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vi PREFACE.

of the beings in question, or could give an exact
i mierobes fulfil in

nature. And yet this function concerns us all.

account of the function wh

The man‘of the world who desires to take part in
a scientific discussion; the lawyer who has to treat of

a question of hygiene in the presence of experts; the

engineer, the architect, the manufacturer, the agricul-
turist, the administrator—all have to consider such

questions, and they will find in this work eclear and

precise notions on mierobes, notions which they would
find it difficult to glean from books designed for
physicians and professional botanists,

The qu

concern domestic economy, agriculture, and manufac-

tions of practical hygiene, those which

tures, and which are conneeted with the study of
microbes, must especially demand attention. These
are pertinent questions in such a book as this. There
is a certain danger in vulgarizing notions of medicine,
strictly so ealled; but it can only be beneficial to
make every one acquainted with the precepts of hy-
giene, which cannot become popular until they have
penetrated into the habits and routine of national
life.

There is much to be done before modern society
is practically on a level with the achievements of
seience ; many prejudices must be uprooted, and many
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2

MICRODBES, FERMENTS, AND MOULDSE.

minute living things have at all times been at a loss
to decide whether they have had to do with animals
or plants. There can be no such doubt when we com-
pare a tree of which the roots are fastened in the soil
with a quadruped which moves freely on its surface.
But these are highly developed forms, the one in the
vegetable, the other in the animal kingdom. The
lower representatives of the two kingdoms are, on
the other hand, often so much alike as to baffle the
most experienced naturalist. The animals which are
assigned to the order of Zoophyta, or animal-plants,
have, as the name indieates, a form which led them to
be for a long while regarded as plants ; many of them
are fastened to the bottom of the sea or to rocks as if
by actual roots, and, when superficially examined, their
movements do not differ mueh from those which may
be produced in true plants, as, for instance, in the

mimosa.

Many of the lower plants, belonging to the groups
of Algwe and Fungi, live in the water without being
fixed by roots; many are animated by more or less
apparent motion, at any rate during part of their
, 50 that it is often somewhat difficult to dis-
1 under the mieroscope from those beings
which are generally called Tifusoria, and which are

true animals.

Hence it follows that the boundary between the
animal and vegetable kingdoms remains indefinite,
and that many of those microseopic organisms which




oy arw smsmwSio asory Jo Luwm ‘uoswox sty aoq
BHUIM FUTAY IHH0 WL} JUSUILNG JEY] SALIDP At s
soqiswand aaw Loy, s9jowrenp priaund aroty wn syued
ApUIAEAL WS} 0]

0 o1y ‘pred qeowm
oy a0 Haoam siqy w Apngs o3 osodord es o
og0q} are NsuMse uv qyra papem sdnosd oyy,

“(uegagays mopIe u qys wpadorrpy 30) wueorpey gL

v ¥ s wpod

ua 4o _...._._.___.___.u:..r—nuk"_ 1 i

WnHAGET ‘g
WAy L

A vm

-y ‘ema M eI Y 20) WIUOTY Ta

—_—X _";"::; AIOUT I8 [IN[MA S80I} 0} U0

puw gsapduns oy wory Sunawys sdnoad Sursor
M, ‘eowpans
s

-0} 8y sapniout visiosy o wmopSury

g 1[11%a DI} WO _,....E.:m__a sade [woLSopoad o1y UL U

STUNITUR J8a7) 81} sepnur 91 Jeny Lqasoqy Sunyedrpur

€

“BJSTI00] PO DAWY

[ PPIga ‘wopSury ejeIpemm

MUt U swopiury a[qwees pus [BUIIUE 9] UDAMIA]
funearn Lq Lymoyp sy epwas of prydwmaye eamy
‘ProarE wiy saqye pus ‘Amyusd oy Jo jawd Lpws ey

ap Lwogq
‘WOPSuR] HI0 Y 10 U0 0F

51 80 Ayul ADPISUCD 0f MOU SAT A

0] SULS

q JSI[RANIEU B “JUSOUL A -JUIS

AT

wgiput pous

VILSILOHd NV SHg0EIIn




4 MICROBES, FERMENTS, AND MOULDS,

cause of the more or less serious diseases which affeet
animals or plants. Naturalists who regard these para-
sites as animals have termed them Microzoaria (from
two Greek words fying small animals). Those
who regard them as plants have called them Micro-
plyta (small plants), and it is still disputed which
term is the most applicable to them. In other words,
it is still undecided whether they should be classed in
the animal or vegetable kingdom,

It was at the Paris Academy of the Seiences, on
the 11th of March, 1878, that Sédillot took part in one
of the probably interminable discussions between the
advocates of the Microzoaria and those of the Micro-
phyta, and he sugeested, with the eritical sense for
which he was distinguished, the word microbe, to
h it appeared to him that every one could give
tlieir assent.

‘In fact, the word microbe, which only signifies a
small living being, decides nothing as to the animal
or vegetable nature of the beings in question® It has
been adopted by Pasteur, and approved by Littré,
whose competence to decide on neologisms is generally
admitted ; it has been in ecommon use in France for
the last four or five years, and may now be regarded
as definitively adopted into the French language.

This word has.not yet been fully introduced into

* Béchamp terms microbes mécrosyma, or small forments, since the
ehemieal reactions which result from their vital activity are generally
formeniations,
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IMENTS, AND MOULDS.

G MICROBES, ¥

link, and testify to the common origin of the two
great organie kingdoms.

However this may be, we shall make use of the
word “microbe” as the general designation of all
the minute organized beings which are found on the
borderland between animals and plants. We shall
! presently show that in the majority of cases these
beings may be regarded as true plants, and this is at
present generally admitted by most naturalists,

Purt played by Microbes in Nature—The part

ierobes in mature is an important one

played by
We find them everywhere ; every species of plant has
_ its special parasites, and this is also the case with our

cultivated plants—with the ving, for example, which is

attacked by more than a hundred different kinds.
: These microseopic fungi have their use in the general
v economy of nature ; they are nourished at the expense

of organi¢c substances when in a state of putrefac-
tion, and reduce their complex constituents into those
which are simpler—into the soluble mineral substances
which retwrn to the soil from which the plants are
derived, and thus serve afresh for the nourishment of
| similar plants. In this way they clear the surface of
the earth from dead bodies and fieeal matter; from all
the dead and useless substances which are the refuse
of life, and thus they unite animals and plants in an
endless chain.  All our fermented liquors, wine, beer,
vinegar, etc., are artificially produced by the species
of microbes called forments; they also cause bread
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5 MICROBES, FERMENTS, AND MOULDS,

We will then go on to the study of the more minute
ferments ; and finally to that of bacteria (Schizophyta
or Schizomyeetes), which are, strictly speaking, mi-
erobes, and which only become visible with the aid of
the microscope.
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10 MICROBES, FERMENTS, AND MOULDS.

This function is not, as it was formerly erroneously
supposed, a respiration in the inverse form from that
of animals, All plants without exception breathe
like animals by absorbing oxygen. The assimilation
of carbon is a true nutrition, and as the decomposition
of the carbonic acid gas which results from this assi-
milation sets free a mugh larger quantity of oxygen
than the plant requires for itself, it was for a long
while believed that plants really breathed the ear-
bonic acid gas of the air, in the inverse method to
that of animals.

e T e T

The assimilation of earbon is effected by the leaves
and green parts of plants; the green, granular sub-
stance termed chlorophyll, which solely gives them
this colour, as may be shown by the mieroscope, and
which alone subserves this function of nutrition,
Fungi, however, have no leaves nor other green parts;
that is, they have no chlorophyl. They derive the
cellulose which they contain, as well as all the sub-
stances by which they are nourished, either from
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12 MICROBES, FERMENTS, AND MOULDS,

the support or covering of the spores, which are fixed
on the radiating lamelle that may be seen on in-
verting the umbrella (Figs. 2 and 3). This umbrella
or floral peduncle is the only part of the plant which
appears above the soil, or the organic substances on
which the fungus grows.

But the really essential part of the plant is that

which does mot appear on the surface; namely, the
white filaments or hyphe which creep along the soil,
the manure, or whatever supplies the nutritive matter,
and which represent at once the root, the stem, and tha
branches of the plant ; this part is termed the myeelivm.
We shall presently see that many of the lower fungi
are without the organ we have called the umbrella, and
which botanists term the hymenium or organ of repro-
duetion, and consequently consist only of mycelium.

b s,
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14 MICROBES, FERMENTS, AND MOULDS.

mierobes, properly so called, are still often assigned to
the class of fungi. We shall speak of them separately,
and give our reasons for distinguishing them from
true fungi.
Hymenomyeetes are the fungi which possess the
vium or umbrella; all the edible species are
included in this elass, together with a great number
of extremely poisonous species. They are generally
of considerable size, and only a few among them are
true parasites; they do not, therefore, enter into the
plan of this work, and, in spite of the interest they
present, we shall content ourselves with the brief

notice of them we have just given. The other groups
must, however, detain us longer.

II. Tue BASIDIOMYCETES: UREDINEE, THE RUST OF
WHEAT AND GRASSES

The name of cereal rust is given to a parasitic
affection caused by a minute mieroscopie fungus which
is developed on the leaves of wild and cultivated
grasses, This rust appears in the form of orange
patches, which gradually spread over the blades of
wheat and other grasses, and its common name is
due to this colour. Many of the plants belonging
to other families are attacked by analogous parasites,
and these fungi are all assigned by naturalists to
the genus Uredo, and to the family of the Busidio-
myeetes or Uredinec,
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16 MICROBES, FERMENTS, AND MOULDS,

of wheat, but only upon the leaves of another plant,
the barberry.

Borne by the dew or by a drop of rain on to the
young leaves of the barberry, the teleutospores germi-
nate, and form reddish-brown patches which affect
both sides of the leaf On its lower surface the
spores are smaller, and are termed spermata; their
function is not thoroughly understood. The larger
spores on the upper surface are called acidiospores

(Fig. 6), and with these we are more concerned, since

two ecidiospores, Taore of less developed,

Fig. t.—5sction of & bar
3 (much magnified).

ol B

they are destined to return to the wheat, rye, or other
grasses, in order to reproduce the original rust,

When they are placed on a blade of ome or
other of these grasses, the cecidiospores germinate at
onee, and it is soon covered with patches resembling
those of the preceding year; when these patches are
numerous, they dry up the blade and destroy the ear.

Hay and straw affected by rust should never be
given to animals as food, sinee such food may produce
disease,

Thus it appears that Puccinia graminis presents
the phenomenon of alternation of generations; that is,
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MICROBES, FERMENTS, AND MOULDS.

it cannot be regarded as fit for food. The dust
arising from these fungi often produces in threshers
in a barn an irritating cough, which ceases when
they are no longer subject to the exciting cause,

The verdet, or, as the Italians eall it, verderame of
maize is due to the presence of the same parasite
(Ustilago segetuwm, Uredo cavbo, or Sporisorium maidis)
on the grains of maize, and for a long while it was
believed to produee pellagra, a common disease among
the peasants who live on maize. It is now known
that pellagra is due to the growth of another fungus,

mueh resembling the ergot of rye, of

@ @ which we shall speak presently.

N Other species of Uredinee attack
ﬁ? p % sorghum, rice, ete, and, indeed, very

\ many plants are affected by parasitie

\ fangi belonging to the genus Puccinia
and to allied genera, and it is probable
Lreda rubigo vt fhat they almost all present the phe-
o nomenon-of alternation of generations,

A simple means of freeing our fields from the rust
of wheat is indicated by what we now know of the
alternation of generations which ensures the propaga-
tion of this fungus. We must destroy all the barberry
bushes which are found in the vieinity of cornfields.
Popular opinion, although ignorant of the phenomenon
of alternation of generations, has long regarded the
neighbourhood of the barberry as the principal cause
of the rust of cereals.
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20 MICROBES, FEEMENTS, AND MOULDS.

ITT. Ascomyceres ; Ercor oF Rye; tHE MoUuLDd oF
Leataer AND Driep Fruits,

In distinction from the species just deseribed, the
fungi in this group possess endogenous spores, enclosed
in & sac or special envelope which is called an ascus;
hence the name of the family. Truffles, or Tuberacee,
are only reproduced by the spores contained in these
asei; but most of the other ascomycetes present in
addition several forms of spores, and the phenomenon
of alternation of generations has led to the belief that
in this ease, as in that of the foregoing group, many of
the so-called species are only suecessive transformations
of one and the same species. This is the case with
the ergot of rye, a product used in medicine; it is,
however, a serious and dangerous disease of several
of our eereals, and particularly of rye (Fig. 8).

Ergot is cansed by a minute parasitie fungus which
attacks the ear of rye when it iz in flower. The
young flower is ecovered with a white mass, eonsisting
of microscopic spores, formerly termed sphacelivm
(Fig. 9). These spores reproduce themselves on other
flowers, and propagate the evil.

The myeelivm formed by the germination of the
sphacelium affects the grain, forms in it a thick felt-
work, and is developed so as to constitute the elongated
substance termed sclerotis (on account of its hardness),

or ergot; it is called at this stage Claviceps purpurea.
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22 MICRODES, FERMENTS, AND MOULDS.

In the spring, owing to the heat and moisture, the
hyphae of the sclerotis swell and send forth numerous
branches, bearing at their ex-
tremity a sort of rounded head,
in which the asei or peritheces
are developed (Figs. 10, 11, 12);
the endogenons spores issuing
from these asei germinate on
the rye-blossom, and produce
there a fresh sphacelinm, then
a second ergob, thus always

R

o froctificasion, in passing through the same cycle |
more magnified E g o
a, . of alternation of generations,

Most of the Graminacen and several Cyperaces are
capable of producing ergots resembling those of rye,

Fig. 12.—Pertion ing figure under a Tikgh magnifying power, showing

al
a b the %!n-iiﬂgnn e the ascl or

and possessing the same medieal properties. The sug-
gestion has been made that instead of the ergot of rye
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24 MICROBES, FERMENTS, AND MOULDS,

individual. In countries where rye bread constitutes
the chief food of the rural populations, as in Brabant,
the north of France, Orléannais and Le Blaisois, fatal
epidemies have been recorded at different times in the
Middle Ages, under the name of St. Anthony's fire.
The first symptoms are a species of intoxication, sought
after by the peasants, and beeoming habitual, like
aleoholic drunkenness, up to the moment when eon-
valsions and gangrene set in, and death soon follows,

Ergot of maize produces analogous phenomena. In
countries where maize bread and cakes are in use,
as in Italy and South America, it appears to be the
cause of the disease improperly called Pelade, Of this
the shedding of the hair and skin is the first symptom.*
Fowls which feed on ergotized maize lay eggs which are
devoid of shell, owing to their premature expulsion
from the uterus; their combs become black, shrivel,
and finally drop off; and they even shed their beaks.
All these phenomena may be easily explained by the
action of ergot on the muscular fibres of the uterus,
and of the blood-vessels.

Recent research has shown that Pelade is identical
in its canse and external symptoms with the disease
known in northern Ttaly and in the south of France as
pellagra, and in Spain as the rose sickness. The latter

* We shall presontly seo that the name Pelads was formerly given
Ho another parasitic affoction, peculiar to that part of the skin covered
with hair, Thess two discases must not be confonnded, notwithstand-

ing the similarity of name, since they are produced by two Tungi
belonging to different groups.
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26 MICROBES, FERMENTS, AND MOULDS.

the balls in question are produced from the same
mycelinm as Aspergillus glawcus, and that conse-
quently the chaplet of stalks and the balls filled with
asei are merely two organs of the same fungus,

— Ampergilius glavews, monldcon Irather and roten frafts : @, Tiyphs bearing
B i ot 5 T remminaiing spars; &, ball of Barslimn, & secum
encloalivg bt endogenous epores (magnifed),

The chaplet of spores in Aspergillus glaucus repre-
sent the white exogenous spores; or the sphacelium of
the ergot of rye, and those which are subsequently
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28 MICROBES, FERMENTS, AND MOULDS.

cells is larger than the other, and persists alone up to
the moment when the cospore is mature. It must,
therefore, be regarded. as the female cell; while the

Fig. 15.—Reproductive organs of Mucor rasceds (much magnified).

other, which is smaller and soon withers away, is the
male cell.

The myecelium of the comyeetes is developed in a
mgpre or less liguid medium, like all other decomposing
and putrefying substances. The ordinary spores are




(91 pue o1 'sfyy) epvuymad Loy ea0jaq sedepe
Luwux porsad Suop v : go Surkap st mnm@olm oy 03 jod
-dns v su SUIAIDE GOUB)S(NE I} UM BOUBISUL JOF ‘en
‘auem o1y uo st snduny oy Jo YImoid o1 UatA pauLoy
Luo aau Loy, ‘sesods Lieurpio ueyj sumpos uy 1egie]
gOUI) puwsnoyy v s onm su oq Lvm saaodsoo oy,

 paguiv gonm)) pompeine tuediosocig jo il sajpapaade—g1 ‘14

w0 atary puy Loty qona wedy e 03
aupuns winipeadu v sonpoadar pue ‘apeurmsad wmipam
ames ayj ul punaj oaw YoTm sarods Y, "YEunog

UEd 41 YaN[A Ul wWnipaum ofqe NOAR] ¥ UT 81 ...;_s_.— a3

L4 ..T.:CH &8 B

Wnu pue JURsuod ST WoIssa0ons Jo ],
-wnrpadm oy Jo wqdAy saiy v wo ewioq (wnibuntods)
JuoTeSIv[ua (RIS § UIILA POULIOY oX8 pus ‘[uwms L10a

‘BOIA0OK ANV IDNO4 OILIEVEVL

68




80 MICROBES, FERMENTS, AND MOULDS.

15 represents the reproductive organs of
Mucor mucedo. 1 is the sporangium filled with
ordinary spores; in 2, the wall of the sporangium
has disappeared, so as to show the free spores round
the central columella; 3 and 4 represent the germina-
tion of these spores, giving forth their hyphwe; 5 gives
the conjugation of the sexual spores, which are Fused
into one large oospore, 6; of this we see the germina-
tion in 7, and it produces a hypha terminating in a
sporangium,

Fig. 16 represents the same organs in a Perono-
spora. In 1 we see the mycelium of the fungus
penctrating the tissue of the infected plant; in 2,
the fructifying apparatus containing the ordinary
spores issues through a stoma, ramifies, and produces
sporangia at the extremity of each branch; in 3 and
4 we see two spores which have issued from these
sporangia germinating and penetrating the epidermis
of a leaf through the stomata (@, b): in 5 we see
the conjugation which has taken place between two
dissimilar cells: the male cell, smaller in  size
(antheridium) is applied to the large female cells
(oogoniwm), and after this mode of fertilization it
is termed an oospore, which is represented in 6,

Mucor mucedo, and other species of the same
genus, form the small downy tufts of a greyish white
colour which may be observed on mouldy bread, rotten
froits, and on the excrement of horses, dogs, and
rabbits. When aumE.EE—. under the mieroscope, the
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32 MICROBES, FERMENTS, AND MOULDS,

be acutely sloped, and the stalks of the plant should
be turned down into the furrow, so that any spores

which may be on the leaves may be washed off them
by the rain, and not come into contact with the stem
and roots of the plant.

It is probable that earth-worms diffuse the spores
of thiz fungus, as well of those of many other
microbes.

Aceording to Prillieux, beetroot is attacked by
another species of Peronospora, which causes the
leaves of the plant to wither and fall. The vemedy
consists in burning the dead leaves on which the
oospores remain during the winter, or, at any rate,
in not allowing them to be placed on the dung-heap.

The mildew which affects the vine is also a species
of Peronospore. (P, vilicola) as we are about to show.

V. Pamrasrric Funer oF THE VINE: Olproa,
MILDEW, ETC.

The parasites of the vine are so numerous as to
require a separate chapter. Some years ago, in 1870,

y of them were enumerated by Roumegubre, a well-
known speeialist, and the number is now more than
doubled. We shall only now speak of the more
important, of those which are especially injurious
to the vine, and which consequently are the most
interesting to us.
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34 MICROBES, FERMENTS, AND MOULDS.

forms floury patches which send forth a peculiar
musty smell.

The oidium may remain latent on the vine-stock
thronghout the winter. In the spring it reappears
in yellowish patches on the earliest leaves, on which
it is rapidly propagated; the plant languishes, and
the leaves become pale and, as it were, an®mie.

Very dry weather is unfavourable to oidium, and
so also are heavy rains, which wash the fruit and
leaves, and earry away the spores on to the soil.

The dy eonsists in the application of sulphur

to the infected vines. Flowers of sulphur is used,
which acts upon the fungus by gradually setting free
sulphurous acid. Under this influence the microscope
shows that the superficial myeelium and the fragile
spores dry up as if they were burnt (Ed. André).
Three suceessive applications are necessary, and these
are made with the help of a special instrument in
the form of a pair of bellows, to which a rose is
affixed, in order to disseminate the flowers of sulphur.
The first application is made in spring, when the
ghoots are from eight to ten centimetres long; the
seeond directly after the vine has blossomed; and
the third when the grapes begin to ripen. The opera-
tion in spring is the most important, and should be
performed with the utmost care, so as to affect all
the hybernating spores from which the succeeding
generations would issue. Not only the upper and
lower sides of the leaves must be dusted, bot also
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oidium. Brown patches appear on the upper surface
of the leaf, as if it had been scorched; and in corre-
spondence with these there is a delicate down “like
the whiteness of a slight hoar-frost” (Vaissier) on its
lower surface.” The hyph: issning from the myeelium
ramify at right angles, and these branches bear the
spores, as in the potato-fungus, Peronospora infestans
(Figs. 17,18). These numerous spores, diffused through
the air, are powerful sources of eontagion.

Fig. 17— Mildew : @, vertical pection of o leaf, bearing tnfis of Peronaspona vilicola
wwer surface | b, & witherod leaf, bearing the winter spones (ssepores)
(b ddam. )

This parasite destroys the tissue of the leaf;
exhausts it, and finally causes it to wither and fall
Those which are least affected have only diseased
patches. The bunch of grapes and the young
herbaceous shoots are rarely affected.

In addition to the ordinary or summer spores of
which we have spoken, the sexual spores must be
noted ; the oospores, or dormant winter spores, which
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seribed, in the proportion of five grammes to a litre
of water; also a solution of sulphate of irom, one
kilogram to two litres of water, with which the
stock should be washed fifteen days before the shoots
begin to start (Millardet). Mme, Ponsot, in Bordelais,
has used the same substance mixed with lime (four
parts of powdered sulphate of iron to twenty parts
of lime), The fallen leaves which contain the
winter |pores, or o0spores, 8l ild be burnt or buried.
The stocks should be irrigated as often as possible,
and the leaves should be dusted with lime in order
to dry off the dew or mist, which favours the fertili-

zation of the OOSpOTes.

Some species of vines resist the disease better
than others, and this is the case with the Labernet,
a vine from Médoe, which has remained almost
entirely free from it in infected regions of Algeria.

Anthracnosis, or Black-rof—This fungus, of which
the name is Phoma wvicola, ov Sphaceloma ampelivm,
belongs to the ascomyeetes, Of all the parasites of
the vine it was the earliest known, but it was only
in 1878 that its devastations were important enough
to attract attention. Like the two preceding fungi,
it is reproduced by spores carricd afar by the slightest
breeze.  Heat and moisture are favourable to its pro-
pagation, which is checked by drought.

It appears on the young shoots in the month
of May, in the form of round black spots which
gradually spread over the twigs, leaves, and grapes
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by a fungus, but by a degeneration which is either
spontaneous or, as Pirotta and Cugini suggest, the
work of bacteria, and which consists in the trans-
formation .of the cellulose and starch of the plant
into dextrine, as Comes asserts, or, according to Pirotta,
into tannin.

This disease appears in three stages: (1) a simple
diseolouration of the sap, which assumes a tawny
black shade without checking vegetation; (2) a begin-
ning of necrosis, which renders the plant unhealthy ;
(3) a complete neerosis, which affects the woody parts
and arrests the growth of the plant.

This disease is contagious, which leads us to
believe that if it is mot produced by a fungus, it is
at any rate due to the development of a bacterium—
that is, of & microbe.

The remedy indicated by Ttalian naturalists eon-
gists in the application of salts of potassium, which
may be extracted at small cost from the ashes of the
vine branches which are burnt upon the spot.

Rasleria kypogea, or Hot.—This parasitic fungus is
found on the vine-roots, and has been recently studied
by Prillieux. The vine affected by this parasite
languishes for some years and then dies. The evil
spreads by means of the roots to adjoining stocks,
and the parts affected spread like the patehes formed
by the phylloxera. The roots rot away. This disease
has been widely spread in Haute Marne.

This small fungus is distinet from one which bears
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42 MICROBES, FERMENTS, AND MOULDS.

vegetable. Yet we should rather be surprised that
the vine has not been completely destroyed by the
combination of such diverse scourges, and that it has

effectually resisted them in several regions of France.

When we consider that for long years the same hoary
old stocks have been required to produce grapes
without truce or merey, and often without taking
pains to supply to them by a fitting manure the
nourishment which is withdrawn from them by the
fructification of the grape, we shall be less astonished
at the decadence of our vineyards. And, indeed,
enlightened minds ascribe the attacks of these
numerous parasites to the weakness and exhaustion
of our vines, rather than to any accidental cause, such
as an importation from without.

The principal remedy may, therefore, be found in
restoring the strength of the vine by the planting of
young suckers, and still more of seedlings. Instead
of Pﬂgb___.::,_u“ to introduce foreign ._.m.__.u._.r__h which it
may not be easy to acclimatize, and which will
certainly be less valuable than the vines we have
lost, it would surely be better to seek to regenerate
our indigenous kinds by crossing the cultivated stocks
with wild vines, or else, as Millardet suggests, by
crossing them with each other. The attempt might
also be made to graft the stocks from Bordeanx and
Burgundy on wild or American vines, which offer
a better resistance to the attacks of the phylloxera.
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44 MICROBES, FERMENTS, AND MOULDS,

easily assimilate ; linen; and even our toilet sponges,
notwithstanding that they are in daily use. They
may even be found on the most powerful chemical
substances, ‘on pastilles of sulphur, arsenieal solu-
tions, ete.

“The general belief!” writes Ronmegure, “regards
fungi as the result of decomposition. This belief is
due to an imperfect acquaintance with the nature of
these plants. Fungi are not only found on fragments
of wood and decayed vegetables, but sometimes even
on bare pebbles, on glass, on window-panes, on the
lenses of microscopes, and on other polished surfaces.
Tt must be supposed that fungi ave able to extract

the elements of nutrition even in such positions.

Cloprins, which have a surprising power of develop-
ment, grow on amputated limbs. Young has recorded
the appearance of a great number of these fungi, still
in an imperfectly developed state, below the mattress
on which a man was lying whose leg had been ampu-
tated. The bed was cleaned, and in nine or ten days
the fungus reappeared in the same abundance as
before. Targionni-Tozetti had previcusly observed a
similar growth on the apparatus which surrounded a
fractured limb in St. George's Hospital, Modena.”
Berkeley states that immediately after the death
of any vegetable substance, an army of fungi of
various kinds is at hand to complete the work of
decomposition. The soft tissues are rapidly reduced
to a semi-fluid condition by the combined action of
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46 MICROBES, FERMENTS, AND MOULDS.

botanist in Munich, demonstrates the aetion of miero-
seopie fungi on organic substances, exclusive of any
previous deterioration.

“1 enclgsed,” he says, “several loaves in a tin case,
which was carefully but not hermetically elosed.
When the ease was opened at the end of eighteen
months, the loaves were reduced to a small mass,
eonsisting almost entirely of filaments of mould, in
which I could detect mo trace of the substance of
bread. This mass was soft and moist, like a mud-pie.
It emitted a strong odour of trimethylamin: no trace
of starch remained. One hundred parts in weight

inal bread were transformed into sixty-four

parts in their moist state, and seventeen parts after
desiceation in the open air. The
starch had been eonsumed in order
to form earbonie acid and water.”
Badham sums up in a few
words the destructive effects of
microseopie fungi.  “ Mucor mu-

cedo,” he writes, “ devours our pre-

serves; Ascophora mucedo torms

our bread mouldy; Molinia is

nourished at the expense of our

fruite; Mueor herbarium destroys

Flg 15,—¢ the herbaria of botanists; and
futtm, mOL RIS ok etonium  chartatum (Actino-
spora) develops itself on paper, on the insides of books,
and on their binding, when they come in contact with
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48 MICROBES, FERMENTS, AND MOULDS.

wasp, because it is attacked during its lifetime by

a fungus which it carries about for some time, and

which finally causes its death: this is Torrubia H

spheroceplala (Tulasne). Isuria sphingum, another 3
$
&
|}
3
i
I
|
|
o
£

) filsments of Sirpro- Fig, 22.—Oogonium _..“_..f__._..q-u_..nnr
g Epores (reatly surroanded by Antheridis (mocl
maguilied

species of the same genus, has been observed on the
back of a butterfly, which was poised upon a leaf as
if alive, and which was probably killed by the
development of the fungus.

These and other facts, not to speak of the
muscardine of silkworms, to which we shall return,
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a0 MICROBES, FERMENTS, AND MOULDS,

VIIL. MUSCARDINE, THE DISEASE OF SILKWORMS,

Muscardine, which is caused by a true fungus,
Botrytis bassiana, must not be confounded with other
diseases which attack the silkworm, such, for instance,
ns pebrin, which, as Pasteur asserts, is eaused by a
bacterium, or, strictly speaking, a microbe, and, aceord-
ing to the recent researches of Balbiani, by Psoro-
spermia. We shall presently revert to this disease.

Botrytis bassiane is a true mould, belonging to
the group of Oomyeetes, and allied to the potato-
fungus, Peronospora. It is propagated by spores,

which, when falling on a silkworm, germinate and
penetrate its body. A myeelium is then developed,
which may take possession of the whole caterpillar
without appearing externally, The germination is
rapid in proportion to the age of the silkworm.

When death has been caused by the develop-
ment of the mycelium, hyphwe appear through the
animal’s skin ; these scon bear white, chalky spores,
which are readily detached and float in the air in im-
palpable dust like smoke. The silkworms on which
the dust falls do not appear to be diseased, and eat
with avidity, but they die suddenly. It takes from
70 to 140 hours to develop the spores and spread
the contagion. It is difficult to free the breeding-
houses from all the silkworms which die in this
manner; those which die after having erawled up
to the heather to prepare for their transformation
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52 MICROBES, FERMENTS, AND MOULDS,

germinate wherever the conditions of heat and moisture
are favourable, even on a healthy skin, or where it is
only irritated by a simple seratch.

Ringwerm, A jon Scheenlenii, the fungus
which produces this disease on the parts of the
skin covered by hair, belongs to the same family as
oidium, Its mycelium produees hypha, bearing
chaplets of spores, as in the Mucorines, but there is
no true sporangium,

Fig. 24, ~Ackorson Schamilendi, fongus of ringworm  x 400 diam.): 4, spores ; b, chalas

af spores | o, myoelium.

They are found in abundance in spots of ringworm,
amidst the sulphur-coloured substance which carpets
them. If a morsel of this substance is dissolved in
ammonia, the fungus is detached, and may be observed
under the microscope, especially if care has been taken
to stain it brown by an aqueous solution of iodine
(Fig. 24).
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54 MICROBES, FERMENTS, AND MOULDS.

infeeted hairs, surrounded by spores; but, while the
centre is in process of healing, the fungus extends to
the periphery and continues to spread. The raised
surface of the patch is formed by this parasitic growth,
which forms a circular exerescence, always increasing
in size, while raising and thickening the epidermis.
The parts affected by the myeelium are characterized
by a slight suppuration throughout the patch; the
indurated tissue is .ﬂ;%_;:w‘ absorbed, leaving d
sears which persist after a cure has been effected.

The mycelium is found on infected hairs between
the coats of their bulbous roots, while the numerous
spores are only found between the epidermie layers of
the hair.

iis fungus may be inoculated in all parts of the
but its favourite site is the head, where it pro-
duees the diseasze long known as ringworm, or favus.

It has been already said that fungi prey upon each
other. Thus Achorion has fora parasite Puccinia favi,
a minute fungus of a reddish-brown eolour, which is
often developed on the whitish epidermic scales which
cover the mycelinm on fresh spots of ringworm. The
same parasite has also been observed on Pifyriasis,

Trichophyfon t{onsurans—This fungus, allied to
the preceding, subsists likewise on skin covered with
hair, and produces tinea fonsurans.

It is formed of & mycelium with two sorts of
hyphee, some simply nutritive, others with short
articulations, separating into chaplets of rounded




,..u:.u:..p_.w TEa 31 “proga ® jo g m_:,.__—s_u S} ul pajlas
-up st wopliydoyorsp Ju Uy poulvpeose oAwy JaTAWEY
puv [uicny owy uy Cosvosip
aurgs a3 Jo sanauea L[uo aae
‘SIERISTP-ULYS 101130 0m) ‘sodaay
MBUULMI  puw __ﬁ.wwﬁ— a3
sjoage s swoofig ovrswred
oy quyy Lqeqoad st g7
RITBT 13 JO QWH._ a3
1e Lqewnadss ‘s@o  onapuda

DI} Uil ..,..J:.:_:.n.z_ Puw ,—_bEm_.._..r.h uzjio 51 u .—"..n.rﬂc.._

D Bep X ) FOTIRTRoTLIN
m e aoel *p = aedl 5y

wpauy sl gl —9g "By

_

aL (98 Sig) payouiap L)enuruod aie oy ‘saaods

oG BOTA0OK ARV I9NNL OILISVAVL




56 MICROBES, FERMENTS, AND MOULDS.

herpes; and that parasitic herpes may also be pro-
duced on the back of the hand by the transference
of the fungus from a patch of Tinea tonsurans,

The fungus may be transmitted to eats, dogs, and
horses, who thus become agents of the contagion. A

study of the disease has been recently made by
an Englishman, Dr. Thin, and he also regards it as
identical with herpes, or Tinea cireinata.

According to this observer, the contagion is not
transmitted by floating spores, but only by direct
contact, and espeeially by the exchange of hats and
caps so common among school-children.

Experiments in artificial eulture in milk, earrot-
juice, or aqueous humour show that the fungns cannot
be developed when the hair on which the spores are
is entirely submerged ; a certain degree of moisture is,
however, necessary, which is probably more frequently
found on children’s heads. In adults, the bulbous root
of the hair is dryer between the follicle and the skin.
The parasite may be destroyed by causing an inflam-
mation of the part affected, since the serous effusion
thus produced places the hair in the same conditions
as in the eulture-liquids in which it is completely
covered, and not floating.

Pityriasis versicolor is produced by a fungus
resembling the foregoing, termed Microsporon furfur.
It grows between the cells of the epidermis, and
effects their rapid degeneration. The hyphm have
long artienlations, intermixed with round spores, not
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58 MICROBES, FERMENTS, AND MOULDS.

we cannot recognize any mycelinm, and in this par-
ticular they are allied with the ferments, of which we
shall speak presently. The fungus consists of round
cells, which multiply by budding. De Lanessan
regards them as a separate group, to which he gives
the name of Mierospores, while he designates those
parasites of skin covered with hair which possess a
distinet mycelium under the name of Trichoplyta.

The Pelade Fungus—DPelade is another discase of

Fig. 19.—Pelade funges : epldermie colls, chargnd with spores (500 dlam. )

the skin covered with hair, which is caused by Micro-
sporon Audowini, and which presents the characters
just indieated. It would, therefore, be an error to
give it the same generic name as Microspovon furfur,
a fungus of which the mycelium is well developed,
if the recent researches of Grawitz, to which we
shall presently return,® did mot tend to snow that
Mierosporere and Trichophyta are only forms of the
same parasite in different phases,

* Sop chapter on Polymorphism of Mierobes.
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60 MICROBES, FERMENTS, AND MOULDS.

in the horny layer of the epidermis, on which i
produces a roughness in the form of dusty pellicles.
Tt penetrates the hair-follicles, but mot deeply, and
y in the vicinity of the point at which they emerge.
» spores of which it entirely comsists ave generally
of an elongated form, and give off buds.

According to Mallassez, this fungus is the prin-
cipal cause of alopecia; that is, the shedding of

e 0 o a

aoa_w

8 & 6c
6 8 84

. 33 —Tnalated taken
s pellicles of Pilyriazis
capitis simplex: a, Tull spores;
b, ety spores ; & full spares
bdding : d, the safie #tapLy
{ % 10uo dism.)

Fig., 32—Fphdn
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.4:_0?_._0._...""__._
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hair, and the baldness which eventually ensues from
it. Tt acts in two ways: (1)"its presence and multi-
plication disintegrate the epithelial layers; (2) the
foreign body irritates the epidermis, producing exces-
sive activity in the evolution of cells,and consequently
the incessant desquamation which is the most apparent
symptom of the disease. The shedding of hair is chiefly
due to obstruction in that portion of the hair-follicle
which underlies the orifice of the sebaceons glands, and
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62 MICROBES, FERMENTS, AND MOULDS,

of soda, which neutralizes the acidity of the saliva.
It is, above all, essential that the feeding-bottle, all
the untensils employed for the infant, and the infant
itself, shodld be kept perfectly clean; and, unfortu-
nately, this condition is too rarely fulfilled, especially

Fig. 34.—0idiums alioans, or Ssocharomyoct wiseadderma ; 4, much-branched myoe-
N ; g nE._—Lnrgnflns-Txl.ﬁqu bibrtls o, & tothe mycelinm,

among the working classes in towns, and districts in
which children are usually put out to nurse The
feeding-bottle in use in such cases generally smells
=0 sour as to be offensive to every one who is not
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MICROBES, FERMENTS, AND MOULDS

the fungi which attack those parts of the skin elothed
with hair; the brush, the eomb, or razor which passes
successively and on the same day over hundreds of
heads or chins must necessarily, if only in one case
out of ten, carry the spores of the parasite from one
person to another.

The parasitic diseases of the hair are extremely
persistent, and precautions as to cleanliness will not
always effect a cure. The tures sold by hair-
dressers under the name of capillary water, lotion to
eradicate seurf, ete., should all be rejected. Experience
wows that wetting the head often favours the
development of the fungus, which may, indeed, remain
stationary for two or three days, but which becomes
more vigorous as soon as the head is dry. Bulphpr
and its compounds are successful in such cases, as
well as in the parasitic diseases of plants. It would
be best to apply this remedy in the form of a dry,
impalpable powder, as in the application of sulphur
to the wvine, but this cannot be done without in-
conveniences to which the persons affected do not
readily submit; it might, however, be tried hy those
whose hair is naturally greasy. In other eases, and
espeeially in those in which the hair is dry, as it
usually is in persons affected by Pifyriasis capitis,
pomades must be used, although it has been asserted,
but not proved, that fatty substances afford nourish-
went to the fungus.

However this may be, the pomade for which we
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66 MICROBES, FERMENTS, AND MOULDS.

e o T

CHAPTER II,
FERMENTS AND ARTIFICIAL FERMENTATIONS. ;

L. WHAT 13 FERMENTATION ?

| CrEMISTS define fermentation in these words: * Fer- i
i mentation takes place wherever an organie compound
undergoes changes of composition, under the influence
of a nitrogenous organic substance called a ferment,
which acts in small quantities and yields nothing to

the fermented substance” (A. Gautier).
This nitrogenous substance, termed a ferment, is
regarded by naturalists as an organized living being,
i either animal or vegetable. This was demonstrated
| by the researches of Cagnard de La Tour, of Turpin,
| of Dumas, and more recently by the splendid achieve-
ments of Pasteur. Tt is now proved that the artificial
(bt fermentation which takes place in the manufacture
_ of wine, beer, ete, is produced by small mieroscopic

plants, called ferments or yeast.

The chemical transformation resulting from them
wight be obtained without the intervention of yeast,
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1] MICROBES, FERMENTS, AND MOULDS.

caproie acids, under the influence of nitrogenous
substances and of the air; the change into glucose
of gums, of starch, of dextrine, of sucrose, and mannite;
the transformation of these substances into each other
under the influence of living agents, or of those
belonging to a living organism; the transformation
of such glueosides as populin, salicin, tannin, ete.,
into sugar, or into neutral or acid substances;—all
these phenomena are fermentations (A. Gautier).

We may even go further. The permination of
seeds and the ripening of fruit are accompanied by
phenomena of the same order. In animals, gastrie,
pancreatic, and intestinal digestion, together with other
changes connected with nutrition and assimilation
which take place in the blood and in all the organs,
may be considered as true fermentations. In this case
the eells of cur tissues and the blood-corpuscles play
the part of yeast in effecting aleoholic fermentations.

Finally, the miasmatie, virulent, and contagious
diseases, which we shall study in another chapter,
are also caused by changes in the blood and in the
other fluids of the system, and should be considered
as fermentations, produced by minute microscopic
organisms analogous to ferments, and which are, as
we shall presently show, bacteria or microbes, strictly
so-called. The putrefaction of dead bodies is also
a fermentation.

We shall, in this place, only consider the fermen-
tations which are used in manufactures,
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70 MICROBES, FERMENTS, AND MOULDS,

tion in putrefying bodies which would not be rejected
by modern naturalists and chemists.

“ After death . . . the foreign ferments, which are
always intent on change, are borne through the air
and introduce corruption into dead matter . . . at
least, unless the flesh is eombined with certain sub-
stances, such as sugar, honey, or salt. It is, therefore,
these ferments, attacking whatever matter is deprived
of life, which disintegrate and prepare it to receive a
new soul (or fresh life).”

Linnweus, again, says that “a certain number of
diseases result from animated, invisible particles, which
are dispersed through the air. . . ." Boerhave, in 1693,
.”___...Fm_.mn._..:m:r_.v.; three kinds of fermentation: m_._ﬂc._ﬂc.:n.
acetous, and putrefactive. But we must come down
to the beginning of this eentury in order to find more
definite ideas respecting the organic nature of fermenta.

In 1813, a chemist called Astier asserted that
every kind of germ from which ferments proceed is
carried by the air; that this ferment, of animal
nature, is alive, and is nourished at the expense of
the sugar, and hence results disturbance of the
equilibrium between the elements of sugar.

Subsequently, in 1887, Cagnard de La Tour de-
clared yeast to be a collection of globules which are
multiplied by budding; and in the following year
Turpin described the yeast of beer as a vegetable,
microscopic organism, which he termed Torula cere-
visie (Fig, 35).
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72 MICROBES, FERMENTS, AND MOULDS.

ganized ferment has been ascertained, that ferment is
necessary. This minute being produces the transforma-
tion which constitutes fermentation by breathing the
oxygen of the substance to be fermented, or by ap-
propriating for an instant the whole substance, then
destroying it by what may be termed the secretion
of the fermented products. Three things are necessary
for the development of the ferment: nitrogen in a
dition, phosphoric acid, and a hydroearbon

T.._u._‘._.—u"_.. C
capable of fermentation (such as grape sugar). Finally,
every organized ferment of fermentation or putrefac-
tion is borme about in the air, as may be shown by

1ents,

LR

II. VEGETABLE NATURE OF FERMENTS OR YEAST.

Yeast, or ferments, are in their organization
closely allied to the fungi of which we spoke in the
preceding chapter under the name of Mierosporon.
Many botanists still assign them to the class of fu
under the name of Saccharomycetes ; yet, as they live
in liquids, or at any rate on damp substances, like the
Algm, which are species of water-fungi, it is now
almost agreed to place them in the same category as
the latter, which they resemble in their whole organi-
zation, except in the absence of chlovophyl. This
last characteristic, the only one by which they ap-
proximate to fungi, is common both to them and to
microbes or bacteria, which are only ferments of

1
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T4 MICROBES, FERMENTS, AND MOULDS.

I1I. Wixe FERMENTS ; ALcoHoLlC FERMENTATION.

The commonest ferment of wine is, aceording to
Pasteur, Sdecharomyces ellipsoideus (Figs. 36, 37, 38),
which must not be econfounded with Kutzing's
Cryptococeus vini, since the latter has :DZ&:.M. to do

Fig. 36— Succharomyees ellipeoidens, wine ferment, in process of budding
o 0 dlam,).

with aleoholie fermentation. This ferment is found
on the grape, and is thus introduced into the ferment-

Fig. 38.—Sacch, el iproidens ;
permknationofl spores | x40
diaun, ).

ing-vats, The adult cells are of an elliptie form, and
are six miero-millimetres in length, by four or five in
width, They bud, and are reproduced in the way
already indicated, which is common to all ferments.
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76 MICROBES, FERMENTS, AND MOULDS.

which are in process of fermentation. It has likewise
been observed in Belgium upon beer. It is generally
the first to appear and bud in the must. Its name is

Fig. 42 —Sacch, apiculobs | Corpaywa’, sriaent of frits { 600 dism.).

due to the characteristic form of its cells, which are
ed like rape-seed, or apiculated at both extremi-
ties of their large axis.

In the fermented must of red wine we find,
together with Sacch. ellipsoideus, a somewhat dif-
ferent form, which is perhaps only a variety—Sacch.

We must also mention another aleoholic ferment,
Sacch, mycoderma, wine or beer flowers, which con-

2% “A\!
Q_W..._.Q %%rl\% \JJ

wine-fowers { x 350 dim. ). mycderma,

stitute the white pellicle often seen on bottled wine
(Figs. 43, 44). Pasteur has shown that, under certain
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78 MICRODBES, FERMENTS, AND MOULDS.

remains buried through the winter as a dormant
spore, in order to return to the same fruit when it
has ripened in summer. It ean only be borne
through the air when the ground is completely dried.

In the same way, the ferments of wine, after
having passed through the bodies of men and animals,
pass the winter on the dungheap. This revelation
may not be pleasing to drunkards, but it will not
surprise those who are acquainted with the habits of
cryptogams in general, and of fungi in particular.
Brefeld has found these ferments during the winter,
especially in the exerement of herbivorous animals,
and on the dungheap.

The manufacture of wine is too well known to
require deseription ; we need only remind our readers
that alesholic fermentation essentially consists in the
transformation of glucose, or grape-sugar, into aleohol
and carbonic acid. The latter, given off in the form
of gas, produces the ebullition or effervescence which
characterizes fermentation, and to which its name is
due, Sugar or glucose is, therefors, the essential
nutriment of all yeast-plants, and the indispensable
element of these fermentations, of cider, beer, and all
fermented liquors, as well as of wine.

IV. BEER-YEAST.

The yeast of beer, or Sacch. cerevisice, was the
earliest known and the most carefully observed of
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80 MICROBES, FERMENTS, AND MOULDS.

gpores may be produced (Fig. 46). It is rather
difficult to perform the expe t with suceess; the
ferment must be frequently washed with distilled
water, as it may otherwise putrefy, instead of frue-
tifying (Schutzenberger).

Let us briefly describe the process by which the
fermented liquor termed beer is obtained. The barley
which eonstitutes its essential principle does not
contain sngar; but when it has germinated it eontains
a substance termed dicstase, under the influence of
which the starch of barley can be converted into
glucose.

The barlev, which has been moistened in order to
make it swell and germinate, is spread in a thin layer
on hurdles, at a temperature of about 15°: this opera-
tion is called malting, It is generally performed in
spring, in order to ensure the mecessary warmth
and moisture, and Mareh beer is considered the best.
When the sprout attains to two-thirds of the length
of the grain, germination is arrested by drying the
grains on a stove, and they are then ground to
powder and become malt. This malt is then steeped
in water at the temperature of G0° and by the
action of the diastase the starch becomes glucose
This saccharine fluid or wort is boiled with hops,
which are now added, not only to give a bitter and
aromatic taste, but also to preserve it. This infusion
of malt and hops is concentrated and cooled, and beer-
yeast, the produet of previous operations, is added in
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MICROBES, FERMENTS, AND MOULDS.

it continues to act on the unmodified sugar. The
production of fresh yeast makes the liquor thick, and
the amount of aleohol and of carbonie acid inereases
in accordance with the time for which it is kept, after
being bottled or put in closed casks.

The manufacture of most fermented ligquors
resembles that of wine or beer; that of cider is very
simple, and consequently approximates to the manu-
facture of wine. The apples are cut and erushed, and
remain in the vats until fermentation is over; the
liguidl is then separated from the solid residue, and
put into casks or bottles.

V. COoNCERNING SOME OTHER FERMENTED LiQUORS.

There are many other fermented liquors made in
rarious countries with substances derived from the
animal or vegetable kingdom,

In Franee, cider or perry is sometimes made from
pears or crab-apples.

What the French call boissons are cheap fermented
liquors, prepared from dried raisins or aromatic sub-
stances, such as the dried froit of the coriander, to
which water sweetened with treacle is added. Fer-
mentation is usually effected by germs borne by the
air, or by those introduced by the coriander and the
ather ingredients of the liquor; or it may be hastened,
as in Belgian beer, by the addition of beer-yeast or
baker’s yeast, It is effected by the transformation of
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84 MICROBES, FERMENTS, AND MOULDS.

The dragon-trees (Dracenc terminalis and D,
Australis) also possess a feculent root, from which a
fermented liguor is extracted in the same manner by
the Sandwich Islanders,

VI. THE LEAVEN OF BREAD.

Bread is leavened in order to make it porous and
more digestible. According to Engel, the microbe of
baker's yeast is Sacch. minor, resembling that of beer-
yeast, only more minute. Most of the yeasts which
we have examined contain a great variety of microbes.
However this may be, the fermentation of bread, like

Il other fermentations, sets free carbonic acid gas, and
this raises the dough and makes it light.




1oy Aq pajoewucs exv smopBury oruuio yeess omg
13 &% jsnl { mSao wommoo v asw] Lqeqosd puw ‘suwog
aamo] aory Lo damo yove M pojesunod axe 1Humy
puw @Fe Jo sassu[d oM o1 U1} prus oq Iassmor ‘Avm
M Estuwoq snoumefodln jsaq ano Lq S uw v
daULI0y ey puw f:.m_._:.ﬁ B 5 1..._:.&?, SL.1q3%] a1y 90}
BUDRD WAlPY) S8 (ons ‘LHuny J0MO[ 9y J0 OWOS
_.t.’_:iu.m .ﬁﬂ- o YJm :.q Lt (Lt Bl nw‘u:—: ﬂ—Umﬂ.-—P ‘o _
Aqypear] ® Jo waas yynow oy wr punoy Apuenbory os _
‘sippoonq @iy jopdeT 8 ons ‘oze ofav Jo VLIDYING oI

ML UOIERIURAI0 PUR WELIOJ Ut 83 1Te jred jsour ayg Jof

OIY FIEFR[D OM] OSAT[) E_v:_mx_... A0 UL SIS .ud":.:_.mum

moyy WLIjOR edywedss onpM eouwaa:

p redomad

21} B 9Z18 J9][eurs Jay T .dm.."._.._ﬂ__..‘._ Puw wung LMY B

Unj puw sjusuLiay usamgaq wer) axour Luw
Jomq puow SJUATLIY WMD) JroIr] _..J:myi.:_u.s 01 ]
) “oqdeya Surpacaxd Y} Ul USDS YA 9M BV ]

HOUDTJY 40 FUNLVN ATAVIADAA FHT, T

VIHALOVE 40 "ATIVD 08 X1I01HIS ‘SHHOHOIN

III HALAVHD



86 MICROBES, FERMENTS, AND MOULDS.

.
lower forms, which have been by some united in the
kingdom Protista.

Microbes, or bacteria (Schizophyta or Schizomyeetes),
appear, in liquids examined under the miecroscope, as

small cells of a spherical, oval, or eylindrical shape,

times detached, sometimes united in pairs, or

in articulated chains and chaplets (Fig.

48). The diameter of the largest of these

cells is two micro-millimetres, and that

of the smallest is a fourth of that size,

so that at least 500 of the former and

2000 of the latter must be placed end

to end in order to attain the length of

amillimetre. Ttis therefore plain that a

magnifying power of 500 to 1000 dia-

meters, or even still higher, is required to make these
Leings clearly visible under the microscope.

One very common bacterium may be found every-
where, and can be easily procured for microscopic
observation : Buaclerium termo, or the microbe of im-
pure water. This bacterium is not injurious to health,
singe there is mo potable water in which it is mot
found in greater or less quantity. In order to obtain
numerous specimens, it is enough to take half a glass
of ordinary water from a spring or river, and to leave
it for some days on & table or chimney-piece, the
vessel being uncovered to allow the access of air. We
may soon observe that a thin coating is formed on
the surface of the water, which looks like a deposit
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88 MICROBES, FERMENTS, AND MOULDS.

putrefaction. Those which are dead appear as small,
rigid, and immovable rods.

In observing the lively movements of these minute
organisms, we might be tempted to regard them as
animals, But we know that movement, taken by
itself, is not peeuliar to the animal kingdom. Setting
ent which can be provoked in the

aside the move
mimosa and in many higher plants, it is well to
remember that many of the lower plants are capable
motion : this is the case with Diatomacea, in which

the presence of chlorophyl incontestably proves their
vegetable nature. The spores of plants of a much
higher organization, such as ferns and mosses, have the
power of swimming in the water, just as bacteria have:
this has procured for them the name of Zoospores,
although many of them contain ehlorophyl.

The movements of bacteria are, like these of zoo-
spores, due to the presence of vibrating cilia, which
are inserted at both extremities, or only at the hinder
extremity of the microbe, and which form organs of
du_.ﬁ.—:._xmcd analogous to the tails of tadpoles. These
organs are very transparent and are difficult to see in
the living subject, even with the strongest magnifying
power, on account of the rapidity of their movements.
But their existence has been aseertained by the use of
staining fluids, and above all by micro-photography.

If, however, we analyze the mode of motion in
Bacteriwm termo, and compare it with the movements
of the ciliated or flagellated infusoria which may often
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oo MICRODES, FERMENTS, AND MOULDS.

is dried up, the protoplasm eontracts and forms spores,
which, when set at Jiberty by the rupture of the cell-
wall, germinate and give birth to fresh bacteria. The
only difference consists in the fact that ferments may
produee several spores in each ecell, while bacteria
never produce more than one.

Bacteria were, as we have already said, for a long
while classed with fungi under the name Schizomycetes.
But recent researches into their organization, and more
especially into their mode of reproduction, show that
they resemble a group of inferior alge termed Phy-
cochromyeer, which ineludes Oseilluria, Nostocs, and
Chroocoecus, species generally furnished with ehloro-
phyl. Bacteria represent a similar group devoid of
chlorophyl. Zopf, in a treatise recently published, goes
ts that the same species of alga
may at one time be presented in the form of a plant
living freely in water or damp ground by means of
chlorophyllaceous protoplasm, and at another in the
form of a bacterium or parasitic mierobe, devoid of
chlorophyl, and nourished at the expense of organic
substances which have been previously elaborated by
animals or plants, thus accommodating itself, accord-
ing to circumstances, to two very different modes of
existence.

still further: he ass
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MICRORES, FERMENTS, AND MOULDS.

a. Cylindrical filaments, ir stinctly artienlated, mo-

a Unran

(1) Bhort ... ssn Paeillus.
Loptothriz.
Cladothriz.
b, Bpiral, m
(1) Bhort, fuintly undulabed Spirockede.
Filirin.
Spirillem.
Myconosioc
g united, like packets ticd with a crossed
G e e G i e RO

Most of the microbes of which we have now to speak
may be assigned to one or other of the genera given in
this scientific enumeration, and sometimes, on account
of their ”_..:_u_._E.H_..m.._.,T_.? to several of these Tenera.

Before making a more detailed study of some of
them, it may be interesting to glance at them as a
whale, following the order of classification given above.

The genus Micrococcus (Hallier) includes the
spherical mierobes, which are the most common and
the most widely diffused, probably because the spores
and early stages of all the other forms
have this spherical shape before be-
coming elongated and assuming th
adult form (Fig. 50).

This genus is divided into two
goctions: the first includes Mioro-
coceus chromogends, e fabricators of
colouring matter—an extremely interesting group, on

crocpecns (much. e

Larged).
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94 MICROBES, FERMENTS, AND MOULDS.

Spivillum and Spirochete only differ from each
other in the number and approximation of their
spirals, Spirochwte Obermeieri is found in the blood
of those affected by recurrent fever; 8. plicatile,
which is found in stagnant water, amid Oscillaria, is

ay by o d, Nicrececous of various
Bacillus;: k, Leptothriz or loag
, Spivillum; o, Spircckats; p, Thodo-

perhaps only the parasitic form of those algm, and
has often been regarded as the cause of marsh fever.
Spirillum is also found in infusions (Fig. 51, m, o).
Finally, Sarcina ventriculi, so different in form
from other mierobes, is found in the fluids of the
human stomach, in the blood, and in the lungs, in the
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6 MICROBES, FERMENTS, AND MOULDS.

chains or curved rods. They multiply by the trans-
ssion of the cell, a fission preceded by a median

constriction. These are characteristics of the bae-

Vers

__.c_.m:”_:. u.;.._niu_. so ealled,
The nutrition of this microbe resembles that of
beer-yeast: it requir

mineral salts, phosphates of the
alkaline metals and of the metals of the alkaline
ths, proteid matters, or ammoniacal salts.

This ferment is an oxidizing ferment, which with-
:n from the air and transfers it to the
aleohol, thus converting it into aecetic acid; henee it
can only subsist in contact with the air, and perishes
when it is

draws ox

ibmerged, so that acetification is then

arr

sted. The oxidizing power of this microbe is
such that it ean even oxidize aleohol and transform it
into earbonie acid gas—a fact which explains how the
strength of wine is lowered by the other and larger

species, Mycoderma vind, of which we have given an
illustration (Figs. 48, 44). This action is less Iively
in the presence of a considerable quantity of vinegar,
and at Orleans acetification is always effected in vats
which contain a large amount.

What is called the Orleans process, which is the
one generally employed in France, consists in filling
tuns which ecan hold about 200 litres with 100 litres
of vinegar and 10 litres of white or red wine; once a
week 10 litres of vinegar are drawn off, and replaced
by 10 litres of wine. The temperature should be
about 80°. Oxygen is supplied by a proper system of
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98 MICROBES, FERMENTS, AND MOULDS.

| IV. Tee MICROBES WHICH AFFECT WINE,

The affections to which some wines are subject
alter their taste and quality so as often to render
them unfit for use. These affections ought to be
recognized, so that a diseased wine may not be con-
founded with one which is adulterated, and it is by
means of the microscope that we are enabled to
recognize the nature of these changes. Chaptal for-
merly ascribed them to the presence of an excess of
ferment, since he was unable to discover any other
cause, We now know from Pasteur’s waluable re-

] gearches, published in his boolk, Etudes sur les vins,
f that they are all due to the presence of microbes
5 peculiar to each disease.

“The source of the diseases which affect wine,”
Pasteur writes, “ consists in the presence of parasitic
microscopie plants, which are found in wine under
conditions favourable to its development, and which
change its nature cither by the withdrawal of what
they take for their own nutriment, or still more by
the formation of fresh products which are due to the
multiplication of these parasites in the wine.” These
diseases are known under the names of wmeescence,
pousse, graisse, amertume, ete.  'We shall review them

in succession.

Mouldy or Flowered Wine—These are wines on the
surface of which white pellicles are formed (flewrs de
win), which consist of Mycoderma wvini (Figs. 43, 53).




uorun oy £q pausioy sjarde Jo Jo ‘smors U0} RIIST[T
oy s ‘g andy ey jo uuoy ey s} puw ‘g
Uvy} enurm aout yonw &1 9] -uayods Apweare oawr
oM gorgm o (g Fig) yeon vunepoolijp jo eaussaad
Ay o3 onp s afuwyd sryy, awSoura o Ewmy puw
_.__._du.ﬁ:_._m. p 0] Ou 81 ouLM 913 "EEAOXD u1 51 prow siij}
udiAL pue ‘prow oneoe jo Lyyuenb pwws v supwuos

“al peoUvART mE 1 &) Japoerm ey
e e R PR
AR RIR0E (PR o awosp S L—"TF 34

[

paiog fsnngy Jo Rppay

—_J.r_.,.; BB —.._._u- b I.:u.___..",— a1 .___“Hd _:Z.._. m,_..umTLn—ﬂ ..J.—ﬂ .mn.!\-UM
0} USN®} O OS[R SN AT uwei) ogur oot Surpnd
Lq a0 ‘197@m PIOD M WY Surpuuds £q pejerago

shvampe QUL M — 7

oq Awur 9] uoswos Jor oy Suunp ySng ooy Suieq

&R0 oy} Jo _._._:..3"._.._;.:.5 B} 0} anp ST ] "0 joape
Alqsues 10U INOS SULM 91} WINY j0u S20p jonpoad sHy,

GG VINALOVE H0 ‘SAg0¥IIN




100 MICROBES, FERMENTS, AND MOULDS.

of several 8's placed end to end. As they grow older,
the two globules of the 8 divide, and appear as isolated
granules, These two species of Mycoderma are in-
compatible, and are never found in the same wine,
The acid may be izolated by distilling the sour
wine, The attempt has been made to ecure or im-
prove sour wine by adding normal potassium tartrate
(from 200 to 400 to every hogshead of 230
) ich forms potassium acetate and bitartrate
by neutralizing the excess of acid. The bitartrate is
deposited spontaneously, and erystallizes. Carbonate
f lime eannot be employed for the same purpose,

TAINITE

litr

sinee it would spoil the wine.

Wines that arve turned or over-fermented (vins
poussds ; vins bleus).—This disease displays the follow-
ing characters: the wine assumes a bluish or brown
eolour, and becomes turbid; if shaken in a test-tube,
we may observe silky waves floating in every
direction. When a cask is tapped, the wine spurts
up, and it is said “quil @ lo pousse” If poured
into & glass, a number of minute bubbles appear on
the surface, the discolouration increases, and the wine
becomes more turbid. The taste is changed and
hecomes insipid, as if water had been added. The
disease is developed in very hot weather (Chevalier
and Baudrimont).

This affection is due to the presence of an ex-
tremely attenuated microbe, somewhat resembling
that of lactic acid, which we shall describe presently,
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102 MICRODES, FERMENTS, AND MOULDS.

Wine affected by Ropiness—White wines, and
especially champagne, are more often affected by this
disease than red wines. It is more apt to attack wine
which has little aleohol and is deficient in tannin,
and under its influence the liquor becomes turbid, flat,
and insipid, ropy, like white of egg, and it loses its
BUZAT,

This change is effected by a filamentous microbe,

Flg. 85.—Diseaso of ropiness in wine, affecting chanpagne, and cansed by a bacteriom
which assumes two forins : the fgire &, and chaplets.

even more like the lactic forment (Fig. 58) than the
one we have just described, since it is likewise formed
of very minute globules, united in chaplets, which
are, however, more attenuated than those of the lactic
ferment. These filaments form a species of feltwork
through which the liquid slowly filters; henee its
oily appearance. Tt is probably a bacterium (Fig. 53).
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104 MICROBES, FERMENTS, AND MOULDS,

while the finer sorts are more often attacked by
bitterness,

The bitterness may be to some extent neutralized
by the addition of new and sweet wines, but the
application of lime (from 25 to 50 centigrammes the

1,2, flaments of the
yetals of tartar and

litre) is more recommended. This treatment must,
however, make the wine sour.

The deposits formed in deteriorating or old wines
are not effected by the mierobes which we have just
enumerated, but are due, according to Pasteur, to
the eombination of oxygen with the wine under the
action of time. This constitutes the aging of wine.

Viscous Fermentation of Saccharine Liguids—
What is termed viscous fermentation takes place in the
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106 MICROBES, FERMENTS, AND MOULDS.

fermentation, after which it turns sour and produces
lactic acid and mannite,

Lactic fermentation requires the presence of pro-
teid matters in process of decomposition, and it ean
only ve carried on when the degree of acidity in the
liquid does not exceed definite limits. For this purpose
a certain amount of ehalk is added, to neutralize the
acid formed at the expense of the sugar.

It is somewhat diffieult to observe the mierobe of
this fermentation without previous instruction. It
appears in the form of grey patches, which are readily
confounded with casein, and with the disintegrated
gluten, or the chalk of the liquid under exai

ik

i-7%

Under the mieroscope the patch is seen to consist of
minute globules, or of filaments with very short articu-
lations, isolated or in flakes. These are the characters
of the genus Bacteriuwm (Figs. 57, 58). The globules
are much more minute than those of the yeast of beer,
and are strongly agitated when in isolation by a
motion incorrectly termed Brownian movement, and
which does not in reality differ from the movements
which may be observed in most of the spores of the
lower orders of plants, and in a great number of
bacteria.
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108 MICROBES, FERMENTS, AND MOULDA.

it may be ascertained that the ferment was introduced
by some accidental cause, such as a surgical examina~
tion, and that the sound served to convey the mierobe.
It is, in any case, sufficiently common at the exterior
orifice of the urcthra, and at the depth of two or three
centimetres.

Von Tieghem has shown by precise experiments

Fig. 9. —Microtoseus urex (Von Tieghem). Microbs of ammonfacal fermentation.
It B»u_.u._u“uch._i—f_ the bacterium ks in the Bgure &, or in chapleds. (Much
mnagndfiod.

that the presence of this microbe is the true cause of
the ammoniacal fermentation of urine. With certain
precautions, the urine withdrawn from a healthy
bladder may be preserved for an indefinite time,
These experiments have been recently resumed by
Sternberg, an American physician, who has clearly
demonstrated that only the mierobes of the air, or
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110 MICROBES, FERMENTS, AND MOULDS.

Pasteur has ascertained that this fermentation
results from the development of a mierocbe which
takes the form of minute eylindrical rods, rounded at
their extremities, usually straight, and either isolated
or united in chains of two or more articulations.
These rods are about two micro-millimetres in width,
and from two to twenty micro-millimetres in length.
They advance with a gliding motion, are often curved,
and present slight undulations. They are reproduced
by fission. These characters are those of the genus
bacillus,

Coagulation of Milk: Cheese.—The coagulation of
milk is artificially produced by rennet, the liquid
secreted in a calf's stomach. Human gastric juice
produces the same effect, and the milk introduced as
an aliment into the stomach is never digested until it
has been curdled, both in children and adults. The
artichoke flower, and other plants of the genus Coar-
duus, will also curdle milk at a temperature between

S 30% and 50°, It is probable that this
= J’ action is due to the presence of an

.nl.sﬂn..d organized ferment (animal or vege-

Fig. 60— Bosllus amy- table cells), which here supplies the

lubazter bulyr . .
“vaiyrc fenenr,  place of the microbe of lactic fermen-

"“.-n_ ol chesa, tation.
It is with rennet, or with the still more active
juid produced by the maceration of the testicle of an
unweaned ealf, that those cheeses are made which
consist only of curd, boiled or unboiled, fresh or fer-
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112 MICROBES, FERMENTS, AND MOULDS,

VIII. PuTREFACTION, OR THE FERMENTATION OF
DeAp OrcaNic MaTter; A GAME FLAvouR.

The flesh of animals used for food is said to be
Ligh in the first stage of alteration which occurs when
it is left to itself Pasteur does not believe that this
effect is _:.C;:n d ._._u.‘ the intervention of the ferments
of the air, although this is the case with the putrefac-
tion which follows. He thinks that it ._u..‘...ﬂ.n._u1 results
from the aetion of what are called soluble or notwral
ferments in the serum of the meat, and that there is

a chemieal, reciproeal reaction of the liquids and solids

which are withdrawn from the normal action of vital
nutrition. This explanation is adapted to satisfy those
epicures who have a taste for high game and not for
microbes, Yet it is certain that this condition passes
into true putrefaction without any abrupt transition,
and we knowthat immediately after death the microbes,
which penetrate everywhere, take possession of the
animal tissues and begin their work of destruction.
When flesh is high, it is therefore probable that it
is in the first stage of putrefaction.

Gautier has made some experiments on the sub-
jeet, and holds that this condition is certainly due
to the action of microbes, and eonsequently to germs
in the air. In fact, meat which is placed in a soldered
and air-tight case after it has been deprived of germs
by a suitable process, is devoid of any kigh odour at
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which appear simultaneously with the moulds, pene-
trate deeply into the tissues, disintegrate them by
feeding at their expense, and the putrid condition
increases ; then the decomposition changes its nature
and becomes less intense. The putrefied matter is
finally desiceated, and leaves a brown mass—a complex
mixture of substances combined with water (hydro-
carbons), and of fatty and mineral substances which
gradually disappear by slow oxidation (Gantier).
Pasteur has ascertained, from the microscopie

e

Fig. 62.—Zeogloea of Spirilium femue.

study of the phenomena which oceur in an infusion
of animal matter in process of decomposition, that
microbes appear in it in the form of globules or
short rods (Micrococeus, Bacleriwm tevino, Bucillus,
ete.), which are either free or collected in a semi-
mucilaginous mass, to which the special name zoogloen
was at first given (Fig. 62). These microbes rapidly
deprive the liquid of all its oxygen. At the same

.

time a thin layer of maucedinee and of bacteria is
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116 MICROBES, FERMENTS, AND MOULDS.

ammoniacal salts, and consequently constitutes a
strong manure, very fit to serve as the nutviment of
plants.

This is at onee the beginning and the termination
of the endless chain which sustains the equilibrium
of nature, in which there is no creation, no destruetion.
Plants draw their nutriment from the soil and the air
in the form of mineral solutions, and are devoured
by animals or by other parasites ; animals are in their
turn devoured by mieroseopie plants or mierobes, and
return by means of putrefaction to the condition of
mineral salts, which are distributed in the soil, and
gerve anew for the nutrition of plants.

We must at the same time be struck by the
resemblance which exists between these phenomena
of putrid fermentation, and those which oceur in the
formentations which accompany the nutrition of
animals and plants, Cermination and the different
digestions which oeeur in the mouth, the stomach,
the intestines, ete., are only fermentations, so that
Mitscherlich has paraphrased the Seripture saying,
«Pust thou art, and unto dust thou shalt return,”
by declaring that “ Life is only a corruption.”

It should, however, be remembered that fermenta-
tions are essentially phenomena of disintegration,
which always reduce complex, organic substances to
those which are simpler. Plants provided with
chlorophyl, on the other hand, alone possess the
property of forming higher organic compounds, by
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118  MICROBES, FERMENTS, AND MOULDS.

on the surface of liquids, or of the organie substances
on which they feed. These are termed aérobies,
or consumers of air. Others, again, can live beneath
the surface of liquids and in living organisms, or of
those in process of decomposition, and must neces-
sarily derive the oxygen necessary for their respira-
tion from the oxygenated substaneces in which they
are found. These are termed anaérobies,

\

Flig. 83— Fibrio rigula in difforent stages of dovelopment (anasrobie), much anlarged.

[

This distinetion and the theory on which it relies
have been introduced into science by Pasteur, and
they appear to be founded on observed facts. Thus
Bacteriuwm termo, which lives on the surface of putre-
fying liquids, is an atrobie; while Vibrio rugula
(Fig. 63), which lives below the surface of the liquid,
below the layer formed by the Bacteriwm fermo, is an
anaérobie, and derives its oxygen from the water or
solid matters which are found in it in suspension or
solution, and even from other mierobes. So, again,
the yeast of superior beer is an aérobie, and the yeast
of inferior beer is an anaérobie, ete. Paul Bert regards
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120 MICROBES, FERMENTS, AND MOULDS,

abundantly supplied to them, the microbes are very
mobile ; as soon as the quantity of sulphur diminishes
they become less mobile, and reconsume the sulphur
they have stored up; finally, they become quite
motionless—a phenomenon concomitant with the forma-
tion of spores. Within each eell of the filamentous

alga there is a minute sphere, brilliant and refracting,
of which the development is in inverse ratio to the
quantity of sulphur in the surrounding liquid. These
spores become free in the form of chaplets, after the
destruction of the eell-wall, and these chaplets are
precisely like those of Bacillus subtilis,

Planchud was the first to whom it oeccurred to
look for a speeial ferment in the glairine or bardgine
which may be seen floating on the surface of sul-
phurous waters. He showed that one gramme of ecar-
bolie acid to a litre of water arrests the reduetion of
the sulphates into sulphur, and that this reduction is
resmmed as soon as the carbolic acid has evaporated.
Six grammes to the litre completely destroy the
Sulpliuraris, as these alge are termed by Planchud.

This observer also performed experiments which
led him to believe that the same algm will reduce
gypsum to native sulphur, and that the vast deposits
of sulphur found in eertain regions are due to the
action of this microscopic plant. It is now well
known that a chemical action of the same nature,
the production of saltpetre, is the work of similar
microbes.
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122 MICROBES, FERMENTS, AND MOULDS.

materials for effecting oxidation. This is another
instance of the part played by mierobes in artificial
fermentation.

Gayon and Dupetit believe that, in addition to
the microbes which produce nitre, there are others
which decompose the nitrates produced by the former.
When ‘nitrate of potassium is placed in culture-
liquids, drain-water, chicken-broth, ete., it disappears
rapidly under the action of these microbes. Under
favourable conditions of temperature and environ-
ment, culture microbes daily reduce one gramme of
nitre to the litre. This decomposition causes the dis-

engagement of nitrogen, the formation of ammonia
and carbonie acid, which latter remain in solution in
the form of biearbonate. CGayon and Dupetit believe
that this faet explains certain chemical phenomena
which oceur in the soil, under the influence of manure

and water,

Thus fresh discoveries show more clearly every
day the importance of the part played by microbes
in nature. Agrieulture, manufactures, geology, and
chemistry must take them into account, since they
are the active agents of a number of phenomena
which have hitherto been obseure in  physies,
chemistry, and physiology.
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124 MICROBES, FERMENTS, AND MOULDS,

both in air and water may, therefore, be indefinitely
preserved in a protective medium, such as a brick
wall covered with plaster. They are nourished at
the expense of the ammoniacal salts which are found
in the air in a gaseous state, and which are fixed by
atmospheric moisture, and it is probable that they
derive little nutriment from the solid materials in
the midst of which they live, although by their
inerease disintegration may ensue, Hence, especially
from the rie point of view, it is so important to
disinfect the walls of hospitals, barracks, stables, ete.,
by seraping and whitewashing them.

Parize also believes that microbes may perform
a geological part in nature by disintegrating the
schistoid rocks which enter into the constitution of
arable soil. But we are now speaking of microbes of
recent origin, sinee the temperature to which clay is
subjected in order to make red bricks would certainly
destroy all the mierobes and their germs, This is not

the case with the mierobes of chalk, which, according
to Béchamp, are of very an

XIIL Tue Micropes oF CHALE AND CoOAL.

Béchamp's researches tend to show that mierobes,
which he calls wmicrozyma, or small ferments, have an
almost indefinite term of life. We know that chalk
consists almost entirely of the remains of the caleareous
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126 MICROBES, FERMENTS, AND MOULDS.

them. But this cannot always have been the case,
and it has been supposed that the phenomenon of
coal formations, still so obscure and so variously
explained, was, at any rate, partially due to the
physiologieal labour of these microbes, and con-
sequently belongs to the class of fermentations.

XIV. CaroMoGENIC MICROBES.

In addition to the eolourless mierobes, such as are
most of those we have hitherto considered, there are

others remarkable for their vivid and varied eolours,
which betray their existence to the least practised
eyes. Many of these microbes attack our alimentary
substances, and should therefore be known to the
manufacturer and hygienist, since their action on
the hnman system is often injurious.

Many phenomena which have struck the imagina-
tion of ignorant and credulous people are merely due
to the presence of these coloured mierobes, In 1819,
8 peasant of Liguara, near Padua, was terrified by
the sight of blood-stains seattered over some polenta,
which had been made and shut up in a cupboard on
the -previous evening. Next day similar patches
appeared on the bread, meat, and other articles of
food in the same eupboard. It was naturally regarded
as a miracle and warning from heaven, until the case
had been submitted to a Paduan naturalist, who easily
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MICROBES, FERMENTS, AND MOULDS

1836, in a stream near Jena, and which he named Ophi-
domonas jenensis, or sanguines (Fig. 65). It is, on
aceount of its form, now placed in the genus Spirillum,
Like many other plants, it readily passes from green
to No one is surprised by the green scum
which covers reservoirs in summer, since it i8 so
common; but when this colour ¢hanges, often in a
single night, and passes from green to red, the unacens-
tomed tint execites wonder, although it is caused by

Flig. 85 —phido ? Fig. 88— Prodococeus nivalis afl
etagnant waier (slighily 5 rod smow (maagnified).

the same plant which was green the day before. If
there is a thunderstorm or waterspout which draws
up the red water from the ponds and reservoirs, and
discharges it in the form of rain on the surrounding
country, we hear of the phenomenon that it rains blood,
and it would be easy to find in the drops of rain the
reddish mierobe which imparts this eolour to them.
In northern regions the snow is often tinged with
the colour of blood by an analogous Micrococcus, which
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130 MICROBES, FERMENTS, AND MOULDS.

B. eyanogenum, which give respectively a yellow
or blue eolour to milk (Fig. 67). Peasants say that
an evil eye has been cast upon the milk, but it is
easy to prove that the development of these microbes
is due to imperfect cleansing of the tin milk-vessels,
since the discolouration ceases when greater care is
taken to wash and scald the vessels.

Bread often displays microscopic growths of a
dark green or orange colour, and in this state it
cannot be introduced into the stomach without
danger. In the first case it is Baeterium rugi-
noswi, in the second Microcoeeus aurantiacus. The
badly made and badly baked bread of the Fremch
peasants, which is often kept for a fortnight or more,
exposed to the moisture and heat which favour the
development of these microbes, sometimes displays
the first of these changes; the second is partienlarly
common in soldiers’ bread, which must likewise be
baked several days in advanee, and which is conveyed
in carts exposed to the weather. Mégnin recently
observed a eryptogamic growth of this kind on the
bread distributed to the garrison of Vincennes.

The spores of these mierobes are found in flour,
and resist a temperature of 120°, while they are
destroyed by that of 140°. Thus they are no longer
found in the crust, of which the temperature rises
to 200°; but may easily subsist in the much lower
temperature of the erumb. Henee the necessity of
only using flour perfectly free from germs.
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132 MICROBES, FERMENTS, AND MOULDS.

CHAPTER IV.

MICROBES OF THE DISEASES OF OUR DOMESTIC ANIMALS,
L Awrurax, or SprLENIC FEVER

Tue first of the
which the pre

ulent and contagious diseases in
e of a mierobe was positively
aseertained was anthrax, or splenie fever, which
attacks most of our horned animals, and especially
cattle and sheep.

As early as 1850, Davaine had observed the
presence of minute rods in the blood of animals which
died of splenie fever; but it was only in 1868, after
Pasteur’s first researches into the part played by
microbes in fermentations, that Davaine suspected
these rods of being the actual cause of the disease.
He inoculated healthy animals with the tainted blood,
and thus ascertained that even a very minute dose
would produce a fatal attack of the disease, and the
rods, to which he gave the name of Bacferidia, could
always be discovered in enormous numbers in the
blood.
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134 MICROBES, FERMENTS, AND MOULDS,

and butchers who break and handle the bones of
animals which have died of anthrax.

The period of incubation is very short. An ox
which has been at work may return to the stall
apparently healthy. He eats as usual; then lies down
on his side and breathes heavily, while the eyes are
still clear. Suddenly his head drops, his body grows
cold; at the end of an hour the eye becomes glazed ;
the animal struggles to get up, and falls dead. In
S_..E Case, the _.:_:..u..... has .:._.”_.w‘ lasted for an hour and
a half (Empis).

\.\_ 0% 5
)
@6 \Mwmﬁwwem
& kﬂﬁ%-.\@.m 4

i A

Fig. 69, —Pacillus anthracis, produeed In gulnea-plg by inoculation: corpuscles of
Bileed mnd baedill,

In order to prove that the disease is really caused
by Bacillus anthraeis, Pasteur inserted a very small
drop of blood, taken from an animal which had
recently died of anthrax, in a glass flask which con-
tained an infusion of yeast, neutralized by potassinm
and previously sterilized. In twenty-four hours the
liguid, which had been clear, was seen to be full of
very light flakes, produced by masses of bacilli, readily
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136 MICROBES, FERMENTS, AND MOULDS. |

These spores are much more tenacious of life than
the microbes themselves. The latter perish in a tempe-
rature of G0°, by desiceation, in a vacuum, in ecarbonie
acid, alcohol, and compressed oxygen. The spores .
on the other hand, resist desiceation, so that they can

float in the air in the form of dust. They also resist |
a temperature of from 90° to 95°, and the effects of & |
vacuum, of earbonic acid, of aleohol, and compressed
__._.m-‘._._r:.

In 1573, Pasteur, aided by Chamberland and Roux,
carried on some experiments on a farm near Chartres,
in order to discover why this disease is so common in
some districts, in which its spread cannot be aseribed
to the bite of flies. Grass, on which the germs of
bacteridia had been placed, was given to the sheep.
A certain number of them died of splenic fever. The
glands and tissues of the back of the throat were |
very much swelled, as if the inoenlation had oceurred
in the upper part of the alimentary canal, and by
means of slight wounds on the surface of the mucous
membrane of the mouth. In order to verify the fact,
the grass given to the sheep was mixed with thistles _
and bearded ears of wheat and barley, or other prickly .
matter, and in consequence the mortality was sensibly
increased,

In cases of spontaneous disease it was surmised
that the germs which were artificially introduced into
food in the course of these experiments, are found
upon the grass, especially in the neighbourhood of
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138 MICROBES, FERMENTS, AND MOULDS.

mer, It is, in fact, in hot weather that the disease
is most prevalent. Animals may, however, contract
it even in their stalls from eating dry fodder on which
germs of these bacteria remain.

Pasteur and his pupils performed an experiment
in the Jura in 1879, which clearly shows that the
presence of germs above the trenches in which car-
cases have been buried is the principal cause of
inoculation. Twenty oxen or cows had perished, and
several of them were buried in trenches in a meadow
where the presence of these germs was ascertained.
Three of the graves were surrounded by a fence,
within which four sheep were placed. Other sheep
were folded within a few yards of the former, but in
places where no infected animals had been buried.
At the end of three days, three of the sheep folded
above the graves had died of splenic fever, while those
exeluded from them continued to be healthy. This
result speaks for itself,

Malignant pustule, which is simply splenie fever,
affects shepherds, butchers, and tanners, who handle
the flesh and hide of tainted animals. Inoeulation
with the bacillus almost always oceurs in consequence
of a wound or serateh on the hands or face. In Ger-
many, fatal cases of anthrax have been ohserved, in
which the discase has been introduced through the
mouth or lungs, as in the case of the sheep observed
by Pasteur. The human subject appears, however,
to be less apt to contract the disease than herbivora,
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140 MICROBES, FERMENTS, AND MOULDS,

the disease, but generally in a very mild form, and it
is an important result of this treatment that they are
henceforward safe from a fresh attack of the disease ;
in & word, they are vaceinaled against anthrax.

In the cultures prepared with the view of attenn-
r the microbe, it is the action of the oxygen of
the air which renders the bacteridium less virulent.
It should be subjected to a temperature of from 42°

at

3

to 43° in the case of Bacillus anthracis, to enable it
to multiply, and at the same time to check the pro-
duction of spores which might make the liquid too
powerful. At the end of the week, the culture, which
at first killed the whole of ten sheep, killed only four
or five out of ten. In ten or twelve days it ceased
to kill any ; the disease was perfectly mild, as in the
se of the human vaccinia, of which we shall speak
presently.  After the bacteridia have been attenuated,
they can be cultivated in the lower temperature of
from 30° to 357, and only produce spores of the same
attenuated strength as the filaments which form them
(Chamberland).

The vaccine thus obtained in Pasteur's laboratory
is now distributed throughout the world, and has
already saved numerous flocks from almost eertain
destruction.  Although this process has only been
known for a few years, its results are such that the
gain to agriculture already amounts to many thousands
of pounds, i
Toussaint makes use of a slightly different mode
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FERMENTS, AND MOULDS

sions composed of most competent men, have clearly
shown the virtne of the protective action. In the
| summer of 1881, the initintion was taken by the
Melun Society of Agrieulture. Twenty-five sheep and
eight cows or oxen were vaccinated at Pouilly-le-Fort, _
and then re-inoculated with blood from animals which _
had recently died of anthrax, together with twenty-
five sheep and five cows which had not been previ nsly
vaecinated. None of the vaceinated animals suffered |
while the twenty-five test x_zhot died within —.c_.&uul
ght hours, and the five eows were so ill that the
veterinary surgeons despaired of them for several
days,

_ This experiment was publicly repeated in Sep-
tember, 1851, by Thuillier, Pastenr’s fellow-worker,
whose death we have recently had to deplore, before the
representatives of the Austro-Hungarian Government ;
and again near Berlin, in 1882, before the representa-
tives of the German Government, and always with
the same success. Up to April, 1882, more than
130,000 sheep and 2000 oxen or eows had been vac-

cinated ; and since that time the demand for vaceine |
from Pasteur's laboratory bas reached him from every
quarter,

IIT. Fowr CHOLERA.

The sickness of barn-door poultry, which is com-
monly called cholera, is caused by the presence in the
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144 MICROBES, FERMENTS, AND MOULDS.
probable that we have only two forms of the same
microbe, for the bacillus in Klein’s culture at first
resembles Bacterium. termo, in the form of an 8, before
it is elongated into rods.

Pasteur has succeeded in making eultures of
microbes in the figure 8. He has inoculated swine
with the attenuated form, after which they have been

able to resist the disease, so there is reason to hope
that in the near future this new vaecine, confaining
the attenuated microbe, may become the safeguard of
our pig-sties.

V. OF soME OTHER DISEASES PECULIAR To DoOMESTIC
ANIMALS.

An epidemie which raged in Paris in 1881 was
ealled the typhoid fever of horses, and was fatal to
more than 1500 animals belonging to the General Om-
nibus Company in that city. 7This disease is also pro-
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146 MICROBES, FERME

I'S, AND MOULDS.

to twenty-five days, but the animal was afterwards
safe from further attacks of the disease.

Cattle plague, or contagious typhus, is likewise
aseribed to the presence of a mierobe with which we

are as yet imperfectly acquainted

Ex;j

tion, s
anthrax, and has been 1

intention of wvaced

"asteur’s process.

imental septicemia is entitled to special men-
¢ it has too often been confounded with

kilfully produced with the
animals in accordance with
occurs when too _c.:._-“ an

interval (twenty-four hours) clapses after the death of

Fig. T1,—8epiic wibwio, ba

ea-Jikg . O, from & mouse's fy

t ordema (K @, taken from spleen of

-

an animal, before taking from it the blood intended for
vaceine cultures.  After this date the blood no longer
containg Hacillus antlracis, which is succeeded by
another microbe termed Vibrio seplious, differing
widely from the anthrax microbe in form, habit, and
character (Fig. 71).  Bacillus anthracis is straight and
immobile, while the septic vibrio is sinuous, curled,
and mobile, Moreover, it is anaérobie, and does nob
survive contact with the air, but it thrives in a vacuum

or in carbonic acid. Since Bucillus anthracis is, on
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148 MICROBES, FERMENTS, AND MOULDS.

The following conclusions are the result of Pasteur's
researches into the virus of rabies.

This virus is f
affected by ra

ind in the saliva of animals and men
s, associated with various microbes.
Inoculation with the saliva may produce death in threa
forms: by the salivary microbe, by the excessive
development of pus, and finally by rabies.

The brain, and especially the medulla oblongata, of
men and animals which have died of rabies, is always
virulent until putrefaction has set in. So also is
the spinal cord. The virus is, therefore, essentially
lucalized in the nervous system.

Rabies is rapidly and certainly developed by tre-
phining the bones of the eranium, and then inoeu-
lating the surface of the brain with the blood or saliva
of a rabid animal. In this way there is a suppression
of the long incubation which ensues from simple
inoculation of the blood by a bite or intra-venous
injection onany part of the body. It is probable that
in this case the spinal cord is the first to be affected
by the virus introduced into the blood ; it then fastens
on its tissues and multiplies in them,

Asa general rule, a first attack which has not proved
fatal is no protection against a fresh attack. In 1881,
however, a dog which had displayed the first symptoms
of the disease of which the other animals associated
with him had died, not only recovered, but failed to
take rabies by trephining, when re-inoculated in 1882
Pasteur is now in possession of four dogs which are
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150 MICROBES, FERMENTS, AND MOULDS.

mixed microbes, presenting no trace of the original
liquid, and this was done in vessels protected from air-
germs. These cultures may be carried to the eighth
generation.

Asses and horses inoculated with liquid containing
the microbes produced by this culture have died with
the lesions characteristic of glanders (glanderous
tubercles in the spleen, lungs, ete.). Cats and other
animals which have been inoculated in the same way
die with glanderous tubereles in the lymphatic glands
and other organs. 3

It follows from these experiments that the microbe
which causes this disease is always reproduced in the
different culture liquids with its characteristic form
and dimensions ; that uni-ungulates ean be inoculated
with it, as well as man and other animals. In fact, this
microbe is the essential cause of the disease.

VIII. PErRINE AND FLACHERIE, DISEASES AFFECTING
SILKWORMS,

We have alrealy spoken of museardine, a silk-
worm's disease produced by a microscopic fungus;
two other diseases are caused by distinet microbes, of
which we must shortly speak.

Pebrine~—In the silkworm nurseries, in which this
disease prevails, the silkworms which issue from the
exgs, technically called seed, are slowly and irregularly
developed, so as to vary greatly in size. Many die
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152 MICROBES, FERMENTS, AND MOULDS,

own researches soom induced him to adopt the
same view.

The pebrine microbe was long regarded as a true
bacterium, successively deseribed as Baclerivm bom-
bycis, Nosema bombycis (Fig. 72), and
dFn e FPawistophyton ovale. Balbia
2020 M@ researches tend to show that it should

¢ be assigned to another group, much
[i] nearer to animals, and designated

Sporozoaria.

Sporozoaria.—These protista, still
recarded as plants by many naturalists,
chiefly differ from bacteria by their mode of growth
and reproduction, in which#hey resemble the para-
sitic protozoaria, termed Psorospermia, Coccidies, and

arinide,

In Sporozoaria, growth by fission, the rule in all
bacteria, has not been observed; this distinetion is
fundamental. Sporozoaria multiply by free spore-
formation in a mass of sarcode substance (protoplasm),
resulting from the encysting of the primitive corpuscles

(mother-cells). The formation of nmumerous spores
may be observed within the mother-cells, having the
appearance of pseudonavicelle or spores of gregari-
eand psorospermia (parasites of vertebrate animals).
Balbiani forms these organisms, which are found in
many insects, into & small group, which he terms
Microsporidia.

The ripe spores are the vibratile corpuseles of

n
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154 MICROBES, FERMENTS, AND MOULDE

ereosote or carbolie acid, which do not affect the silk-
worms (Béchamp), and which hinder the development
of microsporidia. These fumigations likewise keep
the litter from becoming corrupt, and in a properly
conducted nursery the litter is kept dry. —
.__..__.;G___.a__,__m.l.d.a.g:ﬂ_u. confounded with pebrine, the

disease flacherie is still more destruective to silkworms, u_
The symptoms are remarkable. The rearing of silk-

worms often goes on regularly up to the fourth moult, _
and success seems assured, when the silkworms suddenly |

cease to feed, avoid the leaves, become torpid, and |
perish, while still retaining an appearance of vitality, ]
50 that it is necessary to touch them in order to ascer-
tain that they are dead. In this state they are termed
morts-flats. A few days, sometimes even a few hours,
suffice to transform the most flourishing nursery into Il
a charnel-house.

mined these morts-flats, and found that

Pasteur e

|

the leaves contained in the stomach and intestine were *,
full of bacteria, resembling those which are developed

when the leaves are bruised in ‘.,_

sl g a glass of water and left to putrefy I

%% = (Fig73). Ina healthy specimen, i

of good digestion, these bacteria
P i iirococcut o> are mever found, It is therefore

mewinx e da) evident that the disease is owing
to bad digestion, and becomes rapidly fatal in animals
which consume an enormous amount of food, and do
nothing but eat from morning to night. The digestive
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Lot MICGRUBES, FERMENTS, AND MOULDS,

CHAPTER V.

THE MICRODES OF HUMAN DISEASES.
I. MicropEs OF AR, EARTH, AND WATER

It is generally admitted that the large majority of
epidemic and contagious diseases which affect men
and animals are caused by the introduction of certain
kinds of microbes into the organism. In reply to the
question how these miérobes are introduced into the i
body, and where they are before entering it, it is easy
to show that these mierobes exist in immense numbers
—they or their spores—in the air we breathe, in the
water we drink, in the ground on which we tread, ]
and whence there rises, whenever it is dry, a fine dust
charged with all sorts of germs, which penetrate
together with the air into our mouths and lungs. |

For a long while we were almost completely _
ignorant of the conditions of existence of these
microbes when they are in the soil or water. The
recent researches of Zopf, a German botanist, tend to
show that among the inferior algwe termed Bacteria
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158 MICROBES, FERMENTS, AND MOULDS,

Sechizophyta may therefore have two very different
modes of existence, comparable to the hetermeia (change
of habitat) and dimorphism of the fungi Ascomycefes
and Basidiomycetes. Schizomyeetes however, although,
like fungi, they obtain their nourishment from organie
substances which have been already elaborated, are
not true parasites in the first stage of their existence,
during which stage they live freely in the water, or on
the damp soil. They become true parasites when they
penetrate into the blood and tissues of man, in which
they necessarily live at the expense of their host.

Hence it may be seen why half-dried marshes,
meadows from which a river has retreated in order
to return to its bed, great excavations of the soil
necessary in H.::__.,_.bm.-e.ug___ﬁﬁ ete., become the souree
of a large number of epidemic or eontagious diseases,
In all these places the subsiding waters have left
Schizephyta, or microbes in a dried state, and these
are soon transformed into dormant spores, which are
diffused through the air and enter the mouth and
lungs of men living near the rivers and marshes, or
who are¢ working on the railway-cutting, The soil
which has remained undisturbed for a long while is
full of dormant spores, drawn into it by the rain to
a greater or less depth; these may preserve their
vitality for many years, waiting for the favourable
medium which leads to their fresh development.

An acquaintance with air-germs, with the microbes
of earth and water, has therefore become indispensable
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160 MICROBES, FERMENTS, AND MOULDS.

apparatus is founded on the prineiple of the agroseope,
invented by Pouchet for the examination of air-dust.
It consists of a small eylinder in which a current of
air is produeed by means of an aspirator, on which
running water acts, similar to those in use in all
laboratories of physies and chemistry. A thin plate of
glass, which has on it a layer of glycerine, is placed
at the bottom of the eylinder, so as to intereept the
current of air and arrest the dust. The apparatus
_..u:ﬁ_:._.__..__ rv‘ uv_m_»__.h_ at Montsouris is _;.L.__. a modifica~
tion and improvement of the one devised by Pouchet.
The glass slide is then transferred to the objective
of the mieroscope in order that the dust deposited
on it may be examined.

This process has enabled Miguel to define the laws
which rule the appearance of microbes in the atmo-
sphere, and he has been able to ealeulate their number
in a given volume of air. With respect to such fungi
and algee as live in our houses (moulds), and on our
roofs, walls, and on damp ground (such alg® as Peni-
eillivwm, Profococcus, Clilerococeus, ete ), he has arrived
at the following results, as far as Montsouris, the site
of his experiments, is coneerned.

Few in number in January and February, the
number of mould-spores further diminishes in Mareh,
and rises again in April, May, and June, in which
month the maximum is attained. The decrease is slow
up to October, more marked in November, and the
minimum is observed in December, In this case the
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162 MICROBES, FERMENTS, AND MOULDS.

Sterilized Flasks—Pasteur has shown that air may
be deprived of all its germs by bei g passed through
a capillary tube, turned back upon itself He takes
a glass flask and draws out its neck so as to form
a long fube, which is bent in different directions
(Fig. 76). The prolonged application of heat expels
the air contained in the flask, which is therefore
sterilized, and it is then allowed to cool slowly. A

-

Fig. 10.—Pasteur’s flask, with bent tubs, contalning & cultars lsquid; sterilined,

hot eulture liquid may now be put into the flask. I
must be ascertained, by keeping the flask at a tem-
perature of 36° for several days, that the liquid is
completely sterilized. The culture flasks are thus
fitted to receive the air which is to be the object of
study, together with the spores contained in it.
Culture liguids—There is a considerable variety
of culture liquids : Pasteur’s mineral solution, infusion
of hay or turnips, neutral urine, chicken-broth, beef-
tes, ete. They should be plunged in a bath heated
to a temperature of 150° to 180° since some spores
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164 MICROBES, FERMENTS, AND MOULDS,

two or three days of damp, rainy weather, the rain-
water often contains more bacteria than when it began
to fall. Si
it seems that the bacteria are able to live and
multiply in the clouds, or else that the elouds, in
their passage through space, take up a varying con-

¢ the atmosphere is then excessively pure,

tingent of germs,

The maximum of air-germs is observed in autunin,
the minimum in winter; thus, 50 bacteria were counted
in December and January, only 83 in February, 105
in May, 50 in June, and 170 in October,

Inversely to what oceurs with moulds, the number
of bacteria, low in rainy weather, rises when all
moisture has disappeared from the surface of the soil.
The effect of drymess is greater than that of warmth,
This explains the searcity of bacteria after the great
rains of February, April, and June. A long dronght
is, however, unfavourable to their development,

Miquel's exy ents lead him to conclude that
dew, the evaporation from the soil, is never charged
with spores. The dry dust in the neighbourhood of
inhabited places, and especially of hospitals, is, on the
other hand, charged with microbes, In the centre of
Paris, for example, in the Rue de Rivoli, there are
nine or ten times as many microbes in the atmosphere
as in the neighbourhood of the fortifications. In the
Montsouris Observatory, south of Paris, the north
winds bring many more bacteria than the south winds,
The most impure wind comes from the hills of Villette
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166 MICROBES, FERMENTS, AND MOULDS,

These numbers are the minima. The putrefaction
of stagnant sewer-water produces germs from which,
in a few days, microbes are multiplied by thousands,

Certes, in France, and Maggi, in Ttaly, have lately
been oecupied with the micrographie study of drink-
ing-water. These observers reveal the presence of

mierobes in the water under examinat by means
of staining reagents. The reagent most in use is a
15 per cent. solution of osmic acid (Certes), Osn
acid kills the microbes without changing their form,
pitates them to the bottom of the glass
whence it is easy to collect them. A eubie
centimetre of the solution suffices for 30 or 40 eubic

and

centimetres of water, It is allowed to settls, then
the liquid is poured off, and the thick, dark-coloured
deposit which remains consists of all the organisms

previously diffused in the liquid, and may be examined
under the microscope. The only drawback to the
use of this reagent is the high price of osmie acid,

a matter worth consideration in the extensive and
comparative researches necessary in  these cases
Maggi obtained analogous results with chloride of
palladium, and Certes with iodide of glycerine, and
aleoholie solutions of eyanine, gentian, ete. ; but none
of these reagents are as efficient as osmic acid, of
which the effect is more precise, constant, and durable.

Microbes of the Soil—The presence of microbes in
the soil has been proved by Pasteur and his fellow-
workers, Chamberland and Rous, in the researches into
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168 MICROBES, FERMENTS, AND MOULDS,

malavia only prevails in marshy countries when the
marshes are partially dry, and especially in summer,
In order to make such country healthy, ‘the marshes
must be completely dried and filled up, and then
transformed into cultivated ground. Se, again, the
river valleys in France only become unhealthy when
the stream returns to its bed, leaving the adjoining
meadows transformed into mars s, which gradually
dry up and send forth into the air a host of spores,
produced by the schizophyta deposited by the water.
Finally, great excavations of earth diffuse through the
atmosphere the dormant spores brought thither by rain,
and remaining in & desiceated state in the soil.

In many cases, the intervention of two mierobes of
different kinds have been assumed to explain the nature
and progress of great epidemics, such as cholera, yellow
fever, and typhoid fever. This is termed by Niigeli the
diblastic theory (or that of two producing agents of
disease). Thus the mierobe of malaria, or intermittent
fever, which is not contagious, often predisposes the
patient to receive the attacks of another zymotic
disease, such as cholers or typhoid fever. The two
microbes may subsist simultaneously in the human
frame, and their joint action may weaken the organism
at the expense of which they live and multiply.
Numerous cases might be cited to support this theory,
and the following examples may be given —

“In the summer and autumn of 1873 the town of
Spires was visited by cholera, which was limited to
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170 MICROBES, FERMENTS, AND MOULDS.

by contact with the men, nor by that with the
clothes and baggage, which were mixed together,
The cholera microbe which had been brought on
board ship could only act on the detachment mias-
matically predisposed by their previous residence in

an unhealthy place, eontai ing the malaria microbe

(Nageli).

Miasma and Microbes,—This leads us to say a few
words on the term miasma, formerly in such eommon
use, and now without meaning. Before the existence
of microbes and air-germs was known, the doubtful
and mysterious principles which were believed to he
the cause of virulent and contagious disenses were
termed minsmata, and these miasmata were generally
supposed to be gases. It is now proved that this cause
resides in solid, living particles, the microbes and their
germs: the term minsma is less and less employed,
or serves to designate air-germs. When, therefore,
Niigeli uses the word, he regards it as Synofymous
with microbes or air-germs.

The Question of Privies—Hence it follows that
it is erroneous to apply the name of missmata
to true gases, some of which exert an i yjurious in-
fluence on the human system. Such are sulphuretted
hydrogen and ammonium sulph-hydrate which are
disengaged from privies, and produce the disease called
plowmb in the men employed to empty them. These
gases are deleterions to microbes as well as to men ;
microbes cannot co-exist with them, which is perhaps
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172 MICROBES, FERMENTS, AND MOULDS,

vided there is a sufficient flow of water to take all
solid matters with it and completely cover them.
These are deposited in places assigned for them, which
must necessarily be very remote from thickly populated
places. When these matters are then spread over
a large surface to dry in the air, the oxygen becomes,
as Pasteur has said, the great purifier of microbes,

In Paris, some of the sewage water of the great
main sewer is diverted on to the peninsula of Genne-
villiers, and it is then directed into out fo serve as
a manure for market gardens. After fi tering through
the cultivated plots, the water flows off in & limpid
stream,

Cornillean, whose medical practice is at Genne-

villiers, has recently issued a report, showing plainly
that the sewage is but a slight source of danger to
the inhabitants of the peninsula. During the serious
outhreak of typhoid fever which occurred in Paris in
L8582, there were only two typhoid eases in the whola

eommune, and these eases were imported from Paris,

II. MicroBes oF 1) MovuTH AND DIGESTIVE CANAL
I¥ A Hearray Max,

Sinee there is a profusion of mierobes in the Air,
we can easily understand why they should be found
in the human mouth, and hence in all parts of the
digestive canal, They are for the most part H_E.E_mﬁm
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MICROBES, FERME AND MOULDE,

is perfectly sound, at 300,000 a day, and 100,000,000
a year. It is evident that these germs, always
present, may easily become the source of diseases, of
which thrush in the mouth of infants, and of sick and
dying adults, is one of the least alarming,

Sternberg, surgeon of the United States army,
1880, writes: “When I was occupied in the micro-

elopment: b, g, f, Indi-
. Foupd In the hunsan

seopie examination of foul river water at New Orleans,
I used to find in my own mouth almost all the
organisms which were present in the putrefying ligquid
I was examir ing—Bacterium termo, Bacillus subtilis
(Fig. 80), Spirillum undulatum,and a vari ty of minute
spherieal forms and of rods, difficult to classify except
under the generic names of Microcoeoi and Bactervia,
Another organism which I have often found in healthy
human saliva is a species of Sarcina, perhaps identical
with 8. ventrieuli”

But the organism most commonly found in the
buman mouth, which attracts attention from jts large
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176 MICROBES, FERMENTS, AND MOULDS.

III. Tae VievLest Mickone oF Heartay Howaw
SALIVA,

Pasteur and Vulpian in France, and Sternberg
America, diseovered almost ..E.:.:.E.E_::,_.__. that t
human saliva may, under eonditions with which we
are still imperfect

y acquainted, beeqme virnlent, and
that this virulence is due to the action of a Mierococcus,

ity

wlly present in the saliva, a microbe quite distinct
from that of rabies, of which we have already spoken.
It is only known that this micrococcus is very
common in the saliva of a healthy man, and that in
some individuals the saliva is exceptionally virulent.
When injected under the skin of healthy rabbits, it
produces grave affections, often resulting in the animal’s
death. These affections are due to the presence of
the micrococeus, since the saliva becomes harmless as
s00n as these organisms are removed from it.
Sternberg informs us t

it his own saliva is
among those which possess this curious and alarming
property. He regards the more abundant nutriment
which this microbe finds in the mouths of some
persons as the cause of this virulenee, sinee thus its
development is more energetic. “In my own case,”
he writes, “there is a very abundant secretion of
saliva. . , . My culture experiments show that this
migroeoceus multiplies very rapidly, and in virtue of
this faculty it has for a certain time the advantage

|
|
V
_
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178 MICROBES, FERMENTS, AND MOULDS,

supposed to be the cause of the early decay of teeth,
especially in children who eat them in excess,

The microbe which Miller has
found to be most common in de-
cayed teeth is very polymorphie.
Mieroccocus, bacterium, chains and
filaments, ave only different phases
of the same plant, which also pro-
duees acid fermentation in the
mouth, and the formation of lactic
acid. Within the dentine tubules,
a section examined under the
microscope shows all the inter-
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mediate stages between theisolated
micrococeus and the filaments
(Figs. 81, 82). Miller succeedad

Fig. #.—~Hacterinm of dental Eiu-ﬂ, A, different forms cbtalned In gelating
cukture.

According to his experiments, the best dentifrice for
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180 MICROBES, FERMENTS, AND MOULDS.

of the subjects of intermittent fever. By exposure
during the night of little glass plates in marshy
meadows, Salisbury was able to eolleet similar spores,
which settled on the lower surface of the glass, and
were found floating in the drops of condensed dew.*
On passing through these marshes in the evening,
there was a peculiar sense of dryness in the throat,
and expectoration revealed the presence of spores of
Palmella. Finally, earth taken from these marshes
was found to be full of the same organisms,

When the marsh begins to dry up, the spores are
produced in abundance, and intermittent fevers occur.
Salisbury writes that ©in 1862, the weather was very
web until about the 1st of July; but that during
July, August, and September, there was hardly a drop
of rain. The springs and water-courses were nearly
dried up, the marshes and wet grounds also became
dry, vegetation was almost completely arrested, and
the whole country presented an arid appearance.
Shortly after the drought began, intermittent fever
made its appearance in all the unhealthy districts, and
spread so rapidly during the months of July and
August, that it attacked almost every family living
on marshy ground.

“A low, peaty meadow extends along the canal

* We must repeat what has been said before, that the presence
of these sparcs in the alr is quite independent of that of the VApouE
which eonstitutes dew: in othor words, the vapour does not transport
thest spores, which must, on the contrary, be perfectly dry before thoy
can flat in the nir and settle on any damp object.
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182 MICROBES, FERMENTS, AND MOULDS,

while their sevén children, who slept on the second
floor, escaped. Salisbury ascertained that there was
a iog every morning, rising from a reservoir which
had been recently made. This fog reached the house
and rose above the first floor, but not as hich as the
windows of the second floor, and penetrated into the
parents’ bed-chamber through the open window. This
vapour had the same smell as the marsh, which was
covered with fever algm (Palmella fobrilis), and pro-
duced the same feverish dryness in the throat and
pharynx. The vapour dispersed soon after sunrise,
and before the children had left their chamber.

Salisbury likewise ascertained the polymorphism
of Palmella febrilis, a polymorphism which is eon-
firmed by the recent observations of the skilful
naturalist Zopf, and this fact explains the mode in
which an aquatic alga can live in the human blood,
in the form of Bacillus or Spirillum.

Still more recently (1879), marsh fover, or malaria,
which is so common in Sicily and in the Roman
Campagna, have been studied from the same point
of view by Crudeli, Cuboni, Cecei, and others, who
aseribe the disease to a vegetable parasite which they
call Bacillus malarvie. This bacillus is abundantly
found in the blood of patients during the period of
attack, while during the period of acme which ter-
minates each attack only spores are found. The same
microscopic organism is found in all the malarious
distriets of the Roman Campagna, and it ean be




womunb jo o dms
& posna aae Loy ywepy pom ‘sornEp Squmm o) pazjyumpaon gou W
Aoty mogs sonag snp) gonsyuco ofivo L[] U JUT Waouy 81y FNOOT
o213 8] uopnpdo @Y, a0A0) JuepUUXN] LN JOUTED ‘EIOAYGIAY
Apupoadse  poe ‘spEmiue JUIE G0 UL PRARYRG Aqrezound ¥ 91
‘preqory puv uwwAw] ‘sucefms Lreypnm OMT,
sodods
jo uwossima oy sopadsaxd WoIgM qmpi—enyouq oY)
ut Ljanpon qeoqeand jo pouad ey i spuodsaiioo
sAUM[B J0AR] JO SSI008 O} PUR ‘BINOY F[ SIUMIAUION
‘oF FPUBPUIOD SIWI}IULOS ﬁ—da a3 JOo wonnpoas 3G—a.._“
-mod oy “wumpfiydoziyag jo sewads oy 0 sdugaad puw
‘fyorrma &)1 0 Swpiosoy  10A9) yEem Jo Ljarua o)
o} Surpiosou 08 ‘uwprenb ‘uvieg ‘eswasip oy Jo addy
quapyuuur ey surejdxa poojq ey ur punoj A[PA1EEN
-ons aie saaeds g1 puwe snIowg oY) Uy 098] O,
‘sau0q a1} Jo modrem oty puw wsalds oy
st aqoanm oty Aq paszagoad 018 oy quyy Sursors ‘e
ur esoiy s8 awws oy} orw fsdoyne ue ur pesrssqo aaw
[OIM BUOEA] Oy, WO} U B —
20a0) s oonpoad o sw os fr I SRR U
I PagR[NDOUT 94 WED m.a.__cm._ puw
sIqqrIgug ‘uoryeAryma jo apuded
Auo qom S1 WSSO ST,
(g8 F1q) spuvy d o]
pae pragalo] ey} Jo JuHmMs Gy} ut
soURpUNGE Wl PUNOJ ST 31 §VI) WOWWOD OF BT ko i
BIT] Jammns ut _é:.tw SNOLIE[ENT SAGHR JEOQ arga
am jo wiens ey up CAprequom Jo gpaud  Lyypear
a1} Ul puncj Jou L §] SANJ[NO [EOPHLE Ul paanpoxd

2
?

€31 *GASVASId NVRAH 40 SAGONDIN dHL




184 MICRODES, FERMENTS, AND MOULDS.

have also observed the parasitic nature of intermittent
fever in Algeria. The organism which they have
constantly found in the blood of those affected by
marsh fever presents several different aspects, but
appears egpecially to attack the red eorpuscle of the

Averan): A, normal hematin; B, B, corprscls

s 1 L), oorpiscle 3, eontaining mobile

+ embsy G, detached

R corpascle No. 2, of small sk,

13 Ty Ly bamating to which the small aurpusclis No. 2 are
uteil beucocyles, Uieir nucld made visible by carmlne,

blood, in which, according to Laveran's expression,
“it is eneysted like a weevil in a grain of wheat”
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186 MICROBES, FERMENTS, AND MOULDS,

they appear in inereasing numbers, and their maximum
corresponds with the beginning of the rise in tempera-
ture; from that moment they begin to perish, since
the heat of fever is fatal to them, and completely
checks their development. This explains the inter-
mittent character of the disease. They produce fever,
the fever kills them and then subsides ; when Ay reric
oceurs they multiply again, excite fever, and so on”
Thus there is a successive series of auto-infection by
the parasite itself, unless its development is arrested
by sulphate of quinine. “The parasites of typhus
and typhoid fever are not affected by a temperature
of 40°, and even of 42° and hence the continuous
character of these fevers.”

Cornil has, with some justice, eriticized Laveran's
deseription and illustrations of the parasite of marsh
fever. It is difficult to recognize in it an organism
really belonging to the animal or vegetable kingdom.
The form of the filaments which, as he asserts, issue
from the so-called encysted bodies, resemble those
which Hoffmann has seen and drawn in blood in its
normal state, and also in various diseases, and are
probably only expansions of extravasated protoplasm
in the red corpuscles at a temperature of 40°. The
encysted bodies are also, aceording to all appearance,
only blood-corpuseles, more or less affected by discase.

There only remain the pigmented, encysted granules
in the red and colourless corpuscles, granules which
have been observed by others, and especially by
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188 MICROBES, FERMENTE, AND MOULDS,

fever. In all these countries poverty, scarcity, and
famine appear to be the predis osing causes, In
this case, the presence of microbes in the h
blood has been established in the clearest and most
incontestable way. This d covery was made by
Virchow and Obermeier in 1868, but nothing was
published on the subject until 1873,

The symptoms of the disease are very like those
of typhoid fever. The miecrobe, which may always

be found in the blood, and which characterizes the
disease, is a Spirillum or Spirochete (5. Obermeieri) ;
that m....__ a

itous organism, twisted into several
spirals, and animated by very lively movements (Fig.
51, mi, o). These spirilla may be scen moving in
thousands among the blood-corpuscles, when these are
placed under the objective of the mier seope,

The difficulties experienced by the original
observers in their attempts to inoculate man or
animals with the disease, and the fact that in some
cases the microbes appear to be absent from the
blood of affected persons, have thrown some doubt
on the ion between the disease and its microbe.
This is because the conditions of the existence of
this plant in the system were not sufficiently con-
sidered. Albrecht has recently shown (1580) that
blood which apparently contains no spirilla will, if
kept in a culture-flask for some days, protected from
air-germs, become full of these organisms at the end
of that time, & proof of the pre-existence of the spores
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190 MICROBES, FERMENTS, AND MOULDS,

no scope for the fancy of a draughtsman, there can
be no doubt as to the gross error committed by the
observer.

As for Freire's atbempts at vaceination, his own
statisties are far from being favourable to his method ;
in fact, they prove that wvaccination inereased the _
rate of deaths in the proportion of 19 per 100,

Much more scientific researches were undertaken

1 Fig. 85.—Secthon of Kidney in rellow fever (Rabis), shewing a ca pillary vessel, o, i
= .m__:h with chaplets of micreeeed. = : g

i by Cornil in Paris, on some anatomical preparations,
preserved in aleohol, which were sent from Brazil,

He found in the liver and kidney of the vietims of

_ yellow fever, chaplets of micrococei or bacteria (Fig.
85), only visible under a very strong magnifying
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192 MICROBES, FERMENTS, AND MOULDS.

conditions more apparent. Want of air and cleanli-
ness is one of the principal factors of these eruel
epidemics. In the confined lodgings of the artisans
of large cities, the dead, the sick, and the healthy
man may be found sharing the same room and even
the same bed; linen impregnated with typhoid ex-
eretions may remain for days in the same chamber,
The walls and floors of our barracks, too rarely cleansed,
disinfected, or whitewashed, harbour myriads of mi-
crobes; and the water of adjoining wells likewise

tains them in great numbers,
Nor ean it be said that hygienie conditions are
more carefully observed in the rural habitations of

villages and detached farms, The peasant is as
ignorant of the laws of health and cleanliness as the
artisan; the neglect of the builder, often a mere
mason, of the landlord and the tenant, is still more
striking in eountry districts. For this reason epi-
demies are generally more fatal in the country than
in towns ; but they are less frequent, of shorter dura-
tion, and more easily loealized in a village or detached
farm, since in this case there is a large supply of
oxygen, which is the great destroyer of microbes,
With respect to typhoid fever, one of the most
common diseases in this eountry, the lesions by which
it is always characterized show that the microbe pro-
dueing it is chiefly found in the mucous membrane of
the intestines, in Peyer's glands, and in the isolated

follicles which cover this membrane, and which ara
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194 MICROBES, FERMENTS, AND MOULDS.

Many other bacteria appear in the intestines when
the disease is approaching its end, but the bacillus in
question is the only one found in the blood and
internal organs, so that it is really characteristic of
the disease,

Gafiky, & German micrographist, and a pupil of
Koch, has sueceeded in the artificial culture of this
microbe, taking it from the spleen of persons who died
of typhoid fever. It is actively developed on gelatine
and potatoes, becomes very lively and produces endo-

h (]
ottt Bl
genous spores at a temperature of 38°. But the inoeu-
n of animals with the disease has hitherto been
unsuccessful, at least so as to reproduce in them an
affection of the intestines, really resembling that of
Peyer’s glands in man.

The horse is the only animal affected by a similar
disease, which has also been called typhoid fever. In
1881, the horses of the Paris Omnibus Company were
decimated by an epidemic of this nature. But the
lesion of Peyer's glands cannol be compared with that
which occurs in the same glands in man, and no
special microbe has yet been discovered.
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196 MICROBES, FERMENTS, AND MOULDS

In 1849, the cholera pursued the same route.
Coming overland from India through Russia, it
appeared in Paris on March 17, and lasted until
Ogtober,

In 1853, cholera, again coming by this route, was
less fatal in Paris, although it lasted for a longer time
—from November, 1858, to December, 15854, ¢

The three last cpidemics, 1865, 1873, and 1884,
differ from the foregoing in not having taken the
continental route; they came by the Mediterranean
Sea. Brought from India to Egypt by the Mecea
pilgrims, the epidemic of 1865 entered nce by way
of Marseilles, ravaged Provence during the summer
of 1865, and was carried to Paris towards the end of
September by a woman who came from Marseilles,
[t was less fatal than the preceding epidemics, and
s0 also was that of 1873,

The epidemic of 1884 took the same route. First
localized in Alexandria (1883), it attacked Naples,
Marseilles, and Toulon in the summer of 1884, and
overran all Provence; thence it was transferred to
Nantes, to several towns in the north-west of Franee,
and to Paris, where it was comparatively mild, Finally,
it entered Spain at Barcelona towards the end of the
year, and ravaged the whole peninsula through the
mer of 1885. In August, it also reappeared in
Marseilles and Toulon, and this eould not be aseribed
to a fresh importation from Spain or the East.

The essentially epidemic and contagious progress
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198 MICROBES, FERMENTS, AND MOULDS,

are full of motion and activity, which they retain for
some time. They are arched in form, and, roughly
speaking, resemble a comma. Their length is 1} micro-
millimetres to 2} miero-millimetres, and their width is
06 to 07 micro-millimetre. They are often arranged
in chains or chaplets, so as to appear like the letter S,
or several S's, placed end, to end as we see in Fig. 87.
These latter are the most characteristic. Compared

Mreillus bomme (Koeh)r a-g, the different forme which
vsbon Into cells (greatly magnified); 1, 2, culturs

with the microbe of tuberculosis, that of cholera is
shorter and thicker. Its spiral shape has led to the
belief that it is an intermediate form between the
genera Baeillis and Spirillum.

somma-shaped microbes may be found in most
stagnant and running water, but they are in general
much larger, and none of them present the charae-
teristie dimensions of Bacillus homma.

This bacillus is found in the riziform grains of
choleraic evacuations, which are, as we know, formed
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200  MICROBES, FERMENTS, AND MOULDS.

cultivated in distilled water-die w in twelve hours,
while they can live for a week in drinking-water,
Qu:“_.":.hu

The influence of the level of the subterranean
waters on  the progress of cholera ef ics was
pointed out in Germany by Pettenkofer long before
there was any serious idea of regarding a miecrobe as
the cause,

During his recent travels in India, Koch met with
the comma bacillus in the stagnant waters of that
country.

For a long while the attempt failed to reproduce

Asiatie

wlera in animals by ctions of comma
bacilli, and thus to prove the parasitic nature of the
disease. The animals in countries attacked by cholera
appear to enjoy immunity in this respect.  Nicati and
Rietseh at Marscilles were, however, suceessful in pro-
ducing chulera by the direct injection of eholeraic liquid
into the duodenum of guinea-pigs, dogs, ete.  Alinost
all these animals died at the end of two or three days,
and the inflamed intestines contained a number of
comma bacilli, much more vigorous than those of the
injection.

Bochefontaine, of Paris, swallowed pills which
contained choleraic evacuations. He felt unwell for
some days, but no serious consequences ensued. It
is probable that in this case the acidity of the gastrie
juice attenuated, or partially destroyed the bacilli,
We shall see that acids are, in fact, adverse to the

e
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202 MICROBES, FERMENTS, AND MOULDS,

envelope (periplasma) then encloses the ongoninm,
which thus becomes an oosphere. Close to this, on
the original filament, a small swelling appears, which
Ferran regards as the pollinidium, or antheridium,
which is intended to fertilize the oosphere and trans- _
form it into an oospore,

When the rupture of the oospore oceurs, the
nules conts in it float in the liquid. Those
ch have been fertilized grow until they are as
large as the original cogonium, and constitute mul-

berry-shaped bodies, so called on account of the
numerous round projections or microcoeci which
cause the surface to resemble that fruit,

A very slender filament may soon be seen to issue
from one of the points of this mulberry-shaped body,
a filament which grows longer, and sometimes two
of them appear at once. These filaments become
sinuous, twist in spirals, form spirilla, and are then
iented so as to form by fission Koeh’s comma
bacilli, which are the starting-point of the culture,
and of this eycle of evolution (Figs. 88, 89, 90).

Henee it would appear that the cholera mierobe
must belong to a mueh higher group than that of
bacteria, to which it has been hitherto assigned.
This mode of reproduction would show that it is not
an alga, but a fungus of the group of Peronospores,
and it is, in fact, termed by Ferran P. Barcinone
while his friends prefer to call it P. Ferrani, after its
discoverer.




- SURLIA] PHENIA FRY Joa d0 oousfiSou owmos
yuiy asoddns o} jou qmognp st 37 snpowq BEEOD
a1 JO SANIND SNOLIBA OPBWL ARy oym sysuyduid

sagpen podegs-vammo pae podegs- Lo

PRI G} asa.
oo 1 it} A103 ]

-0I0IUL SNOIIWNT O} JO PUR YIOY JO UOTWAINSO O}
paduasa aavy poys wsnydromAod ajqeyremas v yans
U} AWUWPIORI)ND SWSS T J9)  WIE[OYD Jo juade
snolaagut oy &8 vaodsouoaod snpy spaefar wewtey

&0 ‘BASYASIA NYRNH 40 SEHOH0IN HHL




—

204 MICROBES, FERMENTS, AND MOULDS.

searches, and the first idea which will occur to any
unprejudiced micrographist, is that P. Ferrani is not
really Koch's eomma bacillus, and consequently not
the cholera mierobe.*

We have, in fact, already shown that numerous
a-shaped bacteria, or free cells, are found in
water and in the human body, and that these may
be easily confounded with the true comms bacillus

Con

when staining reagents and a very precise mode of
culture are not employed. Ferran himself states that
ust not be used in the enlture

has, however, shown that the
true comma bacillus is not destroyed by methyl
violet. Finkler had previously discovered in cholera
nosiras, which is not e

emie, & eomma-shaped
microbe resembling in  many respects the one
deseribed by Ferran, ch has shown that this
microbe, as well as one of similar form found by
Lewis in the saliva, does not act in cultures like the
microbe of Asiatie eholera; Lewis's mierobe does not,
like the cholera bacillus, liguefy gelatine,

The precautions necessary for the sowings of
culture liquids are so great that we may be permitted
to doubt whether Ferran has always guarded against
error.  Brouardel's report shows, after a wvisit to

* Our criticiem on the deseription and {llustrations of Laveran's
marsh-fever microbe might be applied, word for word, to Ferran's
desoription and illustrations of the cholera microbe, which wo have
reproduced above.




WO Jo FuEa] prm enmoydmls
o Te payp (1w Kot prre SepumminT deoapy Jo oo oigy oy pagoafuy
s prabyg onrve oqp Sescss oy amyy ooy Suwd _U.E.E..._r: AR
JuUIMILA W LM fporyaur o_-_.:,,_xi.n_« B ey o m_n__”souc___ .nm..a.ﬂ:...-.w
upmgee w Suppemecuy gy oo sy waguee ‘oggl
DULIY W) PO ZaEE 0 apuE sjusuesdse ST, o

PR ‘papacoIns SUI 91] U} SAAN[A] O SUOHEMOOTI

aatpuasaxd a0f oaa0s quSTm oIM SqOmIUL PENTEGIE

¥ uejqo 0 ANOABIPUI Ay Ul E:u:__._.,:—unu aanyns
S WO porLmd uelng ‘eq Avm snqy JeAGMOR]

a.rv__m.u..“..vw:m _...: T _._...._u_.na ._...J.u;.x—x "

FRI SOOI ST R} MOUE 0] Epuag vIa[ogy Jo u._.r,.—..u_

-MOWY INO [[8 PUR [ENUIPT 10U 04T SH|OII 0] ST
10} SMOUE 31 SOUIE ‘WUARPIP [PRO0ID B ST ST

FLM Ut

arpog Lq pue ‘s[[HRIE]] 18 Y0801y puR 1N

uIE

£q poamssqo quy} 03 PaPe s ddo ey Apeswaad st
SI[Y, AR PaOapE .n"._b_.:.uz:. pu® sremnme a8 PRI

afur snoduwnaqns o[UpM ‘joape o paanp
1 1saqut ey ojur pinbip aanjna
s uuLa ] Jo uorjdalur o1} ‘PasTasio oq os[e Avur 91
THmLLAY Daodsowotd J st ypiga (3) eqosorm
PU0das B ‘BIWNU J90IE] UT PUL ‘POUIvIucD Os[e 31 JE)
..._m...ﬂ_.__....__.H Ll ﬁ .u.:A «.H.u.:_:— a3 :m..z:_?.u Jou _.u._.“., LIS
£q podopdma wﬁ;:_.: AINNO G} JU) MO[[o] Jou sa0p
i W] T jaunsip ..,._.ﬂ..u._:_.—f.;: oM BB Dunuey I
PUE JEnLAT f PItdar 0} quapnad smass 91 seAzesqo
dopo Aq POULIGUOd TR OAWY £j0¥j esoyy [HuUf)
JURGNSUL pue oAl aros aasyy asn Ul
SPOT}AM PUE SJUIMNIFSUL 91} Juq) L10Je1008] 8 URLIA]

WOOs SOy

IZ.:H _..(.F“_._Hl.r_:__.

C0E 'SASVASIAO KVRAH 40 SAGOMIIN EHL

L




206 MICRODES, FERMENTS, AND MOULDS.

after inoculating himself, he performed the same
operation on several of his friends ; then on thousands
of people in different towns of the province of Barce-
lona, and throughout Spain.

His inoculation eonsists in introducing, by means
of the small syringe used for hypodermic injection,
about a cubic centimetre of the vaceinal liquid, the
nature of which is kept secret by its author. There
is always a certain discomfort after the operation,
but it disappears at the end of a few hours. Ferran
Limself states that one inoeulation will not suffice
to ward off the contagion. A second, third, and even
more, are necessary for the attainment of this ohjeet,

but the discomfort caused by the operation always
beeomes less,

Up to this time the results obtained by the pro-
cess during the recent epidemic in Spain are nob
accurately known, since Ferran has been unable to
produce the official statisties which are necessary to
confirm his assertions,

We are, therefore, entitled to reserve our Judg-
ment, both as to the wvalue claimed for this vac-
cination, and as to the true nature of the mierobe
cultivated by Ferran, and considered by him to be
the infecting agent of cholera. If, again, we reeur
to the facts established by Bochefontaine, it may be
asked whether subentaneous injection is the true
mode of inoeulation applicable to this disease, and
if the process adopted by Bochefontaine, of intro
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208 MIOROBES, FERMENTS, AND MOULDS
to Marseilles and other Mediterranean ports by vessels
which have served for the tr sport of pilgrims, by
men, their linen, and other garments.

It is consequently by the human body and its
clothing, or by the water which earries away human
fieees or has served for the washing of soiled linen,
that the infecting mierobes are earried, The air, as
it has long n known, need not be taken into
account,  As early as 1832, it was observed that the
wind did not affect the epidemie, which seemed rather
to advance like a man travelling by short stages,

Duclaux's recent researches show that the sun
and air attenuate and soon destroy the microbes, and
that only dead g
“In or

ns are borne on the air and wind,
:r to retain their virulence unimpaired, the
_ mierobes must travel in packages of elothing, in bales
of merchandise, or in the close, moist hold of a vessel,
| In a word, of all agents of sanitation, the sun is at
once the most universal, the most economieal, and
the most active to which the guardians of publie
and private hygiene ean have reconrse” ﬁ:-n_bzwu.
Koch has declared that acids in general are the
greatest hindrance to the development of the cholera
bacillus. In this way, the acid of the gastric Jjuice
is the best safeguard, and many cases of contagion
! may be explained by the fact that the large guantity
of water imbibed has diluted the gastrie Jjuice to
} excess, or else that the source of contagion has
rapidly passed through the empty stomach, and

= e —
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210 MICROBES, FERMENTS, AND MOULDS.

plicated. The blood of the eruption, the catarrhal
secrebion of the mnose, ete., contain small round
bodies, isolated or in pairs (in the form of the figure
5), or more rarely in short chaplets. When there is
decided pneumonia, the pulmonary alvéoli likewise
eontain isolated bacteria, in the form of an 8, in
chaplets, and even in zoogloea, or massed together,
Jabts has not yet cultivated nor tried to inoculate
this microbe.

More recently, in January, 1883, Le Bel observed,
in the urine of pe

ons attacked by measles, the
appearance of slightly curved rods (bacillus) capable
of very slow movemenis. Their length varies con-
siderably, and the spores appear in a swelling which
occurs at about a third of the length of each rod.
This microbe appears for a few days at the beginning
of the fever, and disappears with the fev r, to return
afresh at the moment when peeling begins. We know
that these are the two epochs of contagion, The
microbe is found in this seurf, and may be obtained
by seraping the skin with a knife, Le Bel sueeceded
in cultivating it in sterilized urine. In serious cases
of measles, the microbe remains upon the skin and in
the urine for weeks, and even months., Tt is probable
that Babis's micrococens and Le Bel's bacillus are only
two forms of the same mierobe,

Scarlatina.—Pobl has found, in the desquamating
epidermie cells of this disease, and on the soft palate,
wicrococel of somewhat smaller size than those of
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212 MICROBES, FERMENTS, AND MOULDS.

It may be useful to retrace here the eurions history
of vaceine, since it is directly interesting to us all.

a
-

Fig. 01.—Becthon of skin covering a small-pox pusinle. a, horny I af the |
cpidermis ; o, adenoid thssue; m, m, mbcvoood stalned with methyl wiolet (= |
50 diam, ).

Before vaceine was discovered, inoculation with
small-pox was practised as a preventive measure,
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214 MICROBES, FERMENTS, AND MOULDS.

land's son, awakened alarm, and cansed inoculation to
be discredited,

-:E_..E,.,.S.:::n this, it was introduced into Franse
in 1723 by De La Costa, and ascepted by Chirae,
Helvetius, and by other physicians of the day.
Although opposed by the majority, and officially con-
demned by a decree of the Sorbonne in 1753, as “ un-
lawful and contrary to the law of God "—a decree
officially confirmed by the faculty of medicine in 1763
—inoculation continued to be practised up to the
time when vaceination was substituted for if,
Vaccination appears to have be practised in
Asia in earlier times. However this may be, it was
1wwn in the south of France that farm servants who
had be

n affected by cow-pox were secured against
small-pox. These pustules generally oceur on the
udder, and the milkers were inoculated with the
vaccine matter, throngh some accidental serateh on
their hands. Rabault, a Frenchman, communieated
this fact in 1798 to Pew, an English physician and

a friend of Jenner. To Jenner we must assion the
merit of understanding the importance of this fact,
and deducing from it one of the most admirable dis
coveries of modern medicine, the preventive method
which continually tends to become more general, and
to be extended to other diseases, especially sines
Pasteur's Jate researches into vaceination for anthrax
and for fowl-cholera,

Pasteur has also shown ¢t the microbes are the
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216 MICROBES, FERMENTS, AND MOULDS,

united in the ._.:

of zoogloea, that is agglutinated in
; others, again, in the eolourless corpuscles
of the blood. All the organs, and especially the
kidneys, were likewise filled with them,
With the materials gathered at Ludington, Wood
and Formad made some experiments in enltures, and
were able to inoculate rabbits with croup, These
inoculations were made subcutaneously, in the museleg
and trachea, and were followed by the production of
false membranes, and the animals died with all the
symptoms of diphtheria. The blood was full of micro-
cocel.  An examination of living animals showed that
the microcoecus first attacked the colourless corpuscles,
within which their vibratile motion could be observed,
The corpuscle ehanged in appearance, the granules dis-
appeared, and it became so full of micrococei that they
could no longer move : they grew until they caused the
rapture of the corpuscle, and then escaped in the form
of an irregular mass, which constitutes the zoogloeq,
Jorpuseles filled with micrococei were found in the
false membrane ; in the small vessels, which they dilate
and completely obliterate ; and even in the marrow of
the bones,
Cultures made in flasks afforded important results,
A comparison of the sowings made with micrococei
collected at Ludington with those found in the
ordinary diphtheriticangina, which is common at Phila-
delphia, showed a great difference in the vitality and
virulent properties of microbes derived from these two

small mass
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218 MICROBES, FERMENTS, AND MOULDS.

conditions. If they settle on a child’s tender throat,
predisposed for their reception by slight inflammation,
they develop there with frightfal rapidity, and
produce eroup, and then diphtheria, which is soon
fatal. Niigeli caleulates that their number may be
doubled within twenty minutes. The plant, of which
the activity is increased by its culture in the person of
one patient, may be expelled with the breath so as
to infect another individual. And Jjust as there are
different degrees of activity in the plant, so the spores
may be more or less contagious, and those of malig-
nant diphtheria are more to be feared than those of
the ordinary diphtheritic angina.

When we consider the remedies to be employed
against the ravages of this eruel disease, it should
t be observed that the only effect of the operation
of tracheotomy, which is suceessful in barely a third
of the cases, is to admit air into the child's lungs.
Its first curative effect, therefore, consists in saving the
child from the asphyxia by which it is threatened,
and in giving time to apply remedies, but ancther
explanation is necessary when this operation alone is
enough to effect a cure,  Pasteur has shown that pro-
longed eontact with the air produees a real attennation
of virulent mierobes. Wood and Formad have estab-
lished similar facts, for when the false membranes of
croup procured at Ludington had been exposed to the
air for several weeks, until they were completely
desiceated, they became perfectly inert, notwithstand-
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220 MICROBES, FERMENTS, AND MOULDS,
this treatment must begin at once, before the micro-
cocci have penetrated into the blood. At the sama
time a gargle of lemon-juice or citrie acid should be
used, which shrivels up the

false membranes without
forcibly detaching them, The action of this acid is
explained by the fact that, for the most part, microbes
only thrive in an alkaline medium. By this treat-
ment Fontaine has been able to save nine-tenths of
his patients, while all other modes of treatment
have only suceeeded in a third of the cases, and the
proportion is often mue

naller,

The first researches made in Europe on  the
mierobe of diphtheria date from 1873, at which time
Klebs gave an exact deseription of it under the
name Microsporon diphterieum, In most cases he
observed two forms: micrococei and rods or bacilli.
Struek by the great difference in intensity which the
disease presents in different epidemics, he states in
his later works that there are two kinds of diphtheria,
due to the predominance of one or other of these two
forms, one of which he terms microsporine, and the
other bacillary. The former may be observed in the
east of Europe, and especially in Hungary; while
the latter is more common in Switzerland and the
west, including France. The first is chiefly found
upon the tonsils, and is less serious; while the bacillary
form soon attacks the larynx and trachea, and pro-
duces blood-poisening, which is rapidly fatal. The
bacilli. which are, like those of tuberculosis, very
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222 MICROBES, FERMENTS, AND MOULDS,

We do not think that the dual nature of human
diphtheria, indieated by the researches of Klebs and
Lifiler, is yet established. The symptoms, and still
more the histological lesions of this disease, are in
favour of its unity, and it may be owing to other
causes that the disease is mora or less severo,

The well-known polymorphism of microbes leads
us to think that the baecilli represent the adult form,
and the mierocoeei, or Microsporon, the early form of
a single species, which is in all cases the cause of
diphtheria and of its several :.p:mm_.,..,_,:p.—aawlrﬁd:?
diphtheria, ete. Further researches are necessary to
decide this question,

Whooping-cough and Iufluenca.— Burger has
lately discovered rods in the form of an 8 in the
sputum of whooping-cough ; they are found in great
numbers in the white scum, and are even visible to
the naked eye, and, like many other bacteria, they
can be stained by methyl violet, To this microbe
whooping-cough and its relapses are due, and it is
always present. It has not yet been cultivated,

Influenza resembles whooping-cough in the conrse
it takes, and is probably also caused by microbes,
Letzerich has found mierococei in the blood, to which
he ascribes this disease, but his researches must be
repéated with greater care.

Certain facts observed in medieal practice have
led to the surmise that whooping-cough may be re-
garded as an attenuated form of croup, just as vaceinia
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224 MICROBES, FERMENTS, AND MOULDS.

that the bacillus should have so long eluded the
observation of the physiologists who have studied the
tubercle of phthisis under the microscope. The form
of both microbes assigns them to the genus bacillus,

The experiments of Villemin, begun ten or twelve
years ago, first showed the parasitic nature of tuber-
culosis, or pulmonary phthisis, Villemin inoculated
rabl

s with tubercular matter, showing that the
disease was essentially contagious. More recently
Toussaint and Koch have ecultivated the microbe in
a closed vessel, and have inoculated animals with the
produce of the culture; all these animals died with
symptoms of tuberculo:

The still more recent researches of Clornil, as he
stated in May, 1883, before the Academy of Medicine,
have confirmed the parasitic nature of this terrible
e. The mierobe has been found in the giant
3 of the tubercle and in the sputum of consumptive

patients; it has been found in the colourless corpuseles
of the blood, by which it is conveyed into all parts of
the system, and it is also found in all the organs in
which a t

rele ean be developed.

The bacillus of tuberculosis is somewhat smaller
than that of leprosy. ch bacillus is from three to
four miero-millimetres in length. They are generally
found associated in the form of chains or chaplets—at
any rate, this is the ease in the sputum, as we see in
Fig, 91a. Koch has cultivated them in gelatinized
blood-serum. Their growth is very slow.
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226 MICROBES, FERMENTS, AND MOULDS,

in his turn attacked by phthisis. All these people
resided in a place in which it was easy to verify the
absence of hereditary taint.

Here are other observations of the same nature:—

“ A young woman without hereditary taint nursed
a phthisical patient and contracted phthisis, She
returned home, and communicated the disease to the
six sisters with whom she lived. One sister survived,
but she was not living with her family.

“A soldier became phthisical while with his regi-
ment, and was therefore discharged, and returned to
his family. His father, mother, two brothers, and a
al.  Yet
litary taint,

“A girl returned from school in consumption; on
her death her room and clothes passed to her sister,
who died of the same disease. A third sister died
under like conditions, As their parents still survive,
it is elear that the disease was not due to heredity.”

This does not imply that heredity plays no part
in the transmission of the disease, for the contrary is
proved ; yet such transmission often oceurs after the
child is born, and sometimes the nurse by whom it
is suckled may be the source of contagion.

In the case of children brought up by hand, the
infection may come from cow’s milk which has not
been boiled. Cows are often attacked by tuberculosis,
and numerous bacilli have been found in the teats and
milk of these animals. This indicates the necessity

"

neighbour who nursed them, became phthi

none of them were mr_m..p:ﬂ:yﬁw; by 1
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228 MICROBES, FERMENTS, AND MOULDS.

virulent properties of the microbe. Hansen considers
that alkalis, not acids, are the best antiseptics in this
disease,

Tubercular leprosy, termed elephantiasis by the
ancients, is caused by tubercles seated in the skin,
and containing & bacillus greatly resembling that of

phthisis, but larger (Fig. 92), This microbe is anai-

Fig. 92—Bacilli of leprosy, ency « enbentaneons conusetive tissue of the skin

arged).
robie, and can only live in the dermic cells, in which
it is encysted. Hence the treatment which experi-
ence, preceding the theory, showed to be the most
efficac stead of keeping the ulcers covered, they
should be exposed to the air and sun, often washed,
and kept as clean as possible. This disease, which is
essentially contagious, is very rare in Europe, but
common in Egypt and throughout Asia.

s
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230 MICROBES, FERMENTS, AND MOULDS.

Under a strong magmifying power, this mierococeus
is seen to be shaped like a lance-head, and short rods,
n..____z..___.,,_._._:ﬂ in a econe, are found with it. Itis _ug‘anzn
that the micrococeus is the early form of the microbe,
which beegmes a baeillus in the adult form (Cornil),

The presence of a microbe in pneumonia explains
many facts which had remained obseure in this
disease, especially the epidemics in & room or house,
when several persons living together are snccessively
attacked by pneumonia. Tt likewise explains the

nee, which has long been indicated by their

n name, between the pneumonia of man and

the contagious pneumonia of eattle, which is well

known to be essentially epidemic, transmissible by
contact and inoculation.

A culture of the microbe of pnenmonia can be
made, and when it is inoculated into the tissue of the
lung, it produces in animals a true pneumonia.

XII. Some oraer DISEASES CAUSED BY MICROBES.

We shall only say a few words about several other
diseases, admitted to be contagious, and in which the
presence of a special microbe has been ascertained.

In the pus-corpuscles of gonorrheea, very minute
and mobile microcoeei may be observed, often associated
in pairs, in fours, or in a small mass, but rarely in
chaplets (Fig. 04).
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__ 232  MICROBES, FERMENTS, AND MOULDS.
i of egg at & temperature of 87° in which it
i retains its eharacteristic colour,
In a sweating foot, of which the smell is so
offensive, Rosenbach found a short, thick rod, which
| 15 at once adrobie and anaérobie, is rapidly developed,
and retains its offensive smell when enltivated (Fig. 95).
In the gangrene of long bunes, the same observer

=

has found a similar baeillus, which, like the fo

_ one, produces by inoeulation a logal affection, more or
less strongly marked (Fig. 96).

Warts—We know that g wart is self-sown, and
appears to contain a contagious prineiple. This is

Tomasi Crudeli's Bacterium porri, and is minute and
| in the form of an 8.

11l Among the diseases due to microbes we must
. {i include mmmps, epidemic goitre, epithelial xerosis of ﬁ
the eye, polypus of the nasal canal, of which the |
coneretions arve formed of Streptothria Forsteri, ete,

XIV. Tue Microne op ERYSIPELAS,

Erysipelas belongs both to internal and external
_ pathology. It is sometimes manifested 48 a special
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234 MICROBES, FERMENTS, AND MOULDS,

XV. Micropes oF Pus; PYEMIA AND SEPTICEMIA.

Sores and surgical operations are often followed
by a general poisoning of the blood and of the whole
system—a severe affection which is rapidly fatal, and
characterized by the presence of pus-corpuscles in con-

siderable numbers in the blood and in the principal
OTTAns, her with these pus-corpuscles there is
always a special microbe, termed Micrococcus septicus,
which, like that of diphtheria, may either appear free
or in the form of chaplets (vilwie), or in the interior
of the colourless corpuscles of pus, or embryonic cells,
of which it effects the rupture in the form of zoogloca.
This mierobe, or others of
allied species, are the im-
mediatecause of that poison-
ing of the blood which is
termed pysemia, septiceemia,
traumatic fever, puerperal
fever, post-mortem wounds,
Pus-corpuscles of puerperal ete. The germs of .__.._. icro-
F.;.,.é,:_E_rw. o coccug geplticus are intro-
duced into the blood, and
multiply there, through the exposed surface of a wound,
or sometimes by means of the instrument which caused
it (Fig. 98).
When the instrument causing the wound is charged
with microbes, it is not necessary that the wound
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256 MICROBES, FERMENTS, AND MOULDS,

multiply in the blood, they must necessarily have an
irritating effeet on the walls of the blood-capillaries
and this appears in the swelling of the eells and their
return to the spherieal form; in a word, they are
transformed into embryonic or migratory cells (aceord-
ing to Cohnheim's theory). These do not differ, or
only differ slightly, from the ecolourless eorpuseles of
the blood, and are pus-corpuscles. This new theory
is in accordance with the facts daily presented to us
in the treatment of surgical diseases.

XVIL. MICROBES OF SOME OTHER DISEASES, RESULTING
FrOM WoUNDS,

Whitlow amd Agnail—These two complaints are
fjw;cnﬁ.ﬁ _uw. “:umh.

ng the finger with some instro-
ment charged with microbes. Chains of bacteris or
cocei are always found in the collection of pus
or serous discharge.

Boil and Carbuncle—The pus from a boil contains
microcoeel, which Pasteur first observed, and which he
has cultivated in an infusion of yeast and in chicken-
broth.

It was found by Rosenbach in osteomyelitis, and
was termed by him Staphylococcus pyogenus aunreus
(Fig. 99).

Carbuncle only differs from a boil in its larger
size, and contains the same mierobe. It is well known
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238 MICRODER, FERMENTS, AND MOULDS,

The first idea was that microbes introduced into the
blood or tissue of an animal acted like parasites of
a higher organism—intestinal worms, for m_..mEEnT.vm.
deriving their nouriskment from their medinm, and
developing at its expense. It is evident that this
must be thie case, and that in anthrax, or splenie fever,
for example, the bacilli which swarm in the blood
abstract from the red corpuscles the oxygen they
require, and thus produce asphyxia and the death of
the animal.

Yet it often happens, even in anthrax, that death
13 80 rapid, that the bacilli have not yet had time to
develop in the blood in numbers sufficient to produce
such fatal effects. So, again, in cholera, the comma
bacillus has not yet been found in the blood, and yet
cases of sudden death are not uncomman in this

. Some other explanation is therefore required.

Panum first showed, from the study of the pro-
duets of putrefaction, that a poisonous substanee,
resembling snake-venom and vegetable alkaloids,
developed as the ultimate product of the putrid fer-
mentation of organic matter, Twelve milligrammes of
this substar kill & dog,” while neither ammonia nor
the acids which are first formed in this fermentation can
produce septicemis. Bergemann and Schmiedeberg
have termed this poisonous substance sepline,

FPanum’s researches have been recently resumed by

and Gautier, who have extracted from corpses
and putrefying organic matter a ecertain number of
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240 MICROBES, FERMENTS, AND MOULDS,
multiply in immense numbers, and manufacture of
these materials a great quantity of septie poison, at the
expense of the organism in which they are developed.

It is now admitted that the chief action of patho-
genic microbes, or, at any rate, of the most dangerous
among them, consists in the ptomaines which they
secrete within the body. This explains why death by
cholera is so rapid and even sudden, when the comma
bacillus is still only found in the intestines, Although
this micro-organism has not been absorbed by the
intestinal mucous membrane and carried into the
blood, the poisonous alkaloid, or ptomatne, which it
secretes is certainly present, and to this the nervous
symptoms, such as eramp, ete., which characterize this
disease, may probably be aseribed.

Pouehet has extracted from the freces of choleraie
patients, a special alkaloid of the nature of ptomaine ;
and quite recently, in Augy
of the same alkaloid in

, 1885, he has found traces
ifusions of pure culture of

Koch's comma bacillus.*

In conclusion, at the present stage of onr know-
ledge, it may be admitted that the action of patho-
genie microbes on the system is ecomplex, and may
be analyzed as follows:—(1) The action of a livin

iffurds the germ of the idea of & new process for preparing

1 has perhaps already been put ractice. A Spa

physician states thal the sccret proecss employed by Forran simply

means of the Chamberland

filter, and ns this liquid for imoenlation, since it contains the
ptomaing of cholera without ils bacillus (7).
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243 MICROBES, FERMENTS, -AND MOULDS

CHAFPTER VL

MEANS OF IV

NCE AGAINST MICROBES,

I AXT TrE T oF Wouxps: GUERIN'E
PrOTECTIVE DRESSING ; LisTER'S DRESSING,
TuE first and most brilliant application of the theory

of microbes to human therapeutics has been made in
the treatment of wounds,

is admitted that the danger of a wound
or of a surgical operation is chiefly due to the contaet
of the wound with the external air, which is laden
r with the dressing which may contain

Since

with germs,
microbes, all the surgeon’s efforts should be directed
to preventing such contact. This may be accom-
plished by several processes, now generally employed
by surgeons, and these may be regarded as the noblest

achievement of modern surgery.

In Guérin's protective dressing, this skilful surgeon
has made a practical use of Tyndal's and Pasteur's
researches into the nature of air-germs. We have
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244 MICRODES, FERMENTS, AND MOULDS.

be their origin, and should be renewed whenever the
wound is dressed,

We cannot describe Lister's dressing in detail, but
will only mention—(1) that the skin surrounding the
region of the operation, the surgeon's hands, and the
instruments are washed with a earbolie solution of two

to three per cent. ; (2) the spray contains one per cent.
of earbolic acid ; (3) the ligature of the arteries is done
with carbolized catgut, which is eventually dissolved
in the wound; (4) the drainage-tube usually arranged
for the outflow of the discharge is likewise carbolized ;
(5) so also are the eight folds of ganze, which is
used instead of linen dressings; (G) a protective, con-
sisting of green ciled silk, steeped in carbolic acid
and wvarnished like eourt-plaister, is interposed to
prevent the irritating effect of the gauze on the
wound ; (7) an impermeable mackintosh, laid between
the seventh and eighth folds of gauze, prevents the
penetration of fluids,

The admirable results obtained by Lister's method
are the strongest confirmation of the truth of the
theory of microbes. Since its introduetion into
medieal practice, mortality among the wounded and
among thesurgical patients has considerably diminished,
and operations formerly considered impracticable have
been undertaken and successfully earried out,

Carbolic acid is not the only antiseptic which
affords excellent results by destroying, or at all events
by attenuating, the virulence of mierobes and their
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246 MICROBES, FERMENTS, AND MOULDS.

cannot exist without moisture, and they find in such
water the organie matter which nourishes them. The
rivers receive them by the sewers which discharge into
them, the wells by infiltration of the soil, and thus
in times of epidemic, the microbes of typhoid fever
and of cholera are always to be found in running or
stagnant waters, which therefore become the wvehicle
of infectious diseases.

Well-water, owing to its stagnant nature, and to
the infiltration to which it is liable from cesspools
which are often leaky, is more dangerous than
running water, About two years ago, an epidemie
of typhoid fever, which occurred in one quarter of
Angers, was stopped by introducing a supply of water
from the Loire; up to that time well-water had been
exclusively in use,

Wellavater in Bread-malking—In many places
well-water is still too often used for making bread
instead of running water. There are probably many
reasons for this preference. Bakers, without assigning

any reason for the fact, assert that well-water ecauses

the bread to rise better ; and moreover, in towns, such
as Angers, where there is a water company, river-
water costs money, while well-water may be had for
nothing. About 50 per cent. of water is used in
making bread, which explains the preference shown
by bakers for well-water, and also the importance
aseribed by hygienists to the purity of the water
used in bread-making,
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248 MICROBES, FERMENTS, AND MOULDS.

bread, Spring-water, and still more river-water, as
it is now supplied in towns by a system of pipes,
is not free from organie matter, nor from microbes,
although they are less abundant than in well-water,
Purifieation is therefore LECESSATY.

With this ohject, it is recommended, especially in
times of epidemie, to boil the water, so as to destroy
the microbes contained in it. But this process expels
the gases, and reduces the proportion of salts in solu-
tion, thus rendering the water heavy and indigestible,
It has, therefore, been suggested that only weak
mineral waters should be drunk, such as that of
Saint Galmier, which, if taken at the souree and
immediately placed in hermetically sealed bottles,

contains very few microbes. But this process is
costly, so that only rich people ean avail themselves
of it. The most practicable mode of purifying table-
water and rendering it wholesome is by the use of

filters,

Ordinary Filters, Chamberland’s Microbe Filter,
—Every one is acquainted with the common filter,
made with e¢rushed sandstone, charcoal, ete, which
should be found in all households and kitehens. This
generally suffices to free water from organic matter,
and especially from the ova of ascarides (intestinal
worms), which, when introduced into the system,
develop and cause inconvenience to so many children,
and even to grown persons, Tt is impossible to insist
too strongly on the fact that the presence of ascarides
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250 MICROBES, FERMENTS, AND MOULDS.

in its upper part. This receiver is connected by a
caoutchoue tube with the vessel which contains water

e
:

Flg. 100, —Section and elevation of Chamberland's filter,

for filtering. When the vessel is placed two or three
metres above the filter, from fifteen to twenty litres
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252 MICROB! FERMENTS, AND MOULDS.

to ensure the destruction of all germs. A wvery small
aperture is left at the top of the case for the escape
of steam and air, which is closed with a drop of solder
before the ebullition of the liquid within is eompletely
OVET.

The envelopment of meat in its own fat, its pre-
servation in sugar, wax, ete., are analogous protective
processes, always employed at a high temperature,

When meat is smoked, the aromatie principles of
carbolic a creosote, ete, contained in the smoke,
stroy the ferments and prevent the subsequent
development of air-germs. It is, therefore, a true anti-
septie, anal

cous to the salts used to preserve meat
or fish by pickling. Meat may also be preserved by
desiceation, when it is eut in thin strips and exposed
to the sun and air. This constitutes the jerked beef
of South America.

Exeellent results are now obtained by drying meat
at from 35% to 55° in a stove through which a eurrent
of dry air is passed. The powdered meats to be ob-
tained from chemists, which are of great use in nourish-
ing the sick and convaleseent, are prepared by an
improvement on this process. They are absolutely
froe from smell, and will keep as long as they are
protected from damp. . Vegetables cooked by steam,
and then compressed and dried, may be kept for
several years.

Refrigeration by ice has been used to preserve
meat, But when eongelation has oceurred in the
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4 MICROBES, FERMENTS, AND MOULDS.

He analysed in this way twenty substances con-
sidered to be antiseptic, or commonly used as such.
He has published a table in which these substances
are classified in their order of activity, and it includes
among others the following antiseptics, which we cite
in the order assigned to them :—

e (merearic shloride)

Al 1

Essenee of eucalyptus

e three - last substances are incapable of steri-
lizing culture broths.

is table shows that earbolie aeid, which is now
so much in use, does not destroy mierobes so efficiently
as salicylic acid, permanganate of potassium, thymol,
benzoie acid, bromides, and iodine. In this estimate,
however, we must take into account how far the use
of each antiseptic is practicable.

Thus, corresive sublimate, which these experiments
show to be the best antiseptic, can be used as an
external lotion, but it cannot be given internally in
doses sufficient to produee the desired effect. Eighty
milligrammes are required to sterilize a litre of broth,
and forty to arrest the development of bacteria.
Twenty milligrammes will not effect this result, and
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256 MICROBES, FERMENTS, AND MOULDS,

is put at the hottom of a bell-glass which covers a
culture of eomma bacilli, it arrests their development
and destroys them within forty-eight hours,

When cholera is epidemic, it has been suggested
that rum or eognae should be taken, to h salicylie
acid is added, in the proportion of 25 grammes to the
litre. A petit verve, or three teaspoonsful, of this mixture
may be taken between meals in coffee, tea, or grog.

Redard has been recently occupied with the dis-
infection of the railway-waggons used for the trans-
port of cattle. He regards most of the substances
employed, including sulphurous meid, as insufficient,
The anly effec process is by steam, at a tempera-
ture of 110°% which may be easily procured at the
railway stations.

As we have already said, the oxygen contained in
air is an excellent antiseptic, and the attempt has
been made to employ it; but the experiments of Bert
and Regnard show that bacteria are only destroyed
by oxygen at a high pressure. As for oxygenated

water, it has not yet afforded the results which were
expected from it.

Finally, each species of mierobe appears to be
more or less sensitive to the action of different
therapeutic agents. - Thus the effect of mereurial salts
on the microbe of syphilis was known before the
existence of the microbe itself was known; that of
the salts of quinine and arsenic on the microbes of
intermittent fever, eto.
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MICROBES, FERMENTS, AND MOULDS.

CHAPTER VIL

LABORATORY RESEARCH, AND CULTURE OF MICRORES,

THE processes employed in laboratories for the study
and culture of pathogenic microbes are now very
complicated, and they have attained a remarkable
degree of perfection. In such an elementary work as
this we ean only give a general idea of these different
processes, and for details we must refer our readers to
the valuable work by Cornil and Babids, Les Baetéries,
in which the fechnique of laboratories devoted to the
histology of microbes is deseribed with great accuracy
and clearness,

Mieroscopes.—The best instraments for the research
and study of microbes are those of Zeiss, Jena, and
Vérick, Paris. Immersion lenses, either for use in
water or in other homogeneous liquids, are indispen-
sable for the high magnifying power which is necessary
in order to see most bacteria distinctly. Condensers,
especially those of Abbé, made by Zeiss, are no less
useful in order to concentrate the luminous rays on
that point of the preparation which is to be specially
examined, and to place the bacteria in relief after
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260 MICROBES, FERMENTS, AND MOULDS.

| dehydrate and partially decolourize preparations,
| Canada balsam is used to mount them; and finally
distilled water, absolutely free from microbes, which
may be easily obtained by means of the Chamberland
filter already deseribed, is used for washing instru-
ments, ete.
Mode of eollecting the Liquids to be examined.—In
- order to collect the liquids to be obtained
.ﬂ in the wards of a hospital or elsewhere
| . (blood, urine, sputum, stagnant or sewer
ﬂ“rr water, etc.), pipettes, which may be either
! straight or with twisted necks, are used,
n..uwulm ending _.:.9 capillary point closed hy
‘ heat, and in its upper part by a stopper
f of fine, sterilized cotton wool, The
i pipette is heated at a blowpipe flame,
in order to destroy the germs, When it
is to be used, the point is broken off,
and it is plunged into the liquid (dis-
charge from a freshly opened abscess,
| blister of erysipelas, ete.), and an aspira-
fi tion is made through the other end. The
liquid is unable to rise above the level
_ of the twisted neck; and thisis important,
| ® _ especially when the aspiration is made

i J.m_.m “vin by themouth, The point is then resealed

merk, g
mﬁa!n__.._.ﬂ.m at the lamp, The shape of these pipettes
e, may be varied according to the require-

ments, so long as the same precautions are always
taken to avoid mistakes,
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262 MICROBES, FERMENTS, AND MOULDS,

to stain the living bacteria in a drop of water, under
a cover-glass, A small drop of the staining liquid is
slowly diffused into the preparation, and gradually
tinges the bacteria without giving any sensible colonr
to the liquid which contains them, When the eomma
bacillus of cholera is thus treated, it is still capable of
motion after the lapse of twenty-four hours, and it will
continue to develop if the stage of the mieroscope is
heated to 25°

In sections which have been hardened or driad in
aleohol the bacteria have ceased to live, but they may
be stained with the following reagents—Grenacher's
borassic carmine, hematoxylin, and tineture of iodine
may be respectively employed, according to the species
of robe which is to be stained: Microcoecus, the
ellum of bacterin, Bacillus amylobacter, moulds,

ete,

Aniline dyes, with an alkaline or aeid basis, are
very numerous and varied ; methyl-violet and gentian
in oil of aniline, or in aqueous solution, rosine, saffronine,
Bismarck brown, purpurine, ete.

It is often desired to effect a double staining of the
section, the tissues, for example, being stained red, and
the bacteria violet, or conversely. Picrocarminate of
ammonium gives this effect by the following process :—
After staining the preparation with methyl-violet, it
is dipped for a moment in the iodide solution, and
washed in water or weak aleohol; it is then steeped
for some minutes in the picrocarminate, of which the
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264 MICROBES, FERMENTS, AND MOULDS,

liquid to be examined in Ranvier's moist chamber,
consisting of & glass holder, with a circular groove and
a flab space in the centre. On the top is a cover-glass,

a|

Flg. 103 —Different forms o

¥ exlimre flasks employed by TFastoar (from Duclanx).

|

[

_ which is bordered with paraffin or vaseline, in order to
I seal it. The groove contains air and a little liquid.
[
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266 MIOROBES, FERMENTS, AND MOULDS,

meat. The flasks are all modifications of the form
indicated in Fig. 76. These flasks are heated in an
iron gas stove (Fig. 104), of which the double case is
heated by gasburners, and it eontains a basket of iron
wire as the receptacle of the flasks, tubes. ete., which

Fig. 106.~8tand, bearing culture tubea,

are to be sterilized. The temperature, regulated by a
thermometer, must rise to from 150° to 250°,

The nutritive liquid is boiled in a porcelain cru-
cible in the open air, and is introduced by breaking
off the tapered end of the flask; it is then instantly
plunged into the broth, and drawn by an aspiration
through the opposite tube, after which the tapered
end is resealed at the lamp,
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268 MICROI FERMENTS, AND MOULDS,

Koch employs a more certain method. He makes
his sowings on glass Plates, covered with sterilized
gelatine and kept at a temperature of 30°, by means of
a slender platinum wire which has been made red hot,
then allowed to cool, and charged with a very minute
particle of matter, which is full of bacteria, The
colonies of different microbes isolate themselves, and
may be plainly seen on the glass plate with the aid of
a magnifier, Their variable size and characters often
enable experienced observers to distinguish them by
their aspect alone (TFig. 87,1, 2), The test-tubes,
containing sterilized gelatine, are then inoculated
with the microbe which it is desired o study (Figs,
82, 105), after taking the usual precautions,

The filters used to sterilize liquids are of Stvres
biscnit-ware heated to 120°, or unglazed pottery.
Such is the Chamberland filter already described,

Cultures for Experiments on Animals.—The pro-
cesses we have just indicated are also necessary in
these experiments. Here likewise all the causes of
error which would arise from the want of cleanliness, or
from the impurity of the culture liquids, must be care-
fully avoided; and it must also be ascertained that
the effect produced on the animal is not due to any
other microbe than that of the experinfent, nor to
any irritating and septic substance, The experiment
should be repeated several times by taking some of
the blood of the inoculated animal, and making a pure
culture, which may be used to reproduce the disease
in other animals,
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270 MICROBES, FERMENTS, AND MOULDS.
be necessary and sufficient, quantities which vary
according to cireumstances. In order to vaceinate
a sheep against anthrax, the animal must e held by
its fore feet in a sitting position, so as to present its
belly to the operator; the tube of a Pravaz syringe,
containing the injection, is then inserted in the base
of the groin, which is devoid of wool. In catile the
operation is performed at the root of the tail Tt s
performed twice—first with a weal vaccine, and, after
the lapse of a week, with one which is stronger,

Every one is acquainted with the process of vacei-
nating the human subject against small-pox, which
may be dome either with lymph from an infant or
from a calf. A lancet or grooved needle is employed,
on which there is a drop of lymph, and five or six
punetures are made on the arms or thizhs.

We must not imagine that vaccination can become
an absolute preservative from all diseases, For in-
stance, in erysipelas, pneumonia, and gonorrheea
a first attack is so far from warding off a second
attack of the same disease, that it creates a favourable
field for relapses. It may, consequently, be assumed
@ priori that vaccination in such cases would do more
harm than good (Cornil). It is the same with inter
mittent fever, tuberculosis, m._._qrm:m. ete. ; all diseases
by which the same individual may be attacked several
times, and at varying intervals of time—a clear proof
that the first attack has created no immunity against
subsequent atfacks,
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272 MICROBES, FERMENTS, AND MOULDS

CHAPTER VIIL
POLYMORPHISM OF MICRORES,

Micropes (bacteria, ferments, and moulds) display,
like all the lower types of the animal and vegetable
kingdoms, considerable polymorphism. It is necessary,
therefore, that we should be on our guard, lest this
phenomenon should be the source of errors and eon-
fusions very prejudicial to science, either by describing
as distinet species different forms of the same species,
or by being, on the other hand, led to regard as one
and the same species several which are really distinet,
and which for want of proper precautions, have been
brought together in the same preparation, without the
observer being aware of the fact.

We have indicated in the foregoing chapter the
serupulous care which is indispensable in laboratories
in order to guard against surprises of this kind.
These precautions are not always sufficient, and ex-
perience shows that a single act of forgetfulness or
distraction on the part of the observer is enough to
gpoil the result of a long series of researches. More-
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274 MICROBES, FERMENTS, AND MOULDS,

siderable time, It is now almost completely abandoned,
and recent researches, made with the view of isolating

the alga and fungus which were supposed to co-exist
in the lichen, tend more and more to show that the
lichen is"an independent plant, and not merely an
association of two plants of distinet families, alge and
fungi

Errors of the same kind may ocenr in the study
of micre which, from their minute size, their
unicellular nature, the rapidity of their growth, the
variety of their habitat, and the great resemblance
of their form, are still more difficult to distinguish
than lichens. Of this we will give some examples,

LPolypmoirphisn én \.q._._wa:«.wﬁ__-...uq bucealis, — Robin
(1866-1873), after studying the development of
Leptothriz, stated that this microbe first appears in
the form of a mierococens ; then of a moving bacterium,
resembling B. termo, B. lineolum, ete,, and finally it
forms the long immovable rod (bacillus), which consti-
tutes Lepfothriz buccalis. This mode of evolution,
supposed to be usual in the genera Baeillus and
Leptothriz, is probably exact, and, with some reserve
as to the specifie identity of the different forms
observed by Robin, modern micrographists are dis-
posed to accept it. But Robin goes further: he
regards the anthrax bacillus as specifically identical
with Leptothriz buccalis. The recent progress of
science no longer permits us to allow this identity.
We have seen that there are, at any rate, two
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e

nature of the spores on the fruetiferous hypha. In
other words, the characters which have been hitherto
considered as proper to the three genera, Aspergillus,
Mucor, and Penicillivm, themselves types of three
very distinet families, are found either simultanecusly,

p—

im ferment (Cocandss). Afrial froctification in extract of
formas, k__...p‘_ﬂ (1), Penicilifum {2}, dspergillug (3), bome by
5 diam. }

Fig

| or successively, on the same hypha, and are only
f varied forms of a highly polymorphic species, the
_ penicillium fefment (Cocardas).

Fig. 107 represents the three forms of fructifica-
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27 MICROBES, FERMENTS, AND MOULDS.

worm, Trichophyton tonsurans of cirinnate herpes, and
Microsporon furfur of variegated pityriasis, are only
different forms of one and the same parasite, of which
he has made a suceessful eulture on gelatine, Tepro-
ducing its successive appearances.

Grawitz, however, goes further than many miero-

graphists will consent to follow him. He asserts that
all the fungi of the human skin are only trans-
.___.M:.T.__._ forms, modified _u.a. the medium, of Oidiuwm
lactis, the white mould found on milk, bread, paste,
potatoes, ete,

), again, Okdiuwm albicans, the fungus of thrush,
is, a5 we have said, specifically identical with Sue-
charomyees myeoderma, or flowers of wine, a ferment
which is developed on the surface of liquids which
are acid and econtain little sugar. This must not be
confounded with Mycoderma acefi, a true baeterit
cansing the acid fermentation of wine and beer.

Still more recently, in 1883, Maleolm Morris and
G. C. Henderson have stated that in an artificial
enlture of peptonized nﬁr—isa at the temperature of
from 15° to 20°, spores of Trichophyton tonsurans were
developed, forming ramified hyphwe which were after-
wards covered with fructifications resembling those of
Penicillivm.

Injeetions of Mould-spores into the Blood —Grawitz
injected spores of Penicillivm and dspergillus into
the vascular system of rabbits, with the view of
demonstrating their transformation into bacteria, He




dury) ® yo ourey oy wr ymod v 0 umwap saygadid jo
o8N PATEN[OXA apum pey ‘suonaalul umo SN J0j ‘wa)y
ajupa § afuds ormuapod{y sen Lpoapad v s uon
-oaluy ey epwur puy oY 39K °POO[q )1 UL EODLYID
FRJonT  JBA0IRID 0} puw .M._u__.::t Jo m:_a«&E._ﬂm a1
[[® yim 1039 s4Up o) erp [eunwe o) 208 03 pastul
-ans sew pue ‘smaa §Fid-wouns v oy sedmagstp Aq
] SO, “THOOI

paage 0D B Jo poorq 813 m..._.*u:_.
ur aodmmsip sutnws Surfpngs ses spuaLy

pu

Sunnolpe
gl Jo auo i 10TIMYIISU] Wm0l 913 99 u.had._..x.‘.m‘_". 511
Ut XWAYIE JO aqorotm sy Surdpngs sess oy S[UA
"soouRjsul SULMo[|of 83
wary snp JO  momwnguos Supusasxd ur pess

-ons sfeme jou op €

m::?.h.._._.‘. mzzﬁ_ul._._hcm JEOUT |7
f1od quaudde a0
_____.._.,.:_ INOE SNOTWED D10 a1} & pmots
L.__,.._Q. ‘__\2 avngrgy  fevpunjoawy

‘saOaDIIL 1

..__:.t
iy _.m.._ sjuamnadysy ALojoeoqf wL Pasmpd ST
e POpOof]-TLIRm
@ Jo poojq oY) OJUI €AIpoq USRI0Y JO WOINPOIJUT
atp} Aq T o:m...._.‘ EUOTEI] SNOLIDE §Fa] J0 @10 oY) oq
gy asasgura ‘apqssodmr ses masds a3 Jo J0LEguL

@i} ul pnouwx Jo puny B JO UOWBZIEBWIRYE oY)
U} POMmolE pus .:_._E_._.,.n_u..p. GEGLIE] ?dc,.:m.._, Jagar]
pue “ypoy] ‘A pen ‘sarods ysaxy Jo WOMUIOT i)
908 o) paqrej ang ‘uolpedyianay Jo S0 .,.uﬁ.nfw
-urp oonpoad 0p opqu eam e amdiy Yoy jues
sazods oyJ, 990 ‘siun] “9AT ‘sloupiy 9} Ul SR
Jo uorpeuicy o1} Peuleyqo  sntj

DljugERjoul  [[BUES

6L HWAMOUOIK 40 REIHJTORKTOL




230 MICROBES, FERMENTS, AND MOULDS.

In this case, it must be assumed that the bacilli and
spores of anthrax had settled on Klein's clothes, had
spread to the table and floor of the second cabinet,
and had passed thenee on to the guinea-pig’s hair
at the moment of the experiment.

Another operator, who inoculated a gminea-pig
with human tubercles, worked at the same table as

ton w
antl

iich Klein performed his experiments on
x. Two of the guinea-pigs died with Bacillus
anthracis in the blood. Yet the pipettes in use had
always been repointed in the fire, and all the other
instruments had been thoroughly heated before the
inoculation.

In another case, on the contrary, a guinea-pig
inoculated with an attenvated culture of Bacillus
anthracis, of which the effect could not he fatal, was
examined at the end of some weeks, and all its organs
were fonnd to be affected by the bacilli of tubereulosis.
On consulting his notes, Klein found that on the same
day he had performed experiments on tubercular
matter in the same laboratory, but he had always
been careful to use different instruments, The same

phenomenon was produced in a rabbit which died, not
of anthrax, with which he was supposed to have been
inoculated, but of general tuberculosis. The inocu-
lating liguid had clearly been impure,

It is probable that Biichner's experiments on the
bacillus of meat were vitiated by a similar error.
Biichner inoculated mice with this bacillus, and believed
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282 MICROBES, FERMENTS, AND MOULDS.

In spite of this, Sattler ascribes the pathogenic action
of this substance to the microbe.

Klein repeated his experiments ‘with great care,
and was successful in solving the contradictions which
appeared to result from Sattler's researches. He
proved that the bacillus of jequirity, taken by itself,
could no more produce an infeetions ophthalmia than
Biichner's meat bacillus could produce anthrax. The
poisonous principle of jequirity is a chemical ferment
(Abrine), analogons to pepsine, and independent of
any mierobe, and its assumed bacillus probably does
not differ specifically from Bacillus subtilis,

The transformation of an originally harmless mi-
crobe into a pathogenic microbe is therefore not yet
proved, and all known facts contradict the possibility
of sue

a transformation.

Septic and Pathogenic Microhes—Hence we are
led to define, more precisely than before, the terms
septie microbes and pathogenic microbes, which are
in current use in bacteriology.
The jterm “septic ® is applied to the mierobes or
ia which generally live in decomposing organie
matter and in dead bodies. These microbes, or their
spores, are found in the air, in water, or the soil, in
the mouth and intestinal canal of a healthy man or
animal; but they are developed in greater mumbers
when the tissues are dead or in a diseased condition,
and also in pus, in the bronchial seeretion of pulmonary
catarrh, on the surface of intestinal uleeration, ete.

bac
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284 MICROBES, FERMENTS, AND MOULDS.

microbe subsists in the blood, the inner part of the
organs, or merely on the surface of the digestive canal.
Such are the microbes of anthrax, of tubereulosis, and
of cholera, natural diseases which arve not produced by
the experiments of man. Up to this time a septic
microbe has not been m.:..o_f.:n_ to be transformed into a
truly pathe
pletely new dis

nic microbe, and consequently a com-

se, characterized by the development
of this mierobe in the body of man or animals, has
not been created.

It must also be remarked—and this peeuliarity is
common to both classes of microbes—that certain
bacteria produce very different effects, according to
the animals into whose bodies they are introduced.
Thus guinea-pigs cannot be inoculated with the
experimental septicemia of rabbits and mice; and
dogs and swine display more or less resistance to the

oculation of anthrax. Finally, there are cases in
which the attempt to inoculate an animal with a
contagions disease merely produces a septicemia
which must not be confounded with it. This result
will not astonish those who know that some species
of plants, poisonous to man, can be eaten with im-
punity by many animals. But it is well to keep
this fact in mind in laboratories, when the attempt
is made to inoculate animals of various species,
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286 MICROBES, FERMENTS, AND MOULDS,

only an hypothesis, let us compare it with ot} hypo-
theses which have been proposed to explain the
virulent and contagious nature of certain diseases.
This comparison may throw some light on the question
at issue,

The value of an hypothesis must be estimated by
the number and importance of the facts of which it
affords a clear, precise, and reall y scientific explanation ;
it b also be estimated by its influence on the
advance of science. We will therefore enumerate the
principal theories which have been proposed to explain
the origin of virulent and contagious diseases, without
the intervention of mierobes,

Robin's Theory of Blastema.—Although, as far as
we are aware, Robin has not recently published any-
thing with reference to his opinion of the value of the
mierobian theory, some of his pupils have set forth the
theory of blastema as it was stated by their master in
books published from ten to twenty years ago.

In Robin's opinion, no eell is born from another

cell, in the form of a bud, an egg, or a spore, Un-

doubtedly there is no spontaneous generation, at the
expense of elements of exclusively inorganie origin ;
but this generation or genesis oceurs eve y day at the
expense of an organized substance which is living,
but fluid and amorphous, and which has its source
from other pre-existent cells. This fluid is termed
blastema by Robin. Blastema is the surplus of the
nutritive substance, organized by the cells and exuded
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288 MICROBES, FERMENTS, AND MOULDS.

These words were written more than thirty years
ago, and it may be asked whether the immense pro-
gress whieh science has made since that date has not

somewhat modified the author's opinions. Jousset
de Bellesme is scarcely entitled to take these words
and pavaphrase them as follows:—*The microbe,

where it really exists, is only a secondary phe-
nomenon, and it would not be too much to say that
no fresh element has intervened, either in smal l-pox,
wrlating, or tubercular disease; in such cases there
is only an exaggeration and reproduction of normal
elements, which, influenced by wholly obscure con-
ditions, are evolved in an altogether unusual manner,
The definition given by Jousset de Bellesme is not
that of contagions diseases, but of those which are
combined under the generic name of cancer. If he
s to compare these diseases with cancer, such a
comparison is impossi It is well known that
cancer is not contagious, and this fact alone places a
gulf between these two kinds of disease. Cancer is
not only not contagious nor is it conveyed by inocula-
tion, but it is only hereditary in about a tithe of
cases. Tuberculosis is, on the other hand, a eon-
tagious disease, because it is produced by microbes,
and it may be set down as hereditary in nine cases
out of ten.
Jousset de Bellesme's theory, therefore, explains
nothing, and leaves the question absolutely untouched,
since it throws no light on contagion and virulence,
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290 MICROBES, FERMENTS, AND MOULDS.

with the present state of science, and is in no case
applicable to virulent and contagious diseases.

Theory of Chavlton Bastian, and the English Fol-
lowers of his School—This theory, held by the most
ardent opponents of the school of Tyndall and Pasteur,
iz set forth in the writings of Lewis and Lionel Beale.
It searcely differs from the one we have just stated.
Lewis thinks it very evident that the presence of
microphyta of the blood is only a secondary pheno-
menon ; that the change in the fluids of the body is
effected before the slightest trace of their presence can

wered, This is plainly Robin’s theory.*

Beale is still more absolute and exclusivet He
holds that the solid particles of vaceine are not bacteria
nor micrococei, but bioplasts, or formulated elements

which have their source in the living substance of the
cow, and these bioplasts constitute the effective eon-
tagion of all virulent diseases. Bioplasts are extremely
minute particles of the living substance of the species
affected by the disease. The contagion is a bioplasma,
and each species of contagious bioplasma manifests its
peculiar specific action, and that only. We must
leave it to others to admire and paraphrase this seien-
tific jargon, which seems intended to take us several
ages back. We must, however, observe that Beale's
theory is somewhat allied to another, much maore
serious and complete, of which we have now to speak.

® Les Microphytes du Sang, 1881,
t The Microscope in Medicine, 1832,
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203 MICRODES, FERMENTS, AND MOULDS,

their existence is prolonged far beyond that of the
organisms of which they temporarily formed part.
Thus the microzyma of chalk, which doubtless have
their source in the animal and vegetable tissues of
that r,.__C_n.m.: are still :‘..h:,_.rw after a repose of many
, and may be transformed into
bacteria if supplied with the fitting nutritive liquid,
as Béchamp has demonstrated.
This is undoubiedly a very attractive theory,
which would explain a larger number of facts than
the theories previously stated, yet it is impossible to
make it a with some of these facts, while m.__uu.
are readily explained by the parasitic theory. Such,
for example, are the phenomenon of putrefaction, and

the benefits of Lister’s dressing, and of Guérin’s pro-

tective method applied to wounds.

Robin, in his theory of blastema, also stated that
putrefuction took place without the intervention of
any external agent.

It is, however, now known that when dead bodies
are protected from air-germs, they do not putrefy, but
beeome mummies. Such is the case with the bodies
which have been preserved for many centuries in the
erypt of one of the churches in Bordeaux, and which,
without any antiseptic preparation, have gradually
passed into the state of mummies. Many underground
buildings and eaverns, in which the air is dry and
the temperature invariable, present conditions favour-
able to such transformation, doubtless because this
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8, FERMENTS, AND MOULDS.

certainly lives and is developed in the toxic Jjuice of
the seeds of Abrus precatorius, but which, as Klein
has shown, has no influence on the artifieial conjune-
tivitis produced by the aid of this liquid.

This theory of ptomaines without microbes is,
however, inconsistent with an impartial study of facts.
It is true that a suitable filtration will separate the
ptomaine from its microbe; but the converse, as in
the case of the jequirity liquid, is impossible. When
this mierobe is separated from the original liquid,
and trg

erred to the infusions of suecessive cultures,
so as to purify it from every foreign element, it
continues to produee its characteristic ptomaine, which
is manufactured completely at the expense of the
enlture lignid, as Pouchet's recent experiments on the
ptomaine of cholera have shown. There is no ptomaine

without its special microbe, any more than there is

ergotine withont Claviceps purpures, or vinesar
without Mycoderma aceti.

Pastewr's Microbian Theory is the only one which
explains all Facts —The microbian theory is the only
one which is not obliged to have recourse to the vague
expressions with which medicine was formerly content
to explain the contagion of diseases, and which still
satisfies Jousset de Bellesme, when he speaks of the
wholly obscure conditions which aceompany the pro-
duction of these diseases. All the expressions of
miasmata, virus, effluvia, ete., which were in use twenty
years ago to designate that unknown agency which
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206 MICROBES, FERMENTS, AND MOULDS.

it is indispensable to submit it to the test of the four
following rules, which have been clearly established
.__-_.. Koch :—

1. The microbe in question must have been found
either in the blood or tissues of the man or animal
which has died of the disease.

2. The microbe taken from this medium (the
blood or tissues, whichever it may be), and artificially
cultivated out of the animal's body, must be trans-
ferred from eulture to eulture for several successive
3, taking the precautions neeessary to

event, the introduction of any other microbe into
these cultures, so as to obtain the specific microbe,

pure from every kind of matter proceeding from the
body of the animal whence it originally came.

3. The mierobe, thus purified by suceessive cultures,
and reintroduced into the body of a healthy animal
pable of taking the disease, ought to reproduce the

ase in question in that animal with its charae-

oli:
teristic symptoms and lesions.
4. Finally, it must be ascertained that the mierohe

in question has multiplied in the s

tem of the animal
thus inoculated, and that it exists in greater number
than in the inoculating ligquid.

These four conditions are necessary and sufficient,
and in the present state of science they may be
regarded as fulfilled in- a considerable number of
diseases: in anthrax, fowl cholera, swine fever,
glanders, small-pox, tuberenlosis, erysipelas, and even
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208 MICRODES, FERMENTS, AND MOULDS,

since it is known that they elaborate, at the expense
of the organism, a violent poison (ptomaine), which
penetrates wherever the bacteridia canmobt find their
way. It can hardly be said that in this case the
bacteridia are only a “secondary phenomenon ;” that
is, an unimportant complication which gives no eause
for uneasiness,

What we have here said of anthrax also applies
to other diseases: to diphtheria, small-pox, and inter-
mittent fever. We venture to say, that if our instru-
ments were not sufficiently powerful to enable us to

see the organisms which cause these diseases, reason

alone would oblige us to admit their existence, from

our general knowledge of the cause and nature of

contagious diseases. The word “contagion” implies
microbe, and the simplicity of the theory gives it

lue, and permits us to regard it as the expression
of actual facts,

After this, it is unimportant to know whether the
microbe is itself the contagion, or only its vehicle; if
it acts by itself, or only by the produetion of ptomaine ;
if there is a specific mierobe for each kind of disease,
or if this microbe is susceptible of transformation, like
other living things, according to the nabture of the
medium in which it is nourished. These are secondary
questions, of which the future will doubtless afford the
solution, but which do not affect the principle of the
parasitic theory. That theory is only just established ;
eich day brings a fresh stone to the edifice, but we
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302 ATPENDIX.

to this nomenclature, which appears to be adopted by
histologists, so as mnot to overlond the symomymy of
microbes, which is already somewhat enenmbered. It is
_.“.c._w__r_n.. moreover, that thig assimilation is correct,
and that most bacilli pass throngh a phase in which they
are short and mobile, before becomi elongated and
stationary. On the other hand, certain types of the old
genus Bacterium—for instance, the bacteria in the form of
an 8—should rather be assigned to the genus Micrococous,

or to the new genus Diplococcus.
With respect to the gemus Fibrio, it seems to have

been originally only a somewhat heterogeneouns collection,

oo both the chains and « 1__;2 of micrococel or of
ghort bacteria, and the strictly nnicellular organisms which
might be assigned to the genms Spirillum. Klein, how-
ever, reserves this genus for Vibrio rugula and V. Serpens.
he genus Micrococcus (Hallier) is also termed by=
Cohn, Spherobacterium, and these two names are now
given to the only unicellular mierobes which are round
or oval, stationary, and consequently devoid of cilinm or
fiagellam, the organ of propulsion.

These micrococci may be in the form of chains or
chaplets (forula), dumb-bells (Klein), the fiznre 8 (Diplo-
coceus, Billroth), groups of four, and zoogloem or in masses

of greater numbers.

The genus Bacterium (Microbacterium, Cohn) differs
from the foregoing, as Klein states, chiefly in the oyal or
n..r._r:r.m—.mF form of its nn:}ﬁuﬁ.— still more —...u. the presence
of m or flagellom at one extremity, which gives a
spontancons movement, .Hrnw, may thus assume the form
ot a sponge-cake and of a dumb-bell when they divide in
two, and may also form short chains or zoogloem., As we
Lave already said, most of these organisms are assigned
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304 APPENDIX.

CLASSIFICATION oF RABENHORST AND FLUGGE

OENERA,
Isolated, in chaplots of In zoogloem ) e MicTotores.

e ABCOCOEEIR,

[t
_ Tegulsr GONPS . o Srcing.

“A slngie clrenlar layer .., g EL e Cladbrecysils,

In & mass or in seogloem

,\ Short, jointed

{ Slendar  Leptothriz,

0 |
1. ed. [ Thick Begwiafs,
| Sbort, righd .. .. Spirillum ( Fibrio)
L Lang, flexiltls e Spirochete,

{ Strepinthrez,
“Wilh falsg ramifications s
| Cladsthriz,

\IB ZoOBlo0® i s me s e s dMyoomosios

B.
APPENDIX TO CHAPTER IIT. (p. 131).
MICROCOCCUS OF PHOSPHORESCENCE.

The phosphorescence of the sea is due to the presence
of Nectiluce, protozoaria of the group of Flagellata, which
come to the surface in stormy weather. Many other
marine animals present the same phenomenon, The
phosphorescence of rotten fish is dus to the presence of
a special mie >cus which forms large circnlar zoogloem,
The same micrococens also appears on putrefied meak
and imparts to it a phosphorescent light.
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206 APPENDIX.

D.

APPENDIX TO CHAPTER IV. (p. 143).

FTOMA

KE OF THE MICEOBE OF FOWL CHOLERA.

Duclaux cites the following fact in his book, Ferments
ef Maladies /—" If & fowl is inoculated with a few drops
from a eulture of fowl cholera, the bird sickens and dies;
but if the liqnid has been filtered before nsing it, throngh

plaster or porous china, the disease produced is not fowl
cholera, The bird rolls himself np and falls into a passing
d by the slightest noise.

rovery is complete. Thns
in fowl cholera, of which

sleep, from which he is rov
¢ After & few hours, his

there are two kinds of sympto
15 dne to & spe 5 of narcotic :_r..:r_-_._ tu
ted by the microbe, but capable of independent action,
and not in general E:::m ».E..L_._..T:

n_—n. most “u._.—m._u_.n_

E,
APPENDIX TO CHAPTER V. (p. 171).

CESSPOOLE. BYSTEM OF CAREYING EVERITHING TO THE
BEWERS.

This system, so long advocated in Paris by Durand-
Claye, implies that the water should pour into the recep-
tacles, so as constantly to flush the drain-pipes. A minimnm
of ten litres per diem to each inhabitant is NECEssaAry fur
this purpose.

The houschold water and rain-water likewise pass
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APPENDIX.
G.

| APPENDIX TO CHAPTER V. (p. 172).

UL MICROBES.

We have said that numerous bacteria exist in the diges-
tive canal of a man in good health. Recent researches by
Duclaux, Richet, and Bourquelot tend to show that these
microbes are not only innoxions, but that they play an
active part in gas

estion, and especially in the

tion of albumins into peptones. Since they are,

in fact, living ferments, the transmutation is retarded, if
| these microbes are eliminated. Tt is therefore probable
__ that they manufacture pepsin.

| aid the germination of plants. If the microbes contained
in vegetable monld are withdrawn from it, without taking
| away any other constituent, germination is retarded, and
I effected with mm:._ﬁ:_ﬁ.....

H.

APPENDIX TO CHAPTER V. (p. 241.)

PTOMATNES OF FISM.

Salt and smoked fish often produce in those who eat
them violent poisoming, which may even end in death.
Aurep, of Kharkov, has recently studied these causes,
and ascribes them to a ptomaine secreted by a microbe,
or perhaps evolved from the fish itself during life, under
the morbid influence of this microbe.
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chartariom, 46
of, 124
240-248

Ky

e dichotoma, 93

Oluasification of microbes, 91, 301
—— of fungi, 13

Clathrocysiis, #
(lavieeps purpurea, 20, 21
4

Cordiceps, 47, 49
# vibratile, 151
47

theory, 168
y, microbe of, 220

to, 33

of

— Human, 150241
—— of planis, 305
—— of potata, 31
—— of wilkworme, 50, 160-155
—— of the vine, 32-43

— of wines, 8 -105

—, produced by microbes, §
Drawings of microbes, 263

E

Earth-worms, 32, 137
(i g method), 225,

phantiasis, 228
Entomaphthora Flanchoni, 49
— imoga, 49
Entomophihorem, 49

Ergot of maize, 24
—— of rye, 20, 21
Ergotine, 25
Ergotianm, Z8
Erisyphe, 27
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M
Malaria, 179
ilus, 183
It, 80
fover, 170-187
t of m

of hnman diseases, 156-241
jequirity, 251
stre, 121
waters, 119,

—

—— of salij
—— of sulphorous
120

—— of the air, 156
—— of the montk
—— af the
—— of the aoil, 166
—— of urine, 107

161

=, part p
—, path 282 084
—— polymorphism of, 272-284

INDEX.

Microbes, ptomaines of, 237-241,
206

——; soptio, 283

» Strictly so called, 85-90

their mode of action, 237~

241
—— nsefnl, & 305

» vegotable natare of, 85-90

o theory, Pastour's, 204

cocous, §1, 92, 304,
—— aurien

cuanug, 120
- diphthericus, 215

—— diphiericum,

23
— furfur, 56, 57, 278
5

Mildew, 85,
Mixture of
e
Molinia, 46
Monera, 3
Montsouris, 159
Morts flats, 164
Motion of microbes, B8
Moulds, of dog's excrement, 27
—— of leather and fruit, 25, 26
—— of paper, 48
Mucor eaninus, 27
herbarium, 46
— mucedo, 28, 45

different microbes,
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Harcinag t
Ecar]

Eporanginm,

314 INDEX.

Baccharomyees

—— sl ulatum,

—
S
Bis
Staphy
Streptothris, 204

= Forsteri, 238

Bulphurous waters, 119
Bulphur, application of, 34
Bweat, red, 231

Bweating foot, 238

Bwine fever, 143

Iyeosie, BB
Bywbiosis, 273

v

Vaceination, 211-21
—— for anthrax, 139

Verdet, 1

, 8, 93, 101, 117, 501, 304
—— rugula, 83, 118, 173, 174
—— seplicus, 146, 147

o serpens, 93, 302

Fincgar, ferment of, 86, 05
Viscous fermentation, 106

w

Whitlow, 236
disenses of, 08-105
—, ferments of, 74-78

X
Xeronis, 232

Y
Yeast of beer, 75-82

Z

Znogalactine imetropha, 127

Zoogloem, 114, 115, 129, 178,
Fk

Zymasge, 201
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D, APPLETON & 00’8 PUBLICATIONS.

THE BRAIN AND IT
to the Hespice de

FUNCTIONS. By J. Lrys, Physician
pdtridre, With Illustra

epeak with anthority npon the

Hi# studies ou the anatom:

the Mllest and most spsiomanio

Lizys supporis hbie conclusions not ouly vw. his own Bnf-

t ._w_.c by muny fun sl obssrvations of varions other

. tourss Mrolessor Ferrier's now classical experi-
s,

=

and we have
8 practical binls such as
The Popular Science Monthly,

THE CONCEPTS AND THEORIES OF MODERN
PHYEICS, By J B Srawo, 12mo. Cloth, §1.75.

lo's work is an Ingaley into the validity of those mochanies] eon-

m @ which a: w held as fundamental in phy=leal selence,

& modern doctrines which are based apon this mechanical

the kinetic theory of pases,

HnnaAr hypothesie, and other views, to fnd how

_4_ and how much rests npon metaphys-

rpearance of Dr. Dmaper's * Religion and Sclence,’

ablished fu the couniry calculated 1o make so desp an tm-

il educated readbrs a5 this wolame. . . . The range

r'a learulng, the acatences of his ressoning, and the

n and clearness of his eiyle, are quatitios which very seldom
Iy exhibited in a scientlfic treatise,”—Vew Ford Sun,

THE FORMATION OF VEGETABLE MOULD, through
the Aection of Worms, with Observations om their
Habits. y Cnances Dagwin, LL D, F. R 8, author of “0On
the Origin of Species,” ete, etc. With Ilustrations. 12mo.

me on the hahits and Instineta of earth-worme Is no
mire cluhorate efforts of his gening by reshnoas
ing power of interproting and correlating facts, aud Ingieal
upon them.,  The main pormoss of the work s to paint ot
which wormas have taken in the formation of the layer of vegetahly
overs the whole surface of the land in every moderately humid
vers of .EH:..____ will mndre § :“__..nI_E Mr. u!.qrﬂ“nﬁ_. Thee uummsm
As thrown upon & suhject so long ove; . TEL 80 o

cilon, as the struetnre and the labors of the earth-worm,"—

interest ang
Sarurday Kevlews,

* Respecting worms ns among the most nsefnl portlona of anlmate natues,
Dr. Liarwin relates, in this remarkable book, their structnre and hablts, tha
part they bave plaved in the burfal of ancient baildings and the denudnthon of
the land, In the di=integration of rocke, the preparation of soll for the growik
of planis, and in ihe natuml history of the workd,"—Hoston Avdvertiser,

New York: D. APPLETON & €O, 1, 3, & 5 Bond Strest.
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D.L.Ubhmu._u_ﬁ&QQ.@.DQ%._U__Q‘&H__.Q‘{@
THE ORIGIN OF THE FITTEST: ESSAYS ON EVOLT.
TION. By Professor E. D. Core, Member of the National Academy

With numers strations.  Bvo, cloth,  £5.00.

Fart IL. Structural E ridence of
Evolution.  Fart IV, Metaphysical

gher anthority In ihe fleld
el sical discoveriea
wrope a8 well as in Amerlea. The

suye which constitobe the work pregent the whole subject of evolg-
with great fullness.

A TREATISE ON SURYV EYING, COMPRIRING THE THEORY
AND THE PRACTIC By Wistan M. Guuesee, LL D, for

r Professor of O Engineering in Union College. viged

rged by Cany Sravey, Ph. D, President of Case School of

d Beience,  With numerous Tlustrations. 8vo, balf bound.

=

*“Land Enrveying™ and * Loveling

d unived in this volume,

By C. A. Yousa, Fh. D., LL. D., Professor of Astronomy

re of New Jersey. ns [Mlusteations.  Third

, with SBupplementary Note. Vol 34 of “ The Interna-

o S h, £2.00,

lementary Xote ™ has been added, piving s brief stato-
develagments in rolar astronomy since the pabiiea-

thon, fn 1853, m._z__x___n the snbject Lo date as inr as possible.

g 12 an authority on *'The San,’ and writes from Intimate
. Tle hias stadied that greas luminary all i
onte far obeery it, gone to all gearters of
*8 andl opportunitios te watch it and hns contribated fmpor
ories that have extended onr knowledee of L Popelar Selenoe m.eah.pi.

THE POISON PROBLEM; O THE CAUSE AND CURE OF
INTEM ANCE, Dy Feux L. Oswarn, M, I, author of Physi-
*  New choap edition.  12mo. Paper, 25 cents,

*The most forcible exposition of the evil of Intemiperance that has lately been
containg fet vad from recent sintistles. and the views of mes

. ren on the terrible resalts of the use of alcohol o all paris of the world.™
—FPhiladelphia Bullsiin,

A NEW PHYSICAL GEOGRAPHY. By Fusiz Recius.
Being Supplementary Volumes to M. Recrps's % Earth and jts In-
habitants.” Edited by A. H. Keaxg, B. A.  In two volumes, Tilus.
trated by numerous Engravings, and by Mape printed in Tints.

vol, L The Earth: A Descriptive History of the Phenomons of the Life
of the Globs,

Vol. IL. The Oeean, Atmosphere, and Life.
Frice, per Volums, $6.00 in sheep; $7.00 in half Morocoo.

New York: . APPLETON & 0O, 1, 8, & & Bond Strest,
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D. APPLETON & (0.8 PUBLICAT/ONS,

BRAIN EXHAUSTION, with some Preliminary Considerations on
Cerebral Dynamics. By J. Leoware Conxie, M. D., formerly Resi-
dent Pl an to the Hudson River State Hospital for the Insane

hysica
. irreguiar hours, i ital eense,
c#, fret and worry, false edncationn] meth-

» prisciples of brain hyglenies, and
urthon may be remedisd bafore the Soal and
17 chapters the author discusses the relation
o relation of food to

«

prod: | ry il
interest witho bilng uh iclan, Brain-workers

able digest with botb prods aud pleasare."—Eelsctle Magazing.

e can study this

OUTLINES OF PSYCHOLOGY, with 8pecial Reference to the
Theory of Eds . A Text-Book for Colleges. Iy Jaxes Suviwy,

A, .:J. Examiner for the Moral Sciences Tripos in the University of

Cam L ete,  Crown Svo, cloth, §3.00.
* A hook that has hee  wanted rw all who aré engaged in the haziness of
teach des vr fie prineiples,  In the fint place, it 1= an elabornte

troatie af Independent morit a8 representing the latest and
b=t wark of all scha sycholngleal ingniry. Bot of squal importance, and
what will ho prized & andl most desirable feature of 8 work on mental

gcienes, {2 the edneational lications that are made thronghoat in soparmte text
and type, a0 that, w plicaiion of mental phenomena, (bere comes at once
the application to the art of edacation."

BODY AND WILL! being an Fseay coneerning Will in its Mata-
physical, Physiological, and Pathological Aspects. By Hesmr
Marpsuey, M. D.  Bvo, cloth, §2.50.

“ T, Mandslov's powers of logle have never hoan more keenly exercised than
in *Hody and Will,' his latest volnme, He takes the altrematerialistio view of
the human min
that, were gynih
hawlng given phesieal conditione, to d
erndition dieplaye! in * Body and Will ' are only agualed by the keenn
eritivisms npon what, from the writer's point of view, are emplirical dogmas,
Nao fairer oF mors ahle cxposition on the Intest selentiie teaching upon the sab-
Jeet of man as a free ngent Is to be fownd (han in this volnne.""—Boaion Courier.

New York: D. APPLETON & €O, 1,3, & 5 Bond Sireet.






















