Ruthenium red and
potassium iodid (Flora, 1897, Band 84, 185). Compare

%&%
e ¥

a
a, Spirillum undula. &, Bacillus Solmsii. ¢, Vibrio cholers.

Fig. 4.—Plasmolysis (after A. Fischer).

also the hitherto searcely studied observations of A. Wagner
(C. B. xxu11, 433), according to which nueclei were easily
stained by primulin and hot Bordeaux red.

In the interior of bacterial cells there are found, after proper
staining, very many varieties of peculiar granules, which
Babés, who discovered them, named metachromatic
bodies (. e., staining differently from the cell-body).
Ernst, the first accurate investigator of these bodies, called
them nuclei or sporogenic granules.

_ While I refer to the literature of Babés (Z. H. xX, 412), which is
rich in controversy, I give only the seduetively clear view of one of the
latest investigators of the subject, R.Bunge. Bunge (Fort. der Med.,
Xrir, 813 and 853) distinguishes :

1. Ernst’s granules. They stain blackish-blue when treated with
warm Loffler's methylene-blue, washed in water, and after-stained
with Bismarck brown. These granules are entirely absent in many






FLAGELLA. 23

of these capsules appears. See also, in the special part,
Streptococcus involutus and mesenterioides. Extensive
review of literature by Binaghi, C. B. L. 1v, 919.

Characteristic unilateral thickenings or swellings of the hacterial
membrane are presented by Bact. pediculatum, which is described
as an uncommon cause of the ¢ frog-spawn disease '’ of sugar factories

Fig. 6). :
{ %&gﬂrﬁing especially striking membrane thickening at the ends of
threads (club formation), see those of actinomycetes.

The outer surface of bacteria is often perfectly smooth
and without appendages in the short bacilli, and almost
always in the spherical forms, but the longer rods and spiral
forms are usually provided with delicate single or multiple
flagella. These are often distributed over the whole body
of the bacterium, often form only a little bunch at one end,
and often there is found but a single polar flagellum. Bac-
teria with polar flagella, shortly before division, show a

%

Fig. 6.—Bact. pediculatum (after Koch and Hoséius).

single flagellum or a bunch of flagella at each end. As A.
Fischer particularly showed, flagella are not of the nature of
retractile and extending pseudopodia, but true hair-like
outgrowths. For the demonstration of flagella it is neces-
sary to treat the bacteria with especially powerful staining
agents. In this process the capsules of the bacteria, which
remain unstained in the ordinary method, are stained, and
g0 the bacteria appear very much thickened. Occasionally
wide layers of capsule remain unstained and the flagella
are then set upon a narrow ring-like halo, separated from
the bacillus by a colorless zone (Zettnow, von Stocklin,
A. Fischer). Unfortunately, very many of the procedures

made plainly visible ; also in thiS manner distinet capsules are obtained
in B. megatherium, oxalaticus, ete. Babés has depicted capsules in
connection with the Streptococcus pyogenes, and we have ourselves
occasionally seen similar formations in the case of many bacteria.

Masses of bacteria which are united into mueous elumps by swelling
of the capsules (often a sign of death) are called ¢ zooglea.”






SPORE-FORMATION. 20

rule, after division, the micro-organisms separate, but the
contrary also occurs in the case of bacterial groupings, as
where, for example, chains of cocci or bacilli are present.
Under definite conditions of nourishment there occurs in
bacteria, vibriones, and higher fission-fungi, the formation
of longer threads, which further may always again break
up into segments. According to all the recent observa-
tions, the division of the cells proceeds from the outer pro-
toplasmic layer. WA
Although longitudinal growth with transverse fission is
the rule for the host of bacteria,* still in certain families—
for example, sarcina—there occurs a regular division in
three main planes, and at least occasional division in two
planes at right angles to each other is observed in very dif-
ferent bacteria,—for example, in streptococei,—whereby

A1 AN

Fig. 8. —Arthrospores of the vibrio cholerse (after Hiippe).

there may be produced cells with four parts and forkings
of the chains, (Compare Fig. 2.)

From the ordinary vegetative multiplication, propagation
by spore-formation is to be distinguished. To-day there
are recognized: (1) Endospores—strongly refracting oval
or round bodies, situated in the interior of cells, which, as
a rule, possess considerable resistance to injurious agencies
(heat, drying, chemicals); and (2) arthrospores (De
Bary, Hiippe)—i. e., bud-like constrictions of the ends of
the cells.  Also these (Fig. 8) should be characterized by
increased resistance, yet recent authorities have never ac-
knowledged that the proof of resisting arthrospores has
succeeded without objection. (Compare Vib. cholera and
Strept. pyogenes.)

I A longitudinal division in baecilli, although rare, is undoubtedly
observed ( Babés, Z. H. xx, 412). Stellate division has been observed
by Metschnikoff in a sporulating organism named °° Pasteuria,’”’ but
it scarcely belongs among the bacteria in the restricted sense.






MATURE SPORES. 27

in swamp-water and studied by him, but unfortunately they were not
cultivated in pure culture. (Bacillus De Baryanus, Solmsii, Peroni-
ella, macrosporus, limosus). His observations were as follows: With-
out loss of motion, the end of the bacillus swells somewhat and be-
comes faintly greenish. Now the whole content of the swollen spot
contracts into a shining spore of a bluish-green color and highly
shining.

Mature spores are arranged in the most important
varieties in the following manner (Fig. 9): The spore lies
inside of an unexpanded short bacterial cell (a), or at the
extreme end of a bacterial cell (¢), or inside of a spindle-
formed bacterial cell, bulging at its center (d), or, finally,
the spores oceur in a row in a thread, formed from short
cells, each cell containing a spore (b).

(4 g“
Fig. 9.—Types of spores.

The spores, before germination occurs, are usually free
(an exception occurs in spirillum endoparagogicum ), often
show an indistinet border, always lose their luster, become
somewhat thicker, and rarely also longer. Usually after
one, two, or three hours the spore membrane bursts and
the young rod, sometimes suddenly, sometimes slowly,
presses itself through the rent. The germination in an=
thrax is polar—i. e., the young rods leave the spore capsule
at or near the pole (Fig. 10). In other varieties (B.
subtilis, mycoides, megatherium) the escape of the rod 1s
equatorial (Fig. 10, @). Burchard describes also a bipolar
and oblique mode of escape. According to the observa-
tions of Bunge (Fort. der Med., xim, 813, 853), in both
the polar and equatorially germinating varieties, single or
many individuals always present an oblique outgrowth.






CHEMICAL COMPOSITION. 29

ordinary means. The beginner will often mistake involu-
tion forms for eontaminations. Plate cultures soon deter-
mine whether one or more forms of bacteria are present.

B. Chemical Composition of Bacteria.

Qualitatively considered, the bodies of bacterial cqnsist
in great part of water, salts, and albuminous bodies ;*
in lesser quantity are present extractive substances soluble
in aleohol, and others soluble in ether (triolein, tripal-
mitin, tristearin, lecithin, cholestearin). In tubercle
bacilli Aronson found in the ethereal extractive (25% of
the dry substances), besides free fatty acids, large quan-
tities of wax, whose alcohol differs from cholesterin. In
no variety of bacteria could E. Cramer find grape-sugar,
although many varieties (Bacillus butyricus, varieties of
leptothrix) contain starch _like masses, turning blue with
iodin. True cellulose was found by Dreyfuss in B. sub-
tilis and a bacillus resembling the B. coli; also, the Myco-
bacterium tuberculosis forms cellulose in the animal body.
Thé vinegar-forming Bact. xylinum produces such a quan-
tity that visiting cards have been made from it as a curl-
osity. From cultures of Mye. tuberculosis and a ‘‘ capsule
bacillus from water’’ resembling the B. pneumonie of
Friedlinder, on the contrary, no cellulose was obtained,
but instead there was found abundant mucoid carbo-
hydrates, CzH,,0;, closely resembling hemicellulose.
(For literature, see Nishimura, A. H. xviII, 318, and xXI,
52). Scheibler (Chem. Centralbl. x1,181) has described the
mueus-like material of the Streptococcus mesenterioides as a

1H. Buchner has directed that the cell-contents (bacteria proto-
plasm) be obtained by trituration and the hydraulic press (3 to 500
atmospheres). Compare Hahn (C. B. XXIIT, B6).

2 ATbumin and salts can constitute as much as 93% of the dry bodies
of hacteria (Vibrio cholerm); on the contrary, as much as 12% of
carbohydrates may be present in the capsules. In bacterial albumin
Hellmich recognized a globulin (Arch. f. exp. Pathol. u. Pharmalk.
XXVI, 345). Most improbable appears the statement of Fermi that

he has grown nitrogen-free (!) micro-organisms (C. B. L. 11, 505).
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Yot there is much greater difference in the dry substance
of the cholera vibriones, if they are grown at one time
upon soda bouillon rich in albumin, and again upon
Uschinsky’s medium, free of albumin. Cramer here found
as follows (the figures are the average from observations
upon five cholera cultures):

ALBUMIN AsH
Cholera vibriones on soda-bouillon . . . . .657% 31 %
Cholera vibriones on Uschinsky’s solution . . 45 i |

He found also in the latter case a considerable quantity
of non-nitrogenous bodies, a part of which may be thought
to be hydrocarbons (or fats).

For the analysis of the ash of bacteria, consult Cramer
(A. H. xxvir) and de Schweinitz and Marion Dorset (C.
B. xxur, 993). The latter found almost only phosphate
in the ash of tubercle bacilli.

Of importance for the classification, even though more in a eritic-
ally negative sense, is the fact, discovered by Cramer, that closely re-
lated varieties, which, upon many nutrient media, present analogous slightly
varying composition, suddenly upon a new medium conduet themselves dif-
ferently. Most interesting in this respect is the behavior of five cul-
tures of cholera, which in soda bouillon furnished vibriones of almost
exactly the same composition, but upon Uschinsky’s ! solution pre-
sented very variable eomposition.

f
SopA BOUILLON. TUSCHINSKY’'S SOLUTION.

Albumin. | Ash. l Total. || Albumin.| Ash, Total,

= =

Cholers, old . . .| 65.12 |31.55|96.67 | 4813 | 7.14 | 55.27
Cholera, Hamburg I | 69.25 | 25.87 | 95.12 || 35.75 |13.70 | 49.45
Cholera, Paris . . . | 62.25 |32.80 | 95.05 || 65.63 | 9.37 | 70.00
Cholera, Shanghai . | 64.25 | 33.87 | 98.12 || 47.50 | 11.64 59.14
Cholera, Hamburg IT| 63.94 | 29.81 | 93.75 || 34.37 | 14.74 | 49.11

This result shows again how dangerous it is to make a
separation of two varieties hecause of any single chem-
ical or biological reaction. In order to understand the
astonishing differences, it is only necessary to recognize
the ability of one of these varieties to form thick cell-

ICompare p. 33.
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artificial nutrient media, either readily (example, Bacte-
rium typhi) or with more difficulty (example, Micrococ-
cus gonorrheew). Of the inhabitants of the Inanimate
surroundings of man, 7. e, the so-called saprophytes,
most are easily cultivated on artificial media, similar to
those employed for parasites, while others—as, for exam-
ple, saliva bacteria and certain water bacteria—offer great
or in part insurmountable difficulties in their cultivation.

All nutrient media for bacteria must be rich in water;
the presence of salts, and sources for the supply of carbon
and nitrogen are indispensable. Most varieties of prac-
tical importance and all pathogenic varieties prefer a
medium containing albumin which is faintly alkaline in
reaction.

In some cases the demands of the bacteria as regards
the composition of the nutrient medium are very different.
As shown by Mead Bolton, a number of water bacteria
(Bacillus aquatilis Fligge and B. erythrosporus Fliigge)
are contented with water which has been twice sterilized
in glass vessels (Z. H. 1, 76). Here an increase of the
bacteria must occur at the cost of traces of impurities, or
of the ammonia and CO, of the atmosphere.

Almost simultaneously Heraeus (Z. H. 1, 193) observed
a variety of bacterium, which thrived in water which con-
tained ammonium carbonate as the only source of carbon
and nitrogen, being free from every organic nutrient ma-
terial. Here, then, there occurred the elaboration of
living substance from simple materials, just as occurs
in the higher plants which work with chlorophyll aided by
sunlight. Hiippe and Winogradsky have demonstrated
by extensive studies the truth and importance of this ob-
servation. It appears that the energy necessary for the
synthesis of albumin is obtained by oxidation of ammonia
into nitric acid. Among the practically important bac-
teria, such unparticular ones are very few. Many allow
albumin to be abgent from the medium and are content
with very simply composed nutrient solutions. Cultures
upon such fluids were formerly much employed, and more
recently Uschingky has again experimented with simple
nufrient solutions. The solution of Uschinsky is as fol-
lows:

3
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REACTION OF THE NUTRIENT MEDIA. a1

no differential diagnosis is possible, and no variety can be
considered regularly described which is not tested in its
relation to all these nutrient media (with the exception of
glycerin-agar). _ s

More rarely the following nutrient media are employed:
Potato water, veal bouillon, flwid and coagulated blood serum,
serum-agar, ascites-agar, blood-smeared agar, meat, pieces of -
bread, potato-pap, rice-pap, cooked or raw eggs. (See Tech-
nical Appendix. )

Uncooked, sterile organs of animals are actually poorer
nutrient media for most bacteria than when cooked (Liv-
ingood, C. B. xxu1, 980 and 1002). Studies upon nutrient
media containing liver, kidney, thymus, adrenal extract,
ete., have been carried out, but without giving anything
of practical importance. Literature : (Wroblewski, C. B.
xx, 528).

2. REACTION OF THE NUTRIENT MEDIA.

As stated above, the great majority of bacteria, especially
the pathogenic, prefer a neutral or faintly alkaline nu-
trient medium, and formerly the advice was always given
to neutralize the nutrient medinm with soda solution, em-
ploying sensitive litmus paper as the indicator—i. e., to
add alkali until red litmus paper was turned faintly blue.

Every chemist knows that no accurate terminal reaction
for the titration of nutrient media containing phosphates
15 obtained with litmus; that, further, various litmus
papers influence the result ; and, finally, that the titration
d 1is practically impossible with gaslight. As early ag 1891,
§ N. K. Schultz had therefore advocated phenolphthalein
as an indicator in the titration of agar. He recommended
that 8-10 c.c. less of normal sodium hydroxid be added
than is required for complete neutralization with the indi-
cator. Such a medium is found to be suited to many bac-
teria, yet there are others which demand a complete neu-
tralization (C. B. x, 52). ’

Without having noticed this proposal, T came upon the
game idea in 1892, during my investigations upon bread-
acids. Often since then, and exclusively since the autumn
of 1894, in my institute there has been employed as neutral
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ficial reports of Schliiter (C. B. x1, 589), which were sub-
stantiated by subsequent publications, many bacteria bear
much higher proportions of acid; according to observa-
tions in our own institute, as high as 100 c.c. of normal
acid per liter.

Nutrient media containing sugar usually favor the pro-
duction of acid, which, according to Hellstrom, soon be-
comes so abundant that the micro-organisms are killed.

Acid nutrient media are to be used for yeasts and
molds and whenever it is wished to isolate a new bac-
terium from an acid nutrient substance. For counting
the germs in air, soil, water, milk, etc., a neutral medium
is always employed.

3, INJURY TO BACTERIA BY CHEMICAL
SUBSTANCES.

We have already learned that too large a proportion of
either acid or alkali® interferes with growth, or, if still
stronger, produces death. Most varied chemicals, in certain
concentrations, operate similarly. Those which are strongly
active are called antiseptics or disinfectants.

Usually, with Hiippe, the following grades of influence
are distinguished:

1. Growth is not interfered with,? but the pathogenic
or zymogenic functions are weakened : Weakening, at-
tenuation.

2. The organisms are unable to increase, but are not
killed : Asepsis.

3. The vegetative forms of the micro-organisms are de-
stroyed, but not the resting forms: Antisepsis.

4. Vegetative forms and spores are both killed: Steril=
ization or Disinfection.

1Fermi (€. B. xxr1r, 208) has published an extensive table regard-
ing the sensitiveness of various micro-organisms to acids, alkalis, and
various poisons. Unfortunately, he gives the number of drops of
solutions of varions percentages which inhibit the growth of bacteria
in 5 c.c. of agar. |

2 At times there occurs a transitory or permanent interference with
growth; in other cases briefly acting antisepties, also heat, cold, ete.,
cause a retardation of subsequent growth without producing a weaken-
ing,
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gelatin, to which a similar trace of the diginfectant has
been added, with fresh material.

The disinfectant to be tested should always be dissolved
in water. (Compare Water, p. 40.) If, because of slight
solubility in water, the employment of alcohol in the prep-
aration of the stock solution is unavoidable, then special
control investigations are required to determine whether
the alcohol is injurious in its effects.

It is found, as well for asepsis as for antisepsis, that the
value of the disinfectant is usually much lower if one is
working with nutrient media rich in albumin than when
working with those poor in albumin.?  Creolin (Pearson)
produces asepsis in bouillon in the proportion of 1:15,000 to
1:5000, but in beef serum in 1:150 (Behring). Cholera
vibriones, in bouillon free from or containing 1% of pep-
tone, were killed by 0.01% HCI in half an hour, with the
addition of 29, peptone by not less than 0.04% HCI in
the same time. For descriptive purposes, the test will
usually be made in 1% peptone solution, if one does not
wish to employ one of the nutrient media free from albu-
min, described on page 34. In any case one will treat the
bacteria used for comparison exactly the same, and must
give in a paper the finer details employed in the investi-
gation. Little is known of varying resistance in bacteria
which are free of spores, because of race or nutrient media
(compare spores), but there are isolated statements in this
direction regarding staphylococci which, perhaps, may
point to as yet imperfectly understood resting forms
(Esmarch, Z. H. v, 67).

A combination of disinfectants may enhance the action;
the addition of acid (hydrochloric or tartaric acid) espe-
cially intensifies the action of sublimate, also of phenol and
cresol solutions. Moreover, the effect is more certain if
the germs are few than if they are abundant, and greater
at higher than at lower temperatures.

1 Phenol is an exception,
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many contradictory statements, from which it may be con-
cluded that much depends upon the special conditions
under which drying occurs. Ficker (Z. . exrx 4 has
discovered some laws especially for the cholera vibrio.

According to him, the following are of special significance :

1. Very thin smears were more quickly injured than thick clumps;
slight variations in the thickness of the smear are without significance.

5. Thin smears die more quickly in the exsiccator, and thick ones
in room atmosphere.

3. The lower the temperature, the better the drying is borne.

4. Virulent cultures are more resistant than non-virulent ones.

5 Variations of moisture (exsiccator and moist chamber) Ikill
especially rapidly (shown in typhoid and pest ).

6. Older cultures were somewhat more resistant in an exsiceator.

Also regarding the variability in a moist chamber, Ficker has
obtained interesting results. Here old cholera cultures present enor-
mously greater resisting power than young ones. For example, in the
moist chamber thin smears of cultures seven to twenty-one days old
live about thirty to fifty days ; those three days old, fourteen days ;
those two days old, as long as seven days ; and those one day old, only
one to two days. Yet the old enltures contained no spores, and were
equally or more susceptible than the young ones to heat and chemicals.
(Compare Vib. chol. in special part.) A complete summary of pre-
vious results upon dried cholera, typhoid, diphtheria, and pest organ-
isms is given by Ficker, I. c.

5. RELATION TO OXYGEN AND OTHER GASES.

Because of their relation to oxygen, bacteria are usually
placed in three classes (Fligge and Liborius):

I. Obligate aerobes. Growth ocecurs only when aur s
admitted, and every limitation to the entrance of airinjures
the growth. Free oxygen is especially required for spore-
formation. With a pressure of three to four atmospheres
of pure oxygen, according to Chudiakow, growth of aerobic
bacteria ceases ; the lowest limit for aerobes was found to
be 5 to 10 mm. of air. According to Roger (C. B. XX,
626), a pressure of 500 to 600 atmospheres of air does not
kill bacteria.

II. Obligate anaerobes. Growth and spore-formation
occur only when oxygen is completely excluded.® In this

! Regarding the means of preparing anaerobic cultures consult the
Technical Appendix. Chudiakow found that the strictest anaerobes
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origin is usually not known. (Compare special part, Bae.
tetani, Bac. chauveel. )

Not infrequently varieties are observed which show
more or less anaerobic growth when first isolated (growing
especially in the deep part of the agar stab), and which
later present a pure aerobic behavior—i. e., distinet sur-
face growth and poor growth along the stab. Thus, one
may properly speak of an adaptation to a gas-mixture,
rich in, or free from, oxygen, and in this way may ex-
plain very many things.

These observations prove to the classifier that bacteria
can not be thus simply separated into two classes, the one
aerobic and the other anaerobic.

Recently the fact has been repeatedly demonstrated that
true anacrobic varieties also grow well without the exclu-
sion of oxygen, if they are associated with many aerobic
varieties; also that for the aerobic growth of anaerobic vari-
eties, often nutrient media suffice if aerobic bacteria have
previously grown in them and have been killed with chloro-
form hefore the anaerobe is inoculated (Kedrowski,
Scholz). The synergetic aerobic variety evidently oper-
ates in part by consuming the oxygen, in part by pro-
ducing materials required by the anaerobic varieties.
Trenkmann recognized such a substance in sodium sul-
phid. Two drops of a 10% solution of sodium sulphid
render bouillon suitable for the growth of anaerobie varie-

_ties without the exclusion of oxygen (C. B. xximr, 1038).

While, besides the obligate anaerobes, all facultative
anaerobes thrive well in nitrogen and hydrogen, they vary
%jn tiu%r toleration of CO,. (Compare Table I, at end of

ook.

A large number do not thrive at all, and remain completely inhibited
in their growth until oxygen is again admitted; for example, B. an-
thracis, subtilis, and related varieties. It is established regarding
gome varieties (anthrax, cholera) that most of the individuals are rap-
idly killed by CO,, while some germs exhibit energetic resistance, and
render a eomplete sterilization by €O, impossible. A second group
presents a restricted growth, especially if the test is carried on at in-
cubator temperature (staphylococei, streptococei), while a third group
is not injured at all: B. prodigiosum, B. acidi lactici, B. typhi. They
grow as well as in air; the liguefaction of gelatin is not interfered
with, but naturally, from the exclusion of oxygen, chromogenesis is
checked. Moreover, a mixture of 25% air and 75% CO, has no
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ing, non-motile bacilli, whose optimum temperature lies at 60° to 70°,
but they still thrive at 34° to 44° although slowly, and best in ana-
erobic agar cultures (Z. H. XX, 154). The varieties are widely dis-
tributed, especially in feces. She has not undertaken a comparison
with the varieties deseribed by previous anthors. Other varieties
were isolated by Opresen (A. H. XXXIIT, 164). Some of the varieties
isolated by Schillinger appear more as abnormally thermotolerant
than thermophilic ; they grow well at 66°, but better and with fer-
mentation at 37° (H. R., 1898, 568).

By carefully raising and lowering the temperature, Dieu-
donné (C. B. xv1, 965) was able to increase the range of
temperature within which the anthraz  bacillus could
thrive, at both its upper and lower limits. The anthrax
bacillus can gradually become adapted toa temperature of
49°. Pigeons, which, according to the hypothesis of many
authors, are fairly immune to ordinary anthrax because of
their higher body temperature (42°), die somewhat oftener
after inoculation with cultures adapted to higher tempera-
tures. Still more striking were the results when Dieu-
donné gradually acclimated anthrax bacilli to a tempera-
tlére of 12°, and found they could still kill frogs kept at
12°.

Temperatures somewhat below the minimum limit the
growth, but do not injure the variety concerned. Pe-
truschky has even kept bacteria in an ice-box (about
4° {0 6°) as a means of preserving not only the life but
also the virulence of certain varieties which rapidly die at
hicher temperatures. They are first allowed to grow
for two days at 20° (streptococel, ete. ).

Also temperatures below zero injure bacteria, but do
so slowly and with a rapidity varying with different vari-
eties. Individual statements are given in the special part
regarding the most important pathogenic varieties.

If temperatures 5° to 10° above the optimum are
allowed to operate upon cultures, they are injured in
various ways; some show lessened intensity of growth, the
virulence and the power of fermentation are reduced, also
the ability to form spores is oradually lost. Sometimes
the injury is more marked in one direction, sometimes in
another.

_If the maximum temperature is exceeded, the culture
dies, and for the psychrophilic varieties about 37° 1s (uite
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tion on fresh medium in the dark. With still longer action
of the direct sunlight the micro-organisms die.

Bact. putidum and Bact. prodigiosum were materially disturbed in
their ability to produce pigment and trimethylamin by direct sun-
light, in July and August in one-halt hour and in November in one
and a half hours. They grew slowly and prodigiosum liquefied slowly
(Dieudonné). Death was produced in these organisms in one and a
half and two and a half hours.

Dieudonné (A. G. A. 1x, 405 and 537, also an extensive
review of literature) has found ultra-violet, violet, and blue
light to be very injurious, green but slightly, and red and
yellow not at all. On the contrary, Beck and Schultz
(Z. H. xxu1, 490), who employed better light-filters, gen-
erally observed no injury from the colored light obtained
from sunlight. This is to be explained by the slight in-
tensity of the light employed. Also, Beck and Schultz
deny that diffuse daylight works injury to bacteria (the
chromogenic function is lost in many varieties even when
grown in the dark), while Dieudonné asserts :

In diffuse daylight, in spring and summer in three and a half hours
and in winter in four and a half hours, there occurs interference with
growth, while in from five to six hours death is produced. Electric
are light of 900 candle-power checks growth in five hours and kills in
eight hours. Incandescent light injures growth in from seven to eight
hours, and kills in eleven hours. Similar results occur with Bact.
coli, typhi, and B. anthracis. Naturally, Diendonné’s positive results
are not disproved by Beck and Schultz’s negative ones.

For testing the sensitiveness to light, thickly sown
gelatin or agar plates are exposed to diffuse or direct sun-
light, after the method of H. Buchner, a dark paper cross
being placed upon the illuminated side. To exclude the
action of heat,! one may first carry the light through a
layer of water or alum a few centimeters in thickness.
After the light has acted for one-half, one, one and a half,
two, etc., hours, the plates are placed in a dark room, and
it is observed whether the bacteria develop only on the
part covered by the cross; in complete death of the ex-
posed bacteria there occurs a sharply outlined cross con-
gisting of the colonies in a clear field.

1 The action of the heat is entirely without interest.
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we examine water, milk, or the inftestinal contents in
health or disease, we always find many varieties simulta-
neously present. This mixture certainly appears to us as a
pure accident, but upon closer study it is found that also
in the domain of bacteriology there are symnergists
(mutual or one-sided aid) and antagonists (mutually
injurious, or one to the other). Nencki speaks of symbi-
osis and enantobiosis.

Experimentally, Garré has demonstrated the antagonism by inocu-
lating various bacteria simultaneously in streaks upon gelatin plates
as parallel or intersecting lines. It then appears that many varieties
thrive but slightly or not at all if another variety grows in the
immediate neighborhood. The antagonism is very often only on one
side; for example, the Bact. putidum grows very well if inoculated
between closely placed, well-developed streaks of staphylococei; on
the contrary, the Micr. pyogenes does not grow if inoculated between
Iuxuriantly developed cultures of Bact. putidum, and if the two are
simunltaneously inoculated in alternating streaks, the former grows
very slightly (Garré, ‘‘ Correspondenzbl. f. Schweizer Aerzte,’’ 1887,
387).

Another way of showing antagonism is by preparing plates of gela-
tin or agar (for liquefying varieties), which, while liquid, are inocu-
lated with equal gquantities of two different varieties of bacteria; often
only one variety will develop (Lewek, C. B. vir, 107).

A third way of carrying out the investigation is to inoculate simul-
taneously the same fluid nutrient medium with two varieties, and,
later, determine microscopically or by plates which is triumphant in
the battle. This is what is commonly observed when a cause of fer-
mentation is abundantly introduced into a suitable nutrient medium;
the contaminating bacteria are overgrown and sometimes perish.

From these observations the practical conclusion is
reached that for determining the number of bacteria in a ma-
terial the colonies in the plates must not be very thick, and also
that for the isolation of definite varieties, thin plates are neces-
sary ; for example, if one wishes to isolate the Bact.
Pfliigeri from abundant Bact. putidum. In an area of
several millimeters about each putidum colony no Bact.
Pfiiigeri will grow (K. B. Lehmann).

Finally, in the animal body bacteria may counteract
each other as antagonists ; as Bmmerich has pointed out,
animals infected with anthrax may be saved by subsequent
infection with Streptococcus pyogenes.  Literature by
Miihlmann (C. B. xv, 895).

Symbiosis of bacteria appears to be of more practical
4
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endogenous spores are known only in hjm-uinn pulmonum,
and the strange Spirillum endoparagogicum. * :

As H. Buchner (C. B. vi, 1) pointed out, sporulation
oceurs in suitable varieties when the nutrient medium be-
gins to be exhausted, therefore most rapidly on nutrient
media very poor in nutrient materials. )

On the contrary, a good nutrient medium not only
favors the growth of bacilli but also the formation of spores,
in so far as the vigorously growing bacilli also luxuriantly
and regularly sporulate (K. B. Lehmann and Osborne, A.
H. x1, 51); see especially also Stephanidis (A. H. xxxv, 1).
The crop of spores is exceedingly large. The quality (resist-
ance) of spores which are grown upon various nutrient
media was not found by Stephanidis to vary. For many
details consult Schreiber (C. B. xx, 353). _

For sporulation a higher temperature is sometimes
(always?) required than for the vegetative growth. The
anthrax bacillus, for example, thrives at 13° to 14°, but
does not form spores below 18°.

All aerobic bacteria require, especially for spore-forma-
tion, the presence of oxygen; how the facultative anac-
robes conduct themselves in this respect is still to be
learned.

Obligate anaerobes only produce spores if oxygen is
excluded or, with the admission of oxygen, in mixed cul-
fures or in association with dead synergetic bacteria.

Spores never germinate in media in which they have
developed when they have been exhausted or rendered
detrimental by metabolic produects. Only after transfer-
ring to fresh nutrient media does germination occur, ap-
pearing in one or more hours, and having the morphologic
peculiarities described on page 26.

Against all injuries spores are substantially more re-

1 As it is important for our classification, we have carefully sought,
in a number of varieties generally considered as being free from spores,
to obtain spores as had been done by Migula (Sys. 1, 207) by means
of quince and marshmallow decoetion. We never obtained a perfectly
undoubted result. With Bacterinm janthinum alone we saw detached
pietures, which could be interpreted as spores, bub we have not studied
their germination. Upon the common nutrient media we have not
once seen sporulation in a variety commonly known as not possessing
spores,
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samples of 2 c.c. each are removed and placed in reagent-
glasses of equal thinness, while in a sixth one are placed
9 c.c. of water and a thermometer. All six glasses are
now plunged in a large water-bath containing boiling
water, and after two minutes the thermometer in the con-
trol tube reaches a maximum temperature (99° to 100°).
Two minutes later one removes the first sample, four min-
utes later the second, ete., cools them rapidly in cold
water, and utilizes 1 c.c. and % c.c. of each sample in the
preparation of plates. For further details, see Stephanidis,
A H. xxxXV, 1.

The varying resistance of apparently identical anthrax
spores is of great practical importance: (1) in disinfection
experiments, which should be carried out with spores of
known resistance; (2) in differential diagnosis, as it indi-
cates how very careful one must be in placing dependence
upon a slight difference in the resistance of spores in de-
termining two species.

Very extraordinary is the resistance of many varieties pcourring in
hay and soil. Christen found, for example (C. B. XVII, p. 498), that
with compressed steam the resisting spores in soil were killed—

At 100° in more than 16 hours.

‘- 105°-110° in 2 to 4 hours.

LA 4 30 to 60 minutes.

€ 125°-130° 5 minutes and longer.
#1850 i 1 to 5 minutes.

4 140° = 1 minute.

The apparatus employed brought the objects to the desired elevation
of temperature very quickly.

Also against chemical agents spores are very resistant;
thus, anthrax spores (v. Esmarch, l. ¢.) resist 5% carbolic
acid for at least two days, and in many cases as long as
forty days. Very resistant anthrax spores withstood a 1%
aqueous sublimate solution for three days, but the viru-
lence is lost in twenty hours. Such experiments are best
made with thin suspensions of gpores in water, to which
the disinfectant is added, just as was pointed out above for
testing the action of antiseptics upon bacteria (p. 38).

In testing the resistance of spores to gases, they are best
dried upon pieces of glass, and the gas allowed to operate
in a dry and also in a moist chamber (compare p. 41).

Spores are also less injured by light than bacilli are.  As
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{. MECHANICAL ACTIVITY.

Under the microscope we easily observe that many bac-
teria present pronounced inherent motion, and by study
it is found that almost all the motile varieties ! possess
flagella by means of which they propel themselves. The
character of the motion is exceedingly variable; for ex-
ample, creeping (B. megatherium), wabbling (B. subtilis),
rolling, snake-like (vibriones) ; sometimes it is very slow,
and sometimes so rapid that any detailed observation can
scarcely be made (B. typhi).

In many cases it is difficult to decide whether true
active motion is present, or whether the micro-organisms
present especially well-marked Brownian or molecular
motion—i. ¢., the dancing and tremor exhibited also by
finely divided inorganic particles. In such a case it 18
recommended to try to render the flagella visible by stain-
ing (Technical Appendix), and also to examine the organ-
ism in a drop of 5% carbolic acid or 1: 1000 sublimate
solution, when, if the motion still persists, we have only
to do with molecular motion. Many varieties appear on
brief observation to be quiet, but on longer examination
single individuals are observed to exhibit positive motion.
It seems that the endowments with flagella and motility,
when once present, are for the most part reasonably con-
stant peculiarities. Many varieties do not always present
motility, it being absent, especially, on many media. Ac-
cording to A. Fischer, with faultlessly developed flagella
motion may be absent; for example, in Bac. subtilis on a
nutrient medium containing 2% to 4% of ammonium chlo-
rid. We have never observed spontaneous motion or fla-
gella in two different cultures of the Micrococcus agilis Ali-
Cohen, obtained from reliable sources and grown upon all
ordinary media. We have arrived at the conviction that
the same variety may occur either with or without flagella.
(Compare special part.)

Th. Smith has described a non-motile form of the mo-

1 Upon the actively motile Spirocheate Obermeieri and the slowly
ereeping Beggiatoa no flagella have thus far been demonstrated ; there-
fore the motion is supposed to depend upon a narrow undulating
membrane attached to the organism.
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does not depend upon oxidation of a photogenic substance
separated from the bacteria (K. B. Lehmann and Toll-
hausen, C. B. v, 785). Everything that interferes with
the life of the bacteria, lessens it also ; cold makes the or-
ganisms rigid, and interrupts the phosphorescence while it
continues. High temperature, acids, chloroform, ete., dis-
turb the light-phenomenon momentarily.  Living cultures
may always be obtained by inoculating from cultures that
emit light. The germ-free filtrate never gives light.
While no licht is given off except when the bacteria are
alive, still the live bacteria do not necessarily emit light;
for example, in an atmosphere of CO,. Similarly, a mus-
cle can not contract except it is alive, but may be alive
without contracting. (Compare also Suchsland, C. B. L.
v, 713.)

According to Beijerinck (C. B. virr, 616 and 651), all light-giv-
ing bacteria, which he places in a (physiologic) *‘ genus,”’ photobac-=
terium, require peptone and oxygen in order to emit light. Two of
his varieties are satisfied with this ; the four others require, besides
peptone, also a source for carbon, which may also contain nitrogen.
As such, small quantities of sugars (dextrose, levulose, galactose, partly
maltose) and glycerin, as also asparagin, are suitable. A higher pro-
portion of sugar, because of marked fermentation and production of
acid, stops the emission of light in somecases. As forsalts, 3% to 4%
of sodinm chlorid is favorable, magnesium chlorid appears to promote
the production of light still more, while sea-salt is best.

To preserve the photogenic function it is best to em-
ploy a gelatin nutrient medium, which is prepared from
an infusion of fish in sea~-water (or artificial sea-water con-
taining 3% of sea-salt) with the addition of 1% of peptone,
19 glycerin, and 0.5% asparagin. DBut even on this me-
dium, if the transfer is infrequent, the ability to produce
light is soon lost, so that the cultures found in laborato-
" ries are not usually photogenic. By repeated frequent
transfer to suitable media the photogenic property may
often be regained. T employ two salt herrings, cooked n
a liter of water, and, after filtering, add 109 gelatin with-
out neutralization,
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cause materials are only fermented after they are taken
into the bacterial cell. Fermentation products arc meta-
bolic products produced under the influence of special

nutrition. (Compare p. 64.)

I. The Bacterial Ferments and the Changes Produced
by Them.

Under ferments in the restricted sense—enzymes——
(the custom of calling micro-organisins ¢ living ferments ™’
is passing into disuse) one understands certain chemical
bodies, which, in a minimal quantity and without being
thereby destroyed, are able to split up large quantities of
definite elaborate organic molecules into smaller, simpler,
more soluble; and more diffusible ones.’

We can only properly speak of chemical ferments after
the following properties have been demonstrated: :

1. Fermentation continues in the presence of materials
which are surely bactericidal, but do not injure ferments;
for example, phenol, 8%; thymol, 0.1%; chloroform,
ether ; or

2. The power of producing fermentation is possessed by
the germ-free filtrate, obtained by passing cultures of the
bacteria through clay or porcelain cylinders ; or

3. This activity is possessed by the pulverized and ster-
ile ferment-preparation obtained from cultures.

Of the extraordinarily numerous details which have
been taught by Fermi’s # methodical and exhaustive stud-
ies, only the most important can here be given. All fer-
ments dialyze a little, like ordinary albuminous bodies,
through good parchment paper.

Proteolytic or albumin-dissolving enzymes are widely
distributed. The liquefaction of the glue in gelatin (closely
related to albumin chemically) is a sure indication of
the presence of a proteolytic ferment. Since the reaction
of the gelatin when dissolved is always or may be alka-
line, the liquefaction is not due to pepsin (which is active

1 This definition evidently does not apply to rennet ferment, which
coagulates milk.

2 A, H. x, 1; x11, 240 ; C. B. x11, 713 ; C. B. L. 1, 482.
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The production of proteolytic ferments fluctuates
with many, perhaps with all, species in a greater degree
than one would be led to suppose from the ordinary
descriptions.  Beijerinck found that one of two photo-
genic vibriones at first liquefied slowly, but that alter
longer culture gelatin was always liquefied more rapidly;
the other showed exactly the opposite. The same was ob-
served by Katz in the Australian photogenic bacterium.
Max Gruber and Firtsch (A. H. vi, 369) have studied
particularly closely liquefying cultures of Vibrio proteus,
but they have also reported similar experiences with the
cholera vibrio, Bact. vulgare, the Micrococcus pyogenes;
indeed, many observers have even seen liquefying Strepto-
cocel pyogenes.

We have observed, also, in many varieties, that upon thin
plates single, distinctly visible, superficial colonies of the
same bacterium present such varying degrees of liquefac-
tion that a beginner could scarcely be convinced that sev-
eral varieties were not present.

It is very unfortunate that, through these observations, one of
the readiest applied diagnostic aids, the liquefaction of gela-
tin, has lost not a little in value.

The causes of the decrease and increase of liquefaction
under prolonged cultivation we ascribe to our artificial
nutrient media or to the influence of the metabohe
products of the micro-organisms, but without being able to
give anything more decisive.

Regarding the influence of nutrient media upon the for-
mation of trypsin in a culture and the liquefaction of gela-
tin, the following facts are known:

1. Most circumstances which interfere with the growth
of a variety of bacterium on a nutrient medium also inter-
fere with the liquefaction of gelatin; for example, the addi-
tion of phenol and a large amount of glycerin.  Wood has
observed that the lessened power of liquefying gelatin pro-
duced by phenol may be propagated for several gencra-
tions upon favorable nutrient media (C. B. v, 266).

2. In hydrogen and nitrogen the liquefying facultative
anaerobes do not liquefy gelatin,? while in CO,, if they

1 A single exception is the B. prodigiosum; but if grape-sugar be
added to the gelatin, it also ceases to liquefy.
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According to Fermi, about one-third of the varieties investigated
possess the ability to form such ferment, but only on albuminous
nutrient media (A. H. x1, 1, and C. B. XII, 713). It is produced by
hacilli of the subtilis group (anthrax, megatherium, Fitzianus, ete. ),
the vibriones related to the cholera vibrio; besides, Micrococeus
tetragenus, Micrococeus mastitidis, Baet. janthinum, Bact. mallei,
Bact. pyogenes feetidum, Bact. phosphorescens, Bact. pneumonie,
Bact. synxanthum, Bact. aceticum. The remainder do not elaborate
it or it is doubtful whether they do. Besides, all actinomyces and
Oosporexe (with the exception of the Oo. carnea) form such a ferment.
Most of these varieties afterward utilize the sugar further to form
acid, while others do not; for example, Bacillus subtilis.

Inverting ferments—i. ¢., such as convert cane-sugar
into grape-sugar—are rare, according to Fermi and Mon-
tesano (C. B. L. 1, 482). Their presence is easily dem-
onstrated by mixing a 19 to 2% solution of cane-sugar
containing carbolic acid and the culture treated with 1%
carbolic acid, and after a few hours testing with Fehling’s
solution, and learning if it reduces the solution after stand-
ing, which cane-sugar admittedly does not. Control ex-
periments with a solution of cane-sugar alone are always
necessary. [Fission fungi invertin can (always ?) stand
100° for over an hour; it is also produced in non-albu-
minous nutrient media, if glycerin is added. As producers
of inverting ferments the above authors mention only:
Bacillus megatherium, B. kiliense, B. fluorescens lique-
faciens, B. vulgare, and Vibrio cholerse and Metschnikovii.

Efforts to find a ferment resembling emulsin have been
frustrated. The ** Micrococeus pyogenes tenuis’’ splits
off benzaldehyd from amygdalin, but without the function
being separated from cell-life.

Rennet ferments—i. ¢., bodies which coagulate milk
of nentral or amphoteric reaction, unconnected with the
action of acid—are not lacking among the products of bac-
teria. For example, cultures of the Bact. prodigiosum, if
not too old, sterilized by heat at 55° to 60°, cause a solid
coagulation of sterile milk in one or a few days (Gorini,
C. B. xm, 666).

Thorough investigations regarding the distribution of
this ferment are unknown to me. We may suspect it in
all varieties which coagulate milk without being able to
form lactic acid from milk-sugar.
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difficult of utilization, which it would reduce in the absence of
fermentable objects. s

Every fermentation has the object of furnishing a store
of energy to the fermenting organism. This is attained
in the splitting fermentation in this way:

In the interior of the bacterial cell the complicated
fermentable molecule is decomposed into smaller fragments,
and thus energy is set free. I will illustrate this as it
oceurs in the common fermentations of sugar, where the
case is very simple:

GH,0, = 2GHO -+ 200,
1 Grape-sugar = 2 Aleohol + 2 Carbon dioxid.
Or
CH.0, = 2CHO,
1 Grape-sugar = 2 Lactic acid,
Or

GEHIEDE

1 Grape-sugar

3C,H,0,
3 Acetic acid,

||

Organisms growing with oxygen excluded especially
utilize one of these sources of energy, as the source of
energy at the command of aerobic varieties, residing in
the oxidation of resorbed substances through absorbed
oxygen, is cut off. Therefore all anaerobic varieties are
endowed with the ability to cause active fermentation of
sugar, while many facultative anaerobes only cause fer-
mentation of nutrient media containing sugar when oxy-
gen 1s excluded,

As already mentioned on page 29, Buchner has dis-
covered that by expression under great weight a ferment
(zymase) can be obtained from the bodies of yeast-cells
which ferments sugar most intensely. These discoveries
have advanced considerably our understanding of the
utilization of sugar within the cells of the yeast fungus.
We now know that the breaking up of sugar and the re-
sulfing gain of power originates simply ‘through the
vital process,”’ but we recognize, in the zymase, the special
meang which the organism makes use of for this activity.
Heretofore it has not been posgible to obtain zymase or
other intracellular acting ferments from bacteria, yet, for
the present, we may suppose that yeasts and bacteria are

similar in this regpect.
5
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several pigments, present great variation. (See Schneider,
A. K. 1, 201, regarding spectra and peculiarities.) They
are, however, closely related to the widely distributed lipo-
chromes (pigment substances of fats, yolk of egg, ete.) and
the carotin of yellow carrots. (Compare Leisenberg and
Zopf, C. B. x1, 659.) I :

(b) Prodigiosin pigments. By prodigiosin I designate
the beautiful pigment of the Bact. prodigiosum and its
nearest relatives. It is soluble in ether as yellowish-
brown and in alcohol as garnet-red. It is turned yellow
by alkalis, violet-red by acids, and brownish-red by con-
centrated sulphuric acid. Zine and hydrochlorie acid re-
duce the pigment to a colorless leuko-product. The spee-
troscopic behavior is very characteristic.

Violet pigments. In connection with the bacterium
violaceum, and also the Bacterium janthinum, there is pro-
duced, according to Schneider (verified by myself), a violet
pigment (janthin) which is insoluble in water, readily
soluble in alcohol, but insoluble in ether, benzol, and chloro-
form. If dry, it becomes yellow when treated with con-
centrated sulphuric acid and emerald-green when treated
with caustic potash. In alcoholic solution all strong acids
and ammonia produce a green or bluish-green color. With
zine and sulphuric acid the color is destroyed (Schneider,
B )

The beautiful blue pigment of the Baect. indigonaceum
(laessen was very incompletely examined by Claessen and
Schneider (. ¢.). This pigment is not dissolved by ordi-
nary solvents. Hydrochloric acid gives a transitory blue,
turning to a yellowish-brown solution. Also, other acids
in dissolving it cause its decomposition. Caustic potash
turns the color bluish-green. I am umnable to add any-
thing further.

Different from these is the blue pigment produced by
the Bacterium syncyaneum (blue milk), which I propose
to call syncyanin. It is also entirely independent of the
bacterio-fluorescein forms (see below). This pigment was
pointed out by Thumm as very unstable; acids turn it
steel-blue, in weaker acids it is blue-black, neutral it is
black, alkaline it is brownish-black. Ior details see the
special part.
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Pigment production appears to be lessened by merely in-
frequent transfers of the agar culture. : :

The Bact. prodigiosum at 37° forms no pigment; if
grown at this temperature for a long time ‘with constant
transfers, the power of pigment formation is, even under
favorable circumstances, lost for many generations (Schot-
telius).

Ver)y interesting experiences with pigment-forming
cultures of varieties which usually produce colorless
growths are scattered through the literature; for ex-
ample, Fawitzky regarding yellow to rusty-red colonies of
Streptococeus lanceolatus; Kruse and Pasquale on colored
varieties of the Streptococcus pyogenes (Ziegler’'s Beitrige,
x11); also the experience recently published by Kutscher,
according to which a pseudoglanders bacillus, when ob-
tained from the animal, in the primary culture upon
serum develops a bright orange-red growth, but after a few
transfers the red color is completely exchanged for a white
one (Z. H. xx1, 156). Perhaps still more important is
the observation, which is easily made, that, from some in-
ternal condition, at times colored and colorless colonies
of*the same variety grow side by side upon a plate; for
example, in Bact. kiliense. R. O. Neumann has, by selec-
tion, grown from the Micr. pyogenes a aureus white, yel--
low, and red varieties (A. H. xxx, 1).

An analogue to this variation from internal eauses is re-
lated by F. Hildebrand, who observed in a stock of Iris
florentina, which always bore pale-blue flowers each year,
the sudden appearance of two flowers presenting dark

violet portions arranged in sectors (Ber. d. deutsch. bot.
Gesell., 1873, 476).

2. The Formation of Ammonia and Urea-fermentation.

According to Sommaruga (Z. H. xi1, 273), acrobic bac-
teria growing in non=saccharine nutrient media always
form an alkali from albuminous bodies.

When sugar is present, most varieties, besides produe-
ing alkalis, form acids from the sugar. In this way is
explained the fact that many young cultures of bacteria at
the beginning are neutral or faintly acid in reaction because
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the contradictory results of authors with the Baet. coli
(see special part) and the Micr. pyogenes are thus ex-
plained.

What are described in the literature as Micrococcus
urese Leube, Bacillus ureee Leube, Bacillus ures liquefa-
ciens Fliigge, can be partially identified as the Mier. pyo-
genes 7 albus and Bacterium coli, but the descriptions of
these varieties allow of no accurate identification. The
urea-splitting function appears to occur occasionally in
very many varieties. .Warington (C. B. vi, 498), Burn,
Herfeldt and Stutzer (C. B. L. 1, 284) have described urea-
splitting varieties. Compare also the investigations of Mi-
quel (Ann. d. Micrographie, Bd. 1 u. f.), which are very
interesting biologically, but which lose much in value be-
cause Miquel has elaborated a very singular nomenclature
which does not take into consideration the usual varieties.
Miquel has observed varieties which are able to decom-
pose as much as 60 gm. of urea to a liter. He claims to
have isolated a special ferment, urase, which decomposes
urea.

The older literature can be found as given by Leube
(Virchow’s Archiv, Bd. ¢, p. 540); the newer, with the
method of determining ammonia (according to Schlosing),
by Mann.

3. Formation of Complicated Basic Metabolic
Products.

Especially through the investigations of Brieger (Ueber
Ptomaine, Heft r—1m1, Berlin, Hirschwald), besides ammo-
nia, a large number of basic, crystalline, nitrogenous
bodies are known as products of bacterial metabolism.
These bodies are usually called ptomains (zrape, putrefac-
tion) or putrefaction alkaloids.! They occur, so far as
closely studied, mostly in the following groups:

1 For a long time the poisonous ptomains were called foxins, yet now
most authors call all bacterial poisons toxins, without reference to
their chemical constdution, and usually one understands the term to
include the ‘* albuminous-like '’ bacterial poisons more especially.
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which do not dissolve in ether. For extensive review of
literature upon ptomains, see Jacquemart (C. B. 1x, 107).

4. Production of Complex «Albumin=like’’ Poisonous
Metabolic Products (¢ Toxalbumins,” Toxins).

" In addition to the discussion of the relatively simply
formed, basic, less poisonous metabolic products of bac-
teria, we may speak, as briefly as possible, of the other
bacterial poisons. From the standpoint of our present
knowledge, they may be divided into three classes:

1. Bacterioplasmin (Buchner). Compare Hahn,
Miinch. med. Wochenschr., 1897, No. 48, 1344. The ex-
pressed juice (compare pp. 29 and 69) of bacteria contains,
in ordinary unchanged form, poisonous substances ; pres-
ent in the baecteria of cholera, typhoid, and tuberculosis;
absent in Micr. pyogenes and Bact. anthrax. Koch's
new tuberculin, ‘T R,” is essentially also a plasmin.

9. Bacterioprotein (Buchner). Under this head are
placed albuminous bodies, unaltered by heat, which pro-
duce fever (pyrogenic), inflammation, and suppuration’
(phlogogenic). They are obtained by boiling for several
hours seraped potato-cultures with 0.5% caustic potash
(about 50 volumes KHO to 1 volume of hacterial sub-
stance). The protein may be precipitated from the clear
fluid obtained by filtering through paper, by carefully
rendering it feebly acid. The protein is filtered out,
washed and dried, and before heing employed is dis-
solved in a small quantity of weak soda solution.

The best-known protein is the ““old’’ tuberculin of
Koch ; also mallein belongs here. According to Buchner
Emr.]ll Rémer, all bacterial proteins act alike and not specif-
1CALLY,

3. “Toxalbumins,” now usually called toxins. The
isolated statements of earlier investigators (Christmas,
Roux and Yersin, Hankin) were confirmed to a great ex-
tent by the investigations of C. Friinkel and Brieger (Berl.
klin. Wochensehr,, 1890, 241 and 268), who found that

! Suppuration is best produeced by hacterial and non-bacterial prod-
uets if they slowly diffuse from a gelatin capsule into the subcutane-
ous tissues (Poliakoff, C. B. xviir, p. 33).
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color, but otherwise no reaction for albumin. It is free from
phosphorus and almost entirely free from sulphur. Thus
it seems to be demonstrated that the tetanus poison is
not an albuminous body.

Also the cholera and diphtheria poisons are to-day rec-
ognized by Brieger and his pupils as non-albuminous, or
at least not as ¢¢ albuminous bodies " in the ordinary sense.
The statement of Uschinsky, also, that at least certain
diphtheria cultures form toxins in non-albuminous nutri-
ent media, is not to be questioned. But in contrast to the
bacterial toxins the powerful plant-poisons, abrin and ricin,
which in their properties present many similarities to the
former, are said to be true albuminous bodies.

Regarding the other properties of these toxing, I will
give some of the recent statements, using the tetanus poi-
con as an example (Brieger and Cohn, I. ¢.). The toxin
does not diffuse through membrane, and consequently 18
purified by dialysis (Fedoroff, C. B. xv1, 484). Watery
solutions are not coagulated by heat, but in time lose their
poisonous properties. The poisonous property 1S very
much injured by the addition of small amounts of acids
or alkalis to the solution and by the prolonged passage
through it of carbonic acid and sulphuretted hydrogen.
When dry, the toxin withstands 70° for a long time,
while higher temperatures destroy it rapidly. In a dry
condition, protected from light, air, and moisture, it 18
slowly converted into an inert body. It keeps better if
i:p]:ered with absolute alcohol, anhydrous ether, and the

ike.

The statement is interesting that very small quantities
of bile, pancreatic secretion, ete., suffice to destroy large
quantities of diphtheria and tetanus poison (Nencki and
Sieber, C. B. xxti, 880). According to Ransom, tetanus
poison, introduced by mouth, remains unabsorbed and
escapes from the body by the rectum (Deut. med.
Wochenschr., 1898, No. 8, 117).

The toxicity of the purest tetanus poison obtainable 18
almost unbelievable. A mouse weighing 15 gm. 1s killed
by 0.00005 mg. ; a man weighing 70 kilos, if equally sus-
ceptible, would be killed by 0.23 mg. Of strychnia, 30
to 100 mg. are required to cause death in man.
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duced by the bacteria; that is, they look upon this production of H;S
as a demonstration of the formation of nascent hydrogen.

2 From hyposulphites and sulphites. Especially studied in
yeasts, but also demonstrated in some bacteria by Petri and Maassen.

4 From sulphates. Beijerinck (C. B. L., Bd. 1, 1) has proved
this practically important function for his motile obligate anaerobic
Spirillum desulfuricans, which has only slight morphologic character-
istics. With other bacteria it is rarely found developed.

Rubner has pointed out that with the Bact. vulgare the liberated
organic sulphur always suffices for the formation of H,S.

The presence of sugar in nutrient media only rarely diminishes or
prevents the formation of H,S, even if the bacteria are able to actively
ferment sugar. The breaking up of the carbohydrates does not pro-
tect the albuminous bodies from decomposition. The presence of salt-
peter operates injuriously ; under these cirecumstances only a little
H,S is formed, but abundant nitrite (Petri and Maassen ). Exelu-
sion of oxygen favors the formation of H,S. With the passage of air
through cultures of facultative anaerobes which produce H,S, the
amountof H,S formed is markedly reduced, and, instead, sulphates are
produced.

Some (probably many) bacteria which form H,S also
produce foul-smelling mercaptan, CH;— SH, which 1s
demonstrable by the green color that it imparts to the yel-
lowish-red isatin-sulphuric acid. One places upon the cul-
ture-glass a tube, open at both ends, filled with glass
pearls, which are moistened with a 1.5% solution of 1satin
in concentrated sulphuric acid. The presence of sugar in
the nutrient medium lessens or prevents the production of
mercaptan (Rubner, A. H. xix, 136).

6. Reduction Processes.

(Reduction of pigments, nitrates, ete.)

We have seen that generally the aerobic bacteria are
able to change powdered sulphur into H,$S, for which nas-
cent hydrogen is necessary.

The following processes are, indeed, similar to, and 1in
part probably dependent upon, nascent hydrogen:

1. Reduction of the complex blue litmus-pigment of
methylene-blue and indigo to colorless leuko-products.
The part near the surface in contact with the air often
shows no reduction, but only the deeper layer. DBy shak-
ing with air the color may return, but where there has
been simultaneous production of acid, the returning color

(_,f- ?.-;,J
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may be distilled after adding MgO and the distillate
treated with Nessler's reagent. Yellow to reddish-brown
color indicates ammonia. Control experiments must
always be made.

7. Aromatic Metabolic Products.

Often, as the result of the action of very many varieties
of bacteria, there arise from albumin aromatic bodies, of
which indol, skatol, phenol, and tyrosin are best known.
Methodical investigations are at hand regarding the occur-
rence of only indol and phenol, since these bodies are
easily recognized. .

Demanstration of Indol.—There is added to the bouillon
culture, which is preferably not less than eicht days old
and prepared without the addition of sugar, about one-
half its volume of 10% sulphuric acid. If, now, on
warming to about 80° a rose or bluish-red color at once
appears, then both indol and mitrite are present. The
nitroso-indol reaction just described requires both these
bodies to be present for its success. With cholera and
most other vibriones, at times also with diphtheria, the
demonstration may be made (¢ cholera-red reaction™).
Usually the addition of sulphuric actd s not sufficient, and
it is necessary to add also a little nitrite. This may be
added if, upon warming without the nitrite, no reaction,
or only a doubtful one, is obtained. One adds 1 c.c. to 2
c.c. of a0.05% solution of sodium nitrite until the maxi-
mum reaction is obtained. Addition of a stronger nitrite
solution colors the fluid brownish-yellow, and entirely
prevents the demonstration of indol.

Demonstration of Phenol.—The culture in non-saccharine
bouillon receives the addition of about one-fifth its volume
of hydrochloric acid and is then distilled. The distillate
gives a floceulent precipitate when treated with bromin
water. Tf carefully neutralized with ecaleium carbonate,
the addition of neutral very dilute chlorid of iron gives a
violet color.

In sixty varieties examined, we found (see Table I) indol
production twenty-three times. Our findings accord well
with the statements of Levandowsky (Deutsch. med.
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As products of putrefaction we find those given in the
preceding sections :* Albumoses, ammonia and amine,
leucin, tyrosin and other amido-bodies, oxyfatty acids,
indol, skatol, phenol ; then, sulphuretted hydrogen, mer-
captan, carbonic acid, hydrogen, and finally marsh-gas.

In the decomposition of different nutrient media by
various fungi, the metabolic products just enumerated are
found, as a rule, only in part and in most variable com-
binations, so that putrefaction can scarcely be defined
more exactly by chemical aids than is possible by the
senses. I am, therefore, of the opinion that it is best to
employ the expression * putrefaction’” only in the general
sense of the laity to indicate every foul-smelling decom-
position of albuminous bodies. (Compare Kuhn, A. H.
xmi1, 40.)

1o0. Nitrification.

According to Heraeus (Z. H. 1, 193), the ability to form
nitrite, at least in traces, from NH is widely distributed. *
Most investigators, however, agree in stating that nitrite
production from NH, exclusively, or at least prepon-
derantly, is dependent upon an organism, possessing slight
morphologic characteristics, which Winogradsky, in his
original work, designated nitrosomonas. For more detailed
description see special part.

Winogradsky has described somewhat more completely
the organism which forms nitrates from nitrites, and which
he calls ‘‘nitrobacter’”’ (compare special part). Both
organisms are alike in that they grow only upon poor
nutrient materials—on mixtures of inorganic salts or agar
and mixtures of salts without peptone or sugar—and do
not grow on any of our ordinary nutrient media. The
contradictory statements of Stutzer and his pupils are
generally considered incorrect. Both organisms ave widely

! The assertion is often made that the albuminous bodies are first
peptonized in every putrefaction, but since Bact. vulgare, B. Zenkeri,
and Bact. putidum are generally recognized as ‘‘ecauses of putrefac-
tion,” but never liguefy gelatin, it is not proper to speak of peptoni-
zation of albumin as being always present in putrefaction.

# Rullmann ecalls attention to the nitrite present in laboratory air,
which may easily cause mistakes (C. B. L. v, 212).
6
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The test for denitrification is best made with fermenta-
tion tubes (p. 90), as the entrance of oxygen is here inter-
fered with; still, usually test-tube cultures suffice. There
occurs an abundant production of gas, which is not ab-
sorbed by KHO (not CO,), nor by KHO and pyrogallic
acid (not O), and does not burn (not H or hydrocarbons),
therefore is nitrogen.

According to Stoklasa, the denitrifying action of bacteria
is most pronounced in nutrient materials which, like de-
cayed vegetable matter, straw, and manure, contain abund-
antly the pentose, xylose (C,H,,0;). Recent litera-
ture upon denitrifying varieties : H. Jensen (C. B. L. 1v,
401), Kiinnemann (C. B. L. 1v, 906). Here are also
described further denitrifying bacteria : Bact. agile Amp.
and Gar., Bacillus Schirokikhi Jensen, Bact.filefaciens Jen-
sen, Bact. centropunctatum Jensen, Baet. Hartlebii Jen-
sen, Bact. nitrovarum Jensen, Vibrio denitrificans Sev.?!
Most do not liquefy gelatin and are also able to break
up nitrate without the aid of synergetic bacteria. The
practical significance of the denitrifying organisms 1s
very great. They rob the soil, manure, ete., of the ni-
trates and nitrites which are so necessary for the nourish-
ment of plants, and so are powerful enemies of agricul-
ture.

12. Assimilation of Nitrogen.

While, according to our present knowledge, none of the
higher families of plants are able to assimilate nitrogen
from the air, this property occurs in one variety of bacter-
ium, Bacillus radicicola Beyerinck. This bacterium oc-
curs in the small root-tubercles of various leguminous
plants? (peas, clover, ete.), and may be cultivated from
them. It grows poorly or not at all upon the usnal nutri-
ent media, but well upon an infusion of pea leaves, to
which is added 7%, gelatin,0.25%, asparagin,and 0.5 % cane-
gugar. It does not liquefy gelatin, does not form spores

1 According to Severin (C. B. L. 111, 504), there are yet many more
ﬂenll;nf:,r{ng. varieties ; for example, Baeillus subtilis (or closely re-
lated varieties), Bacterinm indicum, and a coceus.

* Regarding the tubercles of the alder which assimilate nitrogen,
and their inclusion of fungi, see Hiltner (C. B. L. 11, 97)
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Bae. megatherium.  According to the latter, this fertilizer acts as
follows: The Bacilli mycoides and megatherium, in the first place,
in a nutrient medium poor in nitrogen store up atmospherie nitrogen
in the soil; in the second place, they change the nifrate into ammo-
nia and so protect it against the denitrifying organisms. Stoklasa
C. B. L. 1v, 817). Lauck saw practically no value in alinit
tG. B. L. v, 20); Stoklasa asserts very good results by many ob-
servers (C. B. L. v, 350).

Recently the question has been advanced as to whether nitrogen-
assimilating organisms are not more widely distributed. Winogradsky
has shown in the case of a Cl. Pasteurianum, closely related to the
Clostridium butyricum, that it utilizes the energy obtained by the
fermentation of sugar in the building up of organic substances from
atmospherie nitrogen. Similar observations have been made with
molds and a spirillum.

13. Formation of Acids and Alcohol from Carbo-
hydrates.

As pointed out by Theobald Smith (C. B. xvi, 16y
the formation of free acids is only possible upon nutrient
media containing sugar. The acid formation in ordi-
nary bouillon only occurs because of the presence of grape-
sugar (very small amount originating in the meat).? Ac-
cording to Smith, all obligate or facultative anaerobes form
acids from sugar, while the strict aerobie varieties either
do not at all or only so slowly that the acid formation is
concealed by a corresponding production of alkali. Be-
fore knowing of this investication we had determined that
all those varieties represented in the atlas which we exam-
ined (about sixty) produced more or less free permanent
acids in peptone bouillon containing 1% grape-sugar (com-
pare Table I). In connection with the production of
acids, perceptible gas-formation was either present or ab-
sent. Intense acid production may cause the death of
cultures (for example, Bact. coli, Bact. vulgare, etc.).
Hellstrom recently showed that sugar, since it strongly
favored the production of acid, especially in poor nutrient
media (bouillon without peptone), can shorten enormous-
ly the duration of the life of cultures. In peptone-free

1 According to Th. Smith, 75% of commercial beef contains signifi-
cant amounts of sugar (up to 0.3%). Regarding the removal of this

sugar, consult the Technical Appendix under the preparation of nutri-
ent media.
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Unfortunately the fermentation of cellulose by bacteria
is insufficiently studied. So much seems certain, that at
least one anaerobic variety converts cellulose into
marsh-gas and carbonic acid. Yet Van Senus main-
tains that the anaerobic *‘Bacillus amylobacter,” 1so-
lated by him, attacks cellulose only in symbiosis with
another small bacillus. (Compare the résumé by Her-
feld, C. B. L. 1, 74, 114, and also the special part.)

Fig. 11.—Bacterium coli upon sugar-agar, after twelve, twenty-
. four, and forty-eight hours.

14. Gas-production from Carbohydrates and Other
Fermentable Bodies of the Fatty Series.

The only gas eventually arising in visible quantity?
in nutrient media which contain no sugar is nitrogen
(compare page 82).

! Sulphuretted hydrogen and ammonia can scarcely oceur in visible
quantity.
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in the incubator and the following observations made
(Th. Smith):

1. If cloudiness oceurs only in the open limb, then one
is dealing with an aerobic variety; if only the fluid in the
closed limb becomes cloudy, while that in the bulb re-
mains clear, then an anaerobic variety 1s present.

9 One notes the daily gas-formation by an ink marls,
and, if the tubes are graduated, in four to six days, after the
gas production has ceased, the percentage of gas formed on
each day can be determined.

3. A rough analysis of the gas is made. With this
object in view, after indicating the quantity of gas pro-
duced by means of a mark, the open bulb is completely
filled with 109 solution of caustic soda and closed tightly
with the thumb. The fluid is shaken thoroughly with
the gas and allowed to flow back and forth from bulb to
closed branch and the reverse several times. Finally, the
gas is allowed to again rise 1n the closed limb, and after
removing the thumb, the new volume of gas 1s read. The
part removed consists of CO,; that remaining consists of
nitrogen, hydrogen, and marsh-gas. For quantitative
analysis of these gases it is best to employ Hempel's gas
pipet. (Compare Cl. Winkler, Lehrbuch der techn. Gas-
analyse, Freiberg, 1892.) The principle of the method is
that hydrogen mixed with oxygen carried over red-hot pal-
ladium asbestos is converted into water, thus disappear-
ing; marsh-gas in a red-hot platinum capillary 1is burned
up to carbonic acid, and as such 1is determined; what is
left is nitrogen. With some practice the investigation is
easy and accurate.

15. Production of Acids from Alcohols and from Other
Organic Acids.

The transformation, in weak solutions, of ethyl alcohol,
under energetic consumption of oxygen, into acetic acid
by the Bact. aceti or its neavest relatives has long been
known (compare p. 66 and special part):

CH, -+ 0, = CH, -+ H,0
CH,OH  COOH
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Theoretically, the blood and organs of healthy animals
contain no germs, yet we must accept the fact that often
solitary streptococcl, tubercle bacilli, ete., are present in
the healthy body, circulating in the lymph- and blood-
stream and becoming fixed at loci minoris resistentiee,
from which places they extend further. Perez found, in
a systematic examination of healthy bodies, that only the
Jlymph-glands contain bacteria, but here the bacterial flora
was very rich.! In dead animals after sixteen to twenty
hours at room temperature or after five to six hours in the
incubator, bacteria. are found in the blood and organs
(Trombetta), having for the greater part wandered from
the intestine. In the most frequent artificial method of
infection, 4. e., subcutancous injection, the bacteria are
absorbed through the lymph-stream, and in part are held
back in the lymph-glands, weakened in their virulence
and even killed ; but if the organisms are strongly *° path-
ogenic,”’ they resist total destruetion, and, on the contrary,
begin to increase a few hours after entrance. Regarding
the method of destruction of bacteria, compare page 97.

Wherever we inspect the character of the pathogenic
action of bacteria, they are found to operate through chem-
ical substances which they produee or which are produced
from them in the animal body. Thus far we are able to
understand the action of only those bacteria which in cul-
tures form poisonous substances, by means of which we
can also reproduce the characteristic picture of the disease
more or less accurately. . Bacteria of this class are : Bac.
tetani and Corynebact. diphtherie, Streptococcus pyo-
genes, Micrococe. pyogenes, Vibrio cholere, ete. There
has already (p. 73) been given a sketch of what we know
chemically about these poisonous substances.

On the contrary, the means for an explanation upon a
chemical basis are almost entirely absent as yet in a series
of important infectious diseases, among which are, for ex-
ample, anthrax (Conradi, Z. H. xxxi, 287) and swine

1Tt may be mentioned here that often a considerable number of mi-
cro-organisms are also rapidly secreted through the bile and urine with-
out any perceptible injury to the organ being demonstrable (Biedl and
Kraus, 7. H. XxXVI, 353), yet many authors assume, in these cases, at
least microscopic rupture of vessels (Opitz, Z. H. XXIX, 505).
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several hours, and at 50° to 53° in a few minutes. By a proper regu-
lation of the reduction through the action of heat the anthrax bacillus
can be attenuated to such a degree that it will kill only mice, or mice
and guinea-pigs, or, besides these, also rabbits. Also spores (symp-
tomatic anthrax) may be attenuated by means of dry heat or short
careful steam disinfection (Kitt). _ i %

(b) By growth upon unfavorable nutrient media. An addition of
phenol (53 ;) and of bichromate of potassium (0.04 % to 0.02% ) to nutri-
ent media is employed to attenuate the anthrax bacillus, and jodin
trichlorid the diphtheria bacillus, Growth on media containing sugar
always, in time, lowers the virulence (Levy).

(¢) By the action of sunlight, compressed oxygen, efe, .

(d) By repeated passage through unsuitable animals. Swine erysip-
elas hecomes much less virulent after repeated passage through rabbits,
the variola organism (although not a bacterium) after passing through
the cow.

It is much more difficult to restore a heightened viru-
lence to attenuated bacteria. In general it is true that
the more rapidly the attenuation is accomplished, the
more rapidly will the virulence be spontaneously restored.

Varieties which have gradually (spontaneously, <. e.,
from the action of their metabolic products) suffered loss
in virulence may have their virulence again increased
in most cases, but not always, in one of the following
ways :

1. Growing in bouillon to which has been added ascitic fluid
(streptococei, diphtheria bacilli). (Compare von Dungeren, C. B. XIX,
137, and special part. )

9. By first inoculating especially susceptible animals,—i. e., very
young animals of the susceptible variety,—and if these succumb, trans-
ferring the causative agent directly with the blood of this animal to
an older, more resisting example of the susceptible species, and later to
still more resisting species of animals. Each passage through the ani-
mal strengthens the virulence, until a certain maximum is reached.
Compare also Knorr’s experience with the Streptococcus pyogenes.

3. By first infecting susceptible animals with large quantities of
fresh bouillon eultures of the variety concerned, the simultaneously
introduced metabolic products cooperate to heighten the disposition
of the animal for the injected organisms. '

4. Together with the bacteria (especially staphylococei and strep-
tococei) there is injected a large quantity of the metabolic products of
Bact. vulgare. The action is explained as under 3.

5. By the injection, together with the weakened bacterium, also of
another which in itself is entirely harmless; for example, with the Ba-
eillus cedematis maligni or Bacillus anthracis, the Bact. prodigiosum.

6. The injection of the culture mixed with an injurious substance
not of bacterial origin ; for example, lactic acid. With the Bac.
cedematis maligni increased pathogenic properties have thus been ob-
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mental animal is always at command. In difficult cases
experiments in infection have also many times been carried
out on man.

The causes of congenital immunity (resistance,
Buchner) lie in protective arrangements of the organisn,
regarding which I cannot here speak exhaustively. Only
so much is given as is fairly in accord with all the facts,
corresponding to the views formulated by Buchner as a
compromise to the various opposed opinions. Upon in-
vasion of a resisting organism by pathogenic germs, a part
is destroyed by pre-existing protective substances (alexins)
which are in solution in the serum (originating from leu-
kocytes); another part is destroyed by alexins, which are
produced from leukocytes (also from other tissues even-
tually) under the influence of the bacteria. !

In the body the leukocytes appear to be able to live
while supplying these secretions; in the test-tube certainly
it is only possible to obtain bactericidal substances from
leukocytes with certainty through injury (freezing, distilled
water, foreign serum, toxins) (Schattenfroh, A. H. xxxv,
185). The serum acts more strongly upon pathogenic than
upon non-pathogenic varieties (Leclef); also spores may
be destroyed.

Part of the organisms destroyed by the alexins are sup-
plementarily taken up by leukocytes, but, moreover, it is
undoubtedly true that at least some organisms are, while
living, devoured by leukocytes. Metschnikoff and his
pupils, moreover, insist (without, in recent times, contest-
ing the significance of the alexins) that the latter phe-
nomenon (phagocytosis) is of the highest import in im-
munity. Denys (C. B. xxrv, 685) has directly shown
that pathogenic streptococci are scarcely at all, while, on
the contrary, non-pathogenic ones are very rapidly de-
voured by leukocytes ; the absence of phagocytosis here
only concerns the pathogenie streptococel.

So far the alexins have not been isolated; they are very

! Recently, however, Sawtchenko and Schattenfroh have commu-
nicated investigations, from which it follows that, at least in some
cases, the poly- and mono-nuelear leukocytes contain no alexin, in
spite of strong bactericidal action of the serum (Schattenfroh, Miinech,
med, Wr;:henmhr., 1898, No. 12, 353). '
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1. With naturally or artificially attenuated infectious
agents of similar kind ; or ! _

2. With devitalized cultures of the micro-organisms
concerned.

So far we know of two entirely different causes for this
immunity.

A._F.'nisun Resistance (Specific Poison Immunity).

After recovery from a series of infectious diseases (diph-
theria, tetanus, botulism) which have this in common,
that during their course very active poisons are produced
by the bacteria, there are found in the blood, and espe-
cially in the serum, characteristic substances which are
actively antagonistic to the poisons (antitoxins). The
antitoxic serum protects as well if it is used before the
introduction of the poisonous culture (it immunizes
passively) as if it is injected at the time of, or subsequent
to, the infection (it heals). It operates as well against
the introduction of the toxins of the conecerned bacteria as
(in larger doses) against the introduction of living cul-
tures.

As yet little is known regarding antitoxins, but they
are more resistant than the alexins to Injurious influ-
ences. Thus the tetanus antitoxin bears very well
without being destroyed : a temperature of 60°, also 70°
to 80° for a shorter time, the action of sunlight (yellow
better than blue rays), and putrefaction. Brieger and
Ehrlich have obtained diphtheria antitoxin from the milk
of goats, immune to diphtheria, in solid form,—whether
it is an albuminous body or adheres to albuminous
bodies, is still unknown. The antitoxins are best separated
by means of zinc chlorid, but so far can not be freed
from the final traces of zinc (Brieger and Boer, Z. H.
XXI1, 266).

Regarding the action of antitoxins and toxins upon each
other the following is now known. As Behring and Kita-
sato supposed, a toxin solution in a test-tube with a suffi-
cient quantity of antitoxin added is completely inactive,
because toxin and antitoxin mutually neutralize each
other (somewhat as base and acid). Buchner explained
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For the explanation of the origin and action of an=-
titoxin in the human body, Ehrlich first expressed the
idea that the antitoxins are exactly identical with those
constituent parts of the poison-susceptible cells which are
injured by the poison. The antitoxins are the ‘ toxo-
phoric side chains’’ or, more simply, according to Blumen-
thal, the ¢ toxin=binding group " of the toxin-susceptible
albumin molecule.

The recent experiences of Wassermann, Behring, Blu-
menthal, Metschnikoff and Maria, and especially of Knorr
(Miinch. med. Wochenschr., 1898, Nos. 11 and 12), accord
very well with this explanation. Thus, what occurs in the
case of tetanus may be presented somewhat as follows :

If one introduces tetanus poison into an animal suscept-
ible to tetanus (guinea-pig), after a time the poison disap-
pears from the blood and becomes insolubly fixed by the
chemical constituents of the ganglia of the spinal cord,
and is therefore no more obtainable from the spinal cord.
The binding of the poison by the spinal cord leaves it dis-
eased ; the poison-binding cells become functionally inca-
pacitated. Wassermann could directly demonstrate that
the spinal cord (and brain) can bind tetanus poison, since
he showed that mixtures of tetanus toxin and emulsion
of spinal cord are non-toxie. It is further interesting that
the cord of animals susceptible to tetanus alone possesses
this property, the cord of hens, which are immune to teta-
nus, not at all. The side chains are absent here, and the
hen is insusceptible to tetanus for the same reason that its
cord is without effect upon the toxins. On the contrary, the
cords of animals dying from tetanus contain sufficient anti-
toxin to protect other animals from the disease. This is no
objection, if the first animal died when a certain part of
its spinal cells were poisoned through the union with toxin
and long before all the poison-binding affinities of its
spinal cord were satisfied.

Knorr has shown the identity of the antitoxin and the
poison-fixing substance of the spinal cord by demonstrat-
ing that both possess the same susceptibility to injurious
influences.

Where, by careful repeated poisoning of an animal until
the surplus supply of antitoxin is disgolved in the serum,
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If an immune serum contains in 1 ¢.c. one immunizing
unit (1E),—i. e., neutralizes 1 ¢.c. DTN,—thenit represents
a normal antitoxin (DAN).

To determine the strength of an immune serum, 1 c.c.
of normal toxin is mixed with inereasing quantities of the
serum ; the quantity of the serum which suffices to neu-
tralize it—for example, 0.1 ¢.c.—contains one Immunizing
unit, or the serum contains 10 IE to the c.c., and is then
ten times DAN, and is represented thus, DAN!®.

To cure a sick man, usually 600 to 1800 IE are em-
ployed, which are contained in 2, 4, or 6 c.c.; then it is a
DAN3°9 that is used.

Recently a dried DA has been produced, of which 1 gm.
containg as much as 5000 IE; of this about 0.125 gm.
suffices for a single healing dose.

9. After Ehrlich. Ehrlich has recently introduced in
the institute for testing serum, as a standard for deter-
mining values, a very durable dry antitoxin, which con-
tains 1700 IE in 1 gm. A test-toxin is prepared corre-
sponding to this antitoxin, and with this toxin the strength
of the unknown serum is titrated. For the crude estima-
tion of the working value of a serum, a toxin can be pre-
pared corresponding to a higher serum of guaranteed
strength of IE, and the unknown serum be titrated with
this toxin. Because of the numerous cautions to be ob-
served, serviceable results can be obtained only by experts.
Compare Ehrlich, Klin. Jahrbuch, Bd vr.

B. Bacteria Resistance (Specific Bacterial Immunity).

While the antitoxins antagonize the toxins of the bacte-
ria in an active manner, they are able, according to older
observations not at all, according to more recent observa-
tiong! only to a sligcht extent, to kill bacteria—i. e., to act as
bactericides. On the contrary, in a second group of infec-
tious diseases (typhoid, cholera, swine erysipelas) the
immunity depends upon the bactericidal action of the

TAceording to van de Velde (C. B. xx11, 527), strong antidiphthe-
ria sernm also possesses considerable bactericidal action; similar double
action is presented also by various other immune sera; for example,
antipyocyaneus serum.  Compare also Emmerich and Liw, p. 110.






AGQGLUTINATION. 105

broken off ; thus two pieces 1 cm. long and filled with
clear serum are obtained.

9. Collection of serwm from animals. A rabbit 1s injected
with cultures of typhoid or cholera, devitalized by heat,
following the detailed directions given in connection with
typhoid and cholera. After about ten days the animal is
bled from the carotid and the serum separated by standing
in a tall cylinder in a cool place or by centrifugation.
The measurement of the serum and the diluting fluid is
carried out by means of uniformly wide capillary tubes,
which are marked off with ink-lines in lengths of a centi-
meter each. The relative and not the absolute quantities
of the materials are thus known. In the following, when
I speak of 1 cm. of serum, I mean that contained in a
piece of #capillary tube 1 cm. long.

The bacteria are always employed as a suspension in 0.5
c.c. of bouillon, one loopful® (2 mg.) of a twenty-four
hours’ agar culture (37°) being used in its preparation.

The gerum is also diluted with bouillon.

For demonstrating the injurious action upon bacteria,
we have two methods : The demonstration of the specific
agglutinating material according to Gruber and Durham,
?nd the specific bactericidal material according to R. Pfeif-
er.

1. Demonstration of agglutinin,? after Gruber and Durham
(Miinch. med. Wochenschr., 1896, 206 and 285). Ifit
is desired to make a macroscopic demonstration (little used ),
0.5 c.c. of the suspension of the bacteria is added to 0.5 c.c.
of serum diluted fifty times, and it is noted in a very nar-
row test-tube whether there oceurs a visible clumping of the
bacteria with clearing up of the fluid. If after ten to fifteen
minutes, or at most one hour, no reaction occurs in the in-
cubator, the serum in a dilution of 1 : 50 is not active upon
the variety of bacteria tested, and we may repeat the test
with stronger concentrations. On the contrary, the ex-

1 The loopful is estimated by weighing the empty and full loop on
the needle.

2 If one employs more bacteria, the action of the serum is weaker.
In order to obtain cultures that are readily broken up, the culture is
prepared upon agar that has been somewhat dried by being previously
kept in the incubator for twenty-four hours. g
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Virulent and avirulent cultures are alike affected; even the
expressed bacterial cell-juice and, moreover, the germ-iree
filtered bouillon cultures are precipitated by specific im-
mune sera (Kraus, Wien. med. Pr., 1897, 608).

The paralyzed and clumped organisms are not dead, or
only partially so, for after twenty-four hours an active in-
crease of the organisms is often observed. Although the
clumps do not dissolve, and at most loosen up, the prepa-
ration swarms with actively motile forms. If one adds
new bacteria to a preparation in a state of agglutination,
they are not affected, the agglutinin having been consumed,
and with the addition of new serum agglutination again
OCCUTS.

9.1 Demonstration of specific bactericidal * bodies n vmmune
sera according to R. Pfeiffer. 'We will employ cholera as an
example. If one mixes a suspension of one loopful of
virulent cholera culture in 1 ¢.c. of bouillon with 0.01 c.c.
to 0.03 c.c.® of cholera-immune serum and injects the
mixture into the peritoneal cavity of a healthy guinea-pig,
he will observe there, besides paralysis and swelling, death,
granular degeneration, and, finally, solution of the mtro-
duced germs. In this case a virulent culture must be
selected, since avirulent organisms, even without the addi-
tion of immune serum, die and are dissolved in the
peritoneal cavity. This reaction is specific to a high de-
gree (compare below). To make the ex aminations, peri-
toneal lymph is obtained with a capillary pipet through
a small opening in the abdominal wall, and examined
microscopically every ten minutes for about half an hour
to one hour to determine the fate of the bacteria. After .
this time, if the reaction is positive, nothing more is to be

1 A third ““specific’”’ serum reaction has been recommended by
v. Dungern (C. B. xx1v, 710). A little of the serum from animals
which have passed through cholera and staphylococcus infection, and
anthrax, exerts a marked inhibitory action npon the liguefaction of
gelatin by a portion (1 c.c.) of a liquefied gelatin culture of the same
variety. Normal serum restrains it less; the interference with the
ferments of other varieties is slight.

*C. Friinkel has proposed the name ‘‘ lysogenic material '* for that
which acts as a bactericide.

*If one draws 0.2 c.c. in a capillary tube and divides the filled
length of tube into twenty parts, then each part represents 0.01 c.c.
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of Pleiffer that there is an essential difference between the
agglutinating and the specific bactericidal materials.

1. There are sera which in definite dilutions no longer
agelutinate, but yet act as bactericides in the peritoneal
cavity (R. Pfeiffer, Deutsch. med. Wochenschr., 1898, No.
31, 489).

9. Often an immune serum, from which all agglutinins
have been abstracted by long luxuriant growth of the
inoculated bacteria, which after sixteen hours are mno
longer paralyzed (which, therefore, is devoid of all ag-
glutination), is still active in the peritoneal cavity.

The observations may, however, be in part explained by
the discovery of Emmerich and Low, that in the abdomi-
nal cavity the action of immune sera is very much in-
creased by the lack of oxygen (see p. 110).

The action of agglutinin and specific bactericidal sub-
stances is, like that of antitoxin, in a great measure spe-
cific. For the bactericidal action R. Pfeiffer has main-
tained absolute specificity ; also other authors, as Dunbar,
Sobernheim, Loffler, and Abel, arrived at results that speak
very much in favor of specificity (compare typhoid, chol-
era, etc.).

The agglutination phenomenon has been studied by very
many investigators, and the standpoint taken by its dis-
coverers has been confirmed as entirvely correct. The action
of immune sera is strongest upon the variety against which
the immunity has been produced; less, but similar, against
related varieties (only in high concentration); and fails with
varieties that are not related.

_ Thus, for example, a seram from an animal which was
immunized against the Bact. typhi was active in a dilution
of z15 upon Bact. typhi, and upon Bact. coll at 4.

It is evident that this property can be of diagnostic
value.

1. If we have serum from an animal which is immun-
ized against true Bact. typhi, then it is employed to iden-
tify doubtful bacteria as typhoid bacteria, if the serum
dilution of #; acts distinetly upon the bacteria to be diag-
nosticated, but not upon related bacteria ; for example,
Bact. coli.

2, If one has undoubted typhoid bacteria, one can as-
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If an old culture orits ‘“ metabolic products ’’ are intro-
duced into the body of animals, within them there occurs
a union of the zymase with the body albumin—immun-
proteidin (Emmerich). These immunproteidins have the
same solvent action upon bacteria as the bacteriolytic
enzymes, but are more durable and, above all, more capa-
ble of persisting in the blood. At least in some infectious
diseases the immunproteiding can be produced synthetic-
ally in vitro instead of in the animal body, and thus, ac-
cording to Emmerich and Low, materials may be produced
rapidly and cheaply which possess very high immunizing
power. The immunproteiding operate also much more
strongly anaerobically than aerobically. The difference
between the Gruber-Durham reaction (agglutination with-
out death) and the R. Pfeiffer reaction (death in the ab-
dominal cavity) is essentially dependent upon the follow-
ing: In the peritoneal cavity a scarcity of oxygen prevails
and the peristalsis mechanically disturbs the agglutination;
also, Emmerich and Low find the bactericidal action of
normal blood to be dependent upon enzymes.

This mass of observations, which are most worthy of
notice, is not to be overlooked to-day, although there has
been no opportunity for substantiating them. If they
prove true, they render an essential revision of the whole
question of immunity necessary.

Summarized presentations regarding immunity or of the greater part
of the subject are : Buchmner, H., Schutzimpfung, ete., in ** Handbuch
der Therapie,”’ Jena, 1897. Metschnikoff, ‘* Immunitit,’” Jena, 1897,
Trompp, A. H. xxx111, 70. Dieudonné, ‘* Experimentelle und krit-
1sche Beitrige zur Kenntnis deragglutinieren den Stoffe, ete.”” Habili-
tationsschrift. Wiirzburg, 1898. Dieudonné, ‘‘Schutzimpfung und
Serumtherapie.”’ Leipzig, zweite Aufl., 1899,












A. Introduction to the Classification of
Fission-fungi.

I. The Fundamental Ideas of Botanical Classification
Applied to Fission-fungi.

All individual plants which upon careful examination
are alike and transmit their characteristics to their descen-
dants are designated as representatives of a botanical vari=
ety (sSpecies).

The nomenclature of the animal and vegetable kingdoms
employed at present is founded upon the assumption that
a very definite number of varieties of plants (species) are
present upon our planet which can certainly be distin-
guished from each other by characteristics visible with more
or less ease, and which, through propagation, reproduce
themselves unaltered in all essential characteristics. A
number of such species possess certain common character-
istics and thus exhibit a certain close relationship,—these
species are placed together in a genus. As genus charac-
teristics it is only allowable in general to select actual
characteristics, usually those concerning the structure of
the organs of reproduction. Some genera consist of single

- species, others include hundreds. A group of genera

forms a family.

In certain groups of the vegetable kingdom the actual
circumstances suit this scheme very well. The individu-
als can be divided easily into a number of sharply charac-
teristic varieties, not connected by any transition ;4 num-
ber of varieties group themselves naturally into a genus,
and the genera constitute a natural, sharply defined family.

The cénditions are nearly go in the case of the German
malvace®. The family is sharply characterized ; it con-

sists of four genera, and each genus includes from one to
115
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first asserted this in a broad sense, was partially led to this
conclusion by ineflicient methods. But also Cohn’s doc-
trine of the constancy of species, which for a long time
was most strongly advocated by Koch and his pupils, is
not to-day temable in the old sense, for continued and
always more penetrating investigation has demonstrated
that almost all the properties of a well-defined spe-
cies are exceedingly variable. For example, we have
learned that upon various nutrient media the microscopic
forms vary throughout a wide range; that dwarf forms
occur; that the liquefaction of gelatin (p. 61) and for-
mation of pigment (p. 69), clouding of bouillon, pellicle
and sediment production, ability to produce fermentation
(p- 86) and pathogenic effects (p. 94) are exceedingly
variable quantities, which can vary from a maximum to
ml; even the ability of forming spores (p. 26) and, appa-
rently, the production of flagella and spontaneous motility
(p. 24) are properties that may be lost, although rarely.
This means that bacteria vary as remarkably as other
known plants, somewhat similarly to many ecultivated
plants.

For many of these variations one may recognize the
cause 1n the influence of the nutrient medium, and speak
of them as adaptations to changed conditions of life, as
variations from external causes. Other observations, of
which we related a great many in the first edition (the
origin of organisms obtained upon plating a culture, which
are entirely different as regards liquefaction and color,
while the original culture had for many generations ap-
peared pure), can properly be explained as dependent upon
internal causes, :

While we may deplore these facts from a didactic stand-
point, since they make the teaching and learning of bacte-
riologic science much more difficult, and not rarely also
made the solution of a concrete problem by the expert
impossible, still we must not overlook them' if we would
advance scientific bacteriology. Tt is possible that the
hope of those may he realized who expect that new inves-
tigations may disclose hitherto hidden diagnostic aids,
which, consequently, when applied may disclose the
longed-for constancy and sharp definition of species. Un-
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done in text-books, has failed absolutely. We can un-
derstand and know the pathogenic varieties only if we
study simultaneously the non-pathogenic, from which the
former have once originated and still always originate!
(see Pest). :

The doctrine of the absolute constancy of bacteria,
which for ten years was almost a dogma, is now scarcely
at all seriously advocated.

II. The Nomenclature of Bacteria.

The nomenclature at present employed in bacteriologic
works written by medical men is characterized by a limit-
less arbitrariness and inconsistency. Since these nomen-
clators often possess absolutely no sentiment for their
arbitrariness, and the simple rules of scientific nomen-
clature are often entirely unknown to them, I allow
myself to set down, as briefly as possible, the most essential
rules, which are, by international agreement, accepted by
all educated peoples, especially as they bear upon bacteri-
ology.

1. Every plant and also every fission-fungus belongs to
a species, every species to a genus, every genus to a family.

9. Following the precedent of Linné, every vegetable or
animal organism, therefore every variety of bacterium,
should have two Latin names: the first designating the
genus to which the concerned organism belongs, which
name 18 a substantive; the second indicating the variety
~ (species), and being an adjective (not two) or the genitive of
a substantive, only rarely a substantive in the nominative
case. Thus, in the genus bacillus belong the species Bac.
subtilis (hay bacillus), also the species Bac. anthracis
(anthrax bacillug), and Bae. megatherium.

3. Genera must only be founded upon important mor-
phologic characteristics; so-called ‘‘ biologic genera,”’ such
as photobacterium for all light-emitting bacteria, pyo-
bacterium for rods causing suppuration, ete., are only cal-
culated to produce confusion.

' If the pathologist may, perhaps, say that the pathogenic bacteria
alone interest him, such a statement—as T have often heard—from the
mouth of a hygienist is almost beyond understanding.
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literally more correct to call the genera which we call
“mycobacterium ‘¢ tuberculomyces,”” such a propo-
sition is absolutely unallowable. Renaming is only re-
quired if the name given was employed earlier with another
signification. Thus, Cohn founded upon a certain organ-
ism the new genus streptothrix, without knowing that
Corda, about thirty years previously, had conferred this
name upon a fungus that is totally different from his.
His new variety must, therefore, receive a new genus name,
which he who first observed Cohn’s oversight is justified
in establishing.

7. It happens that an author differs from his predeces-
sor regarding the bounds of the genera, that therefore he
transfers a species from one genus into another, pre-exist-
ing or newly formed by himself. This is permissible; still,
the designation of the species must not be changed. So we had
the right, when we broke up the very large genus bacillus,
following the suggestion of Hiippe, into the two genera,
bacillus and bacterium, to rename a number of varieties
(for example, Bacillus pyocyaneus being renamed Bac-
terium pyocyaneum), but we did not have a right (how-
ever much the name pyocyaneum was disliked) to rename
the organism Bacterium cceruleo-viride or Bacterium Ges-
sardi or anything else.

8. The author who names a genus places his name after
it. We speak of the Bacillus Cohn, and mean the genus
bacillus as Cohn established it ; of the Vibrio Ehrenberg
emend. Loffler, and mean the genus vibrio as established
by Ehrenberg and afterward more accurately described by
Lofer.

9. Whoever discovers a new species or names one not
previously named lege artis, gives it a genus and a species
name, and places his name after the latter. Fliigge, who
first named a large number of bacteria, gave, for example,
the name Bacillus pyocyaneus Fliigge to the long-known
cauge of bluish-green suppuration.

10. When one places a species in a new genus he puts
his own name after the new name, thus, Bacterium pyocy-
aneum Lehmann and Neumann, but it is always to be rec-
ommended to add, in parentheses, the name of the author
who first named the species. Therefore we always write,
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which again grow out into perfect spheres. - Endospores
and flagella very rare. Before division the cells may be
one and a half times as long as broad, faint staining then
revealing an unstained line of division.

1. The cells divide (almost) only in one direction of
space at right angles to the direction of growth, so that if
the products of division remain attached, they form (es-
pecially in bouillon) shorter or longer rosary=like chains,
the chains often consisting of distinet pairs of cocei. Under
certain circumstances there are only (or largely) pairs of
cocei instead of chains. Streptococcus Billroth. !

2. The cells regularly divide, at least on the most suitable
nutrient mediwm (hay decoction), in three directions of
space,? and remain united in larger or smaller cubical fam-
ily groups. Sarcina Goodsir.

3. The cells divide irregularly in various directions, so
that there occur single coeei, single groups of from two to
four cells, and, finally and preponderantly, irregular
grouped bunches. Here belong all forms that do not
appear as undoubted streptococci or sarcine.  Micrococcus
Cohn.

The recognition of these three genera of coeci is largely
artificial, and there oceur perfect transitions.

The genus Staphylococcus Ogston has no botanical
rights, for the property of forming ¢‘ grape-like’’ clusters is
possessed at times by all varieties deseribed to-day as mi-
crococei. The name staphylococcus does not primarily
designate any ‘‘new’’ genus. Ogston found (microscop-
ically) two forms of micrococei in pus (without cultivating
them), grape cocci and chain cocei, and designated them
by the well-chosen names of Staphylococeus and Strepto-
coccus (Billroth). Rosenbach later cultivated the varieties

! Here belongs Leuconostoc Cienc., which isonly a streptococcus
with at times enormously thick capsules (see below). Also part of the
““diplococei ’’ are naturally included here.

2 The varieties which, by division in two planes at right fhgles to
each other, form flat groups, and which are deseribed by authors as
ped!ncm:cus, merista, merismopedia, we leave among the micro-
cocci.  Since even the “ genus’ Sareina is separated with difficulty,
we do not recognize the need for the genera planococeus and planosarcina
of Migula, which are founded upon one or two flagellated varieties,
especially as the formation of flagella varies (see below).
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appears to us to be less possible objection to the method of
division adopted by us than to the other.

Critical Remarks Regarding Other Classifications of the
Bacteriaceze.

The following subdivision of the genus bacillus appears to us of
little value : : .

Spore centrally located without a bulging of the vegetative cell.
Bacillus in a strict sense. ;

Spore centrally located with bulging of the vegetative cell. Clos-
tridium Prazmowski.

Spore located at the pole without a bulging of the balance of the
vegetative cell. Paraplectrum A. Fischer. *

There oceur various transitions in the same species, for example,
the Bac. ;edematis maligni, and even, according to recent investigators,
all anaerobes sometimes present clostridium, sometimes paraplectrum
forms.

In the effort to build a genus classification upon the flagella,
Migula® has arrived at the following often unnatural classificafion, in
the more extensive application of which new complications are to be
feared :

1. Cells without organs of locomotion, often with endospores.
Bacterium Cohn, emend. Migula.

2. (Cells with motile organs distributed over the whole body, often
with endospores. Bacillus Cohn, emend. Migula.

3. Cells with polar organs of locomotion, endospore formation
more rare. Pseudomonas Migula.

Thus in one genus are located Bac. anthracis, Bact. cuniculicida,
and Streptococcus lanceolatus (!); in another, Bact. typhi and Bac.
subtilis. This is contrary to all natural relationship !

The classification of the bacteriacem by A. Fischer is logically con-
structed and clearly stated. He divides the bacteriace® into not less
than four genera without and twelve with spores, which are differen-
tiated by the number and location of the flagella and also according to
the form of the rods containing spores. Because of the great varia-
bility of these properties, this too schematic classification has won few
friends. Many varieties can as well be placed in one genus as another.
We desist, therefore, from giving this method of classification.

IIl. Family Spirillaceze Migula. Screw Bacteria.

Vegetative bodies are unicellular, sinuously or spirally
curved and twisted, more or less elongated ; division
always at right angles to long axis; cells often united in

"T":ven if Migula desired to classify the bacteriacem according to
motility, the old names of Davaine — bacterium for motile and

bacteridium for non-motile varieties —certainly demanded rehabili-
tation.
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candidly as low hyphomycetes,! as was done for the first
time in the first edition of this book, in 1896. Kruse has
placed the actinomyces, together with its nearest relatives,
in a family of hyphomyecetes, ‘* streptotriches,’’ while he
still speaks of a Bacillus tuberculosis, etc. Recently,
Lachner-Sandoval has introduced the name actinomycetes
to designate the group of ‘‘fission-fungi closely related to
the hyphomycetes’’ (as we had designated them in the
first edition), and until we have something better it
answers for practical purposes.

SUPPLEMENT I.

Actinomycetes (Lachner-Sandoval).

Delicately threaded organisms, free of chlorophyll, with
true branching, in part very abundantly ramifying myce-
lium, partly with the formation of conidia. Young cul-
tures often present only unbranched rods resembling bac-
teria, which can in no way be differentiated from ordinary
fission-fungi. According to many authors there is a ten-
dency to the formation of clubs or knobs at the ends of
the threads.

1. Microscopic: Slender often somewhat bent rods, often
with a tendency to a clubbed swelling of the ends, branches
rarely observed in young cultures, easily broken off, and
often difficult to find also in old cultures. Always non-
motile; never conidia.

2. Rods stain interruptedly (striped) with weak stain-
ing-solutions, since the organism is composed of parts with
different staining properties. Not stained by the method

'As hyphomycetes there have been designated for a long time in
botany a large number of threaded fungi, of which nothing is known
except threads and non-sexual spores that are upon threads or
special carriers. The group is constantly growing smaller, as many
earlier *‘ hyphomycetes’’ have become known as members of the
sharply characterized groups of fungi (ascomycetes, zygomycetes,
basidiomycetes). The actinomycetes appear to form an entire nat-
ural group of the ‘‘ hyphomycetes.’
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ner-Sandoval (Dissert. Strassburg, 1898) has convinced
us that the true oospora varieties are much larger although
similarly constructed organisms, we also, with this author,
consider the name actinomyces (Harz) at present the
most correct.

Some varieties of wide practical importance, closely
related to bacteriz, but reminding one very strongly of
true algi (oscillaria), have been included under Supple-
ment 1L

If we cast a glance over this system, we can not deny
that the families and genera are often connected by tran-
sition varieties ; we recall only the following : The border
between the coccacese and bacteriacese 1s obliterated by
oval and lance-formed (!) cocei and certain extremely
short bacilli (compare, in the special part, Micr. meli-
tensis, Bacterium Fraenkelil); between streptococcus and
microcoecus, micrococcus and sarcina, .it is often un-
safe to distinguish. In the cycle of growth of many
bacilli twisted forms occur ; flagella and endospores oceur
in such various forms that it would lead to an entirely
unnatural grouping if the attempt were made to found
a classification that depended in part upon the flagella
or endospores.

The Bacterium Fraenkelii Hashimoto, for which we are indebted to
the kindness of the authors, unfortunately died before we could study
it. Upon solid nufrient media the organism forms short rods with
polar flagella; upon fluid media, on the contrary, it forms quite long
chains of cocei and occasionally sarcina forms. Thus it connects the
coccacese with the bacteriacem, as does the Micr. melitensis, and shows,
as we have indicated above in other examples, that sarcina forms occur

as growth forms in cocci and that the presence of flagella is also vari-
able, (See Hashimoto, Z. H. XxX1, 85.)

B. Systematic Description of the Most
Important Varieties of IFission-fungi.

INTRODUCTORY REMARKS TO THE SYSTEM-
ATIC PART, ABBREVIATIONS, ETC.

I. We have deseribed about eightysspecies as completely and ex-
hﬂuﬁtwe}g’ as possible, several hundred are briefly described, and many
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2. Surface growth:

Here the same applies as to the non-liquefying superficial colonies in
the plate.

B. Liquefying.

(a) Fixed form of liquefaction, if the zone of liquefaction following
the stab becomes larger, but assumes substantially no other form than
at the beginning.

1. Tube shaped: Slowly, weak, and small.

2. Stocking shaped: Sack-shaped, rapid, strongly, at times with
scalloping of the walls.

3. Vesiculated: Bubbles are formed and confined in the depth. *

(b) Variable form of liguefaction.

1. Initial stage:

1. Saucer shaped.

2. Funnel shaped.

3. Flattened funnel shaped.

I1. Advanced stage:

1. Cylindrical: The liguefaction extends more above and soon
reaches the glass, and then extends, with a horizontal limit-
ing surface, downward.

2. Funnel shaped: The liquefaction extends more uniformly
from the culture. The funnel shape is preserved still in
}iﬂt-ir stages. Often the second form is succeeded by the

rst.

II. STREAK CULTURES.

A. Surface growth : The same designations apply as to the sur-
face cultures upon plates.
B. Water of condensation.
a) Clear, with or without sediment.
b) Cloudy, with poorly defined sediment.
¢) Pellicle on surface.

ITI. BouiLLoN CULTURES.
A. Fluid:
(@) Clear.
55} Cloudy.
¢) Syrupy, gelatinous.
B. Sediment:
(a) Cloudy.
(6) Floeeulent, if upon shaking it rises as a twisted column, and
{ }cag bgl hn;tflqpé-e?_enual}r distributed. :
¢) San¢ it lies steadily : ing, i
diatrihflrij:e e ﬁgtgl:i:; thg | the bottom and, upon shaking, is
IV. Poraro CuLTURES.
The same designations apply as to the streak and plate cultures.
V. PrATE CULTURES.
A. Without liquefaction.
(a) Form:
1. Point-like, when the dimensions are very slight,







COCCACERX. SPHERICAL BACTERIA. 133

Special Introductory Remarks Concerning the Coc-
cacez. Spherical Bacteria.

1. Sinece almost all the varieties presented, with the
exception of the Micr. gonorrheese, stain with the ordinary
anilin dyes and by Gram’s method, we usually state
nothing regarding the staining properties, except when
they can not be stained by Gram’s method.

2. When no mention is made of flagella and spores, they are
absent.

3. No mention is made of the dntense stain with watery
solutions of anilin dyes, which occurs with all varieties,
and a similar statement would have to be always repeated.
It is strongly recommended, when it is desirable to obtain
the cement substance between the bacterial cells unstained
(capsules), to employ a dilute aqueous solution of anilin dyes,
or after staining with stronger solutions to employ dilute
acetic acid as a decolorizing agent, or to use Gram’s
method. This is obligatory in the case of sarcine and
diplococci in order to render the line of fission in dividing
coccl visible, ete. (An exception is the gonococcus.)

4. Since all varieties of the genus micrococeus not infre-
quently occur as diplococei, tetrads, and short chains, we
have only said anything regarding the grouping when there
13 something special to notice. .

5. For an exhaustive discussion upon suppuration and
the part played by micro-organisms in the same, see Kurt
Miiller, C. B. xv, 735, and Poliakoff, C. B. xvi, 33.

FAMILY L—-COCCACEAE. SPHERICAL
BACTERIA. -

Family diagnosis and genera scheme, see page 122.

I. Streptococcus (Billroth).

The cells divide only in one direction of space at right
angles to the direction of growth, so that if the multiply-
ing cells remain attached to each other, shorter or longer
rosary-like chains are formed. Often the chain appears
to be be built up from distinct pairs. Chains are formed
With most constancy in bouillon ; upon gelatin and agar,
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entiated microscopically from Group I. Strept. mesenterioides
Migula, page 150.

Streptococcus Pyogenes (Rosenbach!?).
(Plate 1.)

Synonyms. — Strept. erysipelatos Fehleisen, Strept.
puerperalis Arloing, Strept. articulorum Fliigge, Strept.
pyogenes malignus Fliigge, Strept. septicus Nie, Strept.
scarlatinosus Klein (compare also pp. 140 and 141).

Ordinary Names.—Chain coccus, string of pearls coe-
cus.

Most Important Literature.—Rosenbach (*‘‘ Mikro-
organismen bei den Wundinfektionskrankheiten des
Menschen,”” 1884). Fehleisen (‘‘ Aetiologie des Erysi-
pels,”” Berlin, 1883). v. Lingelsheim (Z. H. x, 331 ; xi,
308). Kurth (A. G. A. vir, 389). Behring (C. B. xi1,
192). Knorr (Z. H. xu1, 1893, 427). Pasquale (‘¢ Zieg-
ler's Beitriige,”” x11, 433,—extensive list of literature).
Marmorek (‘‘ Wiener med. Wochenschr.,”” 1895, 1346).
Koch and Petruschky (Z. H. xxmm, 477). Widal and
Besangon (C. B. xx, 240).

Microscopic Appearance.—The characteristic chain
growth presents itself especially in fluid cultures (bouil-
lon). Upon solid nutrient media and in the animal body
the chains are often very short or the arrangement ex-
tremely irregular (1, 1x, x).

Upon close observation of faintly stained preparations the individ-
uals of the chain usually consist of two hemispheres, which are con-
nected with each other and the adjacent member of the chain by a

colorless mass. More rarely definite mucoid capsules are seen about
the chains (compare Babés, Z. H. xx, 412).

Staining Properties.—As usual and well by Gram’s
method.

Relation to Oxygen.—Facultative anaerobe, some-
times better aerobically, sometimes better anaerobically.

Requirements as to Temperature and Nutrient

. Eincq all efforts to divide the streptococeus pyogenes into several
Eharpljr'mffnrenhai_;ed varieties must be recognized as failures, becanse
connecting transition forms between the subvarieties oceur, so we

shall treat the variety as a unit, and at the end will add something
regarding its forms.
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Agar Stab.—Stab: Thread-like, later sometimes gran-
ular (1, ). Surface growth: Very delicate growth,
transparent, gray, irregular, unimportant. _At}-'l,nqﬂ.ll}r,
the growth may be much more vigorous, with whitish-
aray color and smooth wavy border (1, 1v). Similar also
on glycerin agar. ‘

Agar Streak.—As on gelatin.  Water of condensation :
Clear with slight whitish deposit.

Bouillon Culture.—Varies greatly in the different
forms, from diffuse cloudiness to the formation of a com-
pact sediment with clear fluid (see p. 141).

Milk Culture.—Usually firmly coagulated in from four
to twenty-four hours.

Potato Culture.—Invisible growth, at times entirely
absent, rarely more luxuriant (compare p. 141).

Non-albuminous Medium.—Faint growth.

Vitality.—In cultures usually only a few weeks. Ac-
cording to Petruschky, cultures on gelatin, grown for
forty-eight hours at 22°, if kept in an ice-box retain their
vitality and virulence for months. The Strept. pyogenes
belongs among the varieties that die quickly. Bouillon
cultures, if oxygen is admitted, usually live only for weeks,
but in hydrogen for months.

Resistance to Drying.—Vitality and virulence are
retained several months, especially in dried pus.

Chemical Activities.— (a) Chromogenesis: Almost
always without pigment production ; cultures were grown
by Kruse and Pasquale in Ttaly with yellowish-brown to
blood-red pigment. These were highly virulent, short-
chained forms obtained from cases of tuberculosis.

(b) No indol, little sulphuretted hydrogen.

(¢) Aecid production from earbohydrates in our cultures
was minimal ; no gas formation.

According to Sieber-Schoumoft, certain cultures (Strept. erysipelatos
and Strept. scarlatinge) produce levorotatory lactic acid, others (Strept.
pyogenes) inactive lactic acid from grape- and milk-sugar. All cul-
tures produce, besides, some volatile fatty acids, poisonous albumoses,
and of gases only carbonie acid, with the exception of the form found
in scarlatina, which also produces hydrogen.

Emmerling’s investigations (C. B. L. 1v, 342) regarding the decom-
position of fibrin by streptococei under anaerobic conditions gave the
remarkable result that a solution of fibrin was effected. He found
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genes infection : Some cases of nephritis, articular rheu-
matism, myelitis, and infantile paralysis. Mannaberg has
found it in fourteen cases of Bright's disease (C. B. v, 93),
whether as primary cause is questionable.

The streptococcus plays an important rle in diphtheria,
scarlatina, and phthisis. It accompanies the specific cause
of disease, and markedly influences the disease-picture,
especially the course of the fever (hectic fever is strepto-
coccus fever) (Petruschky, Z. H. xvir, 59).

(d) In animals: As the cause of similar diseases (com-
pare, for example, Strept. equi, p. 142).

In the vaccine of cow-pox institutes it is not uncommon,
but usually possesses little virulence.

Experimental Observations Regarding Pathogenic
Action.—With living cultures. The virulence fluctu-
ates greatly; even freshly isolated organisms may be very
faintly virulent, and virulence for experimental animals
does not prove virulence for man ; with cultivation upon
the ordinary nutrient media the virulence is rapidly lost.
By repeated transmission through animals, a virulence
which was high at first may be much intensified. Mar-
morek obtained cultures of such virulence that 55 ¢.mm.
killed almost all, and zhgy c.mm. some, mice when
given subeutaneously—i. e., quantities that contain only
relatively few germs.

The virulence is well preserved, according to Marmorek,
upon (1) two parts of human or horse serum and one part
of bouillon ; (2) one part of fluid from ascites or pleural
exudate and two parts of bouillon, even after keeping two
months in the incubator without transfer to fresh nutrient
media.

In general the most susceptible to the streptococcus
among animals are mice and rabbits; much less, dogs and
rats (Pansini). Streptococei are still better tolerated by
gheep and goats, and best by the horse and ass.

Knorr has ascertained the following principal points re-
garding the virulence : By repeated transmission , through
mice an organism is obtained which is very pathogenic for
mice, but at the same time its virulence for rabbits was
gradually lost. This ig a strong indication that one maust
not found any species wpon a specific virulence.  The more
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(a) In bouillon form short, slightly tortuous chains;
bouillon cloudy; gelatin is very slightly liquefied; signifi-
cant growth upon potato; growth even at 10° to 122
Virulence usually absent. Strept. brevis v. Lingels-

heim.
(b) In bouillon the streptococci form very tortuous,

long chains (forty and more members), which make up a
flocculent or slimy sediment, leaving the bouillon clear.
Gelatin always remains solid; visible growth on potato 1s
absent, virulence is usually great. No growth below 14°
to 16°. Strept. longus v. Lingelsheim.

The subdivision of the Strept. longus into the following varieties
(Behring) has now only a historical interest, since according to
Behring’s pupil, Knorr, the characteristics of these subvarieties, upon
repeated cultures, are variable, and so the identity of these subvarieties
can be demonstrated : (1) Turbidus, with turbid bouillon culture;
(2) viscosus, with clear houillon culture and delicate sediment;
(3) conglomeratus, with clear bouillon and granular sediment.
The same was also found by Kruse and Pasquale (Ziegler's Beitriige,
x1r, 1893, 433). Interesting but unsatisfactory is also Pasquale’s at-
tempt at a classification of streptococci (C. B. xv, 761). Also Babés
came to little sharp differentiation; for him, as for us, all forms (in-
cluding the Strept. lanceolatus) are connected by transition forms.

The findings of Waldvogel are interesting. Three times he ob-
tained, after inoculation with Strept. longus (the bouillon remained
clear and there was an insignificant granular sediment), from the heart’s
blood of the inoculated mouse an organism forming chains with from
four to six members, and causing a diffuse cloudiness of bouillon.
Upon potato both forms grew equally poorly. By growth in strongly
alkaline bouillon the long chain form could be transformed into one
producing a sli zht diffuse cloundiness; and by growth in almost neutral
bouillon of the form producing turbidity a race was again obtained
- which produced no floeculi in clear fluid and formed long chains.

After such experiences more recent authors do not make
a division of the Strept. pyogenes into different forms, and
prefer to designate the forms described by them as Strept.
pyogenes, the form being described in a few words. We
also believe this to be right. Compare also Zenoni, C. B.
xx1, 10, and the interesting studies of Seitz concerning

gelatin liquefaction, and a Strept. longus with slight liquefaction;
also occasionally a Strept. longus with a visible and a Strept. brevis
without a growth on potato. Marignac and d'Espine found Strept.
brevis which formed sediments in bouillon and did not cloud it.
Marbaix proved complete independence of the length of the chains
and pathogenic quality.
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cocei, preferring acid nutrient media, which were obtained from the

human vagina. - :
Not at all characteristic are the species also isolated from cheese by

Henrici, which were not examined as to their effects upon sugar, milk,
potato, and animals (A. K. B., Heft 1, 1); and Strept. tyrogenus, albi-
dus, magnus, granulaius, pallens, pallidus, Henrici,? which are only
differentiated by characteristics that are not very pronounced and are
still to be tested as to their constanty (more or less granulation in
the plate cultures, character of cloudiness in bouillon, slightly
different adaptability to aerobic and anaerobic life). The Strept.
stramineus Henrici, which grows as a straw-yellow, shining deposit,
appears to differ more strongly.

Streptococcus lanceolatus? (Gamaleia). (A. P., 1888,
ii, 440.)
(Plate 2.) -

Synonyms.—Diplococcus pneumonise A. Frinkel and
Weichselbaum, Dipl. of sputum septicemia A. Frinkel,
Meningococeus Foa, Pneumococcus Foa, Dipl. lanceolatus
sive lanceolatus capsulatus Foa and Bordoni-Uffreduzzi,
Bact. pneumonige Migula, Micr. pyogenes tenuis Rosenbach
€C. B. vm, 177).

Ordinary Names.—Capsule coccus of pneumonia,
pneumococeus, Frinkel's pneumonia coccus.

Literature.—Exhaustive critical studies by Kruse and Pansini

(Z. H. x1, 279), Levy and Steinmetz (Arch. exp. Path., 1896, 89).
Literature by Schabad (C. B. x1x, 991).

Microscopic Appearance.—Arranged usually in pairs
or chains of from four to six members, roundish or—what
18 especially characteristic—lancet-shaped (2, x). When
obtained from the animal body or when cultivated upon
sterilized sputum and tracheal mucus, or in fluid rabbit’s
serum, 1t usually presents a significant capsule, which may
be stained (p. 22, Fig. 5) (2, 1x).

' Here also belongs the Strept. cinereus Zimmermann (Bd. 11, 64),

obtained from tap-water, which is said to present somewhat more
prominent cultures on gelatin plates.

*Sinee the name Strept. pneumonie is applied by Weichselbaum to
a Strept. pyogenes from cases of pneumonia, it would lead to con-
fusion if, following the rules of strictly botanical nomenclature, the
Dipl. pneumonize was renamed simply the Strept. pneumonie.  On
the contrary, the name Strept. lanceolatus is also very old (1888),
characteristic, and unmistakable,
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Surface growth: Very delicate, transparent growth, with
even border, faintly glistening (2, 1v).

Agar Streak.—Extremely delicate, transparent, gray-
ish-white, faintly glistening, often not sharply outlined
from the agar. Water of condensation clear, with very
little whitish sediment (2, 11). -

Serum Culture.—5limy, almost transparent growth.

Ascites-glycerin-agar. — More luxuriant cultures.
Those lying superficially are usually even-bordered, the
periphery somewhat padded, and throughout (especially
in old colonies) coarsely punctated to mulberry-like. They
then resemble old gonorrhea cultures or at times even very
young agar cultures of the colon bacillus.

Bouillon Culture.—Short, straight chains; sediment
light and not holding together (Kurth).

Milk Culture.—Milk coagulated. This property, ac-
cording to Kruse and Pansini, is very rarely absent. In
the milk small amounts of acid are formed.

Potato Culture.—No growth.

Vitality in Cultures.—Very short duration of life
(often only a few days), and even a more rapid lessening
of virulence. In bouillon occurs the most luxuriant growth,
but it is least durable.

Resistance to Drying.—In dried blood as long as
forty-five days; in dried sputum as long as one hundred
and twenty to one hundred and forty days in diffuse light,
and nine to twelve hours in direct Sunlight. Literature,
Germano, Z. H. xxv1, 66.

Chemical Activities.—Fawitzky isolated three cul-
tures, which were able to produce a brick-red pigment
(best in bouillon). (Compare Strept. pyogenes.) Fil-
tered and devitalized unfiltered cultures contain toxins,
but in relatively small amount. In other respects it js
like the Strept. pyogenes.

Occurrence.—(a) Outside the organism : Not found.

() In healthy organisms : Often in saliva.

(¢) In diseased human organism : One of the most im-
portant pathogenic varieties. In the most variousinflamma-
tory processes, especially such as attack mucous and serous
membranes, also not infrequently causing su ppuration.
Especmi’gjr frequent as the cause of croupous and catarrhal
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diagnosis and for demonstration purposes the subcutaneous injection
of sputum in the rabbit’s ear; death follows after two to five days,
and the bacteria are found especially numerous and with typical cap-
sules in the edematous fluid, which is obtained by incision of the
doughy infiltration over the lower jaw (C. B. xx111, 274).

(b) In man: Subcutaneous injection of from 0.1 to
0.2 c.c. of wirulent culture in seven men was without
important effect except local symptoms, some fever, and
headache.

Immunity and Immunization.—Mennes, whose care-
ful work (Z. H. xxv, 4183) should be consulted in the origi-
nal, has recently obtained fairly active protective serum.
The action of the serum consisted in this, that it renders
the leukocytes of normal animals capable of devouring the
Strept. lanceolatus (phagocytosis). Encouraged by the
investigations upon animals (Emmerich and Fawitzky,
_ Foa, Klemperer), curative injections of the metaholic prod-
ucts and the serum of immunized animals have been
tried also upon man, but so far without indisputable prac-
tical results.

Special Culture Methods.—The Strept. lanceolatus is
most easily obtained by inoculating a mouse or rabbit
with fresh rusty sputum from croupous pneumonia, and
making cultures from the heart’s blood of the dead animal
upon ascites-agar plates. It is also often easily obtained
from an eyé with ulcus sérpens cornes by the preparation
of streak or plate cultures upon ascites-agar, and placing
them in the incubator.

Forms and Subvarieties of the Strept. lanceolatus.

We must frankly admit that a sharp separation of the
Strept. pyogenes from the Strept. lanceolatus seems to us,
as to many authors, to be i mpossible, if the typical form
of the Strept. lanceolatus is to he determined by capsules,
lancet-shaped individuals, and a tendency to form only
very short chains. Many investigators who have espe-
cially studied the Strept. lanceolatus have tried to set up
definite forms, which can scarcely be identified subse-
quently. Almost all of these divisions have consisted of
somewhat differently defined varicties, as is the cage with
the Strept. pyogenes. (Compare Kruse and Pansini, Z. T,
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which at times resemble the Mier. gonorrhoee, at times the Strept.
lanceolatus and pyogenes, and at times the Micr. tetragenus lack a
common charar teristie. !

The organism is said to be found only in the meningeal pus, nasal
mucus, sputum, and urine of men who are affected with epidemie
cerebrospinal meningitis. Recently, A. Schiff claims to have isolated
it from the nose of patients without meningitis (C. B. xxv, 437). C.
Frinkel cultivated it from eyes apparently affected with diphtheria
(Z. H. xxxi1, 221). Together with the Strept. intracellularis
there occur mixed infections by the Strept. pyogenes and Strept.
lanceolatus. Certainly at least a considerable portion of the cases of
cerebrospinal meningitis are caused by the Strept. lanceolatus alone.

Regarding the cerebrospinal meningitis of domestic animals, conflicting
statements are also encountered; here also it is possible that different
related infectious agents take part in the main epidemics. (Consult
Siedamgrotzky and Schlegel, C. B. XX, 694, and Schneidemiihl, C. B.
xxirr, #92.) It is interesting that Johne found in an epidemic disease
of horses an organism which Jiger declared identical with the Strept.
intracellularis. The organism was pathogenie for guinea-pigs, horses,
and goats. (Consult Councilman, Mallory, and Wright, Amer. Jour.
of Med. Sciences, March, 1898.—ED. )

Fig. 13.—Strept. involutus (from a photograph by Kurth); partly
schematie.

Streptococcus involutus (Kurth).

Synonym.—Streptococeus of foot-and-mouth disease.

Literature by Kurth (A. G. A., Bd. viir, 1893, 439-465).

Upon gelatin, ete., indistinguishable from the Strept. pyogenes; on
the contrary, bouillon which is rendered diffusely cloudy by some cul-
tures, and only presents a sediment with others, often contains cells
of :_trll-:mgly elongated, vesicular, spindle form. No spontaneous
motion.

Two especially striking characteristics ave present in serum or serum
mixtures:

1. In fluid serum or serum houillon there develops in the upper
part of the tube a pale-yellow creamy layer, which upon miceroscopic
examination reminds one at first of anything else rather than miecro-
organisms, buft on further examination the following is learned:

. !'The following issaid to be characteristic: Agar cultures after five to
six transfers cease to grow, and the organism generally does not grow
Oon cow’s serum.
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summits,”’ and along the stab as luxuriant stalactite-like
masses. The colonies are at first cartilaginous, then moist,
and finally pap-like. Upon grape-sugar agar plates the
superficial colonies are warty and luxuriant and spread
like a wrinkled film ; the deep ones are at first smooth and
later sago-like warty balls.

Microscopically the form upon sugar media presents
tuug{};, thick, gelatinous capsules (of dextran, compare
p. 30).

The gelatinous covering protects for fifteen minutes
against 75°. All the varieties of sugar ordinarily em-
ployed undergo fermentation, with the formation of gas
and acid. The fungus formerly was often the cause of
the very troublesome frog-spawn fermentation of sugar
solutions in sugar factories.

Leuconostoc lagerheimii Ludwig consists of small
(0.6 ¢ to 0.8 1) cocei within thick capsules. It causes
alcoholic fermentation in the slimy secretion from oaks.
The organism is said to occur also without envelopes as
short rods with flagella (?).

2. Sarcina (Goodsir).

The cells divide (at least upon suitable nutrient media
—hay decoction, bouillon) in regular succession in three
directions of space, and remain grouped in larger or
smaller cubical families.1

The boundary of this genus is not sharp, although
the sarcina is held by many authors (Nigelil) as an
especially natural genus. Many varieties only produce
true cubical arrangement upon certain nutrient media, and
16 appears that this property may also be acquired or lost
(compare Sarc. rosea). In the case of varieties with in-
complete packet formation there is always doubt whether
they belong to the sarcina or micrococcus. Tt is our con-
viction that the sarcina is connected with the micrococcus
by unbroken transition forms, and is only separated arbi-
trarily. Examples follow.

"We call eight cubically arranged eocei a packet ; eubical combina-

ggz;ﬂ;f packets, bales of packets; irregnlar combinations, heaps of
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pearance of the bouillon cultures is of little value in differ-
entiating species, as it seems that most varieties finally
produce a more or less viscous or friable sediment in the
clear bouillon, and that in the same variety the character
of this sediment varies. The precipitate either forms upon
the bottom or on the walls and bottom, without the bouillon
becoming cloudy ; or the precipitation is preceded by a
longer or shorter diffuse cloudiness of the bouillon. The
bouillon takes on in some varieties (Sarc. alba), buf not
always, a characteristic gummy, viscous quality.

The following presentation is dependent not only upon
our own studies, but upon the critical elaboration of the
material, which Dr. Stubenrath cultivated during about
two years under our direction, and upon which he has re-
ported in a monograph, ‘‘ Das Genus Sarcina,’’ Munchen,
1897. The literature is there extensively presented.

Space does not allow us to enter more into particulars
concerning the uncritically described and very numerous
varieties of Henrici' and Gruber?. Stubenrath (l. ¢.) has
referred to the fact that those contributions, in a work
which does not at all consider the variation of baecteria,
have loaded us with many names, but that our knowledge

is scarcely advanced thereby.
&

Key to Recognition of the Sarcinz.

I. WiTHOUT PIGMENT PRODUCTION UPON AGAR AND (GGELATIN.
(a) Potato growth delicate, brownish-yellow from the first. Gela-
tin and agar growth, delicate, finely notched and wrinkled. Young
cultures motile, old cultures often with spores. Sarc. pulmonum
Virchow, page 155.
(b) Potato growth always remains white or grayish-white.

(@) Gelatin plate magnified sixty times; very finely granular;
limited liquefaction. No formation of large regular bales of
packets. Sarc. alba Zimmermann, page 160.

(B) Gelatin plate magnified sixty times; medium-sized granules;
liquefaction more rapid; formation of beautiful regular bales
of packets. Sarc. canescens Stubenrath, page 159.

II. UPON AGAR AND GELATIN GRAYISH-YELLOW, GREENISH-YEL-

LOW TO CHROME-YELLOW.

(a) Gelatin plate magnified sixty times; very finely granular ;

;)Henriui, ‘“ Beitrag zur Bakterienflora des Kises” (A. K. Bd.
)

* Gruber, *‘Die Arten der Gattung Sarcina” (A. K, Bd 1, 241).
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SARCINA PULMONUM. 1Hb

in which the coarseness of the granules of the culture and
the size of the bales of packets continually increase;
entirely parallel with this is the series Sarc. alba, vari-
abilis, and canescens.!

Sarcina pulmonum (Virchow, Hauser).
(Plate 6, vI-X.)

Literature.—Hauser, ‘‘ Deut. Arch. f. klin. Med.,’" xL1I, 127 ; Stu-
benrath, monograph.

Microscopic Appearance.—Upon the various nutrient
media only small and not especially regular bales of
packets were formed. :

Motility.— Young cultures exhibit exquisite waltzing
movement (Hauser) dependent, according to Job (Diss.
Wiirzburg, 1896), upon not very numerous, long, coiled
flagella. Older cultures, and quite often also young ones,
exhibit no motility.

Growth.—Very slow even at incubator temperature.

Gelatin Plates.—(a) Natural size: Extremely small,
roundish, yellowish-grayish-white, punctiform colonies.

(b) Magnified fifty times. Superficial : At first roundish,
smooth border; gray, almost opaque, not different from
the deep ones. After two to three weeks the peripheral
part is lost from sinking in of the colony, and it then ap-
pears torn, and (especially at the edge) transparent,
coarsely erummy. Packets are not to be made out; color
gray. Deep: Roundish, gray, opaque, without any visible
internal structure (6, vii).

Gelatin Stab.—Af first thread-like, and only after a
long time crummy; gray to yellowish-gray.  Surface
growth : After twenty days, 2 mm. to 3 mm. wide, gray,
transparent, roundish, serrated, faintly shining. Later it
begins to sink in (6, v1).

' We have not described a Sarc. ventriculi Goodsir because the
description given by Falkenhain (Arch. fiir exp. Path. u. Phar. XY
339), which was copied by Gruber, does not agree accurately with any of
our forms, and, as Oppler (Miinch. med. Wochenschr., 1894, No. 29,

570) first pointed out, the stomach contains a whole series of sarcinz.
(For details thereon, see Stubenrath. )
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Sarcina lutea.! (Fliigge, emend. Lehmann and
Stubenrath).

Microscopic Appearance.—Upon nutrient media typi-
cal bales of packets, :

Gelatin Plate.—(a) Natural size. Roundish, punecti-
form colonies, sulphur-yellow; after ten to twenty days,
sinking in (3, V). . :

(b) Magnified fifty times. Superficial: Roundish, even-
bordered or almost smooth-edged colonies; pale yellow
with at first a finely granular and later (eight to ten days)
a more coarsely granular structure. After a very long
time the peripheral parts separate somewhat and, with
higher magnification, individual tetrads are seen (3, vI).
Deep lying : Roundish, dark yellow, even-bordered, finely
granular.

Gelatin Stab.—Stab : Thread-like, with relatively few
coarse granules. Surface growth : Irregularly circular, with
a moist luster, somewhat eclevated, sulphur, lemon-, or
even deep yellow. After ten to twelve days the superficial
growth sinks down. Liquefaction at first extends in a
funnel form and later as a cylinder; however, we have
cultivated almost non-liquefying forms (3, 1).

Agar Plates.—(a) Natural size. Superficial: Round
or roundish, even-bordered, somewhat elevated; sulphur-
yellow, with a moist luster. Deep: Roundish to whet-
stone-shaped (3, vir).

(b) Magnafied fifty times. Superficial : Roundish almost
even-bordered colonies; periphery  delicately punctate;
- peripheral zone transparent, pale yellowish, becoming
darker toward the center; finely to coarsely granular
(3, vir). Deep: Like those upon gelatin with coarser
grandation.

Agar Stab.—Stab : Thread-like, finely to coarsely gran-
ular, at times after a long while ray-like outgrowths ; yel-
low. Surface growth : Roundish, wavy, even border, some-

' Plate 6, Figs. 1 to v, illustrating the Micr. luteus Cohn, serve ex-
actly as well for the Sarc. lutea, except figure 111, where the bales of
packets are absent. Also Plate 3 would pass for the gelatin plate enl-

tures, except for the finely granular structure (3, viir); a somewhat
lighter form (5, 1v).
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L]
in Wiirzburg., In cultures it remained constant for a year, the origi-
nal active liquefaction only being somewhat lessened. The three
following are subspecies or varieties:

Sarcina livido-lutescens (Stubenrath).

Like Sare. equi, but young potato cultures for ten days and more
are gray to reddish-gray; after twenty days they become brownish-
yellow in the center, and after a month throughout the entire culture.
The constancy of this characteristic was observed for a year. Ina
case of enteritis it was grown abundantly from the stool by Dr.
Stubenrath.

Sarcina canescens (Stubenrath).

Differentiated from Sare. equi only by constant gray color and
somewhat coarser granulation (larger bales of packets) upon all
nutrient media (5, VIII).

Sarcina variabilis (Stubenrath).

This form, isolated from gastric contents, appears to us to be very
interesting. It is differentiated from the Sare. equi only hy more
marked liquefaction of gelatin and by the property of furnishing on
the various nutrient media sometimes yellowish-gray, sometimes pure qray
colonies. Upon plates one often obtains gray and yellowish colonies
side by side, but this is alike repeated whether one inoculates from
gray or yellowish colonies.

Sarcina flava (de Bary, emend. Lehmann and
Stubenrath).

(Plate 3.)

Upon all nutrient media it is habitually very similar to the Sarc.
lutea, being yellow to greenish-yellow. The prineipal difference lies
in the very finely granular gelatin plate colonies when magnified sixty
times.  When magnified one thousand times, this fine granulation is
seen to depend upon very small bales and heaps of packets.! We have
observed one form that is more luxuriant and distinet] y liquefying, and
one that is more delicate, leaving the gelatin still solid after weeks,
growing feebly upon all nutrient media. It has been repeatedly enlti-
vated from gastric contents.

! The Sarc. flava, obtained from Krdl, Dr. Stubenrath found to
form upon all fluid and solid nutrient med ia, usually only bunches of
cocci, rarely tetrads, and never true bales of packets,






SARCINA AURANTIACA. 161

clumps. At this stage the peripheral zone is perfectly
transparent (4, vi). Deep: Like young superficial ones.

Gelatin Puncture.—The colony sinks in after thirty-
six hours, so that usually the gelatin presents the appear-
ance of a contracting blister. The stab-canal presents a
funnel-shaped liquefaction, the wall being beset with fine
fragments of the colony. At the bottom of the funnel is
an orange sediment (4, 1).

Agar Plate.—(a) Natural size. Superficial : Round or
roundish colonies, even-bordered, somewhat -elevated,
orange with a moist luster. Deep : Roundish to whetstone-
shaped, similarly colored (4, vir).

(&) Magnified fifty times : Irregularly round; central zone
opaque, brownish-green, toward the border lighter and -
more yellow, coarsely granular; with stronger magnifica-
tion individual tetrads are to be seen (4, vim).

Agar Stab.—Stab: Thread-like, coarsely granular.
Surface growth : Irregularly round, wavy, somewhat ele-
vated, orange-yellow to orange-red, with a consistency like
butter, shining maistly (4, 1v).

Agar Streak.—Like agar stab ; water of condensation
clear ; yellowish sediment (4, 1r).

Bouillon Culture.—Unevenly turbid, many single
flocculi, abundant sediment.

Milk Culture.—Milk is coagulated, and later the coag-
ulum is again liquefied.

Potato Culture.—Luxuriant growth, with rough, wavy
border ; after a longer time distinctly elevated ; reddish-
orange, especially in old cultures, and then is usually dull
and irregular like a strawberry. In earlier stages it is yel-
lowish-orange and at times shining. Very similar to the
Micr. pyogenes aureus (4, 1x). (Compare also 8, 1x.)

Chemical Activities.—The orange-yellow pigment is
a lipochrome. In grape-sugar bouillon there is feeble acid
production. When grown aerobically upon nutrient media
}vilih{:put sugar, there is produced no H,S, but a trace of
indol.

Occurrence.—Outside the organism : Very common in
the air ; almost upon every plate made from the air in
Wiirzburg,

Relaltled Varieties,—All orange-yellow sarcing, which
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tive review of the literature by Fouleston, '‘Transact. of the Inst. of
Prev. Med.,”” Vol. 1, 1898.

Microscopic Appearance.—They usually occur as
pairs of organisms, somewhat kidney-shaped, united by a
lenticular cement material which is often quite broad. A
paé}r is 0.8 2 to 1.6 ¢ long, and 0.6 £ to 0.8 z broad

10, x).

( Stai;;ﬂng Properties.— By the usual staining methods,
best with Loffler’'s methylene-blue. It i1s not stained
by Gram’s method, which is very important, as it differs
in this from almost all cocci. Recently many authors
have claimed that gonococel at times stain by Gram’s
method. Weinrich (C. B. xx1v, 258), who discusses the
entire literature, maintains that prompt decolorization is
always obtained if the preparations which are stained
with anilin- or carbol-gentian violet solution are brought
directly into Lugol’s golution without washing with water
and then into truly absolute alcohol. If one desires a con-
trast color in the cells, a weak aqueous solution of
Bismarck brown is employed after the cover-glass has
been brought from the absolute alecohol to water.

Relation to Oxygen.—Facultative anaerobe.

Requirements as Regards Temperature and Nutri-
ent Media.—Grows only at incubator temperature, best
at 36°. The extremes are from 25° to 39°. Growth on
all nutrient media very slight, and frequent transfer
18 necessary to keep it alive. Tt is one of the most
difficult varieties to keep permanently in culture. It is
remarkable that cultures die at room temperature in forty-
eight hours.

The growth of gonococei upon the ordinary nutrient
media is not to be undertaken.! Smears are to be made
upon one of the following nutrient media (3, 4, and 5 may
also be used for plates):

1. Ordinary nutrient agar, smeared over with human blood (from
the sterilized finger-tip of the investigator, Abel). To be recommended
as the simplest method.

2. Human blood-serum (from placenta or obtained by venesec-

' The statements of Turr6 regarding the cultivation of the gonocoe-
Cus upon acid gelatin, the suceessful inoculation in the dog, and the
liquefaction of alkaline gelatin could be verified by no one.
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pus pushed aside forms septa, between which the colonies
develop. This is a very characteristic picture (10, vI1).

Streak Culture.—Transparent gray deposit, perhaps
with a trace of dirty yellow, somewhat elevated especially
at the edge. It has an oily but not a moist gloss. It
gives the impression as of mucus upon the surface, thus
differing from the streak cultures of other delicately grow-
ing organisms, as the Strept. pyogenes or lanceolatus.

Toxins.—Upon nutrose-serum bouillon Wassermann nhtnirned
vigorous cultures, which were still poisonous atter being killed. The
gonotoxin from the bodies of gonococei is very resistant to heat and
aleohol, kills mice, produces a doughy infiltration in rabbits and mice,
which often ends in necrosis. With large doses systemic effects oceur
(compare Nicolaysen, C. B. xx11, 305). Gonotoxin injected sub-
cutaneously was without effect in chronic gonorrhea in man. The
marked reaction following the injection did not become less upon re-
peating the injection. _ : §

The gonotoxin explains the gonorrheal secretion. Also some points
in the history of chronic gonorrhea may be explained by the fact that
for a long time a few gonococei slowly multiply and die and keep up
a suppuration almost free of gonococei, but that they may mcrease
more actively after any injury, irritation, ete., of the tissue and an
acute exacerbation of the process, with abundant formation of toxin
and large numbers of gonococei, may develop. _ ‘

Also, the filtrate from cultures of gonococei in ascites bouillon was
irritating, according to Schiffer, producing a suppuration upon the
urethral mucous membrane (C. B. XX111, 708).

Distribution.—(a) Outside of the organism : Never, ex-
cept upon linen, towels, ete., soiled by those with the dis-
ease.

(b) In healthy organism : Never.

(¢) In diseased orgamism : In gonorrhea in the urethra
and prostate of men ; in the urethra, Bartholinian glands,
cervix uteri in women. Cause of vaginitis and urethritis
In young girls,

Besides these, in isolated cases it causes endometritis,
metritis,. salpingitis, oophoritis, peritonitis, proctitis, ves-
1cal catarrh, and probably also epididymitis. Cause of
blennorrhea neonatorum, rarely of diphtheritic conjunc-

1 3
tivitis in children (C. Frinkel); the gonococcus algo
causes, 1n adults, severe conjunctivitis, rarely rhinitis and
ofitis. The gonococcus is often recognized as the cause of
arthritis, and more rarely of pleuritis and malignant endo-
] i 5
carditis, abscesses, parotitis, periostitis, and bursitis. Now
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Common Name.—Coccus of Malta fever.

A small coccus; in fluids, especially in the incubator, it
not rarely forms chains. Cultures at room temperature
consist mostly of bacilli,? which are from two to four
times as long as they are broad. At body temperature
cultures of cocci again develop. Non-motile. Do not
stain by Gram’s method.

At 87° colonies grow slowly upon all nutrient media,
being white, hemispherical ; upon gelatin at room tem-
perature there is scarcely any growth.

Bouillon at first becomes cloudy, then presents a floceu-
lent precipitate. Milk is not coagulated. Neither gas nor
acid is formed from sugar. There is usually an invisible
growth upon potato.

In man it causes Malta fever, also in monkeys after
cerebral injection. Rabbits and guinea-pigs may be in-
fected, guinea-pigs also intraperitoneally. The serum
causes agelutination of the cocei. The elimination of the
coceus with the urine, which may continue for months,
is interesting.

Micrococcus candicans (Fliigge).
(Plate 9, TV-VIIL. )

Microscopic Appearance.—Round cocel, lying singly
or in bunches, 1.2 ¢ in diameter. Usually they present a
dividing line in the center (9, viir).

Relation to Oxygen.—Grow well aerobically, and only
slightly in the lower parts of shake cultures.

Requirements as to Temperature and Nutrient
Media.—Grow at room and incubator temperatures and
upon all the usual nutrient media.

Gelatin Plates.—(a) Natural size : Round or roundish
colonies, after eight days at usual temperature being from
2 mm. to 3 mm. in diameter, moistly shining, porcelain-
white, slightly elevated. Upon old plates there are always
found, besides flatly spreading colonies, those like grains
of sand or even conical elevations (9, v).

(b) Magnified fifty times. Superficial : Round to round-

'Thus this organism lies between the families of the coceacer and
bacteriacese.
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grape-sugar bouillon, and a strikingly strong odor of glue
upon agar plates. It does not liquefy gelatin, nor does it
form H,S or indol upon 2% solution of peptone.

Distribution.—(a) Outside the organism: We have
never met it.

(b) In the healthy organism : In the mouth ; found by
Boutron in human milk. e

(¢) In diseased human organism : In pulmonary cavities
in phthisis (Gaffky); in abscesses. | _

(d) In animals: Found as cause of suppuration several
times (Karlingki, C. B. vir, 113). ‘

Experimental Observations Regarding Pathogenic
Effects.—(a) Upon animals: In white mice 1t causes a
rapidly progressing septicemia. Guinea-pigs and white
rats are similarly susceptible. In rabbits there is usually
only a local affection (peritonitis, abscess, etec.). Gray
rats and gray mice are very resistant or even immune.

(b) In man : It has been demonstrated that the organ-
ism causes suppuration and not merely accompanies it
(Viquerat, 2. H. xvii, 411).

Special Methods of Detection.—Agar plates, micro-
scopic picture, experiment on the mouse. In bouillon
and hay decoction no packets of sarcina are formed.

Morphologically identical but not pathogenic is the
Micr. tetragenus albus DBoutron. The Micr. tetra-
genus aureus Boutron is liquefying, non-pathogenic,
and was grown from human milk. It was observed by
Boschi and Bellei (C. B. xxmr, 856), after repeated
growth, to become colorless. They very properly con-
sider all these forms as only varieties of the Micr. tetra-
genus.

Related Varieties.

We are unacquainted with the Micr. tetragenus sub-
flavus, obtained by Besser from nasal muecus, which did
not grow upon gelatin, and was yellowish upon agar
(Ziegler’s ‘‘ Beitriige zur path. Anat.,”’ v, 347).

We are unable to differentiate the Actinobacter poly-
morphus Duclaux by means of a culture from Kril.

The Micr. tetragenus mobilis ventriculi Mendoza
(C. B. v, 566) is theoretically interesting. From the de-
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Gelatin Stab.—Stab : Until liquefaction begins it is
granular. After two days liquefaction begins with a plate-
shaped depression, which later becomes eylindriec. The
contents of the funmel are cloudy, greenish or yellowish-gray

b 1)

( Héar Plate.—Both when of natural size and when
magnified fifty times, the colonies are like those in the
gelatin plate, only the granulation is finer. Sometimes
there are found thin, pale yellow, transparent deep colo-
nies, as much as 2 mm. broad, with a coarsely granular
or morulated structure.

Agar Stab.—Stab : Granular, yellow. Surface-growth ;
Lemon-yellow, shining, roundish, with wavy border, some-
what elevated.

Agar Streak.—Corresponding to the stab. Water of
condensation clear, sediment yellowish.

Bouillon Culture.—Remains clear. The yellowish
precipitate 1s closely packed, rising up tenaciously only
with energetic shaking, and afterward becoming homoge-
neously divided.

Milk Culture.— After twenty days it is half coagulated.
Acid reaction.

Potato Culture.—Lemon-yellow to yellowish-green,
thin, faintly shining, with a wavy, irregular border, and
almost no elevation whatever. Sharply outlined from the
surroundings.

Related Varieties.

We consider this form ddentical with sarcina lutea—only
our form produces no sarcina groups, either upon solid
nutrient media, or in bouillon, or even in hay infusion.
Sarcina lutea would be its ¢“sarcina form.”’

The Streptococcus liquefaciens and Pediococcus flavus,! obtained
from Krdl, are identical. The Strept. liquefaciens only produces a
clondiness of bounillon and of the funnel of liquefied gelatin, and in old
agar streaks has a brownish-yellow shade—variations which are con-
stantly observed in Micr. pyogenes @ aureus. From the deseri ption the
Micr. galbanatus Zimmermann is also identical, and, as we saw
subsequently, was found by Zimmermann to be identical with the

' Recently we have discovered beautiful packets of sarcina from old

hay infusion culfures of Pedioe. flavus. These were not so evident in
Strept. liquefaciens,
12
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1885, 111, 165; Liibbert, ‘‘ Biologische Untersuchungen iiber den Staph.
pyog. aureuns,’’ Wiirzburg, 1836,
troductory Remarks.—For the comprehension of
the three forms given above as varieties of one form cer-
tain proof was hitherto lacking. R. O. Neumann (A. H.
xxx, 1) furnished it when he observed that in orange-
colored colonies sometimes lighter white or yellow sectors
appear (similar to those in Micr. bicolor), and by inocula-
tion from these, cultures are obtained which still more mark-
edly present the formation of paler sectors. By repeated
congistent transfers in this way white and yellow cul-
tures can be grown from orange-colored cultures, and even
a red culture could be obtained. These new cultures re-
main in part permanent and in part revert to the original
form. Also consult Neumann concerning what was other-
wise known regarding the variations of this form.
Highly probable synonyms : Micrococcus liquefa-
ciens conjunctivee Gombert, Eisenberg, 301 ; Micro-
coccus flavus conjunctivee Gombert, Eisenberg, 302 ;

Staphylococcus salivarius pyogenes Biondi, Eisen-
berg, 309. '

The effort of various authors to found a specific differentiation of
the three forms upon varying virulence is wrong. In the first place,
the fact that the golden-yellow form is distinguished by speeial
virulence (v. Tavel, -Lannelongue, and Achard) is disputed. Levy
found that the more common form in Strassburg was the white
form, and it was just as pathogenic. In the second place, it is easily
shown experimentally that enormous reduetion of virulence is entirely
independent of the color (compare page 185). Growth without oxy-
gen which increases the virulence lessens the production of pigment.

In the following the Micr. pyogenes a aureus only is
particularly deseribed. Regarding the g citreus and 7
albus see page 187.

Microscopic Appearance.—Round, smaller or larger
cocel, on an average 0.8 p, in pairs or singly, usually in
grape-like clusters. Often they have a small division
cleft (8, x and x1). :

Relation to Oxygen.—Grow well aerobically and not
80 well anaerobieally. "

Requirements as Regards Temperature and Nu-
trient Media.—Optimum at 37°, but grows well at room
temperature ; thrives upon all nutrient media, the pig-
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The following inflammations are also produced by the Mier. pyo-
genes, but more rarely than by other varieties, as Strept. lanceolatus,
Strept. pyogenes, ete. : pleuritis and pericarditis, pneumonia, hepa-
titis, ete.

(d) In diseased animal organism : Just as in man as the
cause of suppuration. Statements that animals have other
causes of suppuration than man are erroneous. It caused
an epidemic osteomyelitis in geese (Lucet) and a disease of
gudgeon (Charrin) in France. :

Experimental Observations Regarding Pathogenic
Effects.—There is an extraordinary variation in the dis-
position of different apparently identical experimental ani-
mals, as also in the virulence of the miero-organisms them-
selves.

The disposition is greater in young, anemic and dia-
betic animals. The virulence of micro-organisms freshly
obtained from an animal or man is often considerable, but
sometimes even in this case it is slight. By growth upon
our artificial nutrient media it is sometimes rapidly
reduced and sometimes almost imperceptibly changed. By
repeated passage from animal to animal, in fatal doses,
the wvirulence is increased for the concerned species
(Terni), also simultaneous inoculation with other bacteria
(Ortolani and De Blasi) or their metabolic products (for
example, the Bact. vulgare) increases the virulence. In
the same way repeated anaerobic cultivation heightens the
virulence. The intensity of the liquefaction of gelatin is
almost, but not entirely, parallel with the pathogenic
property.

With the most exalted virulence the staphylococcus
causes no local suppuration, but a gelatinous edema, hem-
orrhages in the kidneys, often inflammatory changes in
the cardiac valves and in the aorta. The relative suscep-
tibility of animals to infection with staphylococei is shown
in the following decreasing series : Horse, dog, man, cat-
tle, sheep, rabbits, guinea-pigs, mice. In the last-named
numerous bacteria are necessary for infection.

Subcutaneous injections cause abscesses, but a rather large
number of germs (according to Herman, 50,000,000 indi-
viduals equal 1 c.c. of culture) from a not highly viru-
lent culture is required to do this in rabbits.
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growth upon potato. These characteristics are not sufficient for sepa-
rating it, especially as Heydenreich does not describe his potato cul-
tures as essentially different from those of the Micr. pyogenes. Rapt-
schewsky declares (C. B. vI, 504) the Micr. biskra identical with the
Micr. pyogenes, and prefers to consider a streptococcus as the cause of
the disease.

Micrococeus of gangrenous mastitis in sheep, Nocard (A. P. 1 417).
Staphylococeus heemorrhagicus, 1. Klein (C. B. XXIT, 81).

De Jong’s Staphylococcus bovis is said to be different from the
Micr. pyogenes. Injected subcutaneously, intraperitoneally, and in-
travenously it is pathogenic for rabbits, dogs, and guinea-pigs.
Neither its white nor its yellow form liquefies gelatin, in spite of
luxuriant growth ; milk is not coagulated ; in bouillon it forms a
delicate, tenacions sediment.

The cause of a circumscribed falling of hair, without discolora-
tion of the hair-bed and without a tendency to spread, is found,
according to Vaillard and Vincent, in a white liquefying coceus, 1 p
in diameter, which corresponds throughout, in its growth, to the
Micr. pyogenes y albus (A. P. 1v, 1890, 446).

(Literature by Hollborn, C. B. xvi1, 47, 108.)

Micrococcus bicolor (Zimmermann).

Round cocei from 1.2 e to 1.6 p.  Gelatin plate : At first yellowish,
succulent, elevated ; later, orange-yellow, slowly sinking, oily looking
colonies of round form; besides these there are others about the same,
but white in color. Magnified sixty times they are even-bordered and
faintly granular. Gelatin stab: Superficial growth is white, with a
slowly forming cup-shaped liquefaction. The growth along the stab
is thread-like. Agar plate is like gelatin, and also presents gray and
yellow colonies intermixed. Agar streak : Suceulent, whitish or gray-
ish-yellow growth with orange-yellow islands and points. The surface
growth in the agar stab always presents more or less perfect gray and
orange sectors, from which it is often possible to obtain pure gray or
pure orange-colored growths, but which in following generations again
produce the two colors. Bouillon becomes diffusely cloudy with mod-
erate, firm precipitate. Milk becomes a little acid and remains fluid.
Upon 2% peptone bouillon it forms a trace of H,S and indol. We
have obtained this organism, which was isolated by Zimmermann from
tap-water, from gastric contents. The Micr. cremoides Zimmer-
mann is very closely related to this. We were entirely unable to
differentiate the eulture obtained by Zimmermann.

Also, the Micr. aurantiacus Cohn, which we obtained from Kril,
ia distinguished only by the absence of liquefaction. We have also
obtained from it white, orange, and striped cultures, which pass from
one into the other. :

At present we can give no other decisive characteristics of the Micr.
bicolor, aurantineus, and even of the Micr. candicans as differing from
the Mier. pyogencs cxeept the pathogenic action in animals and absence
of liquefaction.
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Since it is not to be doubted that Ali-Cohen saw motion and Loffler,
Migula, and others have stained long flagella, so we must now conceive
of our Micr. agilis only as a Micr. roseus, which once possessed flagella,
and then lost them.

We believe our observation is of primary significance in classifica-
tion, as many investigators consider the flagella as a very important
and constant differential aid. Migula has formed a genus planococcus
for the Mier. agilis; without our observations we should have as-
sented. But being in possession of this, it seems to us that our con-
ception is at present more natural than the other possible one, namely,
that the Planococcus agilis, because of the loss of its flagella, can no
longer be distinguished from the Micr. roseus, but that it still belongs
to a different genus.

Micr. cerasinus (List.) (Lehm. and Neum.).

Micrococeus cerasinus siceus List. (Adametz, ‘ Bakterien der Trink-
und Nutzwisser ).

Very small cocci of 0.3 z.  Upon gelatin cherry-red, without lique-
faction. Upon potato, dry, spreading deposit of cherry-red color.
Pigment insoluble in alcohol and ether; whether in water, we do not
know.

Micr. erythromyxa (Overbeck).

Compare Sarcina erythromyxa, page 162. Sarcina formation seems
to be entirely absent at times.

Micr. cyaneus (Schroter) (Cohn).

Forms a cobalt-blue deposit, pigment soluble (!) in water, turns
red with acids, blue returns with alkalies. Schroter also described a
variety of this, psendocyanea, that at first produced verdigris-green,
either remaining so or later becoming bluish-green to blue. So far
it has not been further described. Obtained from the air in Breslau.
Re;rarding} the Micr. cyanogenus, consult Pammel and Combs (C. B.
L. 11, 764 ).

II. FAMILY BACTERIACEAE (ZOPF EMEND.
MIGULA).

(For diagnosis of family, see p. 124.)

1. Bacterium.!

_ Cells at least one and a half, but usually from two to
six, times as long as broad, straight or bent in a plane

1 The ** bacteria ' of tuberculosis and diphtheria and those closely

related to them are to be looked for in Appendix I, Actinomycetes
(compare p. 127),
13
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as also those of Stutzer and Hartleb, regarding a polymorphous salt-
peter fungus are incorrect. Compare Frinkel (C. B. L. 1v, B, 62)
and Giirtner (C. B. L. 1v, 1, 52, 109).

Microscopic Appearance.—Short rods, 1 p long, 0.3—
0.4 p thick. Stain poorly. When stained with warm gen-
tian-violet solution and washed with a 109 solution of
chlorid of sodium, a stained capsule surrounds the bacilli,
which are unstained. With carbol-fuchsin the rods are
gradually stained, the pointed ends escaping. Alkaline
methylene-blue first stains the ends, then the central
portion.

Motility is never observed. No growth occurs upon
the ordinary nutrient media, rich in organic substances
(bouillon, agar, gelatin), but it grows upon the following :
Nitrite-agar, which contains pure sodium nitrite 2 gm.,
sodium bicarbonate 1 gm., potassium phosphate and agar
15 gm., water 1 liter ; or nitrite solution, which contains:
sodium nitrate 1.0, potassium phosphate 0.5, magnesium
sulphate 0.3, sodium bicarbonate 0.5-1.0, sodium chlorid
0.5, a little iron sulphate, distilled water (distilled twice
over permanganate) 1000. If soda is used instead of
sodinm bicarbonate, then also free CO, must be present.
The addition of more than 0.4% peptone, or of small
quantities of sugar, prevents the growth and the produc-
tion of nitrate.

Nitrite-agar Colonies.—Deep : granular, dense, small,
sharply outlined, strongly refracting, appearing only after
weeks. On the surface delicate, cloud-like, homogeneous,
scarcely at all granular droplets develop equally slowly.

Nitrite-agar Stab Culture.—Somewhat more luxuri-
ant, dirty white, greasy.

Isolation from Soil.—Numerous plates are prepared
from nitrite-agar with larger and smaller quantities of soil
suspended in it.  After standing for three or four weeks at
about 20°, test the plates to determine whether nitrate has
been formed. TInoculate from a number of the smallest
colonies into nitrite solution, and after about three weeks
prepare new plates of nitrite-agar from the tubes which
contain no nitrite, but nitrate. The pure culture should
behave as follows : (1) A scarcely perceptible precipitate
should appear, which rises as a column on shaking ; (2)
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The organisms are very particular as to cultivation.
They grow best upon ascites-agar as small transparent
droplets ; upon ordinary agar, a growth is rarely obtained.
Pure, solidified blood-serum is slowly liquefied on the sur-
face. Cultures have little durability. It causes a con-
junctivitis, usually insidious in onset and running a
chronic course with slight catarrhal symptoms, abundant
secretion, and redness of the conjunctiva, especially upon
the edges of the lids and inner angle of the eye. The
organism is found abundantly in the secretion (Fig. 17).
The disease may be transferred by means of pure cultures
to healthy individuals. It has been found infrequently
in various places as the cause of epidemics ; also, on one
occasion, in Wiirzburg.

Bacterium ulceris cancrosi ( Ducrey-Kruse), L. and N.

Synonyms.—Streptobacillus of soft-chancre Ducrey, Bacillus ulceris

cancrosi Kruse.
Literature.—Ducrey (C. B. xvIIr, 290), Petersen (C. B. X111, 743),
Unna (C. B. xvir, 234), Kruse (Fligge-Kruse, Bd. 11, 456).

It is now universally acknowledged that Ducrey rightly
recognized a small, thin bacterium (0.5  broad, 1.5 p
long), arranged in long chains, which can be demon-
strated, with no great difficulty, in sections of soft chancre
as the cause of the process. By successive inoculation of
chancre secretion from one place on the skin to others, 1n
each resulting ulcer a purer condition is found. Staining
of the sections with Loffler’s methylene-blue is not espe-
cially difficult, if the alcohol is allowed to act very briefly.

The bacteria are not stained by Gram’s method. They
are also found in the chancre secretion, but only rarely in
the contents of buboes. Cultures are rarely successful ;
Petersen obtained non-characteristic, faintly growing col-
onies deep in serum-agar.
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Here belong the following non-motile varieties, which
ferment grape- and milk-sugar :

Bacterium cavicida Brieger. Zeit. f. phys. Ch., B.

Bacterium neapolitanum Emmerich. Cultivated from a series of
cholera cadavers in Naples and once from the blood of a cholera
patient. It is not the cause of cholera. According to Buchner, the
moderate vibratory motion is not purely molecular. Flagella are not
known. If it possessed flagella, then it would be considered as Bact.
coli. Compare Weisser (Z. H. T, 315).

Bacterium of septicemia of cats Lehm. and Neum. Cultivated
from @ cat which died spontaneously. Killed cats with typhoid
symptoms. A more detailed deseription is still lacking.

Bacterium of dermatitis epidemica exfoliativa Russel (C. B. XV,

324). Unknown to us.

Bacterium caucasicum. (Kern.) L. and N.

Synonyms.—Dispora caucasica Kern. Bacillus caucasicus v. Freu-
denreich.

Literature.—v. Freudenreich (C. B. L. 111, 47, 87, 135).

Microscopic : Rods, about 5-6 # long, 1 4 broad, which often present
small, clear, globular swellings at the ends (are notspores!). Very
slightly motile.

Fresh cultures grow poorly or not at all upon gelatin or milk-sugar
gelatin ; on the contrary, old cultures grow well. Upon milk-agar
there develop whitish-gray, flat colonies with a somewhat jagged
horder due to outward projection of individual bacteria. Milk is not
coagnlated. Little gas-formation in milk ; grows well in milk-sugar
bouillon. Growth at 22° is feeble ; 37° is the optimum.

According to Kern, it is the cause of kephyr fermentation. v.
Freudenreich obtained kephyr in sterile milk most often (not always)
if he mixed together four varieties : (1) The kephyr yeast ; (2 and
3) two streptococei isolated from kephyr ; (4) the Bact. caucasicum ;
but also with the yeast and the two streptococci there resulted a
tolerable production of kephyr.

Bacterium Giintheri. Lehm. and Neum. Giinther
and Thierfelder (A. H. xxv, 164).

Literature.—Giinther and Thierfelder (A. H. xxv, 164). Leich-
mann (C. B. xv1, 826). Consult especially Leichmann (C. B. L. v,

344).

Nomenclature.—Giinther and Thierfelder have not
named their organism. In our first edition, published in
May, 1896, we gave it the name Bacterium Giinthert L.
and N. This name must stand, for also Leichmann, who
had received the organism from Giinther and Thierfelder,
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The Bacterium Hessii Guillebeau (C. B. XT, 439) is different. It
is actively motile, liquefies gelatin, and forms no capsule. It like-
wise makes milk tenacious-and no spores are described. In the same
place may be found some further statements regarding varieties which
render milk tenacious. Compare also Mier. Freudenreichii Guil.

(p. 174).

Bacterium Piliigeri! (Lassar) Ludwig. Bacterium
phosphorescens. Bernh. Fischer (Z. H. ii, 92).

Literature.—Ludwig (C. B. 11, 372); K. B. Lehmann (¢. B. W,
785); Beijerinck (C. B. v, 616, 651); Katz (C. B. 1X, 157).

Microseopically, short, plump rods, single or in pairs. Also spher-
ical and short oval forms oceur. Striking involution forms appear in
old cultures. There are neither spontaneous motion nor flagella.
Beijerinck claims to have observed spontaneous motion in sea-water.
Facultative anaerobe, but does not emit light when air is excluded.
The addition of 3% of sea-salt is favorable. Optimum at 20°, maxi-
mum at about 39°, minimum at 0°. Upon gelatin and agar it is
indistingnishable from the Bact. acidi lactici ; once we obtained upon
gelatin plates colonies exactly like those in Plate 19, 1, with most
peculiar outgrowths. Older gelatin and agar cultures exhibit a
tendency to become yellowish and yellowish-brown. Gelatin is never
liquefied. Potato cultures are yellowish, moist, sometimes with

‘bubbles. Grape- and milk-sugar and maltose are converted into acid,
accompanied by abundant formation of gas. Milk is coagulated.

The emission of whitish, greenish light is intense if oxygen is
admitted as long as the cultures are frequently transferred to fresh
nutrient media containing salt ; but if this is omitted, the emission
of light is soon lost. For a time the photogenic function may be
regenerated by transplantation upon salt (herrings) gelatin, but it is
permanently lost in time if the bacteria are cultivated upon ordinary
media with infrequent transfer. Concerning the photogenesis, com-
pare page 57. A few drops of phosphorescent houillon culture may
give a milky luster to a liter of sea-water.

Neither the bacterium nor its metabolie products in small amounts
are harmful. It lives in the northern seas, canses occasionally phos-
phorescent sea, more often phosphorescence of fish, meat, ete.

The Bacterium of Giard (C. B. vi, 645 ; viir, 177), which is
pathogenic for crawfish, and makes the living, inoculated animal
phosphorescent, appears, from the incomplete deseription, to be simi-
lar. Phosphorescent gnats (mycetophila), observed as rarities in
Germany, must owe this property to bacteria. Henneberg (C. B.
XXV, 649). The phosphorescent bacillus described as Photobacte-
rium javanicum Eykmann (C. B. 1X, 656) is plump and motile.
Regarding a second group of photogenic micro-organisms, see under
Vibrio albensis Lehm. and Neum.

_ ! Beijerinck distinguished B. phosphorescens from B. Pfliigeri by
biologic characteristics.
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Resistance.— S L

(a) Against drying: They tolerate preservation in the
dry condition for months ; according to Uffelmann, in soil
and clothing even, for one or two months. They do not
withstand such a complete drying as is necessary in order
to reduce to dust. Germano (Z. H. xx1v, 403). Compare
also Ficker (Z. H. xXIX, 1).

(b) Cold and heat: Janowski (C. B. vi, 167, 417, 449).
They withstand cold well.

(¢) In manure and feces: Over a week (Giértner).

(d) In water : From a few hours to many days. Com-
pare page 40.

(e) Chemical disinfecting agents : Compare Kaohler (C. B.
x1v, 89).

The t)luration of life in the human body may be very
considerable. They have been demonstrated by Sahli in
pleural exudate fifty days after the beginning of the
disease, and by Hintze in the pus of periostitis ten months
after a case of typhoid fever.

Chemical Activities.—There is no production of pig-
ment nor odoriferous substances. It reduces solutions of
litmus, converts nitrate into nitrite, and gradually leads
to a disappearance of nitrite. They form levorotatory
lactic acid from grape-sugar (feebly from milk-sugar) and
no visible gas bubbles from any carbohydrate (verified by
Buchner, A. H. 111, 425, 1885). They form H,S strongly.
Indol is not produced. The cultures are rich in toxins ;
the germ-free filtrates are actively pathogenic. |

Distribution.—

(a) Outside the body : So far, in a few cases in water and
soil which have come in contact with typhoid dejecta.
Recently demonstrated by Losener in five instances in
specimens of soil, portions of cadavers, and stools, where
there was no suspicion of the presence of typhoid bacteria.
Similar results were obtained by Remlinger and Schneider
(H. R., 1896, 743).

(b) In healthy body : So far, never.

(¢) In diseased human body : In cases of typhoid fever, as
the cause of the disease. Cultures are obtained with great-
est certainty from the spleen and lymph-glands, in which
the bacilli are always distributed in small clumps. Often,
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media) decomposes grape- and milk-sugar, with intense production
of acid, but without gas.

Bacillus diphtheriz columbarum Liffler.—A culture obtained
from Krdl, which we studied carefully, corresponded exactly, morpho-
logically and biologically, with Bact. choler suum : bouillon very
cloudy, suggestion of pellicle, milk unaltered, potato at first yellowish
then yellowish-gray, finally brown, almost the same as glanders.

Bacterium levans Wolffin (A. H. xx1, 268).—Cause of fer-
mentation in leaven. Many long flagella, milk not coagulated, indol
formation overlooked by Wolffin, still it is present after prolonged
standing. It also brings about the most varying true coli fermenta-
tion of dough (acetic acid, lactic acid ; 75% CO,, 256% H,) in steril-
jzed flour. More recently we have regularly isolated from sour
dough and fermenting bread-dough absolutely typical Baet. coli
which at least possess toxie action. Dissertation of Felix Frinkel,
Wiirzburg, 1896.

Bacterium morbificans bovis Basenau (A. H. XX, 241).'—Not
distinguishable morphologically and biologically from Bact. cholerm
suum. It ferments grape-sugar feebly, never coagulates milk, and
thus appears not to affeet milk-sugar.

Cultivated many times from cattle suffering from a septic disease
in which the spleen is enlarged and there are necrotie, whitish-yellow
areas in the spleen and liver. The organism is found in the blood,
internal organs, and muscles of the diseased animal. Mice, white
rats, and guinea-pigs are killed by feeding. Rabbits and the other
animals die after infection of the subcutaneous tissue, the peritonenm,
or the interior of the puerperal uterus. The organisms escape in the
milk. Compare the Bacterium of Nouvelle septicemie des veaux of
Thomassen (C. B. xx1v, 800).

Compare, further, Bact enteritidis Giirtner, page 251, which, as
it coagulates milk, is related to the Bact. coli. To one of these two
forms appears to belong Gaffky’s organism, which, if taken in fresh
milk by man, causes severe disease (C. B. XII, 38{15.

The Swedish Gaustadt bacillus of Holst is closely related. Eighty-
one persons in the institution for the insane at Gaustadt became sick
in 1891, of which four died (C. B. xvirI, 717). The disease depended
upon the eating of meat. Often there was an initial chill, many
times severe backache, sometimes herpes and erythema. The principal
symptoms were : fever, vomiting, diarrhea. The organism does not
change the reaction of milk. It is motile, having 6 flagella.

Varieties of which nothing is written regarding motility, so
far as we know, but which still appear to belong to the
Bact. coli (or Bact. lactis aérogenes):

Bacillus aérogenes vesicz Schow (C. B. X11, 745).
Bacillus of a pigeon plague of Sanfelice (Z. H. xx, 23). Causes

sero-purulent peritonitis. Perhaps belongs to Baet. septic. hsemor-
rhagicae.

! SBee there, also, Basenan’s investigations, undertaken to establish
the difference between his organism and other similar ones.
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gelatin colonies resemble those of B. coli; then there soon
oceurs a liquefaction of the surrounding medium and the
growth breaks up into a crumbly mass. In the gelatin
stab there is marked liquefaction, at first funnel-shaped,
then cylindric. The content of the funnel is very cloudy,
and there is a delicate pellicle on top. Rather marked
little hairs, directed downward, which grow out into the
solid gelatin about the funnel of liquefaction are quite
remarkable. :

Bouillon very cloudy, with a delicate pellicle. Abundant
H,S, and little indol are produced. Upon agar and potato
the growth is nearly the same as that of the B. coli; the
potato culture has a very putrid odor. Grape-sugar is
fermented, with abundant gas-formation, and milk 1s not
coagulated.

. Determined to be the cause of a dysentery in calves in

Silesia and given to us by Weissenberg.

The four following are closely related to, perhaps identical with,

the described “ liquefying varieties of B. coli,”” and are known to us
through the deseriptions only: :

Bacterium feetidum liquefaciens. (Tavel.) L. and N.

From one to three short flagella extending out from an unstained
tiiégilzjlle (von Stdcklin, Recherches sur la groupe des Coli-Bacillus,
Gelatin in stab is liquefied, and has a strong fecal odor. Sugar is
fermented, with liberation of a vast amount of gas. Milk is not coagu-

}at-ed. Bouillon becomes turbid and a pellicle develops upon the sur-
ace,

Bacterium cloacz. (E.O. Jordan.) Lehm.and Neum.

(Compare Th. Smith, ‘‘ The Fermentation Tube,’” 1893, 215.) Sur-
face growth in gelatin is thin, with a somewhat irregular outline.
Abundant, uncharacteristie, yellowish-white growth on potato. Ac-
tively motile. Very abundant and rapid formation of gas from dex-
trose and saccharose, the closed end of the fermentation tube contain-
ing from 50% to 95% (about one-third H and two-thirds CO,). Gas
E!a ;;rmlnced more slowly from lactose. Milk is coagulated in eight

Bacterium agile (Schou, Fliigge). Lehm. and Neum.
Synonym.—Bacillus pneumonicus agilis Fliigge.
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Bacterium lactis saponacei. (Weigm. and Zirn.)
LLehm. and Neum.

As the Bacillus lactis saponacei, Weigmann and Zirn
(C. B. xv, 463) have described a short rod, which in gela-
tin plates forms white colonies with yellow centers, which
later become yellow throughout, but without special
markings. Gradually liquefaction takes place. In the
selatin stab a funnel forms, at the bottom of which lie
vellow flocculi.  In the agar stab the luxuriant growth is
yellow in the center only at first, then throughout the
whole growth. Upon potato a waxy-yellow, slimy growth.
Milk is not coagulated, but becomes slimy and slightly
tenacious. The culture has an odor like soap or lye.
Optimum at 10°. Regarding soapy milk, the first com-
munication was by Herz, Ch. Zeit. Rep., 1892, page
34.

Bacterium nubilum. (P. and C. Frankland. Z. H. vi,
p. 386.) Lehm. and Neum.

Non-motile short rods, 1-2 ¢ long, 0.3-0.5 1 thick, staining by
Gram’s method. The colonies on the gelatin plate present beautiful,
polymorphous forms. In the younger stage they are yellowish, of ir-
regular forms, and provided with many thick and thin lateral out-
growths, similar to mites in shape. The more compact nucleus at the
center gradually disappears, while the projections become arranged
more in the form of a star. Now liquefaction of the gelatin begins.
The periphery of the colony slowly dissolves into delicate little frag-
ments, and in the fluid contehts of the saucer of liquefaction there
remains a framework of radiating threads, which later become ar-
ranged like the spokes of a wheel. Finally the entire colony breaks up
into irregular fragments. Macroscopically the colony does not appear
unlike that of the Bae. subtilis. In the gelatin stab the growth sinks
in, with the form of a sancer, and then cylindric liquefaction occurs.
The liguefied zone is slightly cloudy. The growth upon agar is jagged,
undulating, fairly luxuriant; in the center, pale rose color; at the
edges, yellowish-brown, with a fatty luster. The water of condensa-
tion is clear with a yellowish-brown sediment. The growth upon po-
tato is at first entirely reddish-white, faintly shining to dry; later it
becomes intensely brownish-yellow. Milk is not coagulated, and is
alkaline in reaction. No gas is formed from grape-sugar. It forms
but little indol. Bouillon becomes cloudy. Isolated by Zimmermann
frnlli? water (1, p. 28). Our description is from one of Zimmermann’s
Eu ure'si'
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Most Tmportant Literature.—Schottelins (C. B. 11, 439); Wasserzug
(A. P., 1888); Kiibler (C. B. v, 383); Scheurlen (A. H. xxV1, 1).

Microscopic Appearance.—From solid nutrient me-
dia, very short bacilli, often looking like cocci. The ends
are somewhat pointed or rounded. The greatest diameter
is 1. (21, x1; 22 1x). In bouillon, especially if it is
faintly acid, there occur longer forms, distinet rods, and
shorter and longer threads. :

Motility.—In young bouillon cultures there is active
motion, produced by from 6 to 8 long, peritrichous flagella
(21, xm; 22, x1). On the contrary, older agar and
potato cultures appear non-motile, and in them the bacil-
lus produces abundant slimy material, which limits mo-
tion. Scheurlen attributes the mucous formation to the
abundant production of alkali.

Staining Properties. — HEasily stained, but not by
Gram’s method.

Relation to Oxygen. — Facultative anaerobe; grows
better as an aerobe. Alsoas an anaerobe it liquefies gelatin
(also with the addition of 2 per cent. sugar), but forms
no pigment.

Requirements as Regards Temperature and Com-
position of Nutrient Media.—Optimum at 22°-25° ; in
the incubator, especially at 38°-39°, the formation of pig-
ment is suspended. A more prolonged cultivation at a
higher temperature permanently lessens the formation of
pigment.? It grows also, with production of pigment,
upon non-albuminous nutrient media.

Gelatin Plate.—(a) Natural size: At first the super-
ficial colony is a grayish-white point, and the gelatin is
hquefied at once. The area of liquefaction is shaped like
a plate. The peripheral zone is lighter than the central
zone. Original colonies are often colored reddish, but often

%\;;1; the Bact. prodigiosum, since both are identical (compare p.

' It may be here remarked that, without known cause, chromo-
genesis by the Bact. prodigiosum is often much reduced. Asis often
geen, of 20 cultures made at the same time and from the same origi-
nals upon the same nutrient media, many form pigment abundantly

and others very feebly. Also, upon plates fainter and more deeply
colored E{‘gﬂnli}ﬂ always occur side by side.
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ing smooth and the structure coarsely granular. On the
contrary, the superficial colonies are transparent, pale
rose-red to red, very finely punctated, with borders almost
or entirely smooth (21, vr; 22, ViI). :

Agar Stab.—Stab : Thread-like, without nodules, white
to reddish. After keeping longer, a whitish cloudy zone
forms about the stab canal (21, ). Surface growth: Al-
ready after forty-eight hours completely covered with a
smooth, shining growth, the color of which varies from
atypical white to typical purple (21, 1v). Often 1t 1s
whitish-gray, shaded with red. The agar, especially be-
neath the surface growth, after a longer time becomes
colored a garnet-red.

Agar Streak.—The growth remains limited to the
streak; compare agar stab. The water of condensation
presents a reddish cloud with a red sediment (21, 11;
22, 1),

,Bguillnn Culture.—Diffuse, marked turbidity, with a
more or less red-colored, delicate pellicle upon the surface.
The bouillon becomes of a gelatinous or oily consistency.

Milk Culture.—After twenty-four hours it is firmly
coagulated; later the coagulum is dissolved and a yellow-
ish color produced.

Potato Culture.—At first a rogy red, moist, flat growth,
limited to the inoculation streak. Later it becomes darker
in color, is elevated, with a wavy, smooth border, and after
five or six days has attained its dark purple color (21, 1X;
22, x). Sometimes the surface then exhibits a greenish-
golden reflex, similar to dry fuchsin. Also the potato
culture develops atypically at times, as does that upon
agar, and becomes only whitish-gray, orange, or rose-red,
instead of dark red (21, x).

Chemical Activities.—

(a) Thered pigment (prodigiosin): Develops best upon
agar and potato, is insoluble in water, and only externally
in color and golden luster is it like fuchsin ; according to
Scheurlen, it is apparently also free from nitrogen besides
containing no sulphur nor phosphorus. The pigment is
readily soluble in alcohol and ether, is turned orange-yellow
by alkalis, and from carmine to violet-red by acids. With
zinc and hydrochloriec acid the pigment, notwithstanding
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brick-red or orange-red color. This, however, according to our more
recent observations, is not constant; prodigiosum may grow with
orange, and kiliense with bluish-red color. The formation of alkali
is most important as to the color: with abundant production of alkali
it is yellowish-red; in other cases, bluish-red. We also found to be
absolutely identical Bacterium miniaceum ! (Zimmermann, L. and
N.) and the Bacterium indicum ( Koch, L. and N. ), isolated by Koch
from an Indian monkey, of which we obtained beautiful red cultures
from Kril and carefully studied them.

It is very probable that these are also identical:

Bacterium of red pus Ferchmin (C. B: x111, 103}, which differs in
being non-motile and staining by Gram’s method.

Red water-bacillus Lustig (C. B. vIrI, 33).

Bacterium plymuthicum Fischer. (L. and N.) Compare Voges
(C. B. x1v, 301).

Bacillus fuchsinus Boekhout and Otto de Vries (C. B. L. 1v,
497).

The following is, at any rate, closely related.

Bacterium piscatorum. Lehm. and Neum.

Miecrobe rouge de la sardine of the French. Causes, in combination
with an anaerobic bacillus, panaritium in fishermen, apparently
originating in spoiled bait. In boxes of sardines it causes a red color
(Du Bois Saint Severin, A. P., 1894, 152). The pigment is soluble in
water (?), usually poorly developed upon agar, and is produced at 37°-
39°.  More extensive studies are required to establish the constancy of
these characteristics.

Bacterium violaceum. (J. Schroter.) L. and N.2
‘(Plate 23.)

Synonym.—Compare page 279. Bact. janthinum Zopf.
Schriter’s name is older.

Microscopic Appearance.—Thin rods, 1.6-5 ¢ long,
0.5-0.8 i thick, with rounded ends; the smallest are often
oval; somefimes threads form. In the interior unstained
areas sometimes remind one of chicken cholera.

! What we obtained from Kril as Bac. rosaceus metalloides
Dowdeswell is entirely different. We have called this Bact. rosaceum,
and found it to be a fine, small, motile rod, which something grows
like the Bact. coli on ordinary media, but with a brick-red color,
T'hu‘ pigment is not prodigiosin.  Milk and bouillon present brick-red
pellicles.  No gas is formed from grape-sugar. Milk is not coagulated.
Not stained by Gram’s method. '

g * Twice in cultures, according to Migula’s method, upon quince-
juice we have seen pictures which may have been spores.
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favorable cases the pellicle may assume a pale violet
color.

Milk.—In some cases it is coagulated, but it usually re-
mains fluid and is violet in color, at least forms a violet
cream layer.

Chemical Activities.—In grape-sugar bouillon there
‘< formed little acid and no gas. It produces abundant
H,S and a moderate amount of indol.

Regarding the pigment (janthin), see page 67.

From the one just described we are unable to dis-
tinguish, by any peculiarities worth mentioning, the
Bacterium janthinum Zopf (Sweden and America),
obtained from Zimmermann, and a similarly named bac-
terium from Kral, and a bacterium isolated during the
summer of 1894 from the well of the local fort.

A beautiful chromogenic culture obtained m 1898 from
Hohnl (Prague) corresponds entirely with the deseription
except that the liquefaction was prominently punched-out
in appearance and it did not stain by Gram’s method.
Also, it seems to us, from a study of the literature, that it
is scarcely possible to differentiate a Bacillus violaceus
Laurentius (Lustig, p. 103), cultivated from the water of a
filter basin of Lawrence, a Bacillus violaceus Macé (Ann.
d’hygiéne, 1887), and the Bacillus violaceus (Lustig, p.
75), from tap-water of Berlin and London. The latter,
according to Voges, is identical with the Bacillus lividus
of Plagge and Proskauer (Z. H. 11, 463), except that the
latter is differentiated from the violaceum by growing less
well upon potato and by rapid liquefaction. All these
characteristics, as follows from what has already been said,
are not sufficient for determining a separation of species.
Also closely related is the Bacillus membranaceus
amethystinus (Eisenberg, 1891, 421), cultivated by
Jolles from well-water. It produces large violet pel-
licles upon gelatin and is non-motile. Germano likewise
cultivated a membrane-forming organism (C. B. x11, 516),
which he named the Bacillus membranaceus amethyst-
inus mobilis. Tt agrees with the preceding except In
being motile. Also here it is probable that two identical
varieties are found, the one motile, the other non-motile.
This is in accord with Ward’s discovery of an organism
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round disks, with border almost smooth, more or less
strongly granular, very often also moruloid, light yellow to
greenish-yellow. Except for the color, 1t 1s not distin-
guishable from Bact. fluorescens, putidum, and coli (24,
vi). (Compare also 29; VI; 26, VIIL )

Agar Stab.—Stab : Non-characteristic, thread-like, and
o little nodular. Swrface growth : Whitish-gray to greenish,
dull to moistly shining. In forty-eight hours it is uni-
formly spread over the entire surface. The agar has a yel-
lowish-green to bluish-green fluorescence.

Agar Streak.—Somewhat spreading growth, with a
moist luster, wavy, smooth border, yellowish-green in
color. The agar shows marked blue to yellowish-green
fAuorescence. The water of condensation is almost clear;
there is a white precipitate and a whitish pellicle on the
surface (24, 1r).

Bouillon Culture.—Marked yellowish-green fluores-
cence. Very turbid. Moderate quantity of sediment,
which is broken up with difficulty upon shaking. Pellicle
upon the surface.

Milk Culture.—Milk is coagulated, and later again
liquefied. The liquefied portion presents yellowish-green
flnorescence. Reaction is always alkaline.

Potato Culture.—At first a yellowish growth, with
a moist luster, wavy irregular border, and but slightly
elevated; later, brownish-yellow to brown or reddish-
brown. Often there is a fluorescent zone about the growth
(24, yir).  According to the character of the potato,
there is very great variation in the luxuriance, fluores-
cence, and color, and so the growth cannot be distin-
guished at any time with certainty from that of other
fluorescent varieties. (See also 25, 1X.)

Sensitiveness to Injurious Agencies.—Drying kills
rapidly. The action of the sun’s rays for four hours does
not entirely suspend chromogenesis.

Chemical Activities.—

(a) Chromogenesis: In its typical cultures the Bact. pyoeyaneum
forms two pigments: a green-yellow, fluorescent bacteriofluorescein,
soluble in water, and the beantiful blue, erystalline pyocyanin, soluble
in chloroform (see p. 68). There are cultures, however,—like the one

represented in our plate,—which produce scarcely any pyocyanin, only
much bacteriofluorescein. We have often seen cultures which form
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elongated, sausage-shaped zooglex are lacking in his Pro-
teus Zenkeri. In Kuhn a confusion of our organism with
the Prot. Zenkeri is met with ; in his work it 1s every-
where called Bact. Zopfii instead of Proteus Zenkeri (A. H
xur, 40).

Bacterium vulgare. (Hauser.) Lehm. and Neum.
(Plates 31 and 32.)

Synonyms.—Proteus vulgaris Hauser, Bacillus vulgaris
Macé, Migula. Proteus Hauseri Autor., Bacillus albus cada-
veris Strecker and Strassmann (C. B. 1v, 67), Urobacillus
liquefaciens septicus Krogius, Bac. feetidus ozane Hajek,
Bacillus Proteus vulgaris Kruse.

Ordinary Name.—Proteus.

Literature. — Hauser, ‘‘ Ueber Fiulnisbakterien,’”” Leipzig, 1885.

Meyerhof (C. B. XXIV, 18), extensive review of literature (152 num-
bers).

Microscopic Appearance.—Slender, thin rods, aver-
aging 1.6—4 p in length, and 0.4-0.5 2 in thickness. 1t i8
often found as long threads, but it also oceurs in isodia-
metric forms and as spiral winding threads. The mul-
tiplicity of the microscopic growth-forms has led to naming
the organism as Protens. Upon acid nutrient media, very
short rods are especially produced (31, viir and 1x).

Motility.—Very active, due to very abundant, long,
peritrichous flagella. At present our cultures exhibit
active motion only when examined while very young, in
spite of a good development of flagella (31, 1x).

Staining Properties.—Stains well by Gram’s method.
When treated by Gram’s method, it was found by Meyer-
hof to be easily decolorized (C. B. xx1v, 27), and by Sil-
berschmidt to be unstained. We have demonstrated
anew with many cultures that it stains well.

Requirements as Regards Oxygen and Nutrient
Media.—It grows equally well aerobically and anaerob-
ically, also in CO,. The most variable nutrient media
(also non-albuminous) are suited to it. It grows very
rapidly, Hausger found that, in the absence of oxygen
and in carbonic acid, growth was poor, also upon non-
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days there is a very shallow depression, in which the
colony rests as an exceedingly delicate veil, only distin-
guishable from the surrounding medium with difficulty
(33, v). The plate represents the colonies as too distinct.

(b) Magnified fifty times: The colony 1is visible only
with a very narrow opening in the diaphragm. It is not
without difficulty that one observes the exceedingly slight,
delicate, gray growth of homogeneous or finely granular
character and differentiated from the surroundings with
little sharpness (33, vi). When magnified 90 times,
there is seen what sugeests a tangle of threads. Other
writers—for example, B. Preisz—describe the colonies as
somewhat denser; from a homogeneous or matted nucleus
there radiate outward ramifying and interlacing threads,
which sometimes wind like a corkscrew.

Gelatin Stab.—After a few days the stab canal repre-
sents the structure of an exceedingly delicate fir-tree, with
branches of equal length throughout the entire length
(33, 111), which after a longer time become in part more
and more confluent and remain as delicate, transparent
clouds in the gelatin. Upon the surface there gradually
forms a slight, pointed depression. The atypical anthrax
culture (34, v) presents a similar, but very much coarser
picture.

Agar Plate.—(a) Natural size: Small, very insignifi-
cant, whitish-gray points, which are barely visible only
when examined upon a dark background.

(b) Magnified fifty times. Superficial: At first gray,
delicate, veil-like; later, more brownish or yellowish.
The homogeneous structure becomes finely or moderately
coarsely granular and sometimes looks not unlike the
granulation of a finely granular sarcina. Deep : Round-
ish to whetstone-shaped, yellowish, homogeneous (33,
vi1), with a smooth or granular border.

Agar Stab.—Similar to that in gelatin, a little less
luxuriant. The branches may be entirely absent. Sur-
face growth exceedingly delicate, transparent, spreading
but little, colorless. Sometimes the growth is indicated
only by a little luster (33, 1v).

)Agar Streak.—Delicate, exceedingly thin growth (33,
11 1)
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A) Stab eulture in gelalin with projecting branches :

i. ]Brmmhes distinui, usually only in the upper part of the stab.
Agar plate colonies, when magnified 60 times, have beautiful 1‘&;_5:[11_31-
eurls. Agar streak culture without branches, wide, white with ** sil-
very vesicles.”” Never motile. Pathogenic for animals. Bac, an-
thracis Cohn and Koch (p. 307). _

9. Branches delicate, extending along the entire length of the stab.
When magnified 60 times, the colonies in the agar plate exhibit irreg-
ular outgrowths in the form of roots or the mycelium of molds. Agar
streak culture has long, delicate, parallel fransverse branches. S__lug-
gishly motile. Not pathogenic for animals. Bac. mycoides Fliigge

. 316 ).
t (B) {S‘c‘nb culture in gelatin without projecting branches; motilily de-
pendent upon peritrichous flagella : /

1. Potato growth at first moist and flat, later (about eight days)
with a distinctly mealy sprinkling. Bac. subtilis Cohn (p. 317).

2. Potato growth moderately elevated, not characteristic, resemi-
bling Bact. coli. Bac. oxalaticus Zopf, butyricus Hiippe, mega-
therium De Bary (pp. 321, 322, and 323). ]

3. Potato culture luxuriant, moist, intensely yellow., Agar moist,
mustard yellow. Later resembles vulgatus. Bac. luteus L. and N.1

4. Potato is not characteristic during the first days; later, there
forms a distinet, wrinkled elevation.

(a) The folds are padded, like coils of intestine. Bac. vulgatus
(Flugge) Migula (p. 323).

(b) The folds are low, reticulated. Growth yellowish. Bac,
mesentericus (Fliigge) Lehm. and Neum. (p. 326).

(¢) Growth moist, wrinkled, besides the potato is deep black. Bac.
aterrimus Lehm. and Neum. (p. 328).

(d) Growth rose-colored, a little wrinkled, gelatin smoky brown.
Compare also Bac. mesentericus ruber. Bac. gangranz pulpz
Arkovy (L. and N.) (p. 328). - _

5. The potato growth is delicate, syrupy, clear. Bac. liodermos
(Fligge) Lel#n. and Neum. (p. 328).

II. ANAEROBIC VARIETIES (of which, certainly, partially aero-
bic forms exist). Only exceptionally form long threads. Staining by
Gram’s method rarely well developed (the Bac. tetani stains well).
Spontaneous motion dependent upon peritrichous flagella is rarely
lacking. The spore is usually located at the end (paraplectrum form)
or at the middle, usnally with some bulging (elostridium form). In
most varieties both forms of sporulation occur. The recognition of
the individual varieties, which is often very difficult, and even impos-
sible, may be rendered somewhat easier by means of the following
scheme:

(A) Pathogenic Variclies.—

Wittlin (C. B L. 11, 475); and since then, so far as we know, it has
not: been upheld.

! For more details regarding this organism, compare Bacillus lutens
sporogenes Wood Smith and Baker (B. C. L. 1v, p. 788).
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sporulation and a germination of spores without oxygen
upon pieces of potato, quinge juice, ete. (A. H. xxxv, 355).

Upon fresh nutrient media spores germinate in a few
hours.

Cultures which are not transferred for a long time often
lose spontaneously the ability to form spores. The bacil-
Jus may be deprived of its ability to form spores by culti-
vation upon nutrient media containing carbolic acid, or,
with more difficulty, upon media to which are added
bichromate or hydrochloric acid. Different cultures vary
much as to the ease with which they become asporogen-
ous. All agencies which reduce the virulence also operate
unfavorably upon the sporogenous function, yet these
properties are not necessarily associated ; there are viru-
lent asporogenous and absolutely non-virulent sporo-
cenous varieties. Phisalix found in long cultivation at
42°  with frequent reinoculation, that the ability to form
spores at 42° was gradually lost, but later the bacilli
were also unable to produce spores at 30°.  While at
first the sporogenous function was recovered by inocu-
lation of a mouse, after 14 reinoculations at 42° the
sporogenous function was finally completely lost. The
remaining virulence, still present at that time, after the
twenticth generation at 42° was also lost (C. B. x111, 533).

Viability and Resistant Properties of the Bacilli without Spores
(Compare Momont, A. P., 1892, 21).—(a) In cultures the B. anthraeis
maintains itself (through spore-formation ! ) for many months.

In water : In an inhabited aguarium Hiber found it dead in three
to four days.

In soil : Moist anthrax blood is rendered free of germs in twelve to
fourteen hours by sunlight.

(b) Drying : According to Koch, they remain alive, when dry, for
five weeks at most ; also in large dried pieces of meat they die in a
few weeks. Bacilli in dried blood endure 92° for one and one-half
hours, are killed by light in vacuum in eleven hours, and with admis-
gion of oxygen in nine hours.

(¢) Salting does not kill anthrax bacilli in ham in fourteen days,
but does in six weeks ( Peuch).

%d ) Muoist heat at 60° kills rapidly.

e) Cold : With an outside temperature of from —1° to —24°
(average of —10.47) bacilli in agar enltures were dead in great part
in twelve days and almost completely in twenty-four days. The few
which remained alive produced eultures with lessened power of pro-
ducing disease and of liquefying gelatin.
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Agar Streak.—Luxuriant growth, with a wavy scal-
loped border, grayish-white, with a fatty luster, especially
after a longer time becoming covered with numerous,
irregular, considerably elevated folds. Toward the edge
it is more transparent. The water of condensation is clear,
and upon the surface of the same a firm film is formed
(42, 11). This description answers for the agar stab
(42, mI).

Bouillon.—A little cloudy, upon the surface a firm,
grayish-white film, which is not broken up by shaking.

Milk Culture. —Slimy coagulum formed ; strong alka-
line reaction. Sometimes no coagulation occurs.

Potato Culture.—Exceedingly variable. The typical
form at any rate presents abundant tortuous and confused
more or less padded elevations, rising and falling precipi-
tously, not unlike intestinal coils (42, x). The color 1s
partly whitish-gray, partly yellowish, yellow, or even rosy
brown. The coils may also be widely padded (38, 1x) or
appear as thick, moistly glistening elevations (like Bact.
coli) (38, vim).

Chemical Activities.—See remarks on page 306. No
indol is produced and little H,S.

Distribution.—Common in soil, thus a frequent con-
tamination of our potato cultures (potato bacillus!). Also
found in the intestine and in sausage (Detjen, Serafini).

Practical importance is slight. In incompletely unster-
ilized milk it, like the related varieties, occasionally
produces a gradual coagulation with strong alkaline
reaction, and later a solution of the coagulum with pro-
duction of bitter-tasting, injurious substances.

The ability of the bacillus to sometimes produce abun-
dant quantities of a slimy carbohydrate, especially in feebly
acid bread, through swelling of its membrane, at times
becomes troublesome. J. Vogel (Z. H. xxvi, 398; there
also the literature), who has carried out in Hamburg a
special study upon the bacilli of viscid bread, found
especially two varieties of bacilli concerned with it: Bacil-
lus mesentericus panis viscosi II Vogel, which essen-
tially completely corresponds with the bacillus mesen-
tericus L. and N. (see below), and B. m. p. viscosi I,
which is distinguished by lack of motility, and by the
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chemical activities of malignant edema and symptomatic
anthrax are more vigorous. Regarding toxins, see page
74. The similarity of tetanus and strychnia poisoning,
according to G. Brunner, is only superficial (C. B. xx1v,
629); on the contrary, Lusini even claimed that tetanus
antitoxin had a favorable influence over strychnia poison-
ing (C. B. xxv, 325).

Distribution.—

() Outside the body: Wide-spread in garden soil, hay,
and dust. Very often tetanus results in animals from
the inoculation with samples of soil and dirt-floors from
dwellings (Heinzelmann). |

(b) In healthy body : In feces of horses and cattle, more
rarely of man.

(¢) In man in cases of disease: Cause of traumatic tris-
mus and tetanus, puerperal tetanus, and tetanus neona-
torum through wound infection. The organism is found
only in the wound secretion, and usually in very small
numbers; never in the blood and internal organs. ‘‘ Rheu-
matic tetanus’’ appears (see above) to be due to tracheal
infection with aerobic forms of tetanus.

(d) In animals: Tetanus often occurs spontaneously in
horses; more rarely in sheep, goats, and other domestic
animals.

Experimental Observations Regarding Patho-
genic Effects.—

(a) In animals: The following are especially suscepti-
ble: Horses, guinea-pigs, goats, mice. Much less so:
Rabbits, sheep. Dogs, rats (v. Hibler saw rats usually
die), pigeons, and hens are almost immune, although the
toxin remains quite long in the body of the hen. More
details as to the immunity of the hen can be found given
by Asakawa (C. B. xx1v, 166).

About twelve hours after subeutaneous infection at the
root of the tail with virulent material, the mouse (simi-
larly guinea-pigs and rabbits), which is the most com-
monly employed, shows the first symptoms of tetanus in
a rigidity of the groups of muscles near the point of
infection (tail, hind leg), and it goes about after the
fashion of seals—i. e., with the extended hind leg dragging
upon the ground, Mild infection may cause unilateral


















































































































DEMONSTRATION OF CHOLERA VIBRIO. 373

Gruber-Durham test, which is to be looked upon as the most certain
reaction which we possess up to this time (see below).

With a negative result in these examinations cholera may still be
present, for in very rare cases the occasional absence of vibrios from
the stools of undoubted cases of cholera has been proved. Thus, for
example, Rumpel failed to demonstrate the vibrios in the first 50 c.c.
of rice-water stool from a fresh typical case of cholera.

B. In suspected water.

The water in question is placed in half-filled flasks in quantities of
500 ec.c. to 1 liter, together with so much of a strong peptone chlorid
of sodium solution (20% peptone, 10% NaCl) that the water contains
1% of peptone; and to this is added also alkali in execess (26 c.c.
normal sodinm hydroxid, 1% ecrystalline or 0.3% anhydrous soda).
The further examination is carried out exactly as in A, 2-6. Great
skepticism i8 demanded in water examinations.

As especially shown by the detailed work of Dunbar, we may
from the first exclude a great number of vibrios resembling cholera in
the diagnosis of cholera by means of gelatin plates, potato cultures,
photogenesis, ete.; but there were a considerable number of cultures,
in which all morphologic and biologic means of separation were lack-
ing, which were pointed out by the serum reaction, exactly analo-
gously to the typhoid-coli diagnosis.

This was carried out according to Pfeiffer’s method (Z. H. xIX,
75; XX, 198), since at the time of the last active interest in cholera
the Gruber-Durham reaction was still undiscovered. Here, unfor-
tunately, all the cultures were excluded which proved to be non-patho-
genic for experimental guinea-pigs, and which could not be rendered
viulrent by means of the introduction of definite, large doses into
animals. (Compare p. 95.)

The cholera serum which is used for these investigations is obtained
as follows : A rabbit weighing 1.5 to 2 kilos is injected subeutaneously
with the culture substance from three slanted agar eultures (twenty-
four hours, 37°), together with about 5 to 6 c.e. of bouillon. The
animal becomes somewhat feverish, and on the sixth day is bled, and
yields, following the directions on page 105, an active serum, which
keeps for months in a dark ice-box if 0.5% phenol is added.?

Pfeiffer indicates the working strength of serum as follows: He
rleslgpatma as a titer of serum the smallest quantity of serum which
certainly suffices to cause solution of 2 mg. of living normal culture
inside of an hour, if it is mixed with 1 c.c. of bouillon and injected
mto the abdominal cavity of a young guinea-pig weighing 200 gm.
The most active guinea-pig sernm had 0.5 mg. to the titer. (Serum
?:ntem :il'nur convalescent cholera cases in man had 2.5 to 20 mg. to the

iter.

Of this serum, now, about 10 to 30 mg. (ten times the minimum
efficient dose), together with 1 c.c. of bouillon and a loopful of viru-
lent cholera vibrios, are introduced into the peritoneal cavity of a

1If cholera serum is generally introduced as a diagnostic aid, then
reliable firms or State institutes must undertake its preparation.
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employed. Of these, we always use that of Ziehl-
Neelsen.

Also, Gram’s method is successful, but is not especially
recommended, since it does not possess the advantage of a
specific reaction.

Relation to Oxygen.—Without oxygen, no growth.

Requirements as to Temperature and Reaction of
Nutrient Media.—Growth occurs between 29° and 42°,
the optimum being 37°. Under all circumstances growth
18 slow.

Preliminary Remarks Concerning Cultures. —
Upon the ordinary agar and gelatin nutrient media the T.
B. grows scantily or not at all. For its cultivation, be-
sides solidified blood-serum, glycerin-agar is almost exclu-
sively employed (Nocard and Roux, C. B. 1, 404).

Glycerin-agar Plate.—Surface colonies like those on
the glycerin-agar streak.

Glycerin-agar Streak.— At first there are minute,
crumbly growths, irregular in form, white to yellowish-
white, fairly elevated, devoid of luster or faintly glistening
(61, 1). Later, after three to four weeks, the colonies grow
out and have lobulated sinuate borders. The peripheral
portions are still thinly transparent, and at intervals there
are formed elevations, like mountain ranges, running from
the border toward the center, which gradually converge to
form a mountain stem in the middle. The elevations are
usually yellowish to brownish in color; the depressions,
whitish to grayish-yellow. Still later the entire colony
becomes brownish (61, ). We once obtained an orange
discoloration. Hiippe reports that he has grown cultures
which presented a pronounced yellow to reddish-yellow
color. (See p. 430.) Kitasato cultivated a luxuriantly
growing variety of Myec. tuberculosis. (Compare Myec.
tub. avium, p. 418.)

Blood-serum Streak.—A slight growth in the form of
light-colored, dry, erumbly scales becomes visible micro-
scopically after about six days and macroscopically after
ten to fourteen days. Blood-serum is never liquefied.
When magnified sixty times, the colonies, especially at
the borders, present S-shaped flourishes consisting of
nothing but parallelly arranged rods (61, v).
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Experimental Observations Regarding Pathogenic
Effects.—(a) In animals: With T. B. from man it is
very easy to infect cattle, swine, horses, and especially
monkeys and guinea-pigs; also dogs are easily infected,
especially intravenously. Fowls are immune; in hens,
at most, there occurs a small, local area from inoculation
in the comb.

Infection follows the introduction of T. B. by all sorts
of methods (also inhalation and feeding), but most cer-
tainly by the intraperitoneal. At the place of infection
a caseous area is formed, and in the neighborhood (omen-
tum, peritoneum) an acute miliary tuberculosis. With
intravenous infection a general miliary tuberculosis de-
velops. Tubercle bacilli, attenuated by iodoform, cause
in rabbits, sometimes the picture of chronic phthisis in
man, sometimes the typical pearly disease (‘‘ Perlsucht’”)
(Troje and Tangl, C. B. x1, 613).

If rabbits are injected subdurally or into the kidneys,—
according to Friedrich, also into the veins,—then areas
are often produced which in from fourteen to fifty days
correspond throughout to pictures of actinomyeces: 1. e.,
a central tangle of genuine branching threads, limited at
the periphery by clubs. The central structure is acid
proof; the clubs are often only feebly so, and sometimes
are stained blue with a counterstain of methylene-blue.
Both the threads and clubs stain well by the Gram-Wei-
gert method, while in the actinomyces the clubs rarely
retain the stain in Gram’s method.

The close relationship between tuberculosis and actino-
mycosis is constantly demonstrated by these investigations.
Details will be found in the literature cited above. For
the latest researches, with beautiful illustrations, consult
Schulze and Lubarsch (Z. H. xxx1, 153 and 187). In
the same place special staining methods are also described.

(b) In man: Experimental tests are lacking. Of the
clinical experiences, some cases of disease following infec-

the pus of cavities and pulmonary nodules. The virulence for animals
proved to vary very much. If aculture was highly virulent for rabbits,
it made no difference whether an infection was produced in the eye or
subcutaneously or intravenously, and such cultures were also always
very virulent for rats.
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9. For the differentiation of T. B. from lepra and
smegma bacilli the present methods scarcely suffice. T. B.
are difficult to cultivate; lepra and smegma organisms are
only very rarely cultivated successfully. For the tincto-
rial differences, see pages 422 and 425.

3 There is no difficulty in differentiating the T. B.
from ‘¢ pseudotubercle bacilli’’ which grow well at room
temperature, so long as only one variety is present. Agar
or gelatin plates are prepared and kept at 22°. True
tubercle bacilli do not grow at all, at least when they come
from warm-blooded animals, while the false varieties grow
out well in two to four days. Reinoculations are made
upon glycerin-agar and into bouillon in order to differen-
tiate Myc. phlei and Mye. lacticola.

We are unable to suggest a method for recognizing cul-
turally the true T. B. when associated with large numbers
of bacilli resembling it ; in cultures the true T. B. would
be overgrown. According to the present state of our
knowledge, a guinea-pig must be injected intraperitone-
ally with a moderate amount of the mixture.

If the guinea-pig dies after the intraperitoneal injection
of small amounts of culture (one loopful) and without the
addition of butter, with well-marked tuberculous changes
in the abdominal cavity (enlargement of liver and spleen),
and with involvement of the respiratory organs, these speak
in favor of true tuberculosis. The histologic examination
must give a predominance of frue, giant-celled tubercles ;
and from the nodes and noduleg organisms must be culti-
vated which will not grow at room temperature and on ordi-
nary nutrient media, but at incubator temperature and upon
ascites-glycerin-agar in the case of true T. B. Since death
from tuberculosis in guinea-pigs usually occurs six weeks
after the infection, before that the few germs resembling
the T. B. are absorbed and have disappeared.

4. To determine whether a person or an animal is tuber-
culous, the injection of tuberculin is often made use of.
Although it does not lack in individual contradictory re-
sults, yet there is no doubt that the tuberculin reaction
constitutes a very important aid.

It is customary to inject cows subcutaneously with 0.3
to 0.5 c.c. of tuberculin, and to obsgerve whether an eleva-
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quent fragmentation of the contents of the long threads,
and later may be outside of the empty membranes (Fig.
20, ¢). These are not endospores! Older clubs become
notched and cut, so that structures like an asparagus
head may occur (Fig. 20, a). Often branched threads
reach far beyond the zone with the clubs (Fig. 20, d).
Sometimes clubs are entirely absent. Many actinomyces
masses are dead when expelled in pus.

In cultures the branching mycelium is easily obtained
(65, 1x); the clubs are found only in the deepest layers
of the nutrient medium.

Staining Properties.—The threads, but not the clubs,
are best stained by Gram’s method; afterward the clubs
may be stained red with saffranin and diffusely staining
carmine. According to Berestnew (Z. H. xx1x, 94), young
actinomyces clubs stain by Ziehl’s method, sometimes also
by Gram’s method.

Relation to Oxygen.—Grows aerobically and anaero-
bically, but better aerobically (Bostrém). The growth is
limited.

Chromogenesis.—The production of pigment is ex-
ceedingly variable; from white to various shades of yellow,
orange, rusty, and brown appear to occur upon the various
nutrient media; the darker tones at least predominate
upon serum media, the brighter ones on gelatin.

Gelatin Plate.—(a) Natural size: After six days the

colonies have a very irregular outline, are yellowish-
gray, shining, sometimes fairly elevated above the sur-
fac)e of the gelatin, sometimes growing deeply into it (65,
V).
(b) Magnified sisty times: Dark yellowish-gray, homo-
geneously shaded colonies, sometimes presenting more
or less distinet concentric rings. The peripheral zone is
dark and beset with fine, curly hair (65, vir).

Gelatin Stab.—Surface growth at first is whitish-yellow,
flatly elevated, faintly shining, rather tough ; later the
growth sinks into the gelatin with the limited liguefaction,
leaving an air-space above. In the stab at first there are
small yellowish-white clumps, which later have bristly
outgrowths (65, 111).

Agar Plate. — Macroscopically and microscopically
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ment until the lens just touches the oil; then it is accurately adjusted
npon the preparation with the micrometer screw.

(a) Unstained preparations. Narrow diaphragm! They are exam-
ined in two ways:

1. A drop of pure culture in a fluid medium or a little drop of water
with a trace of pure culture mixed in it is placed between the slide
and cover-glass; or, better,

9. In a hanging drop. A drop of a pure culture in a fluid medium
or a drop of bouillon in which is mixed a minute quantity of a pure
culture is placed npon a cover-glass; the cover-glass is then turned over
and placed upon a hollow ground slide so that the drop is suspended
within the hollow. The cover-glass is now fixed to the slide by apply-
ing a very little water to each corner of the cover, or, if the observa-
tion is to be more prolonged, by means of vaselin.

(b) Stained preparations. Open diaphragm! Abbé’s illuminating
apparatus. In the examination of sections with a double stain, the
wide diaphragm is required for the bacteria, the narrow opening for
the tissues,

(C) Cleaning the Preparations and the Microscope.—The
immersion oil is always gently brushed off, and now and then quickly
cleaned with xylol and chamois skin; the setting of the lens is loosened
by prolonged action of the xylol. Also immersion oil dried upon the
cover-glasses of old preparations is readily removed by xylol.

2. The most Important Solutions for Use in Making
Preparations.

(A) Staining Solutions.

1. Aqueous Alcoholic Solutions of Fuchsin and Methylene-
blue.—A concentrated ‘stock-solution’’ is prepared by pouring abso-
lute aleohol upon the pulverized dyes (fuchsin, methylene-blue) in
bottles, and after shaking and allowing them to stand a few hours,
they are filtered. Of this saturated solution 1 part is mixed with 4
parts of distilled water, and before using is filtered. In order to
obtain good preparations it is better to stain a longer time with weaker
solutions than for a short time with strong solutions.

2. Carbol-fuchsin (Ziehl’s Solution).—

R4 Ts) 1 1oy 01 A e eSSl S S S R TR S 1.0 gm.
Acid. carbolic. lig- . . . . . . . St fon e L)
T 1 0 e R SR R I 10.0 *
A daBt e s S RET B S 90.0 ¢

3. Anilin Fuchsin.—Four parts of anilin oil (anilin, pur.) are well
shaken several minutes with 100 parts of distilled water, and then fil-
tered until all the water has passed through clear (then the funnel is
removed, sinee otherwise oil will also pass through). In this anilin
water 4.0 gm. fuchsin are dissolved and it is again filtered.

4. Anilin Gentian-violet (Ehrlich’s Solution).—To 100 c.c. of
anilin water, 11 c.c. of a concentrated aleoholie solution of gentian-
violet (stock solution) is added. This solution does not keep long.
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10 gm. peptone, 5 gm. sodium chlorid. It is warmed in the steam
chamber until all is melted, then neutralized with normal sodium
hydroxid, filtered, and sterilized. After the liquefied gelatin is filled
into tubes, it is again sterilized.

(&) Meat infusion gelatin : The same as a, but without the addition
of peptone and sodium chlorid.

(e) Beer-wort gelatin : Is obtained by the addition of 10% gelatin to
the wort. It is not neutralized. :

(d) Plum decoction gelatin: 500 gm. of dried plums are boiled in
500 c.c. of water ; the fluid is then poured off, and the plums again
boiled in 500 ¢.c. of water. Both fluids are then mixed, filtered, and
10% gelatin added. It is not neutralized.

(e) Herring gelatin : Two salt herrings, unwashed, are boiled in 1
liter of water, and to the filtrate 10% gelatin is added. It is not neu-
tralized.

( f) Potato-water gelatin: according to Holz, for Baet. typhi: 500
gm. of potatoes are carefully washed, peeled, finely grated, and
squeezed through a linen cloth. The turbid juice may be allowed to
settle for twenty-four hours and is then filtered, or, as we always do,
it may be filtered at once through animal charcoal, and, after heating,
if necessary the filtration is repeated. After heating for an hour in the
steam chamber, 10% gelatin is added to the clear fluid, when it is
again heated in the steam chamber, filtered, filled into tubes, and
sterilized on three successive days. It is not neutralized. (H. K.
Lang.)

(g) Potassium iodid potato-water gelatin (Elsner): 1% potassium iodid
is added to prepared gelatin. This is best done by adding the required
amount of strong sterilized solution to prepared gelatin just before
using 1it.

g.g‘ Nutrient Agar.—To 1000 ¢.c. of meat infusion 10 gm. of fine cut
agar are added and the mixture is boiled in a glass flask over an open
fire for one hour until the solution is complete; then the evaporated
water is replaced and 10 gm. peptone and 5 gm. sodium chlorid are
added. After again heating in the steam chamber the fluid is neutral-
ized and filtered by means of the hot-water funnel, filled into tubes,
and sterilized.

10. To obtain grape- or milk-sugar agar, 2% of either substance
is added simultaneously with the peptone and salt. Since meat-infu-
sion agar usually contains traces of grape-sugar, we have for some time
prepared a milk-sugar agar which is free from grape-sugar according
to the method described under A.

r1. Glycerin-agar.—To the prepared nutrient agar 5% of glycerin
is added, when it is filled into tubes and sterilized. X2

12. Sugar-chalk Agar.—Usually finely pulverized, dry, sterilized
carbonate of calcinm is added to liquefied sugar-agar in sufficient quan-
tity to render it cloudy and opaque. It is then inoculated with the
bacteria and poured into plates.

13. Potatoes.—After thorough washing and rinsing the potatoes
are peeled, cut into slices 1 em. thick, and sterilized several times in
deep Petri dishes. The peeled potatoes may also be perforated with a
large cork borer and the cylinders be divided by an oblique cut into
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two parts. The pieces are then placed in test-tubes with a little dry
cotton at the bottom (to absorb the water of condensation) and steril-
ized several times in the steam chamber.

14. Blood - serum. — Blood, obtained from slaughtered animals
under proper precautions, is allowed to stand in a refrigerator in
well-cleaned glass eylinders for twenty-four hours. Then the serum is
removed with large sterile pipets. It is then placed in flasks with the
addition of 1% of chloroform and allowed to stand several weeks,
being occasionally shaken. Before using, the tubes, info which the
serum has been filled, are placed in the incubator for a few days to
insure complete evaporation of the chloroform. It may be used as a
fluid or after being solidified at 65°.

15. Loffler’s serum mixture for diphtheria baeilli : Three parts of
beef- or sheep-serum are mixed with 1 part of veal bouillon which
contains 1% grape-sugar, 1% peptone, and 0.5% NaCl

16. Ascitic Fluid, Fluid from Ovarian Cysts.—The fluid obtained
by puncture has added to it a little chloroform (30-50 gm. to liter) and
is stored in a dark place for several weeks or months, being frequently
shaken. If the fluid is clear like water it is drawn into a sterile pipet
and filled into test-tubes. The tubes are placed in a water-bath for
half an hour at 30°-35° to drive off the chloroform.

Glycerin-ascites-agar is prepared by mixing equal parts of the
above fluid and of 2% nutrient agar which has been liquefied, cooled
down to 40°, and which contains 5% glyeerin. This medinm re-
places blood-serum in most cases, and upon it we have observed a very
good growth of the organisms of gonorrhea, pnenmonia, tuberculosis,
whooping-cough, and diphtheria, and of streptococei and Bact. duplex
(Morax’s diplobacillus).

17. Silicic acid nutrient medium is very different from the other
media. It was first devised by Kiihne, and has heen modified by
various authors. Gelatinous silicie acid, which is merely mixed with
certain salts, is an important nutrient medium for some organisms
(for example, the nitrate producers) hecause of the lack of organic
nutrient substances. For the rather complicated preparation consult
Stutzer and Burri (C. B. L. 1, 722).

18. As a substitute, Beijerinck has recommended a water agar, pre-
pared by extracting for a long time with distilled water, from which
the nutrient substances are removed by decomposition and diffusion
and to which the salts may be added (C. B. xIx, 258).

1g9. Cerebral Nutrient Medium (v. Hibler).—Human brain from
fresh cadavers is cut up finely with a chopping machine, placed in
small .ﬂusks, and stirred up with enongh distilled water to form a semi-
fluid infusion. The masses are then sterilized. Before using, the
nutrient medium is again boiled for half an hour.

20. Nutrient Medium for Differentiation of Species of Actino-
myces.—The following is recommended by Gasperini:
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