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4 Manual of Bacteriology

they were even in a morve thriving condition than those
naturally brounght up. The intestinal tract was found
to be sterile on the eighth day. On the other hand,
Schottelius found that chickens reared on sterile food
were retarded in development, and experiments by Moro
on turtle larvae lead to the same conclusion, viz. that
intestinal baeteria arve necessary for normal nutrition.
Levin, however, found that the intestinal tract in many
Arctic animals—the polar bear, reindeer, seal, eider
duck, ete—is generally sterile, and in these instances,
therefore, bacteria are not required for normal nutrition.

Commereially, micro-organisms arve of the ntmost
importance. Without them there would be no fermen-
tation, and the wine, beer, and indigo industries, the
ripening of cheese and tobacco, and many like processes
would be non-existent. From a financial aspect also
micro-organisms cannot be ignored, for many of the
so-called ¢ diseases’”’ of beer and wine, which often
oceasion great loss, are due to the entrance of adven-
titious forms, while the silk industry and sheep farming
in France were once threatened with extinction owing
to the ravages of pébrine and of anthrax respectively,
but through the genius of Pasteur were restored to
their former prosperity. There is no need fo emphasise
the importance of micro-organisms from a medical and
hygienic point of view, but the fact may be recalled
that sixty years ago the mortality after operations was
very high, and that 40 per cent. of these deaths were
caused by pysmia, septiciemia, and hospital gangrene,
conditions which are due to the entrance of micro-
organisms, and which are now almost preventable,
thanks to the antiseptic system introduced by Lord
Lister.

I'"he theory of spontaneous generation or ablogenesis
is intimately conmected with the study of bacteria.




Abiogenesis 5

The putrefaction of aninal and vegetable ‘Huitlse. even
after boiling, and the growth in them of mnute lll‘r'lt]g
forms, were held by many to be a sure proot Ui. the
development of life from inanimate matter, of the
spontaneous generation of the living from the non-
living. A succession of investigators, however, showed
(1) that if the fluids be boiled sufficiently long, and be
then sealed up so as to prevent the access of air, they
do not undergo putrefaction ; (2) that the sealing
up may be dispensed with, provided the air be first
filtered through cotton-wool before being admitted to
the flasks; (3) that even the cotton-wool is nof
needed if the air be passed slowly through a loug
and tortuous channel, so as t deposit its solid particles.
Tyndall showed that putrescible fluids may be exposed
in open vessels in a closed chamber in which the air
has been undisturbed for some time and 1ts sohd
particles thereby deposited on the walls of the chamber,
which had been smeared with glycerin ; he also proved
that vegetable infusions and the like, which putrefy
after having been boiled for ten minutes, do not do so
if the boiling be repeated on two or three successive
days, and explained this by the supposition, that while
the fylly developed bacteria are destroyed by the first
boiling, their more resistant spores remain alive, but
these on being left for twenty-four hours germinate
mto the less resistant Dbacterial forms, which arve
destroyed by the second boiling, and by the repetition
of the process complete sterilisation may ultimately be
obtained. 1t is this process of “discontinuous sterilisa-
tion,”” as it is termed, which is employed by the bacterio-
logist for the preparation of sterile culture media.?

I The writer believes that this explanation is only partially true,
and would ascribe some of the sterilising effect of repeated heatings
simply to the injurious action of alternate heating and cooling.

























Reproduction of Bacteria 13

Previons to division the rod-forms become elongated
and the spherical ones ellipsoidal, and there is am
inerease in the number of the roseine-staining granules,
partly by division of pre-existing ones and partly by
new formation. The constriction in the majority of
cases involves and passes throngh one of the granules.
In the monotrichous and lophotrichous bacteria it is
always the non-flagellated end of the dividing cell
which bears the flagella of the mnew cell. Under
favourable conditions reproduction may be very rapid,
fission oceurring every twenty or thirty minutes (Klein),
so that, the increase being in a geometrical ratio, the
number of individuals which might arise from a single
bacterium in three or four daysis almost inconceivable,
and would en masse weigh thousands of tons; fortunately
there are many checks to such a rapid multiplication.
Frequently, although the protoplasm divides, the
division of the cell-membrane is incomplete, resulting
in a loose union of the cells with the formation of a
pseudo-filament. These filaments often become much
carved and twisted, forming tangled masses, owing to
- fission taking place in the cells in the middle of the
filament as well as at the ends, so that the filaments
have to become curved to make room for the new cells.

Reproduction by spore formation is met with in
some species, and is generally described as being of
two kinds. In the first, “ endogenous ”” spore formation,
a bright refractile round or ovoid body is formed within
the bacterial cell, the development of which can be
wafched under the microscope. Rowland deseribes the
process of spore formation as follows : Refractile, oily-
looking droplets, which do not stain with roseine, appear
and ultimately coalesce, forming the spore. The cell-
plasma at the same time diminishes and retracts from the
cells-membrane. The roseine-staining granules increase













Classification of Bacteria 17

Genns 1. Bacreriun,—Straight rods; endospore
formation does not occur.

Genus 2. BacinLus.—Straight rods; endospore for-
mation occurs.

Genus 3. Levconosroc.—Cocel and rods ; arthro-
spore formation occurs in the coccoid forms.
Genus 4. Crosrripium.—The same as bacillus, but
the spore-bearing rods are enlarged and club-

shaped.

(zeus 5. SPIRILLUM,
does not occur.
Genus 6. Vierio.—Spiral rods; spore formation

OCCurs,

Spiral rods; spore formation

Family III. Leprorcicaes.—These are unbranching
thread forms.

Family IV. Cravorkicues,—These arve thread forms
showing true but not dichotomous branching.

Theve are many features in this classification which
ave of practical value. The distinetion made between
a bacterinm and a bacillus, for example, is very comn-
venient.  Formerly it was the custom to term a short
rod a bacterium, and a long rod a bacillus, but such a
division is an arbitrary one, and at one stage of its
life-history an organism might have to be termed a
bacterium and at another a bacillus. The term
% hac_:terium 7 is now but little used, and any straight
f'ﬁtl 1s termed a bacillus. The term staphylocoecus ”
15 one frequently met with: it is practically synony-
mous with micrococcus, and refers to cocei which are
aggregated into groups or clusters. Of the twisted
rods, a simple curved rod is now known as a vibrio, a
definitely corkscrew form of three or a few tlll‘tlﬂjirﬁ

-
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A number of metallic and other salts, chlorine, bromine,
and iodine, carbolic acid, salicylic acid, ete., ]IILTE'H,]I
injurious effect upon bacterial life, iuhi.l:iting or stopping
growth, or killing the orgaunisms outright ; these are of
considerable practical importance and arve known as
germicides, antiseptics, and disinfectants. The pro-
duets produced in the nutrient medium by the baeteria
themselves also sooner or later inhibit or stop further
growth ; a familiar instance of ‘this is seen 1n the alco-
holic fermentation of sugar by yeast, which ceases when
the amount of aleohol reaches 12 or 14 per cent. The
same reason probably accounts for the fact that growths
of bacterin in culture tubes do not spread all over the
surface of the nutvient medium, and why our cultures
sometimes die ont more rapidly than might be expected.

Another point affecting bacterial life is the presence
of a mixture of organisms in the same nutrient medium,
[f there be a very vigorous form, it may ultimately
grow and multiply to such an extent as to crowd out
and finally kill the other forms with which it 1s asso-
ciated, and if the nutrient medinm egually favour two
species, that one which is in an excess at the beginning
may ontgrow the other. 'T'he occurrence of what has
been termed symbiosis is of considerable interest m the
life of micro-organisms, and too little attention has
hitherto been paid to it. This is the co-existence of
two or more species which together bring about certain
changes.  For example, in the well-known ginger-beer
plant, Marshall Ward " isolated several veasts, bacteria,
and moulds ; of these, one of the yeasts and one of the
bacteria togetlier induce the particular changes n a
saccharine fluid to which ginger has been added, which
render the mixture like ginger-beer, and these changes
do not oceur unless both species develop together.

I Phil. Trans. Roy. Soc. Lond., vol. elxxxiii, 1892, p- 125.







Effect of Physical Agents 23

organisms attack the left-handed lmvnlose molecules
and convert them into aleohol and CO,, while the
richt-handed lwevalose is left untonched.

1.1-"1'-:*545111'9:, unless very great, has little effect on
bacteria.  Roger investigated the effects of high
pressure on certain organismns i bouillon . enltures,
Pressures of 200 to 250 kilos. per square centimetre
had no effect; by raising the pressure to 3000 kilos.
per square centimetre one third of streptococer were
killed, and of anthrax withont spores a good many ;
while sporing anthrax, Micrococeus pyogenes, var.
awrews, and the colon baecillus were unaffected.”

Our countrymen Downes and Blunt first called
attention to the imjuriouns effect of light upon bacteria.
If plate cultures be preparved and exposed to sunlight,
a portion of the plate being protected from its action,
as by sticking on a letter cut out of black paper, and
the preparation afterwards incubated, it will be found
that the colonies develop at the protected portion only,
those parts which have been exposed to sunlight
remaining sterile.  Although this action of nunhght
may occasionally be due to chemical changes in the
medinm, resulting in the production of ozone or other
germicidal hmhe the experiments of Marshall Ward
and others inue conclusively shown that oermicidal
action may be caused by the direct action of the light,
the violet and nltra violet rays being those cunf*(-nmd
and the red end of the spectrum has no effeet. "J]u-a
Réntgen rvays seem to have little or no influence
upon. bacteria, but the results obtained arve somewhat
contradictory,

' Baeteria being so minute, the actual pressure on a bacterial cell,
even with these Ingh pressures, is small. TIf, for example, a bacterinm

measures 1.n by 5 u, o pressure of 1000 kerm. per square centimetre
would be but 0:05 grm. (3 grain) on the cell,
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In view of its practical importance in bacteriological
analysis and the identification of species, indole may
hurt: be referred to at some length,

Indole—Indole (C;H-N) is a product of the putre-
factive decomposition of proteins containing a trypto-
phane nucleus and is formed during the growth of many
organisms, aund, since one species may produce 1t and
another allied one may not, the determination of its
presence or absence in the enlture may be of value m
the identification of organisms. The detection of indole
is based on the reaction with nitrous acid, with which
it gives a fine purplish-red coloration. In order to
test for it, the organism i1s grown m a flnid medinm for
twenty-four to forty-eight hours or longer, 1 c.c. of a
01 per cent. solution of sodium nitrite is added to
every 10 ec.c. of the culture, and a few drops of pure
concentrated sulphuric acid or of hydrochlorie aeid
are allowed to trickle slowly down the side of the test-
tube, which 1s inclined with its mouth away from the
operator. As the acid runs down, it is mixed with the
fluid ; a colour varying from pale pink to pale purple
indicates the presence of indole. A control tube,
uninoculated, should also be similarly tested to make
sure that the reaction is due to the produets of the
growth of the organism. The culture fluid usnally
employed 1s peptone water, preferably 2 per cent., but
some samples of “ peptone ” ocecasionally fail to give
the indole reaction when organisms are grown in media
prepared from them ; the right kind of peptone must,
therefore, be used. As the dilute solution of sodium
nifrite is unstable, a stock 5 per cent. solution may be
kept ; 2 c.e. of this solution are diluted to 100 c.c. with
distilled water at the time of making the test, and 1 c.c.
of this dilution is added to every 10 e.c. of the culture.
The addition of the acid liberates free nitrous acid,
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containing a mixture of ignited quartz sand and ‘|1'!|1+:-
stone. After three weeks nitrates began to appear in the
effluent and increased to such an extent that finally the
filtered sewage contained no ammonia.  After this had
continned for some weeks chloroform vapour was passed
at the same time through the tube, with the result that
in ten days after the introduction of the chloroform all
nitrates disappeared from the effluent.

Subsequently the passage of chloroform vapour was
discontinued, but nitrification did not resume until the
washings from 10 grm. of garden soil were added.
Eight days after this addition mitrates again appeared
in the effluent (this was confirmed by Warington).
Evidently the chloroform vapour acted as an antiseptic
and killed the nitrifying organmisms, while the addition
of soil washings re-inoculated the material.

Shortly after this Schloesing and Miintz found that
exposure of soil to 100° C. for an hour destroyed the
power of induecing nitrvification. Soils thus treated
were exposed to a current of air, purified by ignition,
without mitrification taking place ; the addition of a
little nnheated mould was, however, sufficient to cause
nitrification to recommence. They also tried seeding
the sterilised soils with various Hyphomycetes, ete.,
without result,

In 1884 Warington concluded that the factor
determining the formation sometimes of nitric acid and
sometimes of mnitrons acid was a difference in the
character of the organisms ; for it is possible to have
two similar solutions under identical conditions, and for
nitrites to be produced in the one, and nitrates in the
other,

In 1886 Dr. Munro showed that the process of nitri-

fication could take place in solutions practically destitute
of organic matter.
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Stages 11 and 1T are Lnuwll about by different’
:-:]w-,_-u:a the nitrie organisms |m.1. ing 1o effect whatever
on ammonia, but acting only after this has been oxidised

into nitrous acid by the nitrous forms.

The discovery of Dr. Munro that organisms will grow in
purely inorganic solutions has been made use of for the
isolation of the different species. Solutions such as the
following have been used :

Foor the Nitrous Organisms, For the Nitvie Grganizms.
Ammonium chloride, 05 grm. Potassinm nitrite, 003 grm.
Potassium phosphate, 001 grim. Potassium phosphate. 001 grm.
Macnesinm sulphate, 002 grm.  Magnesium sulphate, 0005 grim.
Caleinm chloride, 001 grm. Caleium carbonate, 5 gr.
Caleimm carbonate, 5 grm. Dhstilled water, 1000 ¢.c.

Distilled water, 1000 ¢.c.

These are seeded with traces of earth, and by carrying on
the ecultivation for anany generations a large number of
organisins are eliminated. 'T'his method does not lead fo a
pure cultivation, for several forms besides the nitrvifyine
organisms persistently maintain themselves in these mineral
sulutions.

So recourse was had to gelatin plate cultivations. Although
several organisms were 1solated i this manner, none of them
possessed the slightest nitrifying power.

Frankland, and later Warington (1890), succeeded in
isolating nitrous organisms by the dilution method. Nitrifv-
ing  solutions were diluted, and traces imoculated into
ammmomacal solutions; i some of these nitrification oceurred,
althouegh no growth could be obtained on celatin, and they
were found to contain the nitrous organism only, A lit{le
later Winogradsky isolated nitrous organisms, first by modi-

fied gelatin lilmia-a, and afterwards by the silica jelly method.

. Warington gives the following divections for the prepira-
tion of silica jelly plates : Sodium carbonate is fused i the
blowpipe, and fine white sand is added as long as efferves-
cence 18 produced. "The mass is allowed to cool, and is then
dissolved in water. The solution is poured into an excess of
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little nodules will be found upon them ; these contain
minute irregular and Y-shaped bodies, which have
been termed * bacteroids,” and seem to be of the
nature of involution forms. On inoculation into suitable
culture media’ the bacteroids give rise to a growth of
a motile baecillus known as Pseudomoenas radicicola ;
this “ fixes  the atmospheric nitrogen. The organisms
penetrate the young roots through the root-hairs, mul-
tiply and form a filamentous zoogleea, which grows
into the tissue of the root and penetrates the cells.
Large amounts of nitrogen are taken up by the
bacteroids, and are converted into nitrogenous com-
pounds which can be assimilated by the plant. Legu-
minous plants grown from sterile seeds in a sterile soil
dwindle and die, but if inoculated with the orgamisms
derived from amother plant of the same species growth
becomes vigorous ; if inoculated with those derived from
another species growth still takes place, but not nearly to
the same extent. The Leguminos® thus stove up one of
the most important elements of plant food, and hence
their value in the rotation of crops. There is apparently
no increase of nitrogen compounds in the soil, the
excess found being due to the root residues remaining.
A substance termed “ nitragin,” consisting of a culture
of these root organisms, has been prepared as a fertiliser.
Nobbe’s “nitragin ” did not prove a success, apparently
because Fhe organisms soon lose their vitality. A better
preparation,  nitro-bacterine,” was devised by Moore
of .ﬂ'lﬂ United. States Department of Agriculture.
Besides i:,}:e leguminous organisms, other bacteria are
present in the surface layers of the soil which fix

.1 :’-,:u"ch as wood-ashes maltose agar. Boil 8 grm. of wood-ashes
with 500 c.c. of water for one minute ; filter. To 400 c.c. of this

: grm. agar. Boil til d 1 ;
filter, tube, and sterilise, g il until dissolved ;

3
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organised ferments, which, in other words, are micro-
organisms ; and the unorganised or chemical ferments,
bodies such as pepsin, which in minute amount produce
changes in a considerable quantity of the substance
acted npon, without themselves undergoing alteration.

1t is better to reserve the term ‘ fermentation > for
the changes brought about by the organised ferments
or living organisms, and to call the unorganised fer-
ments enzymes, and the changes which they produce
zymolysis. As fermentations are investigated more
critically, the tendency is to find that they are brought
about by enzymes, extra-cellular or intra-cellular, so
that in course of time this distinction may no longer
hold good.

The following are the chief varieties of fermenta-
tion :

The alcoholic fermentation.—This is mainly brought
about by the decomposition of sugars of the hexose
group (CgH,,04), prineipally dextrose and levulose, by
yeasts into aleohol and earbonic acid, but some of the
bacteria and moulds also produce appreciable quantities
of aleohol.  Other carbohydrates by the action of
enzymes secreted by the organisms may be converted
mto }}exuanﬁj which are then fermented. The general
reaction is as follows :

CeH1,0,=2C,H 0 + 2C0,,

As a mafter of fact small amounts of by-products
appear in addition to the alcohol and carbonic acid
Viz. glycerin, sueeinie acid, and higher aleohols, Uutii
1897 no enzyme had been obtained which would carry
ot this change ; it only occurred when the !iriné‘
}’Ei‘l.‘it-.ﬂﬂlls were present, but in that year Buchner, by
grinding up the living yeast-cells, obtained a juice which
dECUHlPDEI‘:—}d dextrose with the formation of i-.l.]{..'-U]Iﬁ] anel
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which liquefies gelatin does not neccss.nrélyrdigest blood-
serum. The proteclytic enzyme is tryptic in nature and
escapes from the cells into the surrounding medium, 50
that some of the liquefied gelatin free from cells or m
which their action is inhibited by an antiseptic, liquefies
other gelatin if added to it. Amylolytic enzymes are
also produced, such as amylase (digesting starch),
maltase, lactase, inulase, and invertase. Lipases and
rennet-like enzymes also occur. Fermentation ’” of
urea takes place by means of an enzyme secreted by the
Micrococeus wree, ete., with the formation of ammonium
carbonate. These enzymes do not seem to possess any
poisonous action.

Formation of pigment—Numerous organisms, espe-
cially those of air and water, during their growth pro-
duce various coloured pigments. They are termed
“ chromogenic bacteria,” examples of which are the
Sarcina lutea and Micrococcus cereus, var. flavus, which
form citron-yellow pigments; the Bacillus prodigiosusand
Spirillum rubrum, red pigments ; the Bacillus violaceus
forms a rich violet one; aund the Bacillus pyocyaneus,
a blue. A large number of chromogenic organisms
require oxygen for the production of the pigment, and
potato is often the most favourable culture medium.
In some cases the medium may become coloured, and
the property of fluorescence be conferred upon it, as is
the case with the Buacillus fluorescens liquefaciens.
Usually the pigment is extra-cellular, occasionally, as
in B. violaceus, it is intra-cellular.

Phospliorescence, or light-production, is developed by
some bacteria, notably by many marine forms, and is
well seen in decomposing fish. Some spirilla are also
known occasionally to produce phosphorescence.

A necrotic action on the tissues is produced by many
pathogenic organisms, For example, the tubercle and

S

S
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toxic ptomines were isolated by Brieger from cultiva-
tions of pathogenic microbes, and great importance was
once attached to them. They are referred to in the
chapters describing the pathogenic organisms.

Brieger’s work, however, needs revision, for his
methods were not such as to exclude alteration by the
reagents employed.

Stevenson obtained traces of a highly poisonous
crystalline ptomine from some sardines that had caused
death. Vaughan has isolated a body, tyrotoxicon,
apparently identical with diazobenzene, from poisonous
cheese and milk. Mytilotoxin (C,H,.NO,) 1is the
specific poison of toxic mussels. Neurin and muscarin
are extremely poisonous and may occur in decomposing
flesh. Some of the ptomines produced by putrefaction
are very similar to certain vegetable alkaloids and
are thus of considerable medico-legal importance. The
ptomines are not speeific like the true toxins, and toxic
ones may be produced by non-pathogenic bacteria.

(2) Towins.—These are the soluble poisons elaborated
by the bacteria and excreted by the cells into the
surrounding medium. They are regarded by Martin
and others as being allied to the proteoses. Roux and
Yersin suggested that the diphtheria poison might be
an enzyme, while Brieger and Frinkel regard it as
albuminous. The toxins are non-basie substances
closely related to the proteins and hence have been
named tox-albumins, and are considered to be the
specific toxic poisons of the pathogenic bacteria. It is
difficult or impossible to prepare them in a state of
purity and their chemical constitution is therefore un-
k:.rmwn, and they are characterised by extreme specifi-
city. Such are the poisons of the diphtheria and
tetanus baecill,

" ™ " F
(8) Endotowins.—These are toxie substances elalbo-
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rated by the bacteria which do not to any extent
escape from the cells. They are as specific as the
toxins and possess analogous properties (see below).
(4) Bacterial proteins.—These are toxic constituents
of the bacterial cells which do not diffuse from the
cells, are not specific, and which probably usnally play
little part in the production of the disease symptoms.

LITERATURE.

On Nitrification, see Warington, Journ. Chem. Soe., 1886,
et seq; Frankland, Cantor Lectures, 1892 ; Nalure, 1890, ef
seq.; Lohnis, Handbuch der landwirtschaftlichen Bakteri-
ologie (Borntraeger, Berlin, 1910, full bibliography). On
Bacterial Products, see Cellular Toxins, by Vaughan and
Novy, 1902 (Bibliog.), Ueber Ptomaine, by Brieger, 1885;
Macfadyen, The Cell as the Unit of Life (Churchill, 1908) ;
Wells, Chemical Pathology, 1907. For General Bibliography,
see Kolle and Wassermann, Pathogenen Mikroorganismen.

Endotoxins.

The majority of pathogenic micro-organisms do not excrete
any appreciable amount of toxin; the toxin remains within
the cells. To such an intra-cellular toxin the name of * endo-
toxin " has been given. The toxins of the staphylococei and
streptococei, the typhoid-colon group, plague, cholera, ete., are
endotoxins. Various methods have been employed to pre-
pare these endotoxins, such as extraction of the cells by the
action of weak alkalies and enzymes, and by autolysis or
self-digestion. _

The late Dr. Allan Macfadyen conceived that if the intra-
cellular toxins (endotoxins) of such organisms as the typhoid
bacillus, cholera vibrio, ete., could be obtained free from the
bacterial cells, it might be possible to prepare sera (anti- endo-
toxic sera) of much more therapeutic potency than the ordi-
nary anti-microbic sera.

The disintegration of the bacterial cells in the presence of
;utense cold, to prevent chemical change in the bacterial juice
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43 Manual of Bacteriology

obtained, was the method devised by Mactadyen to attain this
end. With the aid of his colleagues, Mr. Rowland and Mr.
Barnard, and of his laboratory assistants, Messrs. Burgess and
Thompson, apparatus and methods were evolved to effect this.

By growing on the surface of agar or other suitable medium
i plate bottles (Fig. 15), scraping off the growth and suspend-
ing this in salt solution, centrifugalising at high speed, and
collecting the bacterial cell-mass on the walls of the centri-
fuge vessels, sufficient material is readily obtained to grind or
triturate, and thus disintegrate the bacterial cells so as to
liberate their contents. This is accomplished by means of a
special machine, the essential part of which consists of a metal
cone revolviug at a high speed in a metal pot, the bottom of
which is shaped so as to fit the cone. The pot, with its con-
tents, is immersed in a vessel of liquid air or other freezing
mixture, and the bacterial mass is ground.

After grinding, the ground material is made up with
distilled water or with 0-1 per cent. sodium hydrate, so as to
form a 10 per cent. solution (ealeulated on the original
weight of the moist bacterial paste) ; this is centrifugalised,
and the fluid is filtered through a sterile Berkefeld filter.

The filtvate thus obtained is the endotoxin, and is used to
immunise horses and other animals in the same manner as
with any other toxin; it should be used as fresh as possible.
The amounts of a typhoid or cholera endotoxin employed for
immunising must at first be small, 0:2-0°5 c.c., as it produces
considerable disturbance on injection, and the amount is
oradually increased. After some weeks' treatment a dose
of 20-80 c.c. may be injected. When tests show that the
serum has attained the necessary potency, the horse is bled
and the serum obfained and bottled.

The endotoxins also possess immunising properties to a
high degree, and may be used as prophylactic or as curative
vaceines ; they markedly raise the opsonie index.

Another machine has been devised by Barnard for disinte-
grating bacterial and other cells. It is supplied by Messrs.
Baker, of High Holborn, and 1s depicted in Fig. 1, p. 41.
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The containing vessel consists of a phosphor-bronze body.
A, in which five hardened steel balls, B, are placed. The shape
of the containing vessel is such that when these balls are at
its periphery they accurately fit the inner side of the vessel.
The balls are evenly distributed round the vessel by means
of acage, ¢, and during the time they are running this cage
ensures that they are equi-distant and do not collide one with
another. At the centre of the metal vessel 1s a steel cone, b,
which is of such a size that it keeps the balls in their proper
position in close contact with the periphery of the containing
vessel. The vessel is closed by a serew cap, g, through which
the steel cone passes, and in which 1t is free to rotate. Over
the whole of this a metal cylinder, ¥, is placed, and is serewed
down, completely sealing the upper opening in the metal
vessel. In the top of this metal cylinder a steel bearing, a,
15 placed, which has freedom of movement in a horizontal
direction, but is kept down on the top of the steel cone by
the action of a spring. It therefore follows that when this
metal cylinder is screwed down the steel cone is pressed on to
the balls, and the balls are in their turn forced out to the
periphery of the metal pot. The whole appliance is mounted
on a cone, H, and a centre, 1, which are carried by two
uprights attached to the base plate, 7; one end of the shaft
18 attached to the electric motor.

The grinding action is brought about by retarding the
revolution of the central cone, . This has been effected bv
mounting on the spindle of the central steel cone, n, a semi-
cylindrical mass of iron or lead, x, the weight of which must
be such thal when the whole apparatus is rotated it is suffi-
cient to hold the central cone still.

By retarding the cone in this way a drag is placed on the
balls, they slide to a certain extent over the inner surface of
the pot and exert a grinding action.

See Hewlett's Serum Therapy, 1910 ; Hewlett, Proe. Roy.
Soc., B., 1909 and 1911; Proe. Roy. Soc. Med., vol. iii,
1909-10 (Pathological Section), p. 165: Barnard and
Hewlett, Proc. Roy. Soe., B., 1911,
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manipulating them 1n such a way that the m]t-mrncu
of organisms from without is prevented and Ic:n:mtmmnn-
tion avoided. Varions methods of destroymg and of
getting rid of organisms are known, such as the unse of
chemical “germicides,” heat, and filtration through
porous 'E.‘l{:vl‘{}i;‘]uiﬂ. The addition of ehemical germicides,
such as carbolic acid or corrosive sublimate, 1s out of

Fra. 2. —Hot-air steriliser,

the question; for although the vessels and media might
be rendered sterile thereby, the growth of the orga-
nisms which are being investigated would equally be
prevented, so that the two last, viz. heat and filtra-
tion, are those which are employed, the former being
used for vessels, instruments, and culture media, solid
and fluid, the latter for fluid culture media only.
Various apparatus are needed for sterilisation and
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the preparation of culture media, These will now be
1|.l'.‘"-|.'l'i.|j["l'l,

Hot-air steriliser (Fig. 2).—This is a rectangnlar
|

box of sheet iron with double walls, having an air-
Space of nearly an inch between them, and furnished
with a door. The bottom should be protected with a
loose piece of sheet iron, which ean be renewed as i

“burns” away. The top is

holes, through one of which a
chemical thermometer, regis-
tering to 200° (., is inserted
in a ecork, while throngh the
other some form of mercurial
regulator ean be introduced
if required, but is not usually
needed. In the hot-air steri-
liser all thin-glass vessels and
cotton-wool are sterilised by
heating to a temperature of
about 150° C. by means of a
Bunsen or a small ring burner
under the steriliser, which is

supported on a suitable iron

stand. If the steriliser 1s
Fra. 3.—Steam steriliser.  placed on a table or other
wooden support, a piece of
sheet 1ron, asbestos ecardboard or uralite should be
laid over the wood to protect it from the heat. An
mexpensive substitute for the hot-air steriliser may
readily be devised, any iron box or even a biscuit-tin
being used for the purpose.
Steam steriliser (Fig. 3) —This consists of a cylin-
drical or rectangular vessel of tinplate, galvanised iron,

or copper, covered on the outside with a layer of felt

perforated with a couple of
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or asbestos, having a false perforated bottom supported
a few inches above the true bottom, and provided with
a movable lid. In the steam steriliser or “steamer”
the culture media, and thick glass vessels and other
apparatus which would erack or be damaged h-‘-‘f Lthu
high temperature of the hot-air steriliser, are sterilised
l}}-'. steam. The lower chamber of the steamer, below
the false bottom, is partly
filled with water, which ir-;H I~ ‘:r
boiled by means of a Bunsen
or ring burner. Above the 8 e S
false bottom the enlture media - i
or apparatus are placed, and S :
are sterilised by the steam at @ |
100° C. which fills this space. | H 7'
Here again an inexpen- | ]
sive substitute may be de- i a il I
vised ; the ordinary kitchen |'i | 1 |‘
saucepan with steamer will | |
do well for many pnrposes, ‘ 'L
while a ‘“warren pot’’ answers
admirably. 1 il
Autoclawve (Fig. 4).—This gl
1s most useful for many pur- - -
poses, but it is expensive T i it is!
and not a necessity, as the
steam steriliser can be made to answer almost every
purpose for which the autoclave is employed with
the expenditure of a little more time and trouble.
It consists of a strong boiler of brass or gun-metal
with a removable lid, which is attached to the boiler
by means of screw-bolts. The lid is provided with a
safety valve, a gauge for indicating the pressure and
temperature, and a stopcock to relieve the pressure if
required. A small quantity of water is placed in the

—
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stand on a square of thick ground glass, To make an
air-tight joint the surface of the rim of the bell-jar,
which must be quite clean, should be well greased and
pressed thoroughly home on the ground-glass plate.
A thick ridge of grease should then be plastered all
round the angle formed by the rim of the bell-jar
and the glass plate. Thick rubber pressure tubing
must be used for econnections, and all joints should be
well greased. For evaporating large quantities of
fluid the writer devised a copper stand with shelves,
the shelves supporting glass dishes containing alter-
nately strong sulphuric acid and the fluid to be
evaporated, the whole being placed under a suitable
bell-jar. A mercurial gauge is a useful addition to
show the amount of exhaust and the occurrence of
leakage. The ordinary glass filter pumps used in
chemical work and actuated by a stream of water are
also useful for many purposes.

Porous porcelain  filters—The forms which are
generally employed are the Pasteur-Chamberland, the
Doulton, and the Berkefeld. These consist of “candles”
f:ﬂmlmscd i the first two of unglazed porous porcelain,
in the last of a specially prepaved diatomaceous earth.
The filtration through the Pasteur-Chamberland is much
afl::}wenl- than through the Berkefeld. All give a germ-
ire.e frlltrute, but the last should be employed if the
ﬂmd is thick or contains many particles ; a preliminary
hltll'utmn !;hmugh paper is an advantage. A useful
|f|s:a-bhud of conducting filtration is the following : The
filter candle” (8, Fig. 5, p. 50) is connected by a short
]eng.tl: of pressure tubing with a piece of glass tubing
passing through a rubber cork in the neck of an
e u;} e tilee Eil::?c:masuw or nrlne-]u:r: which is

1 to be filtered. The lateral
4




o0 Manual of Bacteriology

branch of the flter flask is then connected with the
air-pump.  On exhausting, the Huid passes throngh
the filker ““ candle” over into the filtering flask, in
which it is collected. Before use the “candle” should
be well serubbed and some water or I per cent.
carbolic run through to clean it, and the whole may
be sterilised in the steamer for an hour or two.  After
use the same process should be repeated to cleanse it.
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Fia, 5. — Fleuss exhaust pump, arvanged for filtvation,

Hlasks, beakers, and test-tubes.—A good supply of
these is rvequired of various sizes: Lrlenmeyer and
ordinary shapes, tall and short forms of beakers, ete.
A few “yeast flasks” ave also useful (see Fig. 13, p. 76).
Beakers and flasks of “Jena” glass are to be pre-
ferred. Enamelled iron ware, jugs, sancepans, mugs,
ete., may replace glass for many purposes.

The best size of test-tube is 5" x&"; a few larger
sizes and “boiling tubes ” should also be kept.

Platinum needles (Fig, 6).—Two or three platinum
needles are required. They consist ol about two



Apparatus and Pipettes 51

inches of platinum wire in a handle of glass rod.  One
end of a glass rod is softened in the Bunsen or blow-
pipe flame, and about an eighth of an inch of the
platinum wire is embedded in it with a forceps, the
wire having been first heated to a red heat. = The

e
E-\.i =
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Fra. 6 —Platinum needles,

olass-wire joint is then well annealed in the flame and
allowed to cool :-:Iu\!.'l}-', Metal handles may also be
used. Two thicknesses of platinum wire are desirable,
viz. 04 mm. (27-28 B.W.G.) for most purposes, but a
thicker wire of about 07 mm. where stiffness is
required, and one or two 3 in. or more in length are
useful.

Forceps, needles, ete.—Several forceps are necessary,
the ordinary dissecting form in two or three sizes, one
or two pairs of fine pointed, two or three small brass
ones, and two or three pairs of the ““ Cornet” pattern.
A few ordinary sewing needles of various sizes mounted
im wooden handles serve all purposes.

w =

Fia. 7.—Glass pipette.

Glass pipettes and capillary tubes. — 'I'hese are
useful for preserving or storing blood or pus, ete., for
examination, for sterile water in making film speci-
mens, and for many other purposes. A piece of glass
tubing is Leated in the blowpipe flame until quite éuft;
1b 15 then taken out of the flame and the. two ends

e ——— =
- =







Sterilisation of Glass Ware 53

various coloured wools for the different culture media,
especially the carbohydrate ones, so that they are
readily distinguishable by the eye. The coloured
wools may be purchased, or the ordinary white wool
may be dyed with the “Dolly ” dyes.

Glass vessels.—The vessels (usnally test-tubes, flasks,
and dishes) are thoroughly washed and rinsed in water,
then rinsed with 25 per cent. hydroechloric acid, and
afterwards washed well with tap-water and drained. A
final rinse with distilled water or alcohol is an
advantage, asno deposit then occurs on drying. The
cleansed vessels should be dried before sterilising,
either in the air or by placing in the hot-air steriliser
for half an hour.  When dry, the vessels are plugged
with a firm plug of the sterilised cotton-wool, and are
placed in the hot-air steriliser, the temperature of
which is then raised to about 150° C. They should
remain at this temperature for not less than half an
hour, after which the steriliser and 1its contents are
allowed to cool slowly.

Petri dishes for plate cultures, graduated pipettes,
ete., are cleaned as deseribed for tubes and flasks.
They may be stervilised and kept in sheet-iron or
copper boxes of appropriate size and shape.

If tubes, flasks, pipettes, ete., are required in a hurry
they may be rapidly sterilised as follows: After wash-
mg in water they are rinsed with 5 per cent. carbolie,
then with absolute aleoliol, and finally with ether, and
arve then well flamed over a Bunsen flame, holding in a
suitable forceps or holder. The ether evaporates and
burns at the mouth, and when dry, a pledget of cotton-
wool s held in the forceps and singed in the flame, and,
while burning, the tube or flask is plugged with 1t.

When thick glass vessels, such as nu-*:mnr.esa, ete.,
have to he sterilised, it is not safe to do this in the hot-
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Broth Media

Acid beef-broth.—The basis of the most important
culture media, viz. peptone beef-broth, gelatin, and
agar-agar, is an infusion of meat prepared usually from
beef. In ovder to preparve this infusion, which may be
termed acid beef-broth, proceed as follows: Take 1 Ih.
of beef (“gravy beef”) free from fat, chop fine or
mince, add one litre of tap-water, and allow it to simmer
in a sancepan for one hour ; cool, %
remove any solidified fat from the chide
snrface, and filter throngh filter-
paper into a clean glass flask. If
not required for immediate use,
plug the neck of the flask with
cotton-wool, and steam in the
steam steriliser (or boil) for three-
quarters of an hour on two snc-
cessive days. It may then be
kept until required.

Peptone beef-broth.—Take one
litre of the acid beef-Liroth, add
to this 10 grm. of peptone
(Witte’s) and 5 grm. of eommon
salt (7. e. 1 per cent. peptone
and 005 per cent. sodium chlor- Fra. 8.—Tubes of culture
ide), mix in a flask, and steam in 1?9[}-::’[?!:'4;[]]‘:lLI‘?i-:ﬁ:L
the steam steriliser until dissolved. — agar.

When dissolved, remove from

the steamn steriliser and render slightly alkaline
with a 10 per cent. solution of ecanstic soda (prefer-
ably) or of sodium carbonate, glazed litmus-paper
being nsed as an indieator. Having dene this, return
to the steamer for one hour, then filter throngh two
thicknesses of German filter-paper. It should now be
quite clear and bright and may be kept in bulk, after
sterilising, or be introduced into test-tubes, ete., and

C
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sugar is an advantage. It should be added after
filtration.

Peptone water.—Add to distilled water 1 to 2 per
cent. of Witte’s peptone and § per cent. of common sals,
dissolve by heat, make faintly alkaline, steam for one
hour and filter.

For the cholera vibrio it is an advantage to add 1 per
cent, instead of 4 per cent. of common salt (Dunham’s
solution),

Beer-wort.—Procure beer-wort (preferably unhopped)
from the brewery. Allow it to stand in a cool place
for twelve hours, filter, and then steam for an hour
and filter again.  Fill into sterile test-tubes and
sterilise.

Nutrient gelatin.—Take 1 litre of the acid beef-broth
i a.large flask and add to it 100 grm. of the best
“gold label” gelatin (Coignet’s), 10 grm. of peptone,
and 5 grm. of common salt. Place in the water-bath or
steamer until quite dissolved. Then render faintly
alkaline, as for the peptone beef-broth; cool to 50° (‘
and add the white of an egg, stir wull and return m
the steamer for one hour. Filter t,hmurrh two thick-
nesses of filter-paper in a hot-water funnel (this is best,
but it may be done in the steamer at a low temperature,
e.g.35° C.)  Fill into test-tubes and sterilise. e'\itm
the third steaming the tubes are allowed to solidify,
either in the u n-m*ht or obligue position, according as
they are required for stab or surface cultivation.

In hot summer weather 15 or even 20 per cent., of eelatin
(150 grm. or 200 grm. to the litre) are necessary for the
product to remain solid, as nutrient welatin melts at 24° (. or
a little under, Puﬂmlunﬂ boiling diminishes and ultim: ately

destrovs the zelafinising power of gelatin, so the less it is
heated the better., Tt must not be autoclaved.
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through in about ten minutes or a quarter of an hour,
Fill into test-tubes and sterilise. Solidify in the npright ‘
or oblique position as required.

In the ease of bar or stick agar, first steep the agar
in 1 per cent. acetic acid for a quarter of an hour, then
drain and wash it so as to thoroughly remove the acid.

The further procedure is the same as detailed above. This
yields a very clear, pale product, and is perhaps prefer-
able when an antoclave 1s not available.

Glycerin agar.—Add 4 to 6 per cent. of glyeerin to
the nutrient agar after filtration and proceed as
before.,

lucose agar.—One or two per eenf. of grape sugar
15 added to the nutrient agar after filivation.

Litmus media.—The addition of nentral litmus to the |
ravions culture media is a useful method of demons- I
trating the production of acid or of alkali by organisms, I‘
To prepare the litmus solution take the lnmp litmus, | |
powder finely, and boil with distilled water so that a |
saturated solution 1s obtained. Iilter, and preserve in H

Kl

a flask stoppered with cotton-wool, after sterilisine by
boiling for half an hour on two snccessive days, For
some purposes a speeial solution of litmus, the Kubel-
Fiemann solution, which can be procured ready for use, is |
employed. It must not have any antiseptic added to m
it (as 18 sometimes done to preserve it for use in the I
chemical laboratory). |l

|

|

Sufficient of this litmus infusion is™ added to the ||L
nutrient media, after filtration, to tinge them a distinet |
purplish colour.  After steaming the colour has usually '
disappeared, but returns as the tubes cool. .

Mill.—Use separated milk, but failing this, centri-
Fug:ﬂisn ordinary new milk, or place itin a tall evlinder -
and allow it to stand overnight in a cool place, .prnF{-u*— | I-
ably in an ice safe, Ihen pipette off the milk from |
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a horse, with aseptic precautions, and catch the blood

in these sterilised jars. Allow the jars to stand in a
cool place for twelve homrs.  T'hen pipette off the clear

serum with a stervile pipette, and fill the st.e.rilised test-
tubes to the depth of 2—4 em. The tubes are then
arranged in a sloping position on the shelves of the
serum inspissator, or failing this in a hot-water oven,
the temperature of which should be about 505y At
this temperature they remain for thirty hours; it is
then raised to 65° C., at which temperature the serum
coagulates in from four to six hours and the tubes are
now ready for use. It is well, however, to place them
in the blood-heat incubator for a night, so that any
contaminating bacteria may form colonies, and the
contaminated tubes may then be rejected.

Loeffler’s blood-serwm 1s prepared by adding one part
of glucose broth to three parts of the serum before
1nspissation,

The serum inspissator is practically an incubator
(see p. 68) with slightly inclined (10-15°) shelves, on
which the tubes rest, and thus the serum is coagulated
in & sloping position.

Fluid serum, ete.

Fluid Dblood-serum, ascitic and
hydrocele fluids, ete., are sometimes useful, and may be
used alone or mixed with peptone beef-broth in various
proportions,

Ascitic or hydrocele fluid may be obtained by using
sterilu:z trocars, ete., and carrying out the tapping with
aseptic precautions, collecting the fluid in sterilised
flasks, It is better to collect in several small flasks
than in one large one.

Fluid blood-serum may be obtained by collecting
blood with aseptic precautions in sterilised flasks,
When the blood has coagulated and the serum
s,cfpaa'ated, the serum is pipetted off with a sterile
pipette into sterile flasks,
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Blood agar—This may be prepared by smearing the
surface of the agar in sloping agar-tubes with blood
obtained aseptically from the finger or from a rabbit,
Or blood obtained aseptically may be defibrinated by
shaking with glass beads or with a coil of fine wire,
and the defibrinated blood, warmed to 45° C., is added
to sterile agar liguefied by boiling and cooled to 45° C.
Hzemoglobin agar may be prepared by laking defibri-
nated blood by the addition of stervile distilled water
and adding to the liquid agar as before. Blood agar
cannot be sterilised after prepavation, and the blood
therefore must be sterile.

Alkaly albuwmen (Lorrain-Smith).—To 100 ec.c. of
fresh serum add 1 to 1'5 c.c. of a 10 per cent. caustic
soda solution ; mix and introduce into test-tubes in the
ordmary way. Place the test-tubes in the slanting
position in the autoclave at 115% C. for twenty 111inl_|t{;s;
or in the steamer on three successive days.

Bgg cultwres (Hueppe).—These arve very useful for
some purposes. A hen’s egg i1s taken and one end
stevilised by washing with carbonate of soda solution,
rinsing in sterile water, soaking in 1-500 corrosive
hublmth solution, and washing in alcohol and in ether.
A small hole is then chipped in the shell with a sterile
needle and the inoculation made through this, The

hole is afterwards closed with a little sterilised wool
and collodion,

Uschinsky's Fluid, Parts. Pastenr’'s Pluid,

Eu{lium chlorvide . . 8T Cane sugar . . E'IIL!I;H
Caleinm chloride . : 01 Tartrate of ammonin 1
.M_a,gn:::-;ium sulphate . 02-04 The ash of 1 grm. of
Di-potassium phosphate 2-2:5 yeast .

Ammonium lactate . BT W::Lter - : : ‘ 11;}
Sodium asparaginate .  3-4 . : .
Glycerin . ; . 30-40

Water | ; . « L0000
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solution' is run in from 25 c.e. burette, divided into
tenths, until a faint pink tinge appears in the boiling
fluid. From the amount of soda solution used the
amount of normal or deka-normal soda solution required
to meutralise a given volume of the acid beef-broth
(e. g. a litre) can be calculated, and this amount is then
added.  Although neutral to phenolphthalein, the
medium 1s now strongly alkaline to litmus — too
alkaline for the optimum growth of most organisms. ., (A
The reason for this is that the-di-sodium_ hydrogen — °
' W_’EETN&;HPGJ present in the medium is ﬁﬂ!me h;l,t {, (]
“to Titmus but neutral to phenolphthalein, To reduce owce)

mlinit}? (bo litmus) normal hydrochlorie acid b
is then added. The American Committee recommended |
an acidity of + 1'5—thatis, to every 100 c.c. of the i
medium neutral to phenolphthalein 1'5 e.e. of the it
normal hydrochloric acid are added. Hyre advises a .”
reaction of + 1:0 (i. e. 1 c.c. of normal hydrochlorie to .-ﬁl'l‘

I

—

is used which is alkaline to phenolphthalein, this
is expressed by the minus sign; e. g. a reaction of
—1'5 indicates that to every 100 c.c. 1'5 c.c. of normal '|
hydrochloric acid must be added to render it neutral to :’“
|
|

every 100 e¢.c.), while Chester considers that the acidity | 'Eil
should not exceed + 0°5. Whatever the reaction "“,I'.
adopted, it should be stated. Similarly, if a medium 1“
!
|

phenolphthalein, or, what is almost (but not quite) the
same thing, that to the newtral medium 1'5 c.c. of
normal caustic soda solution have been added to every
100 c.e. Various methods are adopted to obtain the

' Bya “normal” solution is meant the equivalent weight in grammes
of a substance dissolved in (i. e. made up to) a litre of watm-;-n“ deci-
normal ” golution contains one tenth of, a deka-normal ten times, this
H{l]i}llnt. A normal solution of canstic soda contains 40 grm. of pure
hI“[DE:rE(I} (NaOH =40), of sulphuric acid 49 grm. of pure H.80,
( EE "=49), per litre,

Car

e
——— —
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final reaction; the American Committee recommend
first neutralising and then adding sufficient acid (or
alkali) ; Eyre, having calculated the acidity, adds only
sufficient alkali to reduce the reaction to the required
point. Iyre describes the reaction as that represented by
the number of c.c.’s of normal alkali or acid per litre, e. g.
+ 10 on Eyre’s seale is equivalent to the American + 1-0.
In making nutrient broth, agar and gelatin, the salt
and peptone and agar or gelatin are added and
dissolved, and the titration and neutralisation are
carrvied out as described, on the fluid medium itself, and
after nentrahisation the whole is heated over a water-
bath for half an hour before filtration.

The Cultivation and Isolation of Micro-organisms.

It should be clearly understood that micro-organisms
cannot usually be identified by their microscopical
characters alone. We can state from a microscopical
examination the form of an organism, that it is a
bacillus or a micrococcus, or a sarcina, its size, that it
is motile or non-motile, sporing or non-sporing, but we
cannot as a rule go beyond this. It is necessary in
most cases to ascertain the characters of the growths of
organisms on the various culture media before species
can be identified, and this is the principal reason for
having a varied assortment of nutrient seils. It
is likewise necessary for the suceessful cultivation
of pathogenic organisms, 7. e. those connected with
disease processes and developing in or upon the bodies
of man and of animals, to maintain the cultures at
a temperature approximating to that of the host. For
this purpose some form of incubator 1s required, This
consists of a box or chamber of copper or iron with
double walls (Fig. 10), the space between which is filled
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with water, the outside being covered with wood or
felt, or some other non-conductor. The water between
the wall is heated by means of a small burner, the gas
supply for which passes throngh some form of ?'ng!ﬂat.m'
inserted in the water, so that the temperature, indicated
by a thermometer inserted throngh a hole in the top,
can be kept constant. The rvegulator is usunally a
mercurial one, such as Page’s or Reichert’s, the
principle of 1ts action being that as the temperature
rises the mercury expands and at a certain point cuts
off the greater part of the gas supply, only sufficient
gas then passing to keep the flame of the burner alight.
This point can be varied either by a sliding tube,
in Page’s, or by a screw, in Reichert’s, so that the
temperature may be set at any desired point. In
Hearson’s incubator, which is one of the best forms, the
vegulator consists of a capsule containing a fluid of
a certain boiling point, which when ebullition takes
place raises a lever and so partially cuts off the oas
supply.  While the Hearson regulator is a very
constant one, it has the disadvantage that it can only
be used for a range of temperaturve of a few degrees
unless the capsule be changed. At least one incubator
1s required, and it is convenient to have two or three.
If there be only one the regulator should be set for a
temperature of 37° C. ; if more, another should be kept
at about 20° C. The incubator at 37° €. is termed the
warm or blood-heat, and that at 20° . the cool or room
temperature one. A warm room or cupboard will
BOIVe most of the purposes of the cool incubator.
A third incubator set for 42° (. is useful for water
examination, and a fourth at 25° (. for fermentation
work. _

A substitute for the large and expensive incubator
can readily be devised. An ordinary chemiecal hot-
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water oven may be employed, or simply a smaller tin
5.011: in a somewhat larger one, the interspace being filled
with water ; and, with a little scheming, regulators can
be dispensed with by making use of a small gas or

L Lol -]

-
i

Fra. 10.—Hearson’s incubator.

lamp flame, varying its size and distance from the
bottom until the right temperature has been attained.
Gas is a great convenience, but 1f mot available,
regulating oil lamps can be obtained to take its
place. Electricity has also been adapted for heating

menbators,



Liquefaction of Gelatin 69

Gelatin will remain solid only at temperatures below
24° (., and cannot therefore be placed in the blood-
heat incubator withont becoming for practical purposes
a fluid medium. Agar, however—and this 1s one of
its most valuable properties—does not liquefy below a
temperature of 97°-99° C., though when once liquefied
it does not set agan until the temperature has fallen
to about 45° C. Gelatin is therefore usually reserved
for use at low temperatures, while agar, blood-serum,
potato, and the fluid media can be used indifferently
either at low or at high temperatures. Agar is often
a better cultivating medinm than gelatin, even at low
temperatures, probably because 1t i1s so much moister.
The growths in fluid media are usually of the nature
of a general turbidity and are not particularly charac-
teristic, but sometimes an organism produces a film on

the surface which another similar organism does mnot,
or the medium remains clear, the growth forming a
flocculent deposit, thus affording a distinetion. Not
only do the characters of the growths of organisms on
media differ more or less, but in some instances
chemical changes ocenr in the media which afford
aluable information in the differentiation of species,
Thus many organisms exert a peptonising effect on
gelatin, and render it fluid sooner or later, while others
have no such action. Milk is coagulated by some
organisms, the coagulation being brought about in one
of two ways, either by the production of acids and
precipitation of the caseinogen, or by the action of a
rennet-like ferment with the formation of a clot of
casein. Most organisms which liquefy gelatin coagn-
late milk, but the converse is not the case. Agar is
carbohydrate, not albuminoid, in nature, and only two or
three organisms are known which liguefy it. In fluid
media, such as broth and peptone water, chemieal fests

|
\
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desired, a single light streak 1s made with the needle
trom the bottom to the top of the medium without
penetrating the surface; if an abundant growth be
requived for any purpose the whole surface of the
medium may be rubbed with the needle; if a stab
culture, the needle is plunged steadily into the centre
of the medium and withdrawn; if a fluid one, the
growth removed is rubbed up on the side of the tube
at the margin of the fluid, and the emulsion washed
down by tilting the tube. The inoculation having been
completed, the plug is quickly replaced, and the needle
is again heated in the flame to destroy the remains of
the growth upon it. If the original culture 15 In a
deep stab, or a fluid medium, a looped platinum needle
may sometimes be used with advantage. The inocula-
tions completed, the mouths of the tubes are singed
and the wool plugs pushed in level with the lip.
Before replacing the plugs each may, if desired, for
greater safety, be taken with the forceps, held in the
flame for a second or two, and pushed while burning
into the tube, and this procedure must always be
adopted if the plug be dropped or brush against any-
thing. If the tubes have to be kept for any length of
time, especially in the blood-heat incubator, each
should be capped with a rubber cap, tinfoil, or gutta-
percha tissue which has been soaked in 1-500 corrosive
sublimate solution.

. Anaérobic cultures.—Many organisms refuse to grow
~in the presence of free oxygen, and various expedients
have to be adopted to exclude or remove it. The simplest
of all is to make the cultivation in a deep stab in
glucose agar or gelatin. Narrow test-tubes filled three
parts full with the medinm arve best, and immediately
’.tmfnre the inoculation they should be placed upright
in a beaker of water, boiled for five minutes, and then
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cooled and solidified in cold water. The object of this
1s to soften the medium so that it does mot split, as
a dry medium will, when the needle is plunged into it ;
moreover, the needle track closes up more readily, and
the dissolved oxygen is expelled. The tubes being
cool, the inoculation is made with a long thin wire,
either straight or with a closed loop at the end. It is
inoculated and plunged steadily into the centre of
the medium, nearly to the bottom, rotated, and then
withdrawn, and the wool plug is replaced and singed.
The tube is then carefully heated at the upper border
of the medium so as to melt this slightly and seal the
puncture, and a well-fitting rubber cap is applied while
the tube is hot. The heating expels a portion of the
air, and, with a well-fitting cap, creates a negative
pressure within the tube, so that the residual oxygen
1s not so readily absorbed, or the tubes may be placed
in a Buchner apparatus (see below). The tubes are
placed in the incubator at a suitable temperature, and
it will be found that the most strictly anaérobic organ-
isms can be cultivated in this way.

When, however, an organism is required to grow
anaérobically on the surface of the medium, or in a
flmd medium, some other method must be adopted.
The tubes may be placed under the receiver of an air-
pump and exhausted as completely as possible.  This
1s not very convenient, for it is difficult without great
care to maintain a vacunm, and special receivers must be
used when the cultures have to be incubated at blood-
heat, while with fluid media ebullition causes consider-
able difficulty.

For fluid cnltures Hamilton’s method is the simplest
of all. The fluid in the tubes is covered with a layer
of olive o1l 1-2 cm. thick, and the tubes are then
sterilised. The layer of oil prevents the access and
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entrance of oxygen. The only disadvantage is that the
inoculation, or the withdrawal of culture, must usually
be performed with a sterile glass pipette ; if a wire
needle be used the material is very liable to be detached
in the ol

Another method (Buchner’s) is that usually adopted,
and consists in absorbing the oxygen
by means of alkali and pyrogallic acid,
and so eultivating in an atmosphere of
nitrogen. This can be carried out in
two ways—either in a wide-mouthed
bottle with well-fitting glass stopper,
sufficiently large to contain the test-
tubes, or in a Buchner’s tube. Ior
the first the inoculated culture tubes
are placed in the bottle, into which a
few cubic centimetres of a strong aque-
ous solution of pyrogallic acid have pre-
viously been poured. By means of a
thistle funnel, an equal volume of 20
per cent. caustic potash’' or soda solution
i1s then added. As quickly as possible
the thistle funnel is withdrawn without
mixing the solutions, and the stopper,
well vaselined, inserted and twisted well Frq 11— Buchner's
home, and some melted paraffin may be tubearranged for
poured all round the joint and melted :ﬂxrﬂhm Juielas
in with a hot iron. The solutions in
!}he bottle are now well mixed, and the whole is placed
i a suitable incubator. The Buchner’s tube (Fig. 11)

: * Thirty-two grm. of pyrogallic acid and 64 grm. of caustic potash
ﬂlﬂﬂﬂlvv‘ad in 100 c.c. of water will absorb 9200 e.c. of oxygen, At the
same time some carbon monoxide is evolved (1225 c.0.) The evolu-
tuIcrn of CO is a minimum when the potash is in excess and only one
fitth of the theoretical absorbable amount of O is absorbed.
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1s convenient for single test-tube cultures, It consists of
@ strong glass test-tube, large enough to take an
ordinary test-tube, and having a constriction about an
inch and a half from the bottom. The constrietion
sapports the test-tube culture, while the mixture of
pyrogallic acid and caustic potash fills the portion
- below the constriction. A well-
fitting rubber cork closes the
mouth of the tube, and the joint
may be paraffined for additional
security. If a Buchner’s tube is
not available, the cotton-wool plug
of the culture tube may be pushed
mto the tube for an inch, some solid
pyrogallol is placed on the wool
plug, this is just moistened with
caustic potash solution and the tube
is stoppered with a rubber cork.
The displacement of the atmo-
sphere by means of hydrogen may
be adopted, and is to be preferred
for fluid cultures. Hydrogen does
not seem to inhibit the growth of
: 2 any anaérobie organisms, whereas
E-;Tléi{_riﬁniﬁlt;:ﬁyﬁ carbon dioxide gas, which might
be still more conveniently used has
a very decided inhibitory action on some species. TI-IE
hydrogen is best generated from zine and sulphuric acid
i a Kipp apparatus, or the compressed gas in cylinders,
or evel coal-gas, may be used. Care must be taken tlj at
all joints arve tight, and they may be paraffined with
advantage. The gas should be passed through a
strong solution of caustic potash, and may be passed
through some alkaline pyrogallic acid if the most
rigm'c;us condition of anaérobiosis is desired, but for

il
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ordinary purposes this is not essential ; it should also
pass through two or three fairly firm plugs of cotton-
wool to remove organisms; these must be dry, for if
moist the passage of the gas may be stopped.

For tube eultures Frinkel’s method may be adopted
(Fig. 12).  The broth or gelatin is introduced into a
large strong test-tube, the month of which 1s plugged
with a rubber corl pierced with two holes. Through
these holes two pieces of glass tubing pass, one to the
bottom of the tube, the other just through the cork.
Outside the cork these tubes are bent over at right
angles, and each 1s drawn slightly out so as to contract
its lumen at about the middle. The long tube 1s con-
nected with the hydrogen supply, and a current of the
oas is passed through and escapes by the shorter tube.
After the gas has been passing for twenty minutes to
half an hour, and all oxygen has been eaxpelled, the
distal, . e. shorter, tube is sealed off at the contracted
portion in the Bunsen or blowpipe flame, and then the
proximal or longer one i the same manner. The
rubber cork must, of course, fit well, and the joints
should be paraffined. If gelatin be the medium, it
must be kept uid in a bath of warm water while the
hydrogen is passing.

For broth or flmid cultures, which are essential for
obtamming toxic products, flasks are used which are
fitted with an india-rubber cork pierced with two holes.
Through the holes two pieces of glass tubing pass, one
to the bottom of the flask, the other just through the
cork, as in the Frinkel tube described above. The ends
of these tubes are plugged with ecotton-wool, and the
whole—flask, cork, tubes and medium—is sterilised.
The medinm is inoculated from a recent eulture by
momentarily removing the cork. Hydrogen is then
passed through from a Kipp appavatus, the long tube
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being connected with the hydrogen supply. After
passing for about half an hour, the tubes are sealed off
and the flask is incubated.  For convenience of sealing
the tubes should be drawn out slightly.

As many organisms produce gas during their growth,
it may be necessary to provide for its escape, or the
Hasks may burst owing to
the pressure. This can be
done by adjusting a mercury
valve, and may be carried
out in a simple manner by
a method devised by the
writer.  “ Yeast flagks,”
which can be obtained in
various sizes, are made use
of, and are filled three
parts full - with a 2 per
cent. grape-sugar bouillon.
The neck is corked with
a perforated rubber cork
(4, Fig. 13), through which
a glass tube, B, passes to
the bottom of the flask,
projecting two inches above
the rubber cork and here
plugged with cotton-wool.
I'he lateral tube of the yeast
Fia. 13.—Yeast flask :u-'uged il e P]ugged !

for anaérobic cultivation.  cotton-wool, eare being taken

that the plugs are loose
enough to allow air to pass freely. 'The whole is
sterilised and inoculated. The glass tube, B, which
passes through the rubber cork, is then connected with
a Kipp or other hydrogen-generating apparatus by
means of a rubber tube, and a current of hydrogen is
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passed through the flask. The hydrogen bubbles
through the bouillon and escapes by the lateral tube.
After the gas has been passing for half an hour a
small tube containing mercury, ¢, is applied to the end
of the lateral branch, so that the open end just dips
below the surface of the mercury, and the tube B, which
passes through the rubber cork, is sealed off i}} the
blowpipe flame, care being taken that all the air has
been expelled from the flask by a free current of
hydrogen. The flask, with the capsule of mercury
applied to the end of the lateral branch, can then be
placed in the incubator. The mercury thus forms a
valve through which air cannot enter, while gases
formed by the growth of the organism have free exit.

For large flasks, the lateral tube may be just bent
down and a little capsule of mercury hung on.

The addition of 1 to 1 per cent. of sodium formate
to the culture media much simplifies anaérobic cultiva-
tion ; the tetanus bacillus, for example, can be grown
in formate broth in a stoppered bottle without any
elaborate precaution for excluding the last traces of
air. The sodium formate should be added immediately
before the last sterilisation, not previously, or decom-
position may ocecur. Sodium sulphindigotate (0°3 per
cent.) may be similarly used.

With such a broth, Dean’s bottle may be used for
anaérobic eultivation. This consists of a bottle around
the neck of which a gutter for mercury is formed. A
loose glass cap fits over the mouth of the bottle, and
its edge dips into the mercury in the gutter, thus
sealing the bottle.

Plate cultivations.—The method of plate culture is
one of the most important in bacteriology. It is used
for three purposes : (1) for obtaining pure cultivations,
i. e. cultures containing a single species, from a mixture
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When suitable, sterile nutrient gelatin is .usua,l]}'
employed for the preparation of plate eunltivations, as
it is more easily manipulated than agar. Three tubes
of sterile nutrient gelatin are melted at a low tempera-
sure in a beaker of water (gelatin melts at v4° €. ; the
temperature should not exceed about 45° C) The
tubes may be termed respectively 1, 2, and 3. Tube
No. 1 is inoculated, by means of a platinum needle,
with a trace of the growth from which pure cultivations
arve desired. The trace of growth is thoroughly mixed
up and distributed thronghout the melted gelatin,  If
this mixtore be “plated,” so many organisms may be
present in the film that
the colonies which develop ===
will not be separate, but f& .= =
will form a confluent growth. |
To obviate this difficulty a
second and a third dilution
are prepared. The second
dilution is made by inocu- Fra. 14.— Petri dish for plate
lating the tube of melted cultivation.
gelatin  No. 2 with one
platinum loopful from tube No. 1, and thoroughly mix-
ing up; and to be quite sure that the resulting
colonies will be isolated from one another, a third dilu-
tion is prepared in the same manner by inoculating the
tube of melted gelatin No. 3 with two to four platinum
loopfuls from tube No. 2. The organisms having been
distributed throughount the gelatin by rolling and gentle
shaking, the wool plug is in each case withdrawn
from the mouth of the tube, the mouth of the tube
18 sterilised in'the Bunsen burner to prevent contamina-
tion, then cooled for a few seconds, and finally the melted
gelatin is poured on to a level sterile glass surface. Ior-
merly plates of glass were used (hencethe name) ; but now
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shallow glass dishes with lids, about three or four inches
in diameter, known as Petri dishes (Fig. 14), are
ahnost always employed. They are previously sterilised
in the hot-air steriliser in suitable iron or copper boxes
holding a dozen or so; the melted gelatin having been
poured in, the dish is tilted to diffuse the gelatin over
the bottom of the dish, placed on a level surface for
the gelatin to set, and then stored in the cool incubator.
The plates are examined daily, with a hand lens if
necessary, or with a low power of the microscope, the
dish being turned bottom upwards on the stage of the
microscope for this purpose. When the colonies have
developed, inoculations can be made from them by
means of a platinum needle on to tubes of sterile media.
The colonies, having arisen from single organisms, are
pure, and the resulfing sub-cultures arve therefore also
pure (it sometimes happens that the colonies are mixed
owing to two or more organisms being close together).
Different species of organisms usually form colonies
having different appearances, so that the colonies are
an aid in diagnosis and enable the various species to be
picked out from a mixture. The colonies in gelatin
are as a rule much more distinctive than those in agar.
Whereas the plate eunltivation prepared from tube No. 1
is generally too erowded, plates 2 or 3, or both, can be
made use of, and i1t is apparent that, to make certain
of isolating all the organisms from a mixture, several
sets of plates should be prepared. Flat bottles (Fig. 15)
may likewise be used for plate culturing, and are also
very useful for growing organisms in bulk for the exami-
nation of the constituents and actions of the bacterial cells.

In addition to the isolation of species from mixtures
and for diagnosis, plate cultures are also used to
enumerate organisms. Assuming that every colony
arises from a single organism, which is approximately
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the case, the number of colonies represents the number
of organisms oviginally introduced into the gelati, and
if a known weight or volume of the material inoculated
be used, the number of organisms in it can be caleu-
lated. For example, in the bacteriological examination
of water a measured volume of the water 1z added to
melted gelatin by means of a sterilised pipette, and by
counting the resulting colonies the number of organisms
originally presentin 1 c.c. of the water can be estimated.

Agar plate cultures may be prepared in a similar
way. The agar must, however, be brought to a tem-
perature of nearly boiling before it melts;
it is then allowed to cool to nearly 45° C.
and the tubes are inoculated in the same
manner as for a gelatin plate culture

deseribed above. Unless the manipula- ':';..‘
tions be carried out expeditiously the .
agar will solidify, or the agar film in =
the Petri dish be lumpy. :Z-

Agar plates should usually be inverted & T__'fﬁ
during incubation, or the growth may g
become confluent owing to the condensa- ==

tion water carrying the organisms all T
over the film, Fie. 15— Plu.tc- 2

The plate-culture method can be modi- bottles.
fied to suit particular circumstances : for
example, the melted gelatin or agar, uninoculated, may
be poured into the dishes and allowed fo solidify, and
the film then inoculated by streaking or painting with
the material, or by pouring a few drops of broth con-
taining the organisms upon it. This is practically the
only way in which blood-seram can be used, the sterile
blood-serum being placed in the Petri dish, solidified
in the inspissator in the same manner as for blood-
serum tubes, and the coagulated film inoculated,

]

e —————————
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For many purposes plates are unnecessary, the same
result being obtained by rubbing over the surface of
two or three tubes of sloping agar or gelatin succes-
sively the once charged needle, straight or looped. In
the second or third tubes 1isolated colonies generally
develop.

The plate-culture method often fails if the organism
to be isolated forms but a small minority of the total
organisms present in the mixture: the onl y alternative
then is to multiply the number of plates, which, how-
ever, may entail great labour in their examination.

Single-cell cultures—With large cells, such as yeasts,
it is not difficult to obtain growths from single cells by
making miniature plate cultures on ruled cover-glasses,
examining mieroscopically, and ascerfaining the places
in the film where single cells are located (see Chapter
XVI). Butb with the minute bacterial cells this method is
inapplicable. By the unse of Burri’s Indian ink method,'
however, single-cell cultures of bacteria can be obtained.
Fluid Indian ink is diluted with 6—10 volumes of dis-
tilled water and the mixture is sterilised in the aunto-
clave.  Several loopfuls of this are deposited in series
on a sterile slide. The first drop is inoculated with
the culture which is being investigated, the second drop
is inoculated from the first, the third from the second,
and so on. A fine mapping-pen, sterilised in the flame,
is then dipped into the third, fourth, or fifth drops, and
the trace of Indian ink mixture so picked up 1s depo-
sited on a gelatin or agar plate. The droplet is covered
with a sterilised cover-glass and is examined with a 1
in. or £ in. objective, with a high eyepiece.  An orga-
nism shows up white on a black background. Many
drops ave deposited on the plate and examined, and

! Das Tuschverfahren (G. Fischer, 1009). Giinther Wagner's ink
(Hanover) is recommended and is supplied by Griibler.
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those in which only a single organism can be found are
noted and the plate is then incubated so that colonies
may form, from which sub-cultures may be prepared.

Bsmarch’s roll eultures—Another modification of
the plate-culture method is known as Hsmarch’s roll
culture. For this purpose large test-tubes (boiling
tubes”’), at least an inch in diameter and six inches
long, are sterilised and plugged with cotton-wool. The
sterile melted gelatin, about 10 c.c., is poured in and
inoculated, the wool plug replaced, and the tube held
in the horizontal position and rotated under a stream of
cold water, or in warm weather on a block of ice, until
the gelatin has set.  In this way the gelatin forms a
thin film over the inside of the tube, but a little
practice is required to get it evenly distributed.  The
colonies then develop in the film of gelatin, which is
quite analogous to a film in a Petri dish.

Anadrobic plate cultivalions are sometimes required.
The plate culture after preparation as described above,
using a deep Petri dish, 1s inverted, and some alkaline
pyrogallol is placed in the lid ; this absorbs the oxygen
within the dish. 'I'he preparation must be kept ander
observation for the next hour or so, and more alkaline
pyrogallol is added from time to time to compensate for
the rise of fluid within the dish until absorption of the
oxygen from the contained air is complete.

In Botkin’s method a bell-jar standing in a glass
dish is made use of. The Petri dishes are placed on
a support within the bell-jar, and mercury or oil is
poured into the glass dish. By means of a piece of
bent glass tubing a stream of hydrogen is passed into
the. bell-jar under its rim so as to displace the air,
Whlﬂh’huthES out through the oil or mercury. When
!:lle air has been entirely displaced the glass tube
1s removed, the bell-jar weighted, and the whole placed
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fermentation. These are test-tubes containing suitable
fuid media (10 e.c. each) into which small glass tubes
closed at the upper end are placed ; the latter become
filled during the sterilisation. The tubes are inoculated
and incubated, and if fermentation occurs the little tube
becomes filled with gas (Fig.16). Einhorn's sacchari-
meter may also be used (Ilig. 17). The tube is filled
with the medium, sterilised, inoculated, and incubated.

Fig. 17.—Einhorn's saccharimeter.

Any gas produced collects in the closed limb of the
tube. When the amount of gas ceases to increase, a
little strong ecaustic potash solution may be added ;
this absorbs the CO,, the residue probably being
hydrogen, and thus the H : CO, ratio may be deter-
mined. The most snitable media for fermentation are
peptone broth, the acid beef-broth for which has been
treated with the colon bacillus (see p. 27), 1-2 per
cent. peptone water, or a medinm which has been

')
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All tissues after fixing and hardening should be
preserved in dilute alcohol—water 1 part, absolute
alcohol or methylated spirit 2 parts.

The methods (c), (d), and (¢) arve to be recom-
mended, especially the two last, as the tissue elements
are well fixed thereby. In all cases the fixing fluid
should be unsed in considerable excess. Fixing fluids
containing potassium bichromate (as in Miller’s flmd)
and chromic acid seem to prevent the bacteria from
staining with any certainty, and should be avoided.

Section Cutting.

In order satisfactorily to demonstrate bacteria in
tissues, and their relation to the tissne elements, it is
usually necessary to prepare sections. For this pur-
pose either the freezing or the paraffin method should
be employed.

(a) Hreezing method.—The tissue, in snitable pieces,
must first be soaked in water to remove the aleohol.
A convenient way of doing this is to place the material
in a wide-mounthed bottle, into the mouth of which an
ordinary glass funnel is introduced, and the bottle with
the funnel is placed under a stream of runnin o water ;
the funnel, while allowing the water to flow out,
refains the pieces of tissue in the bottle. With running
water the alcohol will be completely removed in from
one to two hours; in still water, which should be
changed fwo or three times, this vesult may not be
attained for several hours, during which time there is
an ever-increasing risk of bacterial contamination from
withont. Tt is essential to remove all the alcohol, or the
tissue will not freeze.

When the aleohol has been removed, which is known
by the tissue sinking in the water (lung is an exception
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—it always floats unless solid from any cause), the

pieces are transferred to a strong mucilage of gum
acacia :

Gum acacia ; : : : : 5 grm
Cane sugar : : : . ; . 05 grm
Water : : : : . 100 c.e

Fig. 18.—Swift’s ether-freezing microtome.

Add a piece of thymol or a little carbolic acid to prevent
decomposition. Hamilton saturates the solution with borie
acid.

In this gum solution the pieces remain for twelve to
forty-eight hours, according to their size and the time
at the disposal of the investigator, and are then cut on
one of the numerous ether-freezing microtomes now to
be obtained, such as Swift’s (Fig. 18) or Catheart’s,
A  microtome in which the freezing is effected by
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carbonic acid is now largely employed iLTl[].F acts
well.  Liguid carbonic acid, contained in a cylinder,
sprays by its own pressure on to tllfa under surface
of the plate on which the block of tissue II‘ESt-S; thel
tissue quickly freezes and 1s then cut. This form of
microtome works satisfactorily in the hottest weather.
The material must not be frozen so hard that the sections
roll up and fall off the knife; the sugar in the above
solution should prevent this. The sections are trans-
forred successively to two or three lots of distilled
water, preferably slightly warmed, to remove the gum,
and can then be stained or preserved in equal parts of
methylated spirit and water until wanted.

Bacteria seem to retain their staining properties
better in the tissue in bulk than in sections. Although
the bacteria may stain well in sections for some time
after preparation, it frequently happens that in a month
or two they refuse to stain. Such is certainly the case
with anthrax tissues, but not with tuberele or leprosy,
the bacilli in sections of the latter seeming to retain
their staining properties unaffected for a considerable
time.

(b) Parafin  method. — Nothing can surpass the
paraffin method for the thinness and beauty of the
sections obtainable by it, and for some friable tissues,
such as actinomycosis, it is almost essential. The tissue,
in suitable pieces for cutting, is transferred from the
diluted spirit preservative solution fo pure methy-
lated spirit for two or three hours, and then to absolute
aleohol—which may have to be changed once unless a
fairly large volume is employed—for from four to
twenty-four hours. It is then removed from the
alecohol, lightly dried between the folds of a dry cloth
or piece of blotting-paper to remove the superfluons
alcohol, and placed in an excess of xylol, in which it







Paraffin *Sections 93

paraftin repeatedly, the remains of old tissues being
removed. The time which the tissues require to re-
main in the alcohol, xylol, and paraffin depends upon
their size ; very small pieces may be treated in a few
hours, large ones may require two or three days.

Other clearing agents, such as chloroform, turpen-
tine and cedar oil, may be used instead of xylol. The
paraffin method is usually straightforward, but small
pieces of tissue must not be left too long either in4

Fic. 19.—Cambridge rocking microtome,

absolute aleohol or in the parvaffin bath, for they are
liable to become too hard to cut. Thyroid tissue and
skin are also rather troublesome; they become very
hard unless the whole process is carried out as rapidly
as possible. If the pieces of tissue be large, the cap-
sule of melted paraffin containing the tissue may be
placed under the receiver of an air-pump, which is then
exhansted. This causes the paraffin to penetrate
hu.r:tterJ and the process may be repeated two or three
times during the period of infiltration. A special form
of paraffin oven has been devised by Cheatle for infil-
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trating under diminished pressure, and is made by
Hearson, of Regent Street.

In order to prepare sections from material embedded
in paraffin some form of microtome must be employed,
An ether-freezing microtome can be employed with
some manipulation, the paraffin block being placed in
a little melted paraffin on the f reezing plate so that it
1s cemented there, and sections are cut with the razor
or plane iron, as though it had been frozen (it is not
to be frozen). It is better, however, to use some
special form of microtome, the Cambridge  Rocker *?
(Fig. 19), er ‘a modification of it, or the “ Minot,”
being perhaps the best. The block of paraffin con-
taining the tissue is trimmed with a knife to remove
the excess, and is cemented to the carrier of the micro-
tome with a little melted paraffin, or by melting the
paraffin on it with a hot iron (end of a file, ete.) or a
match.  The union may be made more secure by melting
the paraffin around the base of the block with a hot iron.

Having fixed the paraffin block to the carrier,
sections may then be cut of any degree of thinness.
In order to do this it is essential for the knife or razor
to have a keen edge and one of the right nature, for a
knife may be perfectly sharp and yet the sections as
they are cut roll up in such a manner that it is difficult
to Hatten them. Though this may be due to a wrong
consistence of the paraffin, owing to cold weather or
some other factor, in the majority of instances it is the
edge of the knife which is at fault. Provided the
knife be sharp, stropping on the palm of the hand will
usually remedy this difficulty. The paraffin being of
the right consistence, and the knife in good order, the
sections as they are cut should be flat and should
adhere together at adjacent margins so that a ribbon
of greater or shorter length is formed.
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Satisfactory sections having been obtained, they are
transferred with a needle or camel’s-hair brush to a
tin pan containing a little water, or spirit and water,
warmed to about 40° €. The sections float and the
paraffin softens, so that they spread out perfectly flat
(the water must not be hot enough to melt the paraffin).
A clean slide is then introduced underneath the section,
raised so that the section is lifted up on if, and by
fixing the section with a needle and tilting the slide
the section is deposited in the required position on the
slide and allowed to dry. If preferred, the section
‘may be transferred to a slide flooded with water, which
is warmed over the Bunsen. The slides can be manipu-
lated in an hour or two if drvied at 37° C., but it is
best to allow them to dry in the incubator all might.
It will be found after this treatment that the sections
adhere sufficiently firmly to the shides for all the
ordinary methods of staining to be carried out without
detaching them, which would be fatal. The sections
must be fairly thin, however; if they are at all thick
they do not adhere nearly so well.

Should the sections have to be subjected to pro-
longed treatment during staning, ete., they may be
cemented to the slides by the following method. Hgual
parts of egg-white and glycerin are mixed and hltered,
and to every 100 c.c. of the mixture 1 grm. of sodimm
salicylate is added. 'The slide is smeared thinly with
this, the section is transferred to it in the manner just
described, and the slides are dried.

Supposing that, while cutting, the sections, in spite
of all precautions, curl up instead of lying flat, it is
still often possible to obtain a few that can be mounted.
They may sometimes be unrolled by cautious manipu-
lation with a couple of needles after having been
softened by warming, or a needle or knife-blade may
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be held close to the edge of the microtome knife during
cutting, so that the sections, instead of curling, slide
up against this guide.

Tissues embedded in paraffin may be kept indefinitely
in labelled pill-boxes and eut all at once or from time to time
as required, or the ribhons of sections may be preserved in g
box in a cool place until wanted. The slides also, with the
sections attached, can he kept until it is convenient to stain,
if preserved free from dust in a shide box,

Cover-glass and Film Specimens.

The satisfactory preparation of cover-glass and film
specimens is one of the most important in bacteriology,
for they are used for the examination of caltivations of
bacteria, and of blood or other fluids or secretions,
organs, ete., for the presence of micm-m'gm:iams.

It 1s necessary in the first place to have clean cover-
glasses of the right kind ; they must be thin, otherwise
the higher powers cannot be employed to examine the
preparations, and those described as “ No. 1 should be
purchased, “3$-in. squares” being a convenient size.
These serve both for cover-glass specimens and for
covering sections ; it is well also to have @ few of the
same thickness but larger, viz. I-in. or 1-in. squares, for
large sections. TIn order to clean them they should be
gently boiled in a porcelain dish with 10 per cent,
carbonate of soda solution for a few minutes, well
washed, and then treated with strong sulphuric acid,
warmed carvefully in a porcelain dish, for a few minutes,
The acid having been poured off, they are well rinsed in
several changes of water, and should be kept in a
stoppered glass capsule in absolute alcohol.  Slides may
be used instead of cover-glasses, and should bz cleaned
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and manipulated in the same manner as described for
cover-glasses. _ _
A clean cover-glass (or slide) 1s taken, dried Wl.lth
a clean soft linen or silk rag or 11;u11dk@|~c11ief, or with
Japanese paper, or it may be momentarily mtm.duce&
i to the Bunsen flame and the spirit burnt off, and
placed flat on a convenient support on the work-table
—a white glazed tile is excellent—with thhe corner pro-
jecting so that it can be conveniently plckeé! up W]l’u}l
the forceps.! A droplet (i.e. small drop) of water 1s
then placed on if, in the middle, by means of a llﬂuped
platinum needle, or with a small glass pipette {F]g.. )
Theoretically, sterilised physiological salt solution®
should be used, a few cubic centimetres being boiled 1
a sterilised and plugged test-tube for two or three
minutes and cooled; but ordinary tap-water may
usually be employed. A thin film of orgamisms has
now to be formed on the cover-glass, and the following
is the method of procedure with a eulture on a solid
medium such as agar or gelatin. The culture tube and
platinum needle are held and manipulated in precisely
the same manner as that. deseribed for the inoculation
of tubes (p. 70), a trace of the growth being removed
from the tube and the wool-plug immediately replaced.
A mere trace of the growth from a culture should be
taken, just sufficient to soil the tip of the platinum
needle, or the preparation will be too crowded, and
this is rubbed up well with the droplet of water on the
cover-glass, so as to form an emulsion, which 1s then
spread over the surface. As a general rule the

! The writer has devised a useful support for staining. It consists
of a square of plate glass, painted half white and half black at the
back, and having a narrow strip of thick glass cemented across it on
which the covers vest. It is made by Messrs. Baird & Tatlock.

2 0'75-0r95 per cent. of sodium chloride dissolved in distilled water.

7
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?mmeriaﬂ should be well emulsified, but in some
Imstances this is inadvisable, as a particular formation
or l::hza:mcteristi(: grouping may be disturbed thereby,
m which case, after a slight admixture with the water,
the emnlsion is gently spread. The thin film on the
cover-glass is allowed to dry, or may be dried hy
gentle warming over the Bunsen flame, pI'EfEl‘Ebb]:'].'
holding the preparation in the fingers and moving
backwards and forwards over the flame. Having dried
the film, it has next to be fixed, which is accomplished
by holding the cover-glass, film side up, in the forceps
and ‘passing fairly rapidly three times through the
Bunsen flame (slides 6-9 times). The object of this
“fixing” is to thoroughly dry the film and coagulate
albuminous material, whereby the film adheres better to
the glass, and is not so likely to be detached in the
subsequent processes of staining and washing, efe.
Fixing may also tend to diminish the staining ceipacit‘}r
of the extraneous matter mixed with the Organisms,
The preparations are now ready for staining.

When the culture is in a fluid medinm, such as
broth, the tube is manipulated in the same way, the
deposit at the bottom having been shaken up if neces-
sary, and a loopful or two of the fluid removed with a
looped platinum needle, transferrved to the cover-glass,
spread out, dried, and fixed as before, but as the
medinm is fluid there is usually no need to add a
droplet of water,

If a specimen of blood, pus, or sputum is required,
the procedure is much the same. A little of the
material 1s taken up with a looped platinum needle
and spread in a thin film over the cover-glass or slide,
which is then dried and fixed. If necessary, a droplet
of water or physiological salt solution may be used to
dilute the material so as to obtain a thinner film. Ifa
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specimen is to be made from an organ, a particle of
the pulp is picked up and an emulsion made as before,
or a small piece of the organ may be held in sterile
forceps and the cut surface gently smeared over the
cover-glass or slide, which is then dried and fixed ;
these are termed © smear preparations.”

To obtain the best results it is preferable before
staining to submit films of blood! or pus or smear pre-
parations to the action of some chemical fixing agent,
unless the film is stained with Leishman'’s solution, which
both fixes and stains. The simplest method of doing this
is to immerse the films, after atr-drying, in a mixture
of equal parts of absolute alcohol and ether for five to
fifteen minutes. In hot countries a saturated agqueous
solution of corrosive sublimate (five to fifteen minutes)
is perhaps as good as anything.  Another method,
combining both fixing and staining, is to immerse the
films as soon as they arve prepared and without drying
in the following solution :

Absolute alcohol saturated with eosin . 25 c.c.
Pure ether . i : : : R
Alcoholie solution of corrosive sublimate

(2 grm. in 10 c.c.) : . . . & drops

For four cover-glasses 5 to 10 c.c. of this solution are
required, and they should remain in it three to four
minutes (it may be prolonged for hours without harm) ;
they are then removed with a forceps and well rinsed
in water, stained for not more than a minute in a
saturated aqueous solution of methylene blue, washed
quickly, dehydrated in absolute alcohol, cleared in
xylol, and mounted in xylol balsam. The solution may
be used for fixing blood, pus, sputum, ete., if the eosin

! For the method of preparing blood-films see the section on
* Malaria,” Chapter XVIII.
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be omitted, and the preparations may then be stained
or otherwise treated in any desired manner.!

Scott® recommends the tollowing as giving the most
perfect results with blood films, ete. :

(1) Hold the freshly prepared and still wet film in
the mouth of a wide-mouthed bottle half filled with the
ordinary formalin solution, film side downwards, for five
seconds.

(2) Drop, while still wet, film downwards, into abso-
lute aleohol. Leave for fifteen minutes, or, for con-
venience, for any time up to forty-eight hours.

The preparations may then be stained with methy-
lene blue or heematoxylin, and eosin, or with Leishman’s
stain.  (See also under “ Malaria” and Trypanoc-
somes,” Chapter XVIIL.)

Impression specimens. — These are employed to
cxamine and preserve permanently the colonies or
erowths of organisms so that their characteristic forma-
tion may be observed. With plate cultivations this is
very simple. A clean cover-glass is sterilised in the
flame and, having cooled, is cautiously lowered on to a
selected colony with a sterile needle, avoiding all
lateral movement. It is gently pressed on to the
colony and then carefully raised by means of a couple
of needles ; the colony should adhere to the glass, and
may be dried and fixed. The colonies in gelatin tube
cultures may also be used if the gelatin is removed from
the tube. This can be done by dipping the tube for
a few seconds into hot water ; the gelatin round the
walls of the tube will be melted, and the gelatin mass
can then be tilted out of the tube on to a glass dish

or tile,

1 Gulland, Brif. Med. Jouwrn., 1897, vol. i, p. 65.
* Jouwrn. Path. and Baet., vol. vii, No. 1, p. 131.
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Stains and Staining Methods.
Micro-organisms being so minute and transparent, 1t |

i« usnal to stain or dye them, so that they can be more
readily examined. In some instances organisms may
have & peculiar staining reaction, which may serve as
an aid to their identification. But when an organism
is being investigated, examination in the Jﬁ,.es.h and
living condifion must never be omitted, for 1t 1S (}.ﬂl}’
thus that its motility and life-history can be studied.
Only general methods are detailed here ; special ones

' will be given when they are required.

(1) Loffler’s aikaline methylene blue.

Saturated aleoholic solution of methvlene blue . 30 c.e.

Solution of eaustic potash, 0-01 per cent. = 1D0e.c.

A very useful staining solution. Cultures should be quite
fresh, or the organisms do not stain well. When the
organisms are mixed with extraneous material, as in smears,
or there is much débiis, this is one of the best staining solu- |
tions to employ. Methylene blue preparations are, however,
not very permanent, and in hot countries rapidly fade. |
Thionine blue is then preferable. :

Cover-glass specimens are stained for three to ten minutes, |
and sections half to twenty-four hours. \
(2) Carbol-methylene blue (Kuhne). | |

Methylene blue : : : : : . 15 grm.

Absolute alcohol . ; : ; : =

Five per cent. aqueous solution of carbolic acid 100 e.c. ' I|

A more intense staining solution than the former, and very |
useful for sections, which are stained for from half to six ’l
hours.

(3) Amilin gentian violet. ‘

Saturated alcoholic solution of gentian violet . 30 c.c. l

Anilin water . ; : : : : . 100 c.c. |

B o e
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The anilin water is prepared by shaking 8 c.e. of anilin
with 90 c.c. of distilled water, allowing the mixture to stand
for a few minutes, and filtering. Tnstead of anilin water, 1
per cent. agueous carbolic may be used (earbol-gentian
violet).

This solution is a useful general stain for films, which are
stained for two or three minutes, and is employed in Gram’s
method of staining., Tt does not keep well,

(4) Carbol-fuchsin (Ziehl-Neelsen sol ution).
Fuchsin ; : - : . ; : 1 part
Absolute aleohol | ; . : , .10 parts
Five per cent. aqueous solution of carbolic acid 100 parts
The fuchsin is dissolved in the absolute aleohol and then

mixed with the carbolic acid solution. Tt must always be
filtered before use.

An intense staining solution. For filmn specimens it is best
diluted with five to ten parts of water; stain for two to five
minutes,

() Carbol-thionine blue (Nicolle).,

Saturated solution of thionine blue in aleohol
(90 per cent.) : : . - . 1l
One per cent. aqueous solution of carbolic acid 100 c.c.

Sections ean be strained in from a few minutes to half an
hour. This solution may be used for a modified Gram's
method (see p. 109). Can be substituted for methylene blue
for all purposes, and is more permanent than the latter.

(6) Chenzinski’s solution (after Klein).

Saturated aqueous solution of methvlene blue

(Griibler's) : : ; ; : . 50 e.c.
Kosine (soluble in alcohol) . : : . 05 grm,
Absolute aleohol . : . : : ; 70 c.c.
Distilled water ; : L : : . Add@ce:

Film specimens, after fixing, are placed in absolute alcohol
for half a minute, dried, and placed, film downwards, in a
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watch-glass of the stain, which is then warmed until .it
steams. The specimen is then talken out and well washed 1
tap-water, rinsed in distilled water, dried, and mounted.

Sections arve immersed in absolute alcohol for several
minutes, stained in the cold for six to twelve hours, well
washed in distilled water, and passed through absolute
aleohol and xylol, and mounted.

(7) Kosin (aleohol-soluble and water-soluble).

A somewhat diffuse stain. Is used for counter-staining
the tissues in Gram'’s method, and for staining red blood-
corpuscles and acidophile granules in leucocytes.

A 1 to 1 per cent. agueous or aleoholic solution may be
used, and the staining should not, as a rule, be Pmlﬁugﬂﬂ for
more than about half a minute.

(8) Bismavck brown (Vesuvin).

A saturated aqueous solution should be prepared and
diluted somewhat for use. A good counter-stain for the
tigsues in Gram’s method. Stain for two to five minutes.

(9) Orange-rubin.

Prepare saturated agueous solutions of orange G. and
yubin 8. Mix equal volumes and dilute with water until of
a light port-wine colour. Stain tissues for five to fifteen
minutes. A good contrast stain for tuberculosis and
actinomycosis.

(10) Piero-carmine.

This is best bought ready prepared. Sections are stained
in the solution for half to one hour, washed, then placed in a
watch-glass of spirit, to which three or four drops of hydro-
chloric acid have been added, for two or three minutes, then
well washed in water. The section can now be counter-
stained with Liffler’s blue or by Gram’s method.

(11) Heematoxylin,

Ehrlich’s formula is one of the best and simplest to use,
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and can be obtained ready for use. It must be © ripe.” Tt
it a histological and not a bacterial stain. Sections are
treated as follows

(1) Distilled water, one to two minutes.

(2) Stain with the heematoxylin solution for five to thirty
minutes. In some cases the solution 1s preferably diluted
somewhat with distilled water,

(3) Rinse in distilled water.

(4) Rinse in distilled water containing a frace of acetic
acid.

(5) Treat with distilled water containing a trace of
ammonia. The sections remain in this until they assume
a deep blue colour. (Tap-water, five to ten minutes, may
also be used.)

(6) They can then be deh ydrated, cleared and mounted, or
counter-stained with eosin, orange-rubin, or Van-Gieson, and
then mounted.

Hematoxylin makes a good contrast stain for the tubercle
and the leprosy bacillus and for Actinomyees,

Mayer's heemalum (see section on the ‘Amaba coli*) and
Delafield’s heematoxylin are also good heematoxylin stains,

(12) Ehrlich-Biondi triple stain.

This is best bought ready for use. Tt isa good histological
stain for tissues and leucocytes, Actinom ycosis stains well
by it.

Stain for ten to sixty minutes, then treat with methylated
spirit until the section becomes greenish. Pass through
absolute aleohol, clear, and mount.

(I3) Leishman’s stain.

Like the Jenner, Wright, and other similar ones, a modifi-
cation of the Romanowsky stain, a double compound of eosin
and methylene blue. The solution will keep for some time,
but is best freshly prepared. Griibler’s powder or Burroughs
Wellcome’s soloid may be used, and is dissolved in
pure (Merck's or Kahlbaum’s) methyl aleohol. Failure fre-
quently proceeds from the use of a so-called pure methyl
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aleohol, which is not really so. (For method of using, see
“ Malaria,” Chapter XVIIL)

(14) Giemsa stain.

An eosin-azur mixture dissolved in glycerin and methyl
aicohol. Useful for blood-films, film preparations, ete., m'fd
has been much used to demonstrate the spirnclmetf}s in
syphilitic material. (For method ot using, see * S:.rphihs..”)

Safranin and acid fuchsin are also used as counter-stains.
Malachite green, neutral red, and rosein may be used for
intra-vitam staining of protozoa, ete. . ‘

Eosin, orange-rubin, hematoxylin, and picro-carmine
keep well in solution; the remainder may or may not,
and are best used fairly fresh. All stains should be
filtered before use, and may be conveniently lkept in bottles
having a funnel fitted with a filter-paper, so that they are
always ready. Or smaller bottles may be used, fitted with
pipettes, and several arranged in a stand.

The best stains are Gribler's, which ean be obtained from
many agents in this country. Messrs. Burroughs, Wellcome &
Co. supply most of the anilin dyes and some other reagents,
iodine, ete., in ““soloids,” which are very convenient and good.

Gram’s method,—'This is a most useful method, espe-
cially for sections, specimens of blood, or smear or
impression preparations, as the fissue or ground
substance can be counter-stained so that the organisms
show up in marked contrast. Ordmary cover-glass
specimens do not usually require this method, unless
débris or ground substance 1z present and the best
result is desired. Unfortunately Gram’s method is not
applicable for all organisms, as many do not retain
their colour by the process. This disadvantage,
however, 18 counter-balanced by the fact that it forms a
valuable means of distingnishing organisms, and is
always one of the points to be noted in bacteriological
diagnosis. Most of the moulds, yeast, streptothrix and
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longer than thin ones. It 1s also ilnpﬂri.;uut 'u?’it-h c;v(;r-
glas;s specimens 10 remember on *n:'hlch side o tfe
gluss the film is, for it may be very dlfﬁcuiti to nscert.mn
this when the specimen has been dc:cuim'mecrl, After
decolorising, film specimens are was]md in watm;],
dried, and mounted, or, after w:-msshpmg, thle groun
substance may be counter-stained, it required, with
eosin for a few seconds, or Bismarck brown for two or
three minutes, washed again in water, dried, and
mounted. Sections after decolorising are pm::,s.ed
through absolute alcohol and x}.rlﬂl. befm*ia mounting,
or, if required to be counter-stained, are immersed 1n
cosin for fifteen to thirty seconds, or Bismarck brown
for three to five minutes, and then passed through
methylated spirit, absolute aleohol, and xylol.

Sections frequently are somewhat difficult to de-
colovise with alcohol alone, in which case it 1s well to
freat them with a slightly acid alcohol (3 per cent. of
hydrochloric acid) for a few seconds, and then return
to the alcohol (Giinther’s method).

The iodine in Gram’'s method seems to act as a mor-
dant, precipitating the stamn i a relatively insoluble
form in certain species of bacteria. The staining of
organisms by Gram is relative; some forms do nof
stain at all, are Gram-negative—zt. e. the colour is
removed by the aleohol with the greatest facility ;
others stain intensely, arve Gram-positive, but even
these may become decolorised by prolonged treatment
with alecohol. T'he best procedure is to have three
watch-glasses of methylated spirit, and to transfer the
cover-glass specimen from one to another as the stain
18 dissolved out ; in the last bath, immediately the final
trace of colour is seen to be dissolved out, the prepara-
tion should be removed, washed in water, dried, and
mounted. In order to ascertain whether an organism
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1s or is not stained by Gram’s method, it is sometimes
_-_-Ln-- useful to mix with it in making the preparation some
. + undoubted Gram-staining organism—e, g. if a baeillus,
" ‘;oe L with the Micrococcus pyogenes ; if a coceus, with B.
'fg,!l."-’“-;l"E < anthracis or B. subtilis. The admixed organism then
:?‘f g 53&1'1;&5 as an index,
WE‘CPJ% J.,"_\ ﬁe following organisms are Gram-positive : B. mﬁ.ﬁfqacis,
TE krorhinse 4" B. diphtherize, B. fotnwi, B. Welohii, B. botilinus, B. tuber-
| . culosis, B. smegiatis, B. leprs, B, murisepticus, Actinomyces,
B 'y M - B. subtilis, B. mesentericus, B. megaterium, B. mycoides, the
H—b["‘“ \P-. ,).l pyogenic cocei, the streptococei, including the pneumococeus,
h /A most cocel, yeasts, moulds, and streptothrices.
i) The following organisms are Gram-negative: B. typhosus,
B. enteritidis, B. dysenterize, B. coli, B. pestis, B. influenzee,
B. mallei, B. pseudo-tuberculosis, B. pyocyaneus, R, ged lig
maligni, B. Chauveei (usually), B. prodigiosus, B. profeus, the
septiceemic bacilli, such as chicken cholera, the spirilla and
vibrios, spirochaetes and protozoa, M. gonorrhew, M. menin-
gitidis, M. melitensis, and M. catarrhalis.

Gram’s method of staining depends upon the formation of
an iodine-pararosanilin-protein compound which is not readily
dissociable in the case of the Gram-positive organisms. Para-
rosanilin dyes, such as gentian violet, methyl violet and
victoria blue, are alone suitable for the method.

In Claudins’s modification of Gram’s method,! stain-
ing 1s done in a 1 per cent. aqueous solution of methyl
violet (films for one minute, sections for two minutes).
The preparations are washed, treated with a half-
saturated aqueous solution of picric acid for one to two
minutes, washed again, and dried with filter-paper.
Decolorisation 1s then carried out in the case of covers
with chloroform, in that of sections with clove oil.
After decolorising, the preparations are treated with

P Ann. de U Inst. Pastewr, xi, 1897, p. 332,
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xylol and mounted. By this method the ordinary
Gram-positive organisms are stained ; also the bacilli of
malignant edema and of black quarter. Counter-
staining may be carried out with lithinm carmine. :

Weigert’s modification of Gram’s method.—In this
process the sections, whether frozen or paraffin ones,
should be manipulated omn the slide. They are stained
with the anilin gentian violet and treated with
Weigert’s iodine solution (iodine 4—5 per cent., potas-
sium iodide 6 per cent.) as in the simple Gram’s
method. The iodine is then removed with filter-paper

and the sections are flooded with anilin o1l two or three

times. 'This removes the colour and dehydrates. The
anilin oil is removed by flooding two or three times
with xylol.

Thionine blue may be used for Gram’s method, the
carbol solution being employed (No. 9, p. 102). Sections
are stained for two or three minutes, then treated with
an iodine solution somewhat stronger than Gram’s (200
parts of water instead of 300 parts). The sections,
after remaining in this for one to two minutes, are
decolorised in alecohol containing 1 per cent. of acetone
(methylated spirit does very well), and subsequently
treated as in Gram’s method.

The Staining of Film Specimens.

To stain cover-glass, smear, and impression prepara-
tions, after fixing, the film is flooded with a drop or
two of the solution, or the preparation, if a cover-glass,
may be floated, film side down, on the solution con-
tained in a watch-glass; if it should sink it makes
little difference. Various baths or pots can be obtained
for staining slides. Warming intensifies the staining
properties of all staining solutions, and may be neces-
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sary if deep staining is required or if the temperature
of the laboratory be low (see also p. 114). When
stained sufficiently, the preparation is rvinsed in g
beaker or tumbler of water, or in a fine stream of
water, preferably distilled, to remove the superfluous
colour, after which it is dried and mounted on a glass
slide, film side down, in a drop of solution of Canada
balsam in xylol. The preparation may be dried either
by gentle warming over the Bunsen flame after the
film has been blotted with filber-paper, or the film may
be allowed to dry spontaneously in the air, in which
case it should always be set up on edge to drain, pre-
ferably on a ledge of filter-paper, which is folded into
a sort of compressed Z.. (2) shape. The preparations
must be completely dried before being mounted in balsam.

To prevent the stain flowing all over a shide, two
lines may be drawn across the slide with a grease
pencil, one on either side of the area to be stained.

If there be much débris or other material which,
when stained, would interfere with a clear view of the
organisms, various expedients may he adopted. One
1s to stain for a short time with a solution which doos
not give a very dense colour, the best for this purpose
being Lifler’s methylene blue, or Gram’s method may
be made use of if the organism stains by it, and will
give the best result of any. Another plan is to treat
the specimen with acetic acid before staining ; it may
be just dipped in glacial acetic acid and immediately
washed in distilled water, or immersed in 20 per cent,
acetic acid for five to ten minutes, washed in distilled
water, and then stained. A third is, after staining and
washing, to rinse the preparation in dilute alcolol
(methylated spivit 1 part, water 1 or 2 parts), and
immediately wash again in water to stop the further
action of the aleohol. If the film be thick, two or
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the dilute alcohol may be necessary.

three rinses 1n . ‘
ccellent results with the sarcin,

I'his process gives € | |
but the staining agent should be anilin gentian violet
or dilute carbol-fuchsin and not Loffler’s blue, unless
Jlowed to act for fifteen to twenty minutes. The
treatment with acetic acid before staining may be
combined with decolorisation with aleohol after.
Preparations can always be examined 1 water with
the L.in. objective, after washing and before perma-

it 18

nently mounting, in order to see whether they are
satisfactory. A drop of water is placed on the slide,
the specimen 18 mounted in this, film side down, and
the upper surface of fhe cover-glass is dried with
filter-paper. 1f satistactory, the prepavation can be
slipped off, dried, and mounted in balsam; or it not
stained sufficiently, or if stained too deeply, 1t can be
stained again, or further decolorised, as the case may
be. If the film is on a slide, a drop of water 1s pub
on and covered with a cover-glass.

Treatment of Sections for Staining and Mounting.

(a) Frozen sections.—I1f preserved in spirit they
should be rinsed in distilled water before staining,
unless the staining solution 1s an aleoholic one, in
which case this is unnecessary. After staining they
are well rinsed in water or methylated spirit to remove
the excess of stain, and then dehydrated and cleared
before being mounted. For dehydrating, if they have
been washed in water, they should be well rinsed
methylated spirit' to remove the excess of water, and
then transferred to absolute alcohol for a few seconds

I Absolute alechol may of course be employed instead of the first
bath of methylated (or rectified) spirit, but meth ylated answers just
as well and is less expensive (but see note, p. 88).
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to two minutes, the time varying with the size and
thickness of the section. In many cases—Tfor instance,
whe.n the anilin dyes have been used for staining—the
s{.actmns must be passed as rapidly as possible, con-
ststent with thorough dehydration, through the absolute
alcohol to avoid removing too much of the colour. If
16 1s important to avoid any decolorisation, anilin oil
may be used for dehydration, as in Weigert’s method
(pp- 109 and 115). For clearing, xylol or cedar oil is
the best agent, for neither dissolves the anilin dyes;
they will only clear, however, out of absolute alcohol :
hence the preliminary rinsing of water-washed sections
with methylated spirit to prevent dilution of the subse-
quent bath of absolute aleohol. Oil of cloves can also
be employed, but has the disadvantage that it dissolves
the anilin dyes, and the colour of stained seetions
treated with it is apt to be less permanent ; it has the
advantage, however, of clearing out of methylated
spirif, absolnte alecohol being unnecessary. The alcohol
and clearing agents are conveniently placed in watch-
glasses or small shallow glass capsules. The section is
known to be cleared when it appears quite transparent
and almost invisible when the watch-glass or capsule
containing it is held over a dark surface. If it appears
cloudy and opaque it is not properly cleared, which
resalts from insufficient clearing or dehydrating. If
the section does not clear in a minute or two it is
evidently not sufficiently dehydrated, and should be
returned to a fresh bath of absolute aleohol for a short
time, and then transferred again to the clearing agent.
Care should be taken that wateh-glasses, ete., used for
the absolute alcohol and eclearing agent are perfectly
dry. The clearing agent, especially clove oil, can be
used many times before becoming useless.

For transferring the sections from one solution to
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another an ordinary needle, fixed in a light wooden
handle, suffices, or, better still, a piece of glass drawn
out at one end, the section being carefully lifted by one
corner to prevent crumpling ; but for the final process
of mounting it is necessary to use a section lifter or
cigarette-paper. The section, spread out “’itr]'l. care, 18
raised by means of the section lifter or cigarette-
paper introduced under it, and transferred to the shde,
any crinkles are removed by spreading with a needle, the
Sufmrﬂuﬂus clearing agent is drained
off, a drop of xylol balsam put on, and
it is then covered with a clean cover-
glass. If clove o1l has been used as
the clearing agent, the section, after
draining, should be blotted with two
or three thicknesses of filter-paper to
remove as much oil as possible before
putting on the balsam. In blotting
firm pressure should be used, and the
section will then adhere to the glass I
slide and not to the blotting-paper., . e e
Withdelicatesections all the processes @ o0 G1ae i
of staining, dehydrating, clearing, for clearing, ete.
etc., may be carried out on the shde.

(b) Paraffin sections.—The sections having been
safely fixed on the slide (p. 95), it is necessary, in order
to stain and mount, to remove the paraffin by solution
in xylol. The slides with attached sections are treated
as follows: Immerse in (1) xylol for one or two
minutes; (2) absolute aleohol one to two minutes to
remove the xylol; (3) methylated spivit; (4) distilled

water. They are now ready for staining, and are to

be flooded with the staining solution or immersed in it,

and after staining they are treated in the same manner,
but in the reverse order, i.e. (1) distilled water; (2)
8
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methylated spirit; (3) absolute alcohol; (4) xylol.
On being removed from the xylol the slides are
drained for a few seconds, a drop of xylol balsam is
then put on, and the seetion covered with a clean
cover-glass. Glass pots (Fig. 20) filled with the alcohol,
xylol, ete., are convenient for the treatment of paraffin
sections, the slide with the section upon it being
immersed in the fluid.

Section Staining.

When Gram’s method is applicable it gives by far
the best results, and should always be employed. If,
however, the organisms are decolorised in Gram’s
process some other method must be adopted. One of
the best is to stain for from ten minutes to six or eight
hours in Loffler’s methylene blue. Fresh easily staining
organisms will be sufficiently stained in ten or fifteen
minutes, but when the organism is difficult to stain, as
olanders, six to eight hours may not be too long a
time. Warming intensifies the staining properties of
all staining solutions; for frozen sections the watch-
glass of stain may be warmed on a sand-bath or
asbestos cardboard, or in the blood-heat ineubator.
Sections on the slide may be flooded with the stain
and warmed on a piece of asbestos cardboard placed
over a DBunsen flame, or a penny may be heated
in the Bunsen and the preparation laid on it, the
coin being re-heated as often as required. The
stain may be prevented from flooding the shde by
confining it between grease-pencil lines as described
for films (p. 110). After staining, the sections are
well rinsed in distilled water and then shightly
decolorised by rvinsing for half a minute or so m a
watch-glass of 1 per cent. acetic acid in distilled water.
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They are then again washed and passed as rapidly as
possible through ﬂ,lcuhol cleared in xylol, and mounted.
Carbol-methylene blue or carbol- thionine blue may be
ased instead of the Lioffer’s solution, the staining
taking from a few minutes to half an hour. If a
contrast stain be desired the sections may be treated
for a few seconds with the eosin solution after the
dilute acetic, but a befter method is to use the
Chenzinski solution, which is strongly recommended by
Klein (see p. 102). If staining be prolonged evapora-
tion must be prevented. In the case of a section
mounted on the slide and flooded with stain, the slide
should be placed on a piece of wet blotting-paper on a
tile and covered with the lid of a Petri dish.

The micro-organisms in sections stained with LofHer’s
blue are very liable to become decolorised unless the
dehydration is expeditiously performed. To avoid this
Unna’s method may be adopted. After staining and
decolorising with acidulated water as described, the
sections are placed on the slide (if not already mounted
thereon), gently warmed, and so dried; they are then
treated with xylol and mounted in balsam. The tissue
elements, however, are apt to suffer.

A better method is, after decolorising with the
dilute acid, to dehydrate with anilin oil instead of
aleohol, the section being treated with fresh anilin two
or three times, then with a mixture of equal parts of

anilin and xylol, and finally with two or three baths of
xylol.

Capsule Staining.

Many organisms, especially in the tissues or body
fluids, are invested with a capsule of gelatinous matter,
probably derived from the membrane of the bacterial

ll'
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Stain the sections in this solution in the warm incubator
for twenty-four hours. Rinse well in 1 per cent. acetic acid,
pass through alcohol and xylol, and mount in balsam.

Spore Staining.

When spore-bearing bactera are stained by the
ordinary methods the spores are just tinted, or renmi_n‘
ancoloured with the outlings more or less stained.
"This seems to be due to the fact that the spores are
surrounded with a slightly permeable membrane which
inhibits the entrance of the staining agent. By staining
by some method which causes the penetration of the
stain, and then cautiously decolorising, it 1s possible to
remove the colour from everything except the spores,
the impermeable membrane of which in the same way
prevents the full action of the decolorising agent.

(a) Simple method.—A film is prepared in the ordinary way.
If a cover-glass, it is floated on a watch-glass, or, if aslide, 1t
is flooded with carbol-fuchsin, and the stain is warmed for
twenty minutes. After being washed in water the prepara-
tion is rinsed for a second or two in 1 per cent. sulphuric
acid and again washed at once in water. If there is still a
oood deal of the red colour remaining, the film may be once
more rinsed in the acid, but if nearly colourless it should be
mounted in water and examined with the }-in. objective. It
the spores alone are well stained the preparation may be
counter-stained with Liffler's methylene blue for two to five
minutes, washed, dried, and mounted. If, however, the bacilli
as well as the spores retain the red colour, the preparation
must be further decolorised in the acid, while if everything
has been decolorised, it may be re-stained with warm carbol-
fuchsin,

The spores sometimes stain better if the preparation be
fixed by passing through the flame fwelve times instead of

e ———
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three, as is usual. To obtain good preparations and ones
showing the spores in situ, the specimens should be made as
soon as spores have definitely developed in the cultures.

Spore staining often requires a good deal of patience, and
in many instances it is difficult to obtain a satisfactory pre-
paration by this simple method, in which case that of Moeller
should be made use of, and rarely fails.

(b) Moeller's method.—Prepare the cover-glass or slide
specimen in the ordinary way. Treat with absolute aleohol
for two minutes, and then with chloroform for two minutes,
Wash in water and treat witha 5 per cent. solution of chromic
acid for two minutes, wash, and then stain with warm carbol-
fuchsin for ten minutes. Wash, decolorise carefully in 1 per
cent. sulphuric acid, again wash, and counter-stain with
Loffler’s methyle .e blue for one minute; wash, dry, and
mount. Some organisms, such as the B. mesentericus, stain
better if treated with the chromic acid for five to ten
minutes,

Flagella Staining.

Many organisms possess delicate protoplasmic pro-
cesses—flagella—in greater or less number ; but these
are not visible when the ovganism is examined in the
living condition (except by the use of dark-ground
llumination), nor when the ordinary staining methods
are employed. In order to demonstrate them it is
necessary to make use of some special method, in
which a mordant i1s essential. One of the earliest
devised was that of Loffler, which with care gave fair
results. If 1s not, however, nearly so satisfactory as
some more recent ones, so 18 omitted.

For all methods of flagella staining the cover-glasses
or slides must be absolutely clean, the cultures recent,
and the growth sufficiently diluted to obtamn the
organisms in an isolated condition.

‘/ (a) Stephens’s method.—This is a modification of the well-
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known Van Ermengen method,! and has been communicated
to the writer by Dr. J. W. W, Stephens.

To clean slides.—Rub the slides with a clean cloth and
place on a piece of clean wire gauze and heat with a smokeless
flame for some minutes (by this means grease is completely
removed). Remove the slides when cool, not before.

To make the emulsion.—All methods are unsatisfactory.
Rub  little of the eulture in a small drop of tap-water in a
watch-glass. Then transfer a drop with the smallest possible
platinum loop to a minute drop of water on the slide. Mix
and spread with the platinum wire as quickly as possible.
The film thus made should dry immediately if a small drop
only of water has been used.

Age of the culture.—A twenty-four hours’ culture does quite
well (a younger one is perhaps better, but flagella can be
shown for a week or fortnight or morve).

I. The mordant :

Osmic aeid, 2 per cent. : .1 part.
Tannic acid, 20 per cent. watery
solution . : : : . 8 or 4 parts
I1. Silver solution : Silver nitrate . . 1 per cent.
III. Gallic acid, 2 per cent. solution . 1 part
Ammonia fort. : : . 1 part

To be mixed before using and to be used immediately.

To stain.—Place the mordant on the film for one or two
minutes or less (time unimportant).

1. Wash in tap-water thoroughly.

2. Shake off as much water as possible.

3. Place a few drops of silver nitrate on the slide for a few
seconds or longer.

4. Shake off all excess.

5. Allow one drop of the ammonia-gallic solution to fall
on the middle of the slide from a small pipette. A wave
spreads away from the centre to each end of the slide. As

! Centr. f. Bukt., xv, 1804, p. 969.
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The prepared clides ave stained with this solution (which
should always be filtered before use) for two minutes, the
solution heil'ag changed two or three times, washed gently in
running water, and then counter-stained in anilin gentian
violet for one to two minutes, washed, dried, and mounted.

Preservation of Cultures.

Gelatin and agar cultures may be satisfactorily preserved
by submitting them to the action of formaldehyde vapour for
some hours by soaking the wool plug of the culture tube in
formalin and plugging the tube with it. The tube may then
be sealed with gutta-percha tissue, sealing-wax, or paraffin wax,
or best of all in the blowpipe flame. Plate cultivations may
also be exposed to the vapour and the lid of the dish afterwards
cemented on, or the cultures may be made in the flat bottles
(“ Soyka's bottles ") devised for the purpose, and after
development treated like tube cultures.

Preservation of Pathological Specimens.

These may be preserved in the ordinary way in spirit, but
a much better method, by which the natural colour of the
specimen is retained, is the following. The specimens are
first washed in water, and then placed in the following solu-
tion for twenty-four to forty-eight hours:

Formalin : : : : . 6 parts
Sodium chloride . ] : ; 1 part

Sodium sulphate . ; ; : 2 parts
Magnesium sulphate . . : 2 parts
Tap-water . : . : . 100 parts

After being taken from the formalin solution the specimens
are placed in methylated spirit for ten minutes, and then in
a fresh bath of methylated; in this the colour to a large
extent returns, and they should be carefully watched and not
allowed to remain in it for more than an hour. They are
then mounted in the following mixture : v
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CHAPTER IV.

METHODS OF INVESTIGATING MICROBIAL DISEASES—THE IN-
OCULATION AND DISSECTION OF ANIMALS—HANGING -DREOF
U LTIVATION—INTERLAMELLAR FILMS8—THE MICROSCOPE,

Tae systematic study of a condition dependent on
the activity of micro-organisms is in many instances no
light matter. When only one or two forms are present
and these arve readily cultivated it may be comparatively
easy, but when there are many the investigation may
become exceedingly complicated. The first step to be
taken is to ascertain by careful microscopical examina-
tion the general characters of any organisms that may
be present in the material, and their distribution both
in the fresh condition and in stained perparations, and
if possible at different stages of the disease. In
disease conditions, for example, the blood and secretions
may be examined both before and after death, but in
the latter it must be remembered that soon after the
fatal event adventitious organisms rapidly make their
appearance, gaining access from the air and from the
intestinal tract. If organisms be detected an attempt
should be made to determine whether there is any
predominant form and if this is constantly present ab
different stages. If orgamisms are found, it simplifies
matters ; but if not, it cannot therefore be said that
they are absent, for they may be few in number, and
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1. The morphology of the organism under various con-
ditions, its size, form, and motility, the presence of flagella,
and their number, arrangement, and character.

2. The presence or absence of spore formation, its nature,
the conditions under which it occurs, and any peculiarities 1m
the germination of the spores, and their size and location in
the cell.

3. The peculiarities of staining, and the staining reaction
with Gram’s and the Ziehl-Neelsen methods.

4. The characters of the colonies in gelatin, agar, and other
media, both surface and deep.

5 The characters of the growth on a variety of culture
media at different temperatures—for example, for a pathogenic
organism, on blood-serum, agar, and gelatin (surface and stab
cultures), in broth and on potato ; liquefaction or not of the
gelatin; the growth in milk, with or without curdling, and
the reaction therein: and the fermentation reactions on
carbohydrates, glucosides, alecohols, ete.; the nature of the
gas, if any, formed therefrom, and the H : CO, ratio.

6. The behaviour towards oxygen—is it atrobic or
anatrobic ¥

7. The vange of growth at different temperatures.

8. The reducing power by growing in litmus broth which
becomes decolorised, ov by the formation of nitrites 1n a
solution containing nitrates.

9. The production of indole with or without nitrites.

10. The production of pigment and the conditions under
which it oceurs.

11. The pathogenic action on various animals if it be a
disense germ, or the changes which it produces if it be an
organism connected with other conditions.

12, The chemical changes which it induces.

13 Tl_m tl}erm:t] death-point and the action of germicides
and antiseptics upon it (see Chapter XXII).

For deseriptive purposes,  standard » culture media

should always be employed, and the acidity or alkalinity
of the medium stated (p. 64).
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It must never be forgotten that under cultivation the
properties of organisms may be considerably modified,
and due allowance must be made for this. For
example, pathogenic organisms may lose their virulence
more or less completely, pigment production be lost,
and fermentive action modified. An instance of the
latter is given by Percy Frankland ; a bacillus isolated
by him possessed the power of fermenting calcinm
glycerate, but after cultivation on ordinary gelatin it
completely failed to do so (see also p. 6).

To obviate these difficulties the organisms should be
cultivated under as nearly natural conditions as possible
and sub-cultivation avoided so far as can be. No
general rule can be given as to the duration of life of
cultures on artificial media. Most organisms will
retain their vitality for at least three or four weeks
without being transferred to a fresh soil, some for
many months; a few must be sub-cultured every week,
or they will die out; while there are still a small
number, such as leprosy and relapsing fever, which so
far have rarely or never been cultivated. On the
whole, organisms retain their vitality best on gelutin.

For an organism to retain ifs virulence it is, as a
rule, necessary to pass it throngh a sunsceptible animal
at longer or shorter intervals, and to enhance the
virulence recourse must be had to a succession of
passages through suseeptible and then less susceptible
animals. In this way the virnlence of organisms has
been increased to a point far greater than is ever met
with naturally, as in the case of the Streptococcus
pyogenes. If an organism retains its virulence, even
slightly, it is generally possible, by employing large
doses, to enhance this by passage through a susceptible
animal. Another method may also be adopted, namely,
to inject along with it some other pathogenic form,
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such as the Streptococcus pyogenes ; the combination
will kill the animal, and the slightly virnlent organism
can be recovered and will be found to have inecreased
in virulence, A third method is to inject the organism
into a susceptible animal together with a lethal dose of
toxin obtained from a virulent form of the same species,
or with some substance, such as lactic acid, which
lowers the vitality of the tissues. The slightly virulent
orecanism will then be able to grow under the more
favourable conditions, and a form which has become
completely non-virulent can be made to regain its lost
virnlence.

Collodion sacks are now frequently used to study the
action upon animals of the dialysable products produced
by micro-organisms which do not form any appreciable
amount of toxin i vitro, for cultivating species which
are difficult to grow by ordinary methods, for studying
the phenomena of infection when the micro-organisms
are protected from the phagoecytes, and for other
purposes. A glass rod or small test-tube, according to
the size desired, is dipped into a beaker containing the
ordinary (not flexible) collodion, is then withdrawn and
allowed to dry, and the process is repeated two or three
times. In order to detach the collodion from the glass,
the whole is dipped for a few seconds alternately into
strong spirit and into water, the eollodion loosens, and
may be easily peeled off the glass. The sack may be
sterilised by pldcmg in a test-tube and he&tmn‘ to

150° C. in the hot-air steriliser.

For the moculation of animals various methods may
be adﬂpted In some cases, after clipping the hair,
the organism may be introduced b}' rubbing into the
skin after scarification, or, a small incision lu-wmn- been
made throngh the skm a small quantity of a cultur(,
may be mtmduced on a platinum needle ; or a broth
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culture or an emulsion, made with sterilised water or
broth, may be injected with a sterilised syringe
subeutaneously, intra-peritoneally, or into the musecular
or other tissnes or organs as required, since the seat of
anoculation may have to be varied for the different
species to produce their pathogenic effect. For
mjection purposes a syringe like an antitoxin syringe,
t.e. with asbestos or metal piston and glass barrel that
can be boiled, may be used. Several sizes are kept in
stock, 1 c.c., 2 c.c., and 5 c.c. at least being required.
An all-glass syringe 1s a still better form, but is
expensive. For accurate dosage, the piston-rod should
be graduated and have a nut travelling on a screw up
and down it. Before use the syringe with the needle
should be boiled for ten minutes to sterilise it; after
use it may be well rinsed and again boiled. The
needles should be wiped dry and a wire inserted, or
they may be kept in a bottle of xylol.

Gruinea-pigs and rabbits are usnally inoculated in the
thigh or abdomen ; mice in the dorsal region or at the
root of the tail (dorsally), the hair being clipped, and
the skin disinfected, but this is not generally necessary.
Numerous mechanical holders have been devised for
animals, but are not as a rule required. Rabbits may
be inoculated intra-venously by one of the large veins
in the ear. The ear is shaved, and the skin is well
washed with a little aleohol with vigorous rubbing ;
the base of the ear is lightly pinched so as to obstruct
the venous but not the arterial eirculation, and render
the vein prominent, and the injection is made with a
small syringe fitted with a fine needle, the needle being
passed into the vein towards the base of the ear.
After the withdrawal of the needle the wound is
compressed for a little and may be dressed with some
antiseptic wool and collodion.
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The phenomena occurring after inoculation must be
noted. Usually these are not very obvious in the
rodents, but loss of appetite, sluggishness, staring coat,
convulsions, ete., may be observed. The weight of the
animal is a good index of what is happening. If the
infection is serious, the weight rapidly falls; if the
animal is fo recover, its weight soon begins to increase
after the preliminary fall. The temperature in the
rectum may also be taken, but is not so valuable, as in
the guinea-pig variations occur from mere handling or
other slight causes. The temperature of the gninea-pig
averages 38°6°, but varies between 86° and 39° 0. (Eyre).

The examination of the dead animal should be carried
out with as little delay as possible. For dissection, the
body should be pinned out on the back on a board,
which may stand in a shallow enamelled iron pan, by
pins or nails through the feet, and the abdomen well
soaked with antiseptic solution, not so much to sterilise
the skin as to prevent the hair from getting into the
meision ; to obtain complete sterilisation of the skin, it
is preferable to clip or shave the hair and then sear
with a red-hot iron. Knives, forceps, scissors, ete.,
should be well boiled in an enamelled-iron mug or pie-
dish, the water being kept boiling during the progress
of the dissection and the instruments rinsed from time
to time in it. A little sodium carbonate may with
advantage be added to the water. A small enamelled-
iron  fish-kettle with perforated strainer forms an
excellent steriliser for mstruments, or a surgical instru-
ment steriliser may be used. “An incision is made and
the skin well veflected and pinned out ; the knife and
foreceps should then be re-sterilised, or fresh sterile in-
struments taken, for the deeper incision and opening
thn.:: body cavities ; these again must be re-sterilised, or a
third set of instruments employed for incising the organs.

)
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out, the tissues are liable to become invaded and
infected by organisms from the respiratory and digestive
tracts. In the post-mortem room, infection of the tissues
is very common ; out of fifty cases, Symes' found only
seventeen to be sterile. Ford states that even in normal
animals, killed and immediately examined, l}ﬂ.{'ﬁtﬂl'iﬂ- are
present in 70 per cent. of the internal organs.”

When the blood of an animal is required several
expedients may be adopted. If the animal is not
needed for further experiment, it may be decapitated
and the blood colleeted in a porcelain dish; but if a
sample only is wanted, and the animal has to be
further treated, as in antifoxin work, it may be bled
from the carotid, the vessel being afterwards ligatured.
In the rabbit a small artery passes superficially across
the inner aspect of the thigh; this permits of the
withdrawal of a small quantity of blood without the
necessity of an operation such as is required to expose
the carotid. The simplest method of all is to introduce
the fine point of a piece of glass tubing, drawn out and
bent to a convenient angle, or the needle of g syringe,
into one of the ear veins and aspirate the blood into it,
Or the vein may be punctured and the blood allowed
to drip into a small tube.

Blood may be obtained from a patient for the
agglutination reaction, for microseopical examination,
or for culture experiments, by pricking the finger or
the lobe of the ear with a sterile needle, preferably a
flat one of the “ Hagedorn type, or with half a steel
pen (mb) or a glass point ; for disinfection, the skin
may be rubbed with a little alcohol or ether. The
blood may be collected in vaceine tubes, small bulbous
tubes (Fig. 7, p. 51), or Wright’s tubes (Fig. 35, p. 225),

' Lancet, 1899, vol. i, p. 365.
* Journ. of Hygiene, vol, i, No. 2, 1901, p. 277.
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Organisms, in natural infections in man, arve usually
present only in small numbers in the blood, and for
demonstrating them by culture methods it is necessary
to withdraw 2—5 c.c. from a superficial or deep vein by
means of a sterile syringe under aseptic conditions,
and to inseminate broth tubes or agar plates each with
} c.c. of the blood.

Although the modern methods of isolation and cultivation
have rendered immense service to bacteriology, they have also
had the effect of diminishing the attention paid to the exact
morphology and biology of organisms. At the present time
there is a tendency to investigate bacteria en masse rather
than to study them as individual living forms, and the
following remarks by the late Marshall Ward! may be aptly
quoted in this connection :

“ We must remember that De Bary and Brefeld had aimed
at obtaining a single spore isolated under the microscope,
and tracing its behaviour from germination continuously to
the production of spores again; and when we learn how
serious were the errors into which the earlier investigators of
the mould fungi and yeasts fell, owing to their failure to trace
the development continuously from spore to spore, and the
triumphs obtained afterwards by the methods of pure
cultures, it is not difficult to see how inconclusive and
dangerous all inferences as to the morphology of such minute
organisms as bacteria must be unless the plant has been
o observed. As a matter of fact, the introduction and
oradual specialisation of Koeh's method of rapid isolation of
colonies encouraged the very dangers they were primarily
intended to avoid. It was soon discovered that pure cultures
could be obtained so readily that the characteristic differences
of the colonies in the mass could presumably be made use of
for diagnostic purposes, and a school of bacteriologists arose
who no longer thought it necessary to patiently follow the

I Nature, vol. 1vi, 1897, p. 455 et seq.
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behaviour of the single spore or bacillus under the microscope,
but recarded it as sufficient to describe the form, colour,
markings, and physiological changes of the bacterial colonies
themselves on and in different media, and were content to
remove specimens occasionally, dry and stain them, and
describe their forms and sizes as they appeared under these
conditions. To the botanist, and from the point of view of
scientific morphology, this mode of procedure may be
compared to what would happen if we were to frame our
notions of species of oak or beech according to their
behaviour in pure forests, or of a grass or clover according to
the appearance of the fields and prairies composed more or
less entirely of it, or—and this 1s a more apt comparison,
because we can obtain colonies as pure as those of the
bacteriologist—of a mould fungus aceording to the shape,
size, and colour, ete., of the patches which grow on bread, jam,
gelatine, and so forth.”

Examination in the Fresh State.

One essential procedure in the investigation of an
organism 1s its examination in the fresh and living con-
dition. This may be done by placing a droplet of sterile
water, broth, or salt solution on the shide, moculating
with a trace of the organism or growth, and covering
with a cover-glass and examining microscopically. The
action of stains and reagents on the organisms may be
observed by the irrigation method. A drop of the
stain or reagent (¢, Fig. 21) is placed on the slide, A, just
i contact with one margin of the cover-glass, B, and
1s drawn through the preparation by means of a small
piece of filter-paper, b, placed on the other side, a torn
margin fouching the film of fluid at one edge of the
cover-glass.

The filter-paper absorbs the fluid from under the
cover-glass, leaving the cells and other particles behind,
and at the same time the reagent on the opposite side
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melt it. A droplet of some sterile fluid medinm-—water,
broth, wort, sugar solution, etc.—is then placed in the
centre of the cover-glass with a sterile platinum loop.
This droplet is then inoculated with the organism
which is to be observed, care being taken not to add
too many organisms—a few isolated organisms and
small groups in each field 1s what should be aimed at.
The vaselined cell is now taken and turned over, so
that the ring of vaseline is downwards, and is then
placed on the cover-glass, in sach a way that the
droplet is situated in the middle of the hollow, but not
touching the slide at any point. The cover-glass
adheres to the slide by means of the vaseline, and on
quickly inverting the whole, so that the fluid has no
time to run, it will be found that the droplet is hanging
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Fra. 22 —Hanging-drop preparation.

from the under surface of the cover-glass in a cell
which is hermetically sealed by the vaseline, and
evaporation is thus rendered impossible (Fig, 22).
Such a preparation, in fact, can be kept for a week or
ten days in a warm incubator without drying up.
Great care must be exercised in examining a hanging-
drop specimen microscopically, especially with the
immersion lenses, for the slightest pressure breaks the
unsupported cover-glass. It often saves time first to
cenfre the drop with the low power before examining
with the immersion lens; an ink or pencil dot at the
margin of the drop aids focussing. The light must be
diminished by closing  the diaphragm, lowering the
condenser, ete. (p. 140), and artificial light is generally
preferable to daylight. The central parts of the drop
only should be examined, not the margin,




136 Manual of Bacteriology

Instead of hollow slides, various devices may be
Etmp]n}rcd to form the cell. Metal, glass, or vuleanite
rings, or rings cut out of thin sheet lead, tin- foil, card-
board, or two or three thicknesses of paper or filter-
paper may be cemented on to slides with vaseline,
Hollis’s glue, gold size, or Canada balsam, or even a
thick ring of vaseline may be used.

The only certain method for ascertaining whether
an organism is motile or not—often an important clue
to its 1dentification—is by the use of hanging-drops.
Actne]} motile organisms may frequently be met with
in a resting stage, although still alive, and various
factors may bring about this condition, such as old age,
exhaustion of nutriment, excessive heat or cold, electric
shocks, and the like. The absence of movement of an
organism in a specimen prepared from an ordinary
culture, particularly if more than a day old, does not
necessarily prove that it is non-motile. A hanging-drop
should be prepared with a nutrient medium (the best,
perhaps, is glucose broth) and placed under conditions
of temperature, ete., favourable to the growth of the
organisni, and examined after an interval of an hour
or so, or better still at intervals of half an hour for
three or four hours. In this time the old cells will
revivify, and new ones will have been produced, and if
the organism be a motile one, more or less active move-
ment of some of the cells is almost sure to be observed.
It is necessary to beware of two fallacies in connection
with motility—mnot to mistake for it the so-called
Brownian movement, which is a vibratory one back-
wards and forwards about one point, and common to
all fine particles suspended in a fluid; and not to be
misled by a flotation of the cells due to enrrents set up
in the fluid from some cause or other—all the particles
then tending to move in the same direction.

i e
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Another purpose for which the hanging-drop cultiva-
tion may be employed is that of obtaining a permanent
record of the various phases throngh which an organism
may pass doring its development. If a number of
these cultivations be made, say twenty, in an exactly
similar manner, and afterwards kept under identical
conditions, and if at the end of every halt-hour one of
the preparations be taken, its cover-glass carefully re-
moved, and the droplet dried and stained, a permanent
record of the life-history of the organism is obtained
extending over ten hours.

Various more elaborate forms of cells for hanging-
drop preparations can be obtained, some being provided
with inlet and exit tubes for the passage of various
gases. For anaérobic preparvations cells are made
having a groove at the bottom into which a mixture of
pyrogallic acid and potash is introduced.

The observation of hanging-drop cultivations at
blood-heat can be carried out on some form of warm
stage.

Interlamellar  films.'—Another method of investi-
gating the life-history of organisms, especially moulds
and protozoa, is by means of interlamellar films, A
glass slide 14 by 3 in. is sterilised in the Bunsen
flame, and while hot three small drops of sealing-wax
are placed on it, so arranged that they form the apices
of an equilateral triangle, the side of which measures
fmbﬂut one inch, and a drop of sterile nutrient medium
is ﬂ‘B]}UE:ltE‘E‘I between them. A cover-glass of about 14
m. m diameter is then sterilised in the Bumnsen flame,
a r]mp].et of a suitable nutrient medium is placed npon
it and inoculated with the organism to be observed, and
the prepared cover-glass is picked up with sterilised
forceps, inverted, and lowered on to the slide. The

! Delépine, Luncet, 1891, vol. i, June 13th.
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serews working at right angles to each other, by means
of which its position relative to the optical axis can be
altered. In order to centre, a diaphragm with small
aperture is used, and the hole in the diaphragm is
focussed with a low power ; then, by means of the lateral
screws, this hole 1s brought into the centre of the field.
Below the sub-stage condenser a mirror with concave
and plane surfaces should be fitted, the plane surface
being used with the condenser, as a general rule. The

Fia. 23.—Swift's detachable mechanieal stage.

concave mirror may be used for illumination with low-
power objectives, the condenser being detached or
swung out of position. The necessity for careful
1|]:1m|1mt1:m must be insisted upon ; in fact, to obtain
the best results the light should be readjusted for
ev LI‘}V specimen by mirror, diaphragm and condes nser,
t. e, “critical” illumination should be aimed at. ;‘a
good specimen may be utterly spoilt, visually, by faulty
illamination ; while an indifferent one may lw made to
look }1.1~'-,mhle by proper illumination. In the examina-
tion of micro-organisms in the fresh or living and
nnstained cunﬂltmn, it 18 necessary, as a 7rule, to

L —
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some extent by the use of frosted bulbs or by inter-
posing a sereen of fine ground glass, by the use of
Govdon’s glass rod illuminator, or by interposing a
spherical flask filled with water or dilute copper
sulphate solution. Incandescent bulbs may be frosted
by dipping in a i5 per cent. solution of caustic soda
and allowing to dry.

Two eyepieces arve sufficient, and the lower-power
ones are to be preferred, such as the B and ¢ of the
English, or the 2 and 3 of the Continental, makers,
Although increased magnification can be obtained by
the use of a high-power eyepiece, it is at the expense
of definition, the mmage losing its sharpness, because
the eyepiece magnifies the image formed by the
objective, and any imperfections in the latter are made
more apparent, so that the use of very high eyepieces
1s not to be recommended, except with the finest lenses;
moreover, as will be pointed out later, it is useless to
increase the amplification beyond a certain point.

With regard to the length of the tube of the micro-
scope, this differs in the FEnglish and Continental
systems. The standard English tube-length is 875
in,, the Continental is 6'3 in., and is usunally
adopted, but the longer tube gives greater amplification.
Tl:e‘ tube of the microscope is generally provided with
an mer, or draw-tube, by means of which its length
can be nearly doubled ; this gives increased amplifica-
tion, but at the expense of definition, at least with the
higher powers which are corrected or adjusted for a
definite tube-length.

The lenses or objectives must next be considered.

. IFm' powers higher than the §-in., or thereabouts,
'tf 1s advisable, for many reasons, to employ the immer-
sion system of objectives. With these lenses a drop
either of water, in the water-immersion system, or of
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cedar oil, in the oil-immersion one, is placed on the
cover-glass, and the objective is racked down so that
its front lens touches and is immersed in either the
water or oil, as the case may be. It is a good plan
then to raise the objective very slightly by means of
the coarse adjustment, still, however, keeping it in
contact with the drop of water or cil. 'The observer
then, looking down the microscope, very cautiously and
gradually racks down again with the coarse adjustment
until the object comes into view, and finishes the
focussing with the fine adjustment. The fine adjust-
ment should only be used after the object has been
brought into view by means of the coarse adjustment.
After the examination has been concluded for the day,
the lens should be carefully wiped with a soft rag, or
preferably with a piece of soft Japanese paper, to
remove the water or oil. If the oil should happen to
dry on the lens, it may be removed by wiping with a
soft rag or Japanese paper moistened with xylol, quickly
drying with another rag or paper. Instead of cedar-
oil, a liguid paraffin has also been used.

The +% in. (2 mm.) oil-immersion lens 1s the one
usnally selected. It combines sunfficient magnification
for most purposes, with adequate working distance for
convenience in using. If expense is not an object, the
Zeiss L in. (3 mm.) apochromatic oil-immersion lens is
a very fine one for general use. By means of the
compensating oculars sufficient magnification can be
obtained, while the working distance is greater, the
field is larger, and the penetrative power is greater
than with the 4% in. lens.

The immersion system of objectives has many advantages :
the loss of light is less, the distance between the cover-glass
and the front of the objective—the working distance, as it is
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termed—is greater, and more can be seen with an immersion
lens than with a dry lens of equal magnifying power. This
can be best illustrated by means of two simple diagrams.

In Fig. 24 let ¢ d represent the surface of a fluid, either
water or oil, and let a b be drawn perpendicular to this
surface, and cutting it at . Let r y represent a ray of light
proceeding from a rarer medium, such as air, into a denser
one, water or oil. As is well known, this ray when it enters
either the water or the oil does not continue in the same
direction, but is *“ refracted ” or bent nearver the perpendicular
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Fia. 24 —Diagram to illustrate the refraction of light.

a b, the bending being more marked with oil than with water.
Thus we may suppose that the direction of the rav in water
vrr'n:-uld be represented by the line y w, and in oil by the dotted
]me:_a;,r 0. Conversely, a ray of light proceeding from a denser
medium into a raver is bent away from the perpendicular, and
the rays w y in water, and o % in oil, would, on emerging into
alr, proceed in the direction {fy ke i

In Fig. 25 {whi:l:h for convenience is drawn somewhat out
of proportion) let s represent an ordinary elass micro-slide, x
a layer of Canada balsam in which the ;)I:I'i{:‘!(;t is mounted
and covered with the cover-glass @, while L is the iject.ivé
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with its front lens. Tet the object be illuminated by the ray
of light Y y; this on entering the glass of the slide and the
Canada balsam will be refracted or bent nearer the perpen-
dicular and will proceed in the direction y £. Canada balsam,
and also cedar oil, produce about the same amount of
“refraction,” or bending of a ray of light, as erown glass,
and hence these three substances—crown glass, Canada
balsam, cedar oil—are said to have the same * refractive index,”
and, consequently, the glass of the slide, the Canada balsam,

S
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I

Fia. 25.—Diagram to illustrate the course of rays of licht through an
objective.

and the cover-glass act as one homogeneous medium, and the
line y ¢ is a straight one. In the first place, let us suppose
that the objective L is a dry one, having a layer of air between
its front lens and the cover-glass; then the ray of light, on
emerging from the cover-glass into the air, is now bent
away from the perpendicular and pursues a direction practi-
cally parallel to its former one, represented by the line ¢ w,
and misses the lens altogether—the lens is unable to take it
up. If, however, we suppose that our objective is an oil-
immersion one, and that a dvop of cedar oil takes the place
of the layer of air between the cover-glass and the front lens
in the foregoing example, then the glass slide, Canada balsam,
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cover-glass, cedar oil, anl the front lens of the objective
form practically one medium ; they all have the same
refractive index and produce the sane amount of refraction
or bending of a vay of lizht. Therefore the direction of the
ray forms a straight line in all these, and the ray passes into
the objective as 1s represented by the broken line ¢—u.
More important still, however, is that which happens to rays
which fall on the slide at a very oblique angle. In the same
figure (Fig. 25) let e f represent such a ray ; on entering the
slide it will be refracted, and its passage through the slide,
balsam, and cover-glass may be represented by fE As
before, let us suppose that in the first place our objective is a
dry one, and that we have a layer of air between the cover-
glass and its front lens. In this case, if the angle which Ik
makes with the perpendicular is greater than about 39°
or 40°% the ray, instead of emerging from the cover-glass into
the layer of air, is totally reflected by the cover-glass and
pursues a course roughly represented by & p, so that it never
enters the objective. If, however, we employ an oil-
immersion objective, with oil instead of air between the Cover-
glass and its front lens, then, as before, the slide, balsam.
cover-glass, oil, and front lens of the objective form practi-
cally one homogeneous whole, and the ray e f k, instead of
being totally reflected, continues its course in a straight line,
and is taken up by the objective, as is represented by the
dotted line k—v". Hence we see that the same rays which
are unable to enter a dry objective are admitted by an oil-
immersion one, and that an oil-immersion lens can take up
rays which fall on the slide at a very oblique angle.

In order that these oblique rays may be present, ready to
be taken up by the oil-immersion objective, it is necessary to
employ a sub-stage condenser. Tt is only by means of a sub-
stage condenser that a “wide-angled cone of rays,” as it is
termed, is obtained. Hence to make full use of an oil-
immersion objective—to * get most out of it "—it is abso-
lutely essential to employ a sub—smga condenser, and for the
finest work a special “ oil-immersion condenser " 15 employed.

10
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It will also be obvious that although a water-immersion
objective admits more rays than a dry one, it does not admit
s0 many as an oil-immersion. It must be pointed out,
however, that Canada balsam, or some medium having the
same or a higher rvefractive index, must be used for mounting
to obtain the full advantage of the oil-immersion system.
The oil-immersion can of course be used for examining
objects mounted in water, etc., cedar oil being still used
between the cover-glass and the lens. It is to be noted that
a dry objective cannot be used as an immersion one, nor an

immersion objective dry, as the construction differs in the
two cases.

Of late “dark ground illumination” has been mmuch
employed, particularly for the examination of living objects.
In this special condensers are used, the central rays passing
through which are “stopped out,” so that the object is
tlluminated only by very oblique rays and appears white on a
dark background. A stop has also to be introduced into the
objective, and slides and cover-glasses of special thickness
together with brilliant illumination are necessary

The lenses in the objective are formed by cementing
together different kinds of glass in order to correct for
“spherical ” and for “ chromatic ” aberration. The rays
passing through the margin and the centre of a simple
lens are not focussed at the same point, and a distorted
image is the result; this is known as “ spherical aberra-
tion,” while the violet and red ends of the spectrum,
being of different refrangibility, and a simple lens acting
like a prism, coloured fringes are observed; this is
termed ¢ chromatic aberration.” The apochromatic
system of objectives and eyepieces has these defects
very perfectly corrected by the use of special glass and
fluorite, correction being partly effected in the objective,
and this is completed by combination with the special
eyepieces. The latter, termed “ compensating oculars,”
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are ftherefore essential for perfect correction with
apochromatic objectives, but can also be used with
ordinary lenses. For photographic purposes apochro-
matic lenses are far superior to achromatic ones.
Apochromatic objectives are, however, expensive, and
though advantageous arve not veally necessary for
ordinary bacteriological work.

In consequence of certain optical principles, the
“ diffraction ” theory, for details of which the veader
must refer elsewhere,! it is useless to inerease the
magnifying power of objectives beyond a certain point ;
for, although the object viewed appears larger, no more
details of structure can be made out.

The use of the immersion system increases the
“resolving power,” or the amount of detail which can be
seen. Thus, if a number of fine equidistant parallel
lines be ruled on a glass plate, it is impossible to see
with a dry lens, using white light, more than about
90,000 lines to the inch as isolated lines, If more are
ruled they will not appear, and practically nothing is
visible.  With a water-immersion objective it is
possible to see about 120,000 lines to the inch, and
with an oil-immersion as many as 146,000 lines to the
inch, as separate lines—a clear gain in resolving power
in the latter case of about one half over a dry lens.?
As it is necessary, in order to see such fine structures
as lines ruled 50,000 or more to the mch must be, to
have considerable amplification in addition to resolving
power, not much is gained, in ordi nary work at any rate,
by adopting the immersion system for the lower power
objectives, such as the 1-in,

By the physical theory of microscopical visibility, it can

! Bee Carpenter on the Microscope, edited by Dallinger, (Churchill.)
* These figures refer to lenses having a numerical aperture of 1:0
' (dry), 133 (water), and 14 (oil).




148 Manual of Bacteriology

be shown that objects having a diameter of less than about
0-16 p cannot be seen with the best optical appliances. If,
then, a micro-organism 1s less in size than this it could not
be seen microscopically, and this fact may explain why it is
that in certain undoubted infective diseases no micro-organism
has yet been isolated. Of the existence of such “ ultra-
microscopic’ organisms we have proof. The finest porcelain
filters, such as the Chamberland B, do not allow wvisible
particles to pass through, yet in several instances, if the
infective material be filtered through such a filter, the filtrate is
still infective. This is the case with the blood serum in yellow
fever, Cape horse sickness,! dog distemper, hog cholera and
swine fever, in bird and cattle plagues, and with the juice of
bird molluseum. The organism of cattle pleuro-pneumonia
is just on the limit of visibility. The rabic and vaccine
viruses also seem capable of passing through a Berkfeld V.
"These experiments do not necessarily prove that the organism
in all stages is invisible.? Siedentopf and Zsigmondy have
devised a method whereby ultra-microscopical particles may
be rendered visible, bnt inasmuch as they appear merely as
luminous points, it is questionable whether the method will
be of great service in bacteriology.

There is no real necessity in bacteriological work for
the immersion objective to be provided with a
¢« gorrection collar.”  The * correction collar ™ is an
additional screw in the objective by means of which the
distance between some of its coustituent lenses can be
altered to © correct ”’ for varying thicknesses of cover-
glass, ete., and though necessary with the higher power
dry lenses, it is theoretically unnecessary with the
immersion system. Nevertheless, as slight variations do
oceur in the various media, glass, oil, ete., and they may
not form a truly homogeneous whole, for the finest
‘work the correction collar is still desirable. So much

I Journ. Comp. Path. and Therap., vol. xiii, 1900, p. 1. 1
2 See Roux, Bull. del'Inst. Past.,vol.i, 1903, pp. 1 and 49 Remlinger,
ibid., vol. iv, 1906, pp. 337 and 385.
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for the high-power objectives. As regards the lower
powers, which, of course, arve dry, a #-in. and a }-
in. are generally selected. The #-in. is a more
serviceable lens than the 1-in. which is often recom-
mended. A very useful accessoryis a “ double ” or
“triple nosepiece.” This comsists of a light metal
framework, which is attached to the lower end of the
tube of the microscope, on to which two or three
objectives can be screwed. The framework can be
rotated, thus bringing each objective in succession into
the optical axis of the instrument, and the necessity
for unscrewing and serewing on each time an objec-
tive is changed is obviated. A microscope such as
described, with sub-stage condenser, two eyepieces, a
f-in. and a }-in. dry and a -in. oil-immersion
objectives, triple nosepiece, ete., complete in case, can
be obtained for about £15, and it is well to add another
sovereign or two for superior finish. Both British and
Continental firms supply microscopes arranged as
indicated, and in this department the English makers
hold their own.

The measurement of micro-organisms is carried out
by means of a stage micrometer, alone, or in combination
with an eyepiece micrometer. I'he former consists of
a scale of tenths and hundredths of a millimetre or
hundredths and thousandths of an inch ruled in fine
lines on a glass plate, by means of which the measure.
m:enl:-s can be made by foeussing the scale under the
microscope. The stage micrometer is placed in position
on the stage and the scale is focussed with the par-
ticular ocular, objective, and tube length * which are
to be “-‘SEd-_ A drawing of the scale is made with a
camera lucida ; the micrometer is then removed and the
object placed in position and a second drawing is
made of the object on the seale already drawn. A
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CHAPTER V.

INFECTION—VYEGETABLE AND ANIMAL PARASBITES—THE IN-
FECTIVE PROCESS — ANTI-BODIES — ANIT-SERA AND
ANTITOXINS—IMMUNITY.

Infection.

By the ferm iNgrcrron is meant the invasion of the
living tissues by living micro-organisms which oTOW
and multiply at the expense of the host. A disease
produced by the growth and multiplication of micro-
organisms is termed an infective disease, and is trans-
missible in most instances by inoculation. If the
micro-organisms are from time to time discharged
from the body of the host, either with the excreta,
secretions, desquamated particles, or in some other way,
the disease becomes infections or contagious, according:
to the ease with which another individual becomes
unfected, and the material which conveys the infection
is often termed the contagion. "Thus, in searlatina and
smallpox the contagion is very readily conveyed from
person to person even for a distance through the air,
and these are infections diseases. Ringworm and
syphilis, as a rale, require more or less close contact
for infection to take place, and these are, therefore,
contagious diseases ; while malaria is neither infectious
nor contagious, since persons in the neighbourhood
never directly contract the disease, though it can be
conveyed by inoculation, and it is therefore mfective
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only. But the distinction between nfectious and eon-
tagious 1s mainly one of degree, and these terms have
now to a large extent been discarded. Excluding
individual susceptibility, the relative infectivity of a
disease probably depends on three factors: (1) the
contagion is freely given off aérially and is not destroyed
thereby ; (2) the contagion gains access by the respira-
tory tract; and (3) the relative virulence of the con-
tagion ; in some instances the smallest amount of the
contagion is sufficient to infect. If the contagion can
gain access only through a wound or the digestive
tract, the chances of infection may be largely redunced.
In certain instances infection is conveyed by an inter-
mediary, e.g. the mosquito in malaria, and in such
cases infectivity will obviously depend on the presence
and abundance of the intermediary. Infection is mani-
festly a part of the whole subject of parasitism, which
imcludes the animal and vegetable parasites which
develop in the animal body. 1f, however, the subject
of parasitism is considered more closely, it will be seen
that there is a vast difference between, say, a condition
caunsed by the echinococeus or by the round worm, in
which the effects are largely mechanical and in which
velatively little poison is produced by the parasite, and
the disease diphtheria caused by the diphtheria bacillus,
in which the diphtheria bacilli have little or no action
mechanically, but elaborate virulent chemical poisons
which canse a general intowication. Some parasites
also may produce a general infection, e.g. anthrax,
others only a local infection, e. g. ringworm.

Parasites may therefore be divided into infective and
non-infective, though there is a series of connecting
links between these, and the two groups cannot be
sharply separated. The dnfective pm*gsftes are: (1)
vegetable micro-organisms, chiefly bacteria, a few yeasts
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and some moulds; (2) many protozoa; and (3) a few
metazoa, generally worms. The non-infective parastes
are the animal parasites generally, particularly many
worms,

The production of the phenomena of disease by
pathogenic organisms has been ascribed to (1) the
using up of the oxygen which should go to the tissues ;
(2) the using up of the proteins of the body and of the
food ; (3) the effects of plugging of the vessels by the
microbes ; and (4) the effects of substances or  toxins,”
having a poisonous action, formed by the microbes. Of
these, the first three are quite subsidiary, embolism
and thrombosis being perhaps the most important, and
the toxins arve the chief factors which induce the patho-
genic effects. These toxins are substances of a very
complex composition, probably allied to the proteins;
in some instances they seem to be of the nature of
enzymes or ferments, and they are direct products of
the bacterial cells. The toxins of most pathogenie
organisms, e.g. typhoid, cholera, plague, ete, are more
or less integral parts of the bacterial cells ; they are
“endotoxins,” and are not excreted to any extent into
the surrounding medium, but may gain access to it by
autolysis of some of the organisms. A fow organisms,
notably Bacillus diphtherize and Bacillus tetant, produce
E‘}Ztrl:ﬂ-EB]}lllﬂ.l' toxins which are found in the culture
liquid. ~ The toxins ave classified by Sidney Martin,!
as follows (see also p. 38) :

(1) Prﬂiscms produced by the digestive or the
dest‘ructwe action of bacteria on proteins in the culture
med]um. Examples of these are the poisons of the
Bﬂm:ﬂus anthracis and of the pus-producing staphylo-
cocel.

(2) Poisons which are the result of the digestive or

1 Manual of General I'athology, p. 76,
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(6) Specific serum and other reactions, agglutinative,
baeteriolytic, complement fixation, ete., generally obtain-
able, under certain conditions, if the blood of the
infected person or animal be allowed to act on the
specific organism producing the infection.

It is true that one or more of these condifions may
not be fulfilled in all cases, bnt on general evidence the
disease is classed as infective. Thus the Treponema

pallidum of syphilis cannot be ecultivated, and the
~ organism of rabies is quite unknown.

" The modes of infection, or entrance of the infective
agent into the body, are varied. The infective agent
may enter by (1) the gastro-intestinal tract, e. g. typhoid,
cholera, and glanders; (2) the respiratory tract, e.g.
pneumonia and influenza, and occasionally typhoid,
plague, ete.; (3) by inoenlution, not necessarily only of
the skin, but also of the mucous membranes, e. g. the
septic diseases, glanders, tetanus, ete. The extreme
infectivity of some diseases—e. g. variola, searlatina,
influenza, etc.—may be due to the fact that infection
takes place by the vespiratory tract. In certain in-
stances the infection is conveyed in some special way,
e. g. by mosquitoes in malaria and in yellow fever. Nor
is infection necessarily confined to one mode of entrance ;
in plague, for example, infection by the skin is com-
monest, but it is not infrequent by the respiratory, and
may occur by the digestive, tract. The in fecting agent
may remain localised, giving rise to a local mfection,
or it' may be widespread through the body, a sepii-
cemia' or general infection. The absorption of
chemical products from a local site of infection may
produce general symptoms; this is wtoricalion, as

| “Septicemia” and “a septicemia” have different meanings. The

former is applied to a general infection with the so-called septic
Organisms, the latter to a g.e“m.ﬂ_l infection with any Ul'gﬂ“iﬁlll.
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oceurs in cholera, in which the micerobe is limited to the
bowel, in the early stage of diphtheria, in which the
diphtheria bacillus is limited to the membrane, and in
a local abscess. Fever is usually one of the results
both of intoxication and of general infection.
Infection, if recovery ensues, is usually followed by
remarkable alterations in the blood and tissues. One
of these is the production of immunity or insuscepti-
bility to the same infecting agent; this will be con-
sidered later (p. 204). Agglutinins, substances which
canse clumping of the infecting organism, are also

generally produced (p. 193).

Anti-bodies.’

Another remarkable property, and one of consider-
able importance in immunity, conferred by the
injection into an animal of complex substances, such as
bacterial toxins, bacteria, blood-corpuscles, cells and
cellular proteins, ferments, ete., is the development of
anti-bodies. 'Thus an animal injected with sub-lethal
doses of a bacterial toxin, e. g. diphtheria toxin, acquires
a tolerance towards the toxin, becomes immunised,
and a substance is developed in the blood that an-
tagonises the toxin which was injected ; this substance
is known as antitoxin. If bacteria be injected, the
fresh blood i ¢itro has a solvent action on the bacteria
(bacteriolysis) ; if blood-corpuscles be injected, the
fresh blood has a solvent action on the same kind of
blood-corpuscles (hemolysis) ; if cells be injected, the
blood has a solvent action on the cells (cytolysis), and
so on. If ferments be injected, anti-ferments are
formed and will prevent the specific action of the

1 All the subjects dealt with in the subsequent porfion of this

chapter are discussed in detail by Emery, Tmmunity and Specific
Therapy, 1909,
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ferment. With doubtful exceptions,! it is only com-
plex bodies of protein nature, or allied to the proteins,
which give rise to the production of anti-bodies on
inoculation ; alkaloids, carbohydrates, mineral poisons,
ete.,, do not give rise to anti-bodies, though some mi% .,
susceptibility to them may be produced (see also O}:ifl'[f
p. 216). Any substance which gives rise fo an -
anti-body may be termed an “antigen’  These |ors
anti-bodies, etc., may first be considered, after which . 1}1-”5}_[_1
immunity will be discussed. UL Tk
o Anti-bodies are probably formed for the most part
&5 in the spleen, lymph-glands and bone-marrow by
W leucoeytes, or by endothelial eells, or by both.
Anrrroxins,—The anti-bodies produced by the inocu-

e

lation _of an amimal with bacterial toxins or toxic 1)
WWH-N, and snake-venom) are known __
as antitoxins, and arve of considerable practical impor-
tance. An animal injected with increasing amounts of
the toxin acquires a high degree of immunity, and its
blood-serum injected into a second animal confers on
the latter a similar immunity against the toxin with
which the first animal was injected, but not against
other toxins; the serum is specific. The anti-seram
formed by the injection of toxin is antitoxic and not
anti-microbie, and the :ijﬂl_therieﬁacilml orow and
multiply in*diphtheria antitoxin, Since, however, such
an organism as the diphtheria or the tetanus bacillus
produces its pathogenic effects th rough the toxin which

it forms, the antitoxin will counteract the effects of the
Jmicro-organism as well as of its toxin. The neutralisa.
tion of the micmunm', may not be quite

complete, a certain amount of local reaction or necrosis
ensuing.

i

! Ford has deseribed the formation of an anti-body by the injection
of a poisonous glucoside derived from fungi.
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Antitoxins are prepared by injecting animals-—pre-
ferably horses, but goats, rabbits, ete., may also be
employed—with bacterial toxins or with cultures.

With those organisms which produce powerful
toxins, such as diphtheria and tetanus, it is* customary
to grow the organism in a Huid medium so that an
active and virulent toxin i1s obtained. The culture is
then filtered throngh a Berkefeld or Pasteur-Chamber-
land filter and the toxie filtrate inoculated sub-
cutaneously into an animal, generally a horse,
commencing with sub-lethal doses.

The dose of toxin can be gradually increased, and
concurrently with the increase in insusceptibility the
blood-serum acquires antitoxic properties. The treat-
ment is tedions, and the activity of the antitoxic sernm
is largely dependent upon the amount and activity of
the toxin injected. The requisite degree of strength
having been attained, the horse is bled with aseptic
plEG&L’lt-iﬂnE the blood is allowed fo coagulate, and the
sernm is boftled for use. Antitoxin may be obtained

e ———

in a concentrated form by  salting out” the glﬂbulm

constituents of an antitoxic serum (p. 1753), and a dried —

product may be pr ep-ut.d by evaporating t hc serum to
dryness in vacuo at 40° C. (10 c.c. serum = 1 grm. dry
residue).

The mode of production of the antitoxin by the
injection of the toxin has been the subject of various
theories. By some it has been supposed that the anti-
toxin 1s modified toxin, the modification being brought
about by the vital activities of the cells. But the
amount of antitoxin produced does nob necessarily bear

mmtmn to the quantity of toxin 111]13131:5:] ’Wum:l-
“head records instances in which the amount of antitoxin
formed amounted to 40,000 times the equivalent amount
of toxin injected, and substances which increase
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secretive properties of glandular cells, such as pilo-
“carpine, enormously increase the output, so to speak,

of antitoxin.

In view of these facts Fhrlich has elaborated his
“side-chain_theory,” a theory which, whether it be the
real explanation or no, has received a considerable
amount of experimental support, and has had far-
reaching effects in stimulating research.  Ehrlich
believes that the chemical activities which are the
manifestations of the vital activities of the living cell >
are due to a very large nucleus or chemical molecule -

Fi6. 26 —Diagram to represent Fia. 27.—First stage in anti-
the cell with its various com- toxin formation. (Black=
bining groups or side-chains. toxin molecule. (After Ehr-
(After Ehrlich.) lich.)

having a ring structure, analogous to the benzene ring,
and having attached to it a nunber of atomc groups
or “side-chains.” A “side-chain” is an atomic group,
a carbon atom of which is linked to one of the carbon
atoms in a ring. These atomic groups or side-chains
are unstable in nature, and enter freely into combina-
tion with other suitable groups should these be pre-
sented to them, and thus the physiological activities of
the cell, assimilation, nutrition, etc., are carried out
(Fig. 26). Now Ehrlich supposes that antitoxin is

——

merely an excess of certain _side-chains which are
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normally present and subserve some of the ordinary
funetions of the cell and which have become free in
the blood. The antitoxins being specifie, by this
assumpfion the difficulty is obviated of supposing that
special chemical groups or molecules exist preformed
ready to combine with a number of different toxins on
the remote chance that some one of these may at some
time or other come within the particular sphere of
action. of one of those groups. Moreover, small
amounts of anti-bodies, such as antitoxin, bacteriolysin,
agglutinin, ete., are met with in normal untreated

Fis. 28.—Second stage in anti- Fig, 20.—Third stage in anti-
toxin formation. (After Ehr- toxin formation. Side-chains
lich.) beginning to be produced in

excess. (After Ehrlich.)

animals and in man. While some have supposed that
the small amount of diphtheria antitoxin (equivalent to
half a unit or so) present in human blood-serum 1s due
to an infection with the diphtheria bacillus (not neces-
sarily an attack of diphtheria), it seems Il](}'l"(',:__'[fl..'.biﬂnal
to suppose that this antitoxin is due to a natural libera-
Gion of such side-chains from the protoplasm and that
artificial antitoxin Pl‘{)dﬂlﬂﬁﬂll is merely a very great
imulation of this natural process.
5“‘{:{‘;3 toxin molecule, according to Ehrlich, possesses
at least two fixative atomic groups or side-chains. One
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they can no longer remain attached to the cell but
IWJJE—P]&MWL (Fig. 80). These receptor
side-chains, detached from the cell and floating jfree an -
the blood-stream, constitute the antitowin. This excessive —
production of side-chains after stimulation by repeated
injections of toxin is not a phenomenon confined to
antitoxin formation, but is a general physiological law
s enunciated by Weigert ; as a result of repeated stimu-

lation, gfer-prﬂductinn or hyper-compensation is the rule,
Ehrlich has termed the diverse free receptors which =

wm 2 oceur in the body fluids in
i %?

MW varions circumstances “ hap-
%ﬁ tines.”

f The existence of both hap-
e tophore and toxophore groups
in the toxin molecule is sug-
gested by the following experi-
ments. If tetanus toxin be
injected into the hblood-stream
Fia, 30.—Fourth stageinanti- of an animal it rapidly dis-
CORLE iﬂ;ﬁgﬁﬂ“ i.?;geiﬁh*’;}fé appears, within a few seconds
Blood. (After Ehrlich)  of the injection, and even if
the animal be at once Dbled,

the blood withdrawn being replaced by fresh blood,
totanus ensues, but mnot till after the lapse of an
incubation period of some hours. The tetanus toxin,
therefore, immediately becomes fixed or anchored to
the tissues of the central nervous system. Evidently
the toxin molecule enters at once into combination
with the nerve-tissues by means of 1ts haptophore
group ; this atter a time brings the cells within the
sphere of influence of the toxophore group, and atter
o certain incubation period toxic symptoms ensue.
The affinity of tetanus toxin for merve tissues may be
shown in another way. If tetanus toxin be emulsified
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with fresh gninea-pig brain, the emulsion will hq fou.ml

to be inmnocuous on injection, owing to a combination

between the two having taken place. The cercbral

cortex of a highly susceptible animal (e, y. mouse) _hus

a marked neutralising power, of a less susceptible

animal (e. g. rabbit, fowl) a feebler, and ufhmn insuscep-

tible animal (e. g. frog, tortoise) no neutralising power.! ‘7 %
Moreover, both diphtheria and tetanus toxing may be (V2
converted into non-toxie modifications (“ toxoids”) which —

g— 4 r L\J;l'l,‘_.l", g

Fra. 31.—Diagrammatic scheme to represent the union of toxin
(black) with the cell. In A the toxin is attached to the pro-
toplasm by the union of the !mpl:npl_llomumlmggptm* groups,
In B the _toxophore :-.ulflht.;:-_xpl:_hih-._ groups have also united,
and poisoling now ensues, §

to some extent retain the power of immunising and of
producing antitoxin on noculation, and of combining

jﬂ'_@h_&um:sm, that is to say, according to Ehrlich,

the toxophore groups have been destroyed while the

haptophore STOUps remain unaffected, Tt ;g the pres-
ence of the haptophore group which conditions the
union of toxin with antitoxin, Thus, if toxin he injected
into blood containing antitoxin, the haptophore groups of
the toxin unite with the free receptor gmups,-i. e. with

' The combination of hyajy matter with tetanus toxin seems to be
specific and of the same ordep a8 that between antitoxin and toxin.

See Noon, Journ. of Hyg., vaol, vii, 1907, p. 101, and Besredka, and
Bordet, Aun. de I'Inst, Past., xvii, 1003,

T e T
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The slow combination of the haptophore and receptor
groups has been proved by Wassermann in another way.
The researches of Meyer and Ransom have shown that
tetanus toxin is absorbed by the nerve-trunks, not by
the blood and lympli-channels, while tetanus antitoxin
is absorbed by the latter—the blood and lymph-channels.
Adrenalin is a substance which strongly contracts the
capillaries, and thus tends to block absorption in a
particular area. 'The following experiment was devised:
Tetanus toxin and antitoxin were mixed in such propor-
tions that the mixture was innocuous to animals, 7. e. it
was just nentral. If this mixture be injected into the
hind paw of a guinea-pig no tetanus develops. When,
however, some adrenalin is injected into the hind paw
of a similar-sized guinea-pig, and a few minutes are
allowed to elapse so that the capillaries may contract,
and then the mixture of toxin and antitoxin 1s injected,
typical tetanus ensues. The explanation of this is that
the channel of absorption for the tetanus antitoxin, the
vessels, is blocked by the adrenalin, while that for the
toatn, the nerve path, remains open. The toxin and
antitoxin had not yet combined, or such combination as
had ocenrred is a loose one and becomes dissociated, and,
therefore, the toxin travelled along the nerves to the
central nervous system, with the production of tetanus.

The experiment, however, succeeds only within a
certain period, not exceeding an hour after mixture of
the toxin and antitoxin, because after this the toxin-
antitoxin combination becomes a stable one.

If a longer time—say three or four hours—is ﬂ.lluwa:d
to elapse, it will be found that, even in the ad.rem?ﬂln
animal, no tetanus is produced, because by this tine
the combination, previously a loose one, is so firm that
the substances can no longer be dissociated. This
union can be hastened by employing more tetanus

L]
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antitoxin, for with an excess of antitoxin, even after
only half an hour, it is impossible by means of adrenalin
to free the tetanus toxin. This experiment, therefore,
shows that the ecombination of tetanus toxin with anti-
toxin takes place slowly and is at first a loose one, and
that the union becomes firmer and firmer with time. It
also suggests the possibility of hastening the combina-
tion by inereasing the amount of antitoxin—a point of
considerable practical value in serum therapy.

The above considerations are of importance in the antitoxin
treatment of disease. Antitoxin, in the strict sense, is not
anti-microbie, and therefore antiseptic treatment of the
throat in diphtheria, and of the wound in tetanus, should be
pursued. The fact that the toxophore group of the toxin
(loes not come into action as a rule for many hours at least
(an exception is snake-venom) is a fortunate coincidence, for
the antitoxin may, therefore, act before tissue damage has
occurred. Antitoxin cannot repair tissue damage if this has
been produced by the toxin, but it can, and does, prevent the
occurrence of further damage by neutralising any fresh
amounts of toxin that may be absorbed. Hence the
necessity for early treatment. Toxin already anchored to the
tissues by its haptophore group may for some time be
dissociated from them if a multiple of the simple neutralising
dose of antitoxin be injected, and the quantity necessary to
accomplish this rises rapidly as the interval between the intro.
duction of the toxin and of the antitoxin increases ; hence
the necessity for the use of antitoxin in large excess.
Probably the union between tissue and toxin at first is a
loose one, and a large amount of antitoxin by mass action
transfers the affinity of the toxin from the tissue to itself.

An essential condition in antitoxic treatment is the adminis-
tration of a sufficient amount of anti-serum, and this does
not. depend on the actual volume of serum injected. The
anti-serum may be regarded as a solution containing a variable
amount of the antitoxic or anti-microbic constituent, and for
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the manner in which toxin is neutralised by antitoxin.
Roux and Buchner suggested that the antitoxin in some
way renders the cells and tissues insusceptible to the toxin
and Buchner performed experiments showing that while
mice ave more susceptible than guninea-pigs to tetanus
toxin, a tetanus toxin-antitoxin mixture which is just
neutral for mice 1s distinetly toxic for guinea-pigs.

To explain this Ehrlich suggested that there may be
present in a toxin solution, several toxic substances,
some of whieh exerf a toxic action on the guinea-pig but
not on the mouse. Madsen and Dreyer showed that a
mixtare of diphtheria toxin and antitoxin which is inno-
cuous to guinea-pigs on subcutaneous inoculation is lethal
to rabbits on intra-venous injection, and in order to
explain this Ehrlich made a similar assumption. Mor-
genroth, however, has shown that the difference in the
latter case depends on the mode of injection. The
reaction between the toxin and antitoxin takes time to
complete : there is an interval probably of some hours
at 20° C. before equilibrium is reached (see also i Al
When a recently prepared mixture of toxin and antitoxin

s injected subcutaneously, absorption is slow, and in the
meanwhile the toxin and antitoxin cmnhine?lmt when
the mixture is injected into the veins, the toxin is
fixed by the tissues before it has had time to combine with
the antitoxin, and poisoning ensues. If the mixtnre be
!{pr for some hours be ore injection, intravenous in-
Jection is then innocuons,

Ehrlich concluded that diphtheria toxin is neutralised
by diphtheria antitoxin much in the same way as a
strong base is neuntralised by a strong acid, and that
the course of meutralisation suggests the presence in
the toxin of several toxic and atoxic substances (toxoids
and toxones), all of which combine with, though they
have different affinities for, the antitoxin.
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that a certain fime must be allowed to elapse for the
interaction to take place, and noted that moderate
warming hastens it, as is the case with all chemical
interactions. For instance, they found that one mixture
of venom and anti-venin allowed to interact for two
minutes, five minutes, and ten minutes before heating,
killed the animals in thirteen hours, fifteen hours, and
twenty-three hours rvespectively (the control animal
with the same dose of venom died in nine hours), but
after fifteen minutes the same mixture rendered the
animal ill but it survived, while after thirty minutes no
toxic symptoms ensued.

At one time it was stated that by electrolysis of toxin
small amounts of antitoxin ave formed, but this 1s very
questionable. Electrolysis destroys the toxicity of toxing
by the production of acids, chlorine, an d hypochlorites.

Thelich’s views have been opposed, principally on physico-
chemical grounds. Thus, Danysz observed that if riein or
diphtheriatoxin be brought into contact with its corresponding
anti-body, the degree of neutralisation depends on the manner
of mixture. If the toxin be added to the antitoxin in two
fractions, allowing a considerable time to elapse between the
additions, the mixture contains a much larger amount of
free toxin than is the case when the whole (and same) amount
of toxin is added at once to the antitoxin. This phenomenon,
known as the * Danysz or toxone effect,” seems inexplicable
if toxin and antitoxin have relations the same as a strong base
and a strong acid.

Arrhenius, Drever, and Madsen maintain that the pheno-
mena observed in the toxin-antitoxin reaction are explicable
on the hypothesis that the rate of reaction—avidity—of the
toxin decreases as antitoxin is added, that the interaction is
4 slow one, and that different fractions of the toxin are pm'-
aressively neutralised by the added antitoxin, but more and
more glowly. On these arounds they consider that there 1s
no reason to regard the diphtheria poison as a highly com-
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plicated body. Whereas Ehrlich considers the toxin and
antitoxin to combine with great avidity, analogous to the
combination of a strong base with a strong acid, e. g. NaOH
with HCI, these eritics believe the avidity of antitoxin for
toxin to be feeble, analogous to the combination of ammonia
with boric acid, in which as more and more acid is added,
the amount of free ammonia decreases, but more and more
slowly, in correspondence with a hyperbolic curve. The
phenomena can be caleulated according to the law of *“ mass
action,” there being an equilibrium between—

Free NH, Free HOB _ o (NH,H,0,8)?

vol. vol. vol.

where I{ is the constant of dissociation. The curve of the
neutralisation of tetanolysin by anti-tetanolysin corresponds
almost exactly to the ammonia-boric-acid eurve.

Whereas on Ehrlich’s views the combination of toxin and
antitoxin would be represented by a straight line, and the
crude toxin seems to be composed of a whole series of
different toxins and substances having an avidity for anti-
toxin, on this hypothesis, although the greater part of the
toxicity of toxin is removed by the antitoxin, the latter must
be added in large excess before the toxicity completely dis-
appears, and the course of neutralisation would be represented
by a hyperbolic curve. In fact,as the antitoxin is added, the
amount of free toxin diminishes but never completely dis-
appears. There comes a point, of course, when the amount of
free toxin is so small as to be negligible and cannot be
recognised by the ordinary indicators (blood-corpuscles,
animal tests, ete.). This hypothesis would explain the fact
that while a certain amount, V, of a mixture of toxin and
antitoxin is innocuous to an animal, a multiple of the dose,
n V, of ‘1.l:e mwwrmixture may be toxic ; it would also explain
Buchner's ﬂ::'.pernnents alluded to above (p. 169), amd
Roux’s experiments in which a toxin-antitoxin mixture in-
nocuous to normal guinea pigs was toxic to guinea-pigs whose
rf.,-zm_m.m:e had been reduced by injections of the Massowah
vibrio, :
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Nernst has questioned from the mathematical standpoint the
validity of the views of Arrhenius, and so has Craw from
much experimental work on agglutination and on the inter-
action between megaieriolysin and anti-megateriolysin ; Craw
also considers that there is some doubt afttaching to
Arrhenius’s caleulations. According to Craw, the two sub-
stances most thoroughly investigated by Arrhenius and
Madsen, diphtheria toxin and tetanolysin, do not admit of
sufficiently exact determination, the former because of the
uncertainty attaching to animal experiments, the latter
because tetanolysin is a most unstable body. Working with
a more stable substance, megateriolysin, he holds that the
Arrhenius and Madsen equation does not apply. Again, on
the addition of a small amount of antitoxin to toxin there is
no decrease in toxicity (as noted by Ehrlich and attributed
by him to the presence of toxoid) as there should be, and
Arrhenius was thus forced to the conclusion that a second
substance, epitoxonoid, is present with the toxin in diphtheria
toxin. Craw denies that the toxin-antitoxin reaction is
reversible, believes that antitoxin must be regarded as a
colloid (and is not in true solution), that the mixture
therefore is heterogeneouns, not homogeneous, and that the
chemical law of mass action is not applicable.

On the other hand, Craw maintains that the phenomena of
the toxin-antitoxin reaction, including the Danysz effect, have
their counterpart in adsorption phenomena, such as occur in
the staining of paper, porcelain, ete., with anilin dyes, in the
absorption of substances by colloids, ete. Thus, when solutions
of arsenious acid are shaken up with colloidal ferric hydroxide,
a portion of the arsenic is taken up by the ferric hydroxide
and a portion remains in solution. Moreover, more arsenious
oxide is taken up by the ferric hydroxide from dilute than
from concentrated solutions; this has its counterpart in
u,gglutiua,tiﬂn. Again, when an antitoxin is added to a toxin
in just sufficient amount to produce a non-toxic snluti{?u, the
amount of toxin which must then be added to constitute a
fatal dose is greater than the minimum lethal dose without
antitoxin. This is also found to be the case with ferric
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ANAPHYLAXIS.— An animal usually becomes more and
more tolerant to injections of an antigen, e. g. to diph-
theria and tetanus toxins in the preparation of the
corresponding antitoxins. Sometimes, however, the
opposite effect is produced, viz. jucreased sensitiveness,
This has been noticed in the preparation of tetanus

antitoxin ; after the animal has received a few doses
of the toxin without ill-effect, a smaller dose of toxin

may cause Tatal Tetanus. The tuberculin reaction (p.

21) is another example; tubercle toxins circulating
in the tuberculous mdividual rvender him peculiarly
sensitive to a minute dose of tuberculin (:. e. tubercle
toxin) which in a normal person produces no effect.
This condition of hypersensitiveness is known as ‘ ana-
phylaxis’ (. e. the opposite of ¢ prophylaxis’). Probably
any antieen under particular conditions may induce
anaphylaxis, but the phenomenon has been especially
studied in connexion with gerum injections, though
other proteins, e. g. egg-white, similarly cause 16. The
injection of an anti-serum usnally produces no ill-effect
other than the rashes, joint pains, and pyrexia already
mentioned, even if large amounts of the serum be given
extending over days or even two or three weeks, but
a second injection of serum given after a first injection
with an interval of twelve days or more between the
fwo injections 1s liable to be followed by effects which
may be more or less serious, constituting the so-called
¢« sopum disease,” or immediate or accelerated reactions,
« supersensitation,” may ensue (see p. 168).

The symptoms of the serum disease are nausea and
vomiting, small and rapid pulse, faintness or more
serious heart failure, dyspneea with rapid and shallow
respiration and feeling of suffocation, collapse, rigors,
convulsions, and even coma. The severity of the
symptoms varies in different cases, and the symptoms
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usually pass off in the course of an hour or two; buta
few fatal cases have been recorded.

In the immediate reaction, rash, pyrexia, joint pains,
vomiting, rigors, and occasionally convulsions and
collapse occur, generally within six hours after the
second injection of sernm. In the accelerated reaction,
these phenomena appear between the eighteenth hour
and the fifth day after the second injection of serum.

The immediate and accelerated reactions may occur a

long time after the first course of serum treatment if more

serum be given. Goodall records one case in which over

e — SIS, e —
four vears elapsed between serum treatments for first

and second attacks of diphtheria, an accelerated reaction
occurring after the reinoculation for the second attack.
The amoung of serum given does not definitely in-

——

fluence the vesult. The remarkable features of the
phenomenon are—(1) they do not occur unless an interval
of about_twelve days or more elapses between the two
injections of serum; (2) the long period which may
mtervene between the two injections of serumn and still
be accompanied by symptoms; (3) the serious mnature

of the eondition in some instances.

The explanation of the phenomenon is difficult. Un-
doubtedly the symptoms are due to some substance in
the sernm which has a toxic action, and have nothing
to do with the antitoxic constituent, for normal serum

produces the same effects.
| In experimental anaphylaxis produced in animals by
the injection of normal serum, it is found that the con-

dition only occurs if the two doses of serum are >
separated by an interval of about twelve days or more. ¥

Moreover, the two injections must he of the same serum

or other protein; thus a Arst mjection of horse serum

followed by a second injection of rabbit serum_ would

1ot produce 1t.  Extremely small doses of serum will
12

vl

o
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also bring it about ; and lastly, anzesthetisation, when
the second dose_t_ﬁ,aerlmug_gi_\:ﬂ], revents the develop-
wment of the-symptoms—a very e:;%?rnqﬁ]my result,
The Arthus phenomenon oceurs when a guinea-pig
receives several doses of normal horse serum at intervals
of some days. Amother injection of horse serum then
canses an edematous mass, an aseptic abscess, or an area
of necrosis at the site of the new inoculation, which
may be far removed from the region of the previous
inoculations, and the animal becomes cachectic and dies.
The _;I_‘_heuba,ld Smith phenomenon occurs when a
guinea-pig has been sensitised by a very small single

dose of normal horse seruam, 001 c.c., 0:001 c.c., or
even 0-000001 c.c.; if, then, after an interval of twelve
to fourteen days a somewhat larger dose of serum,
0°1 e.c., be given, the serious symptoms of hypersensi-
tiveness develop within a few minutes, viz. respiratory
failure, paralysis, clonie spasms, and frequently death.
The symptoms are generally much more serious when
the primary dose of serum is minute than when it is
larger, e. g. one or more cubic centimetres,

Various hypotheses have been advanced to account
for anaphylaxis, .

Besredka believes that anaphylaxis is caused by the
presence of two subst-zumes. imm_the serum, one ther-
mostable and Tiaving the properties of an antigen (see
p. 157), which he terms “ sensibilisogen,” and which
on injection produces its anti-body, “ sensibilisin.” The
other substance is thermolabile, and is termed ¢ anti-
sensibiligin,” and combines with sensibilisin whenever it
meets with the latter. Sensibilisin is particularly fixed
. by the cells of the nervous system, and, according to
Besredka, it is the violent reaction between anti-
sensibilisin and sensibilisin in the nerve tissues which
causes the serious disturbance characteristic of ana-
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high degree of immunity, so that it is unaffected by
amounts which would infailibly kill an untreated animal.
Moreover, the blood-serum of such a treated animal, if
injected into a second animal, will protect the latter
against a few lethal doses of the microbe, but not
against a large amount. Noris the profection afforded
proportional to the amount of serum injected ; for
example, if 0:005 c.c. of anti-cholera serum will protect
against 5 mgrm. of living cholera culture, three times
as much, or 0:015 c.c. of the serum, will not protect
against 15 mgrm. of cholera culture, and when a certain

save the animal. The mode in which the serum act
save the animal. 1 ode 1n which the sermm acts

may be studied microscopically. L cholera anti-serum *f «

and cholera culture be injected iuto the perit{_:mei:l-
cavity of a guinea-pig, and 1t the peritoneal contents
be examined at short intervals afterwards, it will be
found that the vibrios first lose their motility, then

.3+ £ become distorted and globular, undergo solution, and

=)

finally disappear. The ‘protection afforded by the
amtiserum is therefore due to the destruction of the
microbes by solution, the process being known as
bacteriolysis,! and the bodies which bring it about being
tormed  bacteriolysins.”  The reaction is known as
“Pfeiffer’s phenomenon’”” or reaction, from its discoverer.

If the serum and the microbes be mixed in vitro the
. e —
latter are unaffected ; apparently, therefore, some con-

dose of the culture is reached no amount of sernm will

stituent of the living body in addition to the anti-serum
7s necessary for the solution of the microbes. DBut n
1895 Metchnikoff showed that the reaction will take
place in vitro provided that some of the fresh I_mritmma.l
exudate of a ngpmal guinea-pig be added to the
mixture of anti-serum and microbes. The same year
Bordet found that the addition of the peritoneal exudate
1 See Gruber, © Harben Lectures,” Journ. State Med., 1902.
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is unnecessary provided the anti-serum be perfectly
Tresh. These experiments prove that the solution of the
microbes is bronght about by the interaction of at least
two substances, one of which is present in all fresh serum
and in the living body, but is unstable, disappearing on
keeping or heating the sernm, the other 1s a relatively
stable body produced during the process of inoculation.

The former, the unstable normal body present in all
animals, is usually termed ‘“complemept® (Ehrlich £

and Morgenroth), “alexm ™ (Buchner and Bordet), or

“ addiment” ; while the stable constituent produced by MWM

immunisation is known as the “amboceptor ” (Ehrlich),
“i1mmune body,” “intermediary,” “preparer” (Gruber),
“fixatenr” (Metehnikoff),or “snbstance sensibilisatrice ™
[Bmt}. These considerations suggest an explanation
why anti-microbie sernm neuntralises but a lImited
amount of living eulture, viz. the amount of complement
present in the body ar one time 18 hmited, and when
this has been used up bacteriolysis ceases.  Anti-
microbic sera are relatively inefficient in practice,
insufticiency of complement being suggested as the
reason. Attempts have been made to .‘sﬁpplsmmnt the
complement present by injecting fresh normal serum
~with the anti-sernm, but without success, and some
anti-microbic sera, e.g. anthrax serum, are not bac-
teriolytic ; this explanation is, therefore, unsatisfactory.
4 Deflection_of complement’ (p. 185) may oceur in some
Instances, or the complement may not be of the right
kind. In other cases, the organisns in certain situations
may be inaccessible to the blood-stream and to the
anti-serum, e. g. in the bowel in cholera.
Jhe amboceptor or immune body seems to link the
_E,nnplmnenb to the bacterinm (Fig. 33); complement re-
mains free if the appropriate amboeeptor or immune body
18 not present, and bacteriolysis does not ensue (see also p,
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188), lemlonwnt is thermolabile, i.e. it is destroyed by
_heating 10 50 2C.for thirty minutes; while the a mboceptor
is thermostable, 1. e. 1t 18 not destroyed by this treatment.
According to Bhrlich, fresh serum contains numerous
complements which are more or less specific for different
'unh-:)ceptm' (see also mote, p. 189). When the com-
1}Ienmnt is destroyed by llemtmw it_is converted into
“ complementoid ” (analogous to toxoid). Both com-
plement and complementoid on injection give rise to
anti-complement. The amount of complement in different
sera varies considerably; horse

serum contains very little, guinea-
yig serum much. Complement
itself proba consists of two
portions.

e Pfeiffer’s reactiop 18 of con-
siderable value in  practical
bacteviology for the exact re-
cognition of bacterial species.
A mixture of an emulsion of the
organism to be tested with a

Fia. 33. ; .
flie cnion Bebwesn: coms small quantity of serum from

plement (black) and g highly immunised animal is
protoplasm of cell by .
means of the mnbm,pptw lt‘l_]BLtEttI into the }reni:mu, 1l cavity

to show

(white). (After Ebrlich.) of a nor mﬂ_gl.umn-um The fluid
“in the peritoneal cavity is then

examined microscopically half to one hour after the in-
jection, and if the reaction be positive the organisms will
be found in all stages of deg eneration, being 11:0%1:11? con-
verted into spherules. In this case, according to Pleiffer,
the or ganmn is to be regarded as belonging to the same
species as that by means of which the immunisation of
the animal, from which the blood-sermm was obtained,
was carried out. If, on the other hand, the reaction be
negative, the orgamsms are W;Mttd after being in the

= ; MW S i et
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peritoneal cavity for an hour or so, and the organism is
then cmmidm-edﬂﬂwemnt from that used
for the immunisation. Thus, Pfeiffer’s reaction may be
made use of to differentiate the cholera-like vibrios

from true cholera vibrios and the members of the
Mefd-culﬂn “group from one another.

} The destruction of the baecteria by bacteriolysis is
regarded by some as being brought abouf by osmotic
changes, by others by processes analogous to digestion.
During bacteriolysis the specific immunising substances
and anti-bodies are used up, and for the lysis of a
given guantity of bacteria a certain amount of immune
serum is necessary, while after lysis has taken place
the latter loses the power of dissolving bacteria. The
same holds good for heemolysis, and the facts relatine to

Ao AP

bacteriolysis and heemolysis arve almost interchaneeable.

Anti-endotoxic sera—The comparative inefficiency of anti-
microbic sera, particularly typhoid, led Macfadyen to attempt
to preparve sera with microbial endotoxins, and the work has
been continued by Sidmersen and the writer. The method
was to immunise horses with the endotoxin obtained by the
method described at p. 40. With a typheid serum so pre-
pared Goodall and the writer obtained promising results.!

o Method of applying Pfeiffer's reaction—TFor Pfeiffer's test,
the organism wmust be virulent, and a high-grade immune

IWirituwan
Wonafion

serum 1s necessary, If the organism is not virulent, it 18

L

addifion of immune serum. The method may be best
explained in the case of a vibrio supposed to be the cholera
vibrio. The cholera-immune serum (obtained from a horse
repeatedly injected with cholera eulture) should POSSEss o
titre of not less than 00002 €.¢., 1.e. this amount of serum
mixed with one loop (2 mgrm.) of an eighteen-hour agar
cholera culture (virulent), suspended in 1 c.c. of broth, and
injected into the peritoneal cavity of a small guinea-pig

! Proc. Roy. Soc. Med., vol. ii, 1907-8, Med. Sect., p. 245 ef seq.

spontaneously destroyed in the peritoneal cavity without the
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should cause granular de
vibrios_within one hour.
Four mixtures are made—(a) one loop of an eighteen-hour
agar culture of the vibrio to be tested, 0-001 c.c. cholera-
immune serum, suspended in 1 c.c. of broth; () the same as
(a), but 0:002 c.c. cholera serum; (¢) the same as (a), but
0:001 normal serum of an animal of the same species as that
furnishing the cholera serum; (d) one quarter loop of the
vibrio in 1 c.c. of broth, as a control of the virulence of the
¢ulture. These mixtures are then injected into the peritoneal
cavities of four guinea-pigs each of about 250 grm. weight.
At intervals of thirty and sixty minutes hanging-drop pre-
parations are made of the peritoneal fluid of each animal, the
fluid being obtained by inserting a capillary pipette through
a minute incision in the skin. In the guinea-pigs injected
with (a) and (b), if the organism be cholera, the vibrios
should show marked degenerative changes within sixty
minutes, while (¢) and (d) will show plenty of active
vibrios. If the organism be non-virulent, two methods may be
adopted for applying the Pfeiffer reaction. The first, a micro-

bacteriolvsis of the

scopical or direct method, is carried out by microscopical

examination of hanging-drop specimens of the organism
suspended in a drop of the immune serum to which a trace
of fresh peritoneal fluid (complement) is added. If the
organism is homologous wifh fhe immune serum, the bacteria
are soon transformed into granules. Controls are put up at
the same time with a known strain of the organism with (1)
its homologous immune sernm + complement; (2) non-
immune serum of the same animal + complement ; also of the
organism being tested with non-immune serum of the same
animal + complement. The peritoneal fluid may be obtained
by injecting 3-4 c.c. of broth into the peritoneal fluid of a
guinea-pig and four hours later withdrawing the fluid (now
turbid with leucocytes) and centrifugalising, or allowing it
to stand on ice for twenty-four hours.

Tn the second, or indirect, method, the organism is nused to
prepare all immune serum by Wﬂl (e.q. a
rabbit) with if, and the immune serum so prepared is tested

L ——
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on a kn '] nt stain in the peritoneal cavity of guinea-
pigs in order to ascertain whether or no it brings abouf
Dacteriolysis, 7. e. the Pfeiffer phenomepon. :
 Deflection, deviation, diversion or blocking of complement. .
— Pfeiffer in 1895 observed that a large amount of immune
serum might not protect an animal from the cholera vibrio,
while a smaller amount with the same dose of vibrio did so.
In 1901 Neisser and Wechsberg demonstrated an analogous
reaction in witro. They studied the effect of a bacteriolytic
immune serum when varving amounts of the inactivated
serum were employed. The guantity ranged from 0:0005 c.c. to
lc.e. Toeach of these amounts
constant volumes of normal
serum and bacterial suspension
were added. No bacteriolysis
oceurred when large and small
amounts of immune serum
were used, but with®medinm
amounts bacteriolysis was com- ,
plete.  They explained this : m._}
anomalous reaction, the absence _Eia. 34 —Diagram to represent
of bacteriolysis  with EE‘E'HE’ the condition of the blood in
amounts of immune serum, as " 0ich there is an excess of
follows: When the suuﬁump- fﬂ??}i}ﬁé?f un?é:f ﬁlﬂljﬁfﬁﬂi

tors are in larce ex S8, A complement (black) and re-

—_, ; : =  ceptors (dotted), so that the
HOrELION o1 15 ‘0111 - J 2 : ¢
{EILIE bines with the coll receplors cannot combine with

plement, Teaving some g the amboceptor-complement

ceptors free, and these free K &rOUPs.

amboceptors then unite with

the receptors before the activated amboceptors (ambo-
ceptors + complement) do, and thus the complement-ambo-
ceptor groups are rendered inert. The reaction is repre-
sented diagrammatically in Fig. 34.  Arrhenius, however
does not accept this explanation. He says: “ If we have i,hE:
compounds e¢a and ab which may combine to form the com-
pound eab, the formation of the latter depends wholly upon
whether e has a greater affinity for ab than for a. If llt;f, then
eab is not formed, even if ¢ is not present in excess.” (a = i

—
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amboceptor, ¢ = microbe, b = complement.) The phenomenon
may be quite analogons with the inhibition met with in
agelutination (p. 196),

Aggressins,

Bail has discussed the question of the relationship between
bacteriolysis and immunity. He argues that there is apparently
little relationship between the bactericidal properties of the
body fluids and the immunity of an animal to infection
through bacteriolytic processes; and points out that in
rabbits immunised against anthrax there is no bacteriolytic
power, the bacteria disappearing gradually as the result of
phagoeytic action of cells, chiefly marrow-cells ; that a com-
parison of the sera of sheep, rabbits, and cattle shows great
variation in their content of immune body, though the animals
arve almost equally susceptible to anthrax; and that in test-
tube experiments a bacteriolytic serum is blocked when the
conditions are approximated to those in the body by the addi-
tion of body cells to the mixture; the bactericidal properties
of the serum disappear or are greatly inhibited. Kruse
sugeested that for infection to take place the mvadinge

ljlmfﬁﬁ.’! mnust_elaborate {:]J.E‘.l]‘lii:fb-i substances Whiﬂll s0 act on
r‘_ * -
the cells and fluids of the invaded animal that they overcome

s natural resistance against infection. These substances are

considered by him and Bail to be distinct from the toxins, and

are termed by these writers  aggressins U The aggressins
are supposed to be secreted by the living uninjured bacteria
and not to be extracts, nor derived by solution, of the bacteria ;
they oceur particularly in the fluids of pathological cedemas
and exudates, and may be obtained from these by centri-
fugalisation and sterilisation at low temperatures. Bail
believes that the ageressins cannot be anti-complements,
anti-immune bodies, ete., but are substances heretofore
unrecognised and the active substances of the infection, and

| Spe Centr. f. Bakt, Orig., xlii, 1806, pp. 51, 139, 241, 335, 437,
and 546. Also an excellent summary by Marvshall, Philippine Jowrn.
af Science, vol. ii, 1907, p. 352.
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he considers that in order to produce true immunity in disease
anti-aggressin sera must, be prepared. The following are some
of the properties of these supposed aggressins : (1) Sterilised -*‘-
aggressin with a non-lethal dose of the corresponding orga-
Mism renders the latter fatal ; (2) aggressin alone is only slowly
toxic, producing a prolonged illness with emaciation preceding
death; (3) inoculation of aggressin with bacteriolvtic serum
into the pﬂrﬁ:-auml cavity suspends the action of the latter ;
(4) aggressin with bacteria blocks phagocytosis. Bail believes
that the aggressins promote infection by interfering with the
protective mechanism of the infected animal, particularly, if
. not solely, by inhibiting phagoeytosis. Upon the power to
' produce aggressin Bail has classified bacteria into (1) true
parasites which always produce aggressin, e. ¢. anthrax and
chicken cholera; (2) half-parasites, the aggressin-producing
power of which is variable, e. g. typhoid, cholera, dysentery,
and plague ; (3) saprophytes. The virulence of an organism
does not coincide with aggressivity, and extremely virulent
bacteria may be half-parasites,
Bail's hypotheses have been much eriticised, and Wasser-
 mann and Citron believe that the supposed aggressins are
derivatives of the bacterial pmtupla—mﬁ_ﬂ have the power
of combimmg with the Speeific protective substances of the
animal and so inhibit the action of the latter; they ave, in
fact, endotoxins of feeble toxicity.

Haemorysis,'—Some blood sera possess marked powers

~of dissolving the red blood-corpuscles of another ss_]:rec:ies'-J

and of sefting free their contained haemoglobin (e. g.

goat serum dissolves rabbits’ and guinea-pies’ cor wiscles,

and human sernm nsually dissolves sheep’s corpuscles),
and if an animal be injected with the *h]cmd-mrpuscles
of another specjes its blood-serum generally acquires

the property of dissolving the blood-corpuscles with
' See Bulloch, Practitioner, December, 1900, p. 672, and Trans. Path.
Soc. Lond., vol. lii, Part 4, 1901, p. 208; Gruber, “ Harben Lectures,”

Jowrn, State _Mﬂd-, 1902, February, March, and April ; Ehrlich,
Collected Studies on Immanity ; Muir, Studies on Dnmunidy, T
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which it has been injected. For example, the serum
of a normal rabbit has no hsemolytic action upon the
red corpuscles of the sheep ; but if a rabbit receive a
few injections of defibrinated sheep’s blood, its blood-
serum acquires haemolytic properties and dissolves the
red corpuscles of the sheep. This solution of the

blood-corpuseles is termed “ hsemolysis,” and the sub-
W)mduue haemolysis are ““ haemolysins.”
If the active serum be heated to 56° C. it loses its
heemolysing power, but can agMered hm
or “activated ' by the addition of fresh normal serum ;
normal sernm, however, rapidly loses 1fs activating
properties on keeping. It will thus be seen that there
is an almost complete analogy between bacteriolysis and_
heemolysis, the latter being brought about by the inter-
action of two substances, one specific and stable produced
by the injections, the hmmolytic “amboceptor”* or
“Immune body,” and themustﬂb e body present
in fresh normal serum, the “complement” or “alexin.”
Memolysin formed by the injection of corpuseles of
another species is termed ‘¢ heterolysin.” 1f corpuscles
of the same species be injected, haemolysin is formed
(““isolysin '), but the injection of the animal’s own

corpuscles  does_ ot oive rise to haemolysin, L. €,
« autolysin 7 is nof Tormed.

Blood-corpuscles are more tangible entities than bac-
teria, and arve far easier to work with than the latter,
and haemolysis has been the subject of a large amount
of experimental work by Bordet and Gengou, Ehrlich,
Morgenroth, Gruber, Bulloch, Muir, and others, and
the results obtained have shed considerable light npon
the complex phenomena of immunity and of the actions
of anti-bodies in general. Moreover, the globulicidal
material in hemolysis seems to be identical with the
bactericidal one in bacteriolysis—that 1S to say, it 1s
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Defibrinated rabbits’ blood may be mixed with melted agar
cooled to 45° C. The mixture is poured into Petri dishes,
allowed to set, and when cool inoculated with the organism to
be tested in such a manner that separate, well-defined colonies
are obtained. After twenty-four hours’ incubation at 37° C.,
colonies when hmmolytic are surrounded with a clear, well-
defined halo contrasting sharply with the dark opaque colour
of the agar. If blood-agar is not available, a substitute may
be devised by smearing some sterile human or rabbits’ blood
on a sterile agar plate. (b) A young agar culture is emulsi-
fied in 4-5 c.c. of physiological salt solution; 01 c.c. of this
suspension is mixed in a tiny test-tube with 0-9 c.c. of sterile
salt solution and one drop of a sterile suspension of well-
washed rabbit or other corpuscles. After twelve to twenty-
four hours hemolysis will be apparent if the organism forms

heemolysins.

2. Fization or absorplion test.'—A hmmolytic serum may
be used as a delicate reagent for complement, and may thus
serve as a test for an organism or an immune serum. As an
example take the case of a supposed cholera vibrio. If an
immune serum (previously heated to 567 C. so as to destroy
complement)—heemolytic for the corpuscles of an animal, or
Lacteriolytic fora given micro-organism, e. d. cholera vibrio—
be mixed with the red corpuscles of the same animal, or with
the cholera vibrio, the corpuscles or the vibrios respectively
absorh the corresponding amboceptor or immune hody.

Bordet showed that if corpuscles or microbes that have
absorbed the corresponding amboceptor be added to fresh
non-heated complement (e.g. fresh guinea-pig serum), the
corpuscles or the microbes absorhb the complement, so that
none remains free in the liquid.

But if fresh guinea-pigs’ serum be added to cholera vibrios
whieh have not absorbed any cholera amboceptor, the comple-
ment will not be absorbed and remains free in the liquid.
The proof of this is that if “sensitdsed“’ corpuscles (z.e.
corpuscles which have taken up heemolytic ambocepfor) be

1 Often termed * deviation of complement”™ test.




- a ! s Y
- - |
| iy - : :
1 @




192 Manual of Bacteriology

tube 1 and no heemolysis will oceur ; in tube 3 hemolysis will
oceur because the complement remains free. Tube 2 serves
as a control, and should show no hemolysis in three hours
(though if kept for eighteen to twenty-four hours hemolysis
will ocenr if the organism produces haemolysing, apart from any
action of complement). If the organism is not homologous
with the immune serum, hemolysis will oceur in tube 1,
because the complement does not become fixed, tubes 2 and 3
being the same as before.

The heemolytic serum may be obtained by injecting rabbits
with a 10 per cent. suspension of well-washed sheep’s red
corpuscles. Four doses of o c.c. intra-peritoneally or 2 e.c.
intra-venously are given at intervals of a week, at the end of
which period the rabbit’s serum should be strongly heemolytie.
The sheep’s blood should be obtained as aseptically as possible
from the slaughterhouse; the blood, as it runs, is caught in a
sterile wide-mouthed bottle containing a coil of fine wire with
which it is defibrinated by shaking. The fluid blood is then
mixed with sterile physiological salt solution (0-9-0-9a per
cent.) and centrifugalised, and the deposited corpuscles are
again washed with salt solution two or three times.

3, Antigen Test.—See * Syphilis.”

Cyroroxins)—Anti-sera, analogous to the haeemolysins orv
Qﬂw heemotoxins, may be prepared which have a destruective action
e upon cellular elements ; these are termed “ cytotoxins.” Ifa
rabbit be injected with bull’s semen, ifs serum, (““spermotoxin™)
“acquires the property of ilzlmnbiiisiuwﬂuﬂuim
E]i The reaction 1s specific, but spermatolysis does not
seem to occur. Similarly, by injecting ciliated epithelinm into
the peritoneum ot a guinea-pig an uuti-apijoheli&l geruni, or

« trichotoxin,” is developed. With liver, kidney, and nerve

colls anti-bodies having a destructive action upon thess% cells

are developed as a result of their injection. Ni.:phmtmcl‘n, the

serum of an animal inoculated with an emul:.r-::mn of kidney,

when injected into a second uutl‘EMﬁd_-H “:“1_“1“_1* El'ﬂd‘fues'

albuminuria and uremia with flisiutegr;!,tum of the epithelium

-« of the convoluted tubules ; hepatotoxin, the serun of an
| See Bulloch, Practitioner, May, 1901, p. 499.. (Bibliog.)
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animal treated with emulsions of liver, produces fatty and
inflimmatory changes in the liver resembling phosphorus
poisoning ; neurotoxin, the serum of an animal treated with
emulsions of nerve tissues, produces paresis, paralysis,
depression, convulsions, ete.; a leucotoxic serum obtained by
njecting leucocytes agglutinates and dissolves the leucocytes,
and so on. The formation and mode of action of these
cytotoxins resemble those of the hemolysing. It was hoped
that the study and preparation of cytotoxins would open
up possibilities in the way of treating such diseases as
earcinoma and sarcoma, but so far this hope has not been

realised.

AcGLuniNaTION.—If an animal be mjected with cul-

tures of typhoid or cholera, its serum soon acquires the
property of agglutinating or of aggregating into
clumps the typhoid bacilli or cholera vibrios re.
spectively when mixed with a broth culture of these
organisms.  I'he reaction may be observed miero-
scopically in a hanging-drop preparation; the organisms
first lose their motility and soon become aggregated into
large masses or clumps. Macroscopically, the reaction
may be followed in a narrow test-tube into which the
mixture of culture and serum has been introduced ;
after some hours the micro-organisms become aggre-
gated into masses so large as to form visible floceuli.
The substances which bring about this agelutination
are known as agglutinins, A glutinins seem to be

present in small amount in normal serum ; for Insfance,
most normal human sera up to a dilution of 1 in 2 or 1
m 4 will agglutinate the typhoid bacillus and still more
powertully the glanders bacillus They are also present
i _bacterial cultures ; if an old broth culture of typhoid
be filtered, the Alfrale agglutinates the bacilli in a
fresh broth culture ; hene oung cultures should always
be used for agglutination tests, Agglutinin is formed |
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Tt T e

e == = mmd Te ERELIT



——

194 Manual of Bacteriology

by the action of antigen derived from thebacterial cell, but
may also be naturally present. Agglutination is brought
about by the action of the agglutinin on the antigen ; the
agglutinin first unites with the antigen, and this may
oceur at 0°C., and afterwards exerts its specific action,
which takes place only at higher temperatures and in
the presence of certain salts. The agglutinable sub-
stance is lknown as agglutinogen. Agglutinin 18
converted into agglutinoid ab 70°-75° C. ; the latter
does mnot agglutinate, though 1t unites with bacteria
and then prevents the subsequent action of agglutinin.

The agglutination of organisms by anti-sera, though
hardly specific, 1s usually very special ; given proper
precautions as 1o dilution, time-limit, condition of test
culture, etc., an anti-serum will generally only agglu-
tinate the homologous organism or closely allied species
—that is, it is a group reaction. The anti-serum may
agglutinate both the organism with which it has
been prepared, and also allied species, though usually
not to the same extent ; anti-typhoid sernm, for example,
may agglutinate not only the typhoid bacillus, but also,
though to a less degree, members of the paratyphoid
group. As the result of infection or of inoculation with
an  organism, agglutinins may, however, be produced
which agglutinate not only the organism of the infection,
but also other orgamisms—e. g. typhoid serum may
agglutinate the B. coli as well as the B. typhosus and
typhus serum B. typhosus and M. melitensis. The
agglutining acting on the infecting organism may be
termed primary or homologous, those acting on other
organisms secondary or heterologous. In a case of
double infection each organism may produce its own
primary agglutinin, 50 that the agglutination of two _

species by _a_serum may be due to the presence either of

agglutinin or of tWo primary

a Erimm'y and a secondary
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_agglutinins.  Castellani,' by applying the saturation
test (p. 201), found that an organism would absorb
both its primary and secondary agglutinins, but would
not absorb two different primary agglutinins. This
test, therefore, would distingnish a double infection
from a single one. Thus, if a typhoid serum
agglutinated both the B. typhosus and the B. coli, and the
serum after saturation with typhoid culture still agelu-
tinated the B. eoli, this would point to an infection with
the latter as well as with typhoid.  The formation
of primary and secondary agglutinins  may be
brought about as follows: In the bacterial cell
there are several substances, each of which forms its
own agglutinin, The cells of two bacterial species we
can imagine both contain three or four substances
capable of producing agglubinins, and it may happen
that one of these in each species is the same and will
produce the same agglutinin—the secondary agglutinin
—and, therefore, the serum produced by each bacterium
will agglutinate the other,

The agglutination reaction is made use of i bacterio- M =
logical tests and in clinical diagnosis. The  Bordet-
Durham ” reaction consists in testing an  unknown

~“organism with a spe sm with a specifie anti-sernm pyﬂmﬁ_bl_i_@'m_ﬂ
an_animal with g microbe ; if the organism tested

becomes agglutinated, it s regarded as being of the
same species as that with which the anti-serum was
prepared. With certain precautions the “ Bordet-

Durham ” reaction is one of the most delicate and certain

for the recognition of bacterial species. The converse L{) L)a_e
of this is the agelutination reaction proper (frequently
¥ B = s s - - =
termed the_Widal reaction), and consists in testing an
unknown serum upon a known microbe. It is especially

used in the diagnosis of microbial diseases ; for example,
' Zeitschr, f, Hyg., x1, 1902, Rl

-
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in typhoid fever the blood of the typhoid patient
powerfully agglutinates the typhoid bacillus, that of
Malta fever the Micrococeus melitensis, that of bacillary
dysentery the dysentery bacillus, ete.
, A remarkable phenomenon observed in connection
| with agglutination, which the writer has particularly
W i noticed in the case of Malta fever, 1s the oceurrence of
} what may be fgrmed a zone of no reaction or of
V) inhibition with some particular dilution.  Thus, dilutions
of 1 in 10 and 1 in 20 may agglutinate strongly, a 1 n
30, however, may hardly agglutinate at all, while
dilutions of 1 in 40 and upwards to 1 in 100 or more
may agglutinate well. A similar phenomenon has been
observed with non-specific agglutinating agents, and also
in the action of eoagulating agents on colloid emulsions.
Thus orthophosphoric acid agglutinates a certain volume
of a suspension of B. coli when present to the extent of
between 118 cgrm. and 4 egrm., and between 1'1 mgrm.
and 0001 mgrm., but not in intermediate amounts
between 40 and 1'1 mgrm.
( Anti-serum, prepared by injecting erythrocytes, also
agglutinates the red blood-corpuscles, and 1n certain
diseases, e. g. pneumonia, chromoeyte clumping may be
a marked feature.
Various theories have been propounded to account
for the phenomena of agglutination :
1. Pfeiffer and Emmerich and Loew regarded agglu-
tination as a vital paralysis of the bacilli due to the
action of a bacteriolytic enzyme. Agglutination, how-

—

ever, is not a vital phenomenon, for dead bacilli agglu-
tinate, and bacteriolytic enzymes Seem to be destroyed
by temperatures at which agglufinins remain unaffected.

9. Gruber, Dineur and Nicolle supposed that a
glutinous substance, ¢ glabrificin,” 1s absorbed from the
serum by the bacilli causing the cell membranes or the
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The Agglutination Reaction.
A. For Clinical Diagnosis (** Widal ” Reaction).

This is principally made use of in typhoid and paratyphoid

fevers, Malta fever, and bacillary dysentery.
_ Collection of blood.—Blood is collected (p. 131), preferably
in a Wright's capsule (Fig. 35, d, p. 225), or in a capillary
bulbous pipette (Fig. 7, p. 51), or in a vaccine tube. The
ends of the tube are sealed, the dry end always being sealed
first; the blood is allowed to coagulate (which may be hastened
by placing in the blood-heat incubator), and then centri-
fugalised to separate the serum, care being taken that the dry
sealed end of the tube, which will be perfectly sealed, is distal
when spinning.

If tubes are not available, the blood may be spotted on to a
piece of glass, cover-glass, or slide, glazed paper, tinfoil, ete.,
and allowed to dry. For use, a drop of distilled water 18
placed on the dry blood to dissolve if, and the solution used
like serum.

The culture— For the microscopic test a young broth culture
is to be preferred. A hanging drop should be examined to
ascertain that clumps are absent ; this specimen is kept as a
control. If clumps are present they may be removed (in the case
of typhoid) by filtering the culture through filter-paper. A
suspension of an agar culture may also be used, likewise dead
cultures : a broth culture or suspension of an agar one being
heated to 65° C. for ten minutes and preserved in sterilised
glass pipettes ; dead cultuves are, however, unsatisfactory n
tropical climates. For the macroscopic test a thick suspension
of an agar culture in salt solution is to be preferred, the sus-
pension being allowed to sediment for half to one hour before
use. Some strains of an organism are better than others, and
old laboratory strains are generally much more sensifive to
agglutination than recently 1solated ones.

Dilution of the serum.—This may be carried out in various
ways, with the hamocy tometer pipette, with a pipette with
rubber teat as used for opsonin work (Fig. 35, a, p- 225),

or with a platinum loop. With the pipette a little serum 1s
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aspirated up so as to occupy 13-2 cm. of the stem, and
the upper limit is marked with a grease pencil or ink. A
bubble of air is then admitted so that an air-space is left
between the end of the pipette and the lower end of the
column of serum. The end of the pipette is then immersed
in a watch-glass of salt solution, and the galt solution 1s
aspirated up to the mark, another bubble of air is admitted,
and the process is repeated again and again ; so that, finally,
the pipette contains 1 volume of serum and 4-14 volumes of
salt solution, each volume being separated from the next one
by an air-bubble. The contents of the pipette are then
expelled into a watch-glass and thoroughly mixed, and further
dilution of this dilution is performed in the same manner. Two
or three dilutions are usually made—e. g. 1in 15,1 in 25, and
1 in 50. A platinum loop may also be employed as a measure ;
a loopful of the serum is deposited in a wateh-glass, and by
spotting round it nine or fourteen loops of salt solution a
dilution of 1 in 10 or 1 in 15 is prepared, or any other
dilution in a similar manner.

The microscopic test.—Two or three hanging-drop slides are
vaselined, and two or three cover-glasses cleaned. One loopful
of a dilution of serum is placed on each cover-glass, and

to each is added aloopful of the broth culture of the organism-

—e.¢. typhoid—and well mixed up, and the specimens are
mounted as hanging drops. Starting with three dilutions of
serum—e. g. 1in 15, 1 in 25, and 1 in 50—the dilutions in
the specimens will be 1 in 30, 1 in 50, and 1 in 100 respec-
tively. Should only one dilution of serum have been made—e. g.
Lin 15—if on each cover-glass one loopful of this be placed,
and to the first be added one loopful, to the second two loop-
fuls, and to the third three loopfuls of typhoid culture, then
the final dilutions in the three specimens will be 1 in 30, 1 in
45, and 1 in 60 respectively.

Care should be talken that the hanging-drop cultures are
quite sealed with the vaseline, so that evaporation is pre-
vented. The hanging drops are then examined microscopic-
ally, a }-in. objective sufficing for typhoid. In the case of
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typhoid the following phenomena will be observed : The
‘nmt-ilits' of the majority of the bacilli is instantaneously

_or very quickly arrested, and in a few minutes they begin to
aggregate together into clumps, and by the end of the half
hour there will he very few isolated baeilli visible. In less
marked cases the motility of the bacilli does not cease for
some minutes, while in the least marked ones the motility of
the bacilli may never be completely arrested, but they are
always more or less sluggish as compared with the control
hanging drop made from the culture, while clumping ought
to be quite distinet by the end of one hour (with a 1 in 30 to
1 in 50 dilution).

The central portions of the drop should be examined, not
the margins. With blood which has been dried and dissolved,
organisms may become entangled in deébris, and must not be
mistaken for elumps.

In all cases two or three different_dilutions should be made
to exclude the possibility of a zone of no regefion wille some
particular didution (see p. 196).

Macroscopie, or sedimentation method.—The serum, having
been diluted by means of a pipette with four times its volume
of salt solution, is mixed with five to twenty times its volume
of culture suspension containing plenty of Micro-organisms
in the same manner as described in the previous section.
The mixture is sucked up into a fine, but not capillary, bore
tube. This is sealed at the lower end and allowed to stand
in the upright position for eight to twenty-four hours at
9207 (., or six hours at 37° C.; the reaction is often distinet
within an hour at 37° ¢. When the reaction 1s positive the
organisms become agelutinated, and form floceuli, which are
easily seen with the naked eye or with a hand-lens and stick
to the sides or sink to the bottom of the tube. The dilution
usually employed is 1 in 30 to 1 in 50. Whole blood is not
suitable for the sedimentation test: clear sernm should
always be used. It is well to set up at the same time a
control tube with saline solution, or, preferably, with normal
Serui.

1f sufficient serum is available the mixture may be put up
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in little test-tubes, such as the inner tubes of Durham’s
culture-tubes (p. 84).

B. For the RBecognition of Bactevial Species. &L‘WM({
1. Bordet- Durham Reaction.—This is carried out in much &w
-d-—'__"l-_‘_l_-__

the same manner as for elinical diagnosis, but an immune
serum of high agelutinating value or high * titre " (at least
1:1000) is required, and the serum from a patient 18 not
applicable. The immune serum may be obtained from a
horse or other animal immunised with killed cultures (and
living also if a high titre is required). In the laboratory the
serum may be prepared by giving a rabbit three to five intra-
venous injections at intervals of seven days of killed culture i
_-:-f-fméMEm of the organism, e. g. typhoid or cholera.
The culture is killed by heating to 60° 65°.C. for half an
hour, and the dose is increased from one loop to ten loops of
an agar culture.  Seven days after the last dose the animal
is bled from an ear vein, and the serum obtained. The
utinating value of the serum must be determined, and
%mﬁm put up with normal serum of an
animal of the same species as that from which the immune
serum has been obtained. A series of dilutions of both sera
is made with salt solution and a twenty-four-hour agar culture
of the organism to be tested used. Both the macroscopic
and microscopic methods should be employed. The dilutions
may be made with a 1 c.c. pipette graduated in hundredths,
with the hemocytometer pipettes, or by the method used
clinically.

2. Saturation test.—Bordet first noticed that a suspension
of a microbe added to the homologous aggalutinating serum
absorbs most, if not all, the specific agelutinin, whereas an
organism not homologous with the serum absorbs little or
only a portion of the agelutinin, The test may be carried
out as follows :

(a) Ten loopfuls of a young agar culture of the organism
to be tested are mixed with 10 c.c. of a 9 per cent. solution of
a highly agglutinating serum. After standing for two or
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three hours at room temperature, the mixture is centrifugalised
and the clear supernatant fluid decanted.

(b) The agglutinating power of the decanted liquid is then
tested on the organism with which the serum was prepared.
If the organism treated in (a) is homologous with the
organism with which the agglutinating serum was prepared,
the decanted fluid will have lost most, or a considerable
proportion, of its agglutinating power for the latter.

Tue Meiosraemin Reacrion.—Ascoli has found that if
an hmmune serum be mixed with an alcoholic extract of the
homologous antigen and the mixture incubated at 37° C. for
two hours the surface tension is reduced; if the serum and
antigen extract are not homologous the surface tension is
unaltered. For example, in the case of typhoid the following
is the procedure. An alcoholic extract of typhoid bacilli is
prepared ; this is diluted with saline solution to 1-1000—
1-1,000,000. The typhoid serumis similarly diluted, 1-10. To
9 c.c. of the diluted serum 1 c.c. of the diluted antigen extract
is added. By means of some form of viscosimeter or stalag-
mometer the number of drops yielded by a given volume of
the mixture is ascertained, immediately after the mixture is
made and after the mixture has been incubated at 37° C. for
two hours. If the surface tension has been reduced, the
number of drops counted in the second determination will be
greater than in the first.!

Anrr-FERMENTS.2—By the injection of rennin or other
enzyme the blood-serum of the treated animal acquires the
property of neutralising the action of the enzyme with which
the inoculation has been performed. Thus if rennin and
anti-rennin (the serum of an animal injected with rennin) he
mixed with milk no curdling talkes place. Similarly, the
serum of an animal inoculated with pancreatin inhibits the
aetion of this ferment, and if coagulated egg-albumen,
pancreatin, and anti-pancreatin be mixed, the egg-albumen

undergoes no digestion.

1 Qee Ascoli and Izar, Minch. med. Woch., lvii, 1910, pp. 62, 182,

and 403,

¢ Spe Dean, Trans. Path. Sec., Lond., vol. 1ii, 1801, Part 2. p. 127,




Precipitins 203

Precrerrins.—Kraus was the first to demonstrate the
presence of specific precipitins in blood by adding typhoid,
cholera, and plague anti-sera to filtrates of the cultures of the
corresponding microbes. If to such a filtrate in a test-tube a
little of the corresponding anti-serum be added by running in
carefully, so that it forms a layer at the bottom, an opalescent
ring makes its appearance at the line of junction of the two
fluids. So also if an animal be injected with milk, its serum,

wl {ded to milk of the same kind as that with which it
_has been injected, causes precipitation of the casein. This

reaction is specific, and it is _thus possible to distinguish
. various milks from one another. Similarly, anti-sera which
produce prﬂcimﬂs, each with the homologous substance, are
obtained by the injection of peptone, of egg-albumen, blood-
serum, and other proteins. The latter veaction has an :
important. medico-legal application, for by means of it the
blood and flesh of diffevent, species of animals can be distin-
“guished.  Thus the presence of horseflesh in sausages can be

detected. The method employed is to inject a rabbit intra-
peritoneally with four to six injections of defibrinated blood
or of blood-serum (or with a solution of the particular
substance, e.g. horseflesh), commencing with about 5 e.c. and
ncreasing to 10 c.c. at intervals of a few days. After treat-
ment the animal is bled from an ear vein, and the sermm is
obtained. The blood to be tested may be dried on filter-paper,
peces are then cut up, a solution is made in 16 per cent. sodium
chloride solution, and to this the specific serum is added.
Tested in this way human blood anti-serum reacts—i. e. forms
a precipitate——mm*kedl_}r with human blood, less so with ape's
blood, not at all with other blood ; ox blood anti-serum reacts
with ox blood, less so with sheep, feebly with horse, hardly at
all with dog. Mixtures of bloods may also be tested. Preci-
pitins are also formed naturally in vive. Thus the serum of a
patient the subject of hydatid disease gives a precipitate with

1 Bee Nuttall, Journ. of Hyg., vol. i, 1901, p. 367 (Bibliog.), also
Brit. Med. Journ., 1902, vol. i, p. 825 ; Welsh and Chapman, Journ. of

Hygiene,vol. x, 1910, p. 177 s whid., Australasian Med. Gazette, December
=1st, 1908 (hydatid disease}.
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hydatid fluid, and the reaction may be used diagnostically.
The production of the anti-body seems to be due to the
globulin constituent of the injected serum.

It will thus be seen that the anti-bodies which result
from the injection into an animal of different substances
are extremely numerous and have varied properties,
their most notable characteristics being their extreme
specificity and the extraordinary delicacy of the inter-
actions produced by them. It is important to note that
these anti-bodies are produced only as the result of
inoculation with complex compounds allied to the pro-
teins. The tolerance established by the ingestion or
inocnlation of simpler compounds, such as arsenious
acid and morphine, is of a different nature, and 1s nob
coincident with the development of anti-bodies. Accord-
ing to Ehrlich, the latter kind of tolerance may be due
to the exhaustion or using up of certain receptors
(< chemo-receptors ) of the protoplasm (see p. 216).

Immunity.'

No fact in biology is more striking than the differ-
ences in susceptibility to infection exhibited by
different races and different animals. For example,
the natives in wmany parts of the world are com-
paratively insusceptible to yellow and typhoid fevers
and malavia, the dog and goat are rarely affected
with tuberculosis, and tetanus is never met with
1 the fowl; and to come mnearer home, while
some individuals arve lucky enough to escape ‘most
of the commoner infectious fevers, others seem 10

See Metehnikoff, Immunity in Infective Diseases, 1905.  Also Brif.
Med. Journ., 1902, vol. i, p. T84 1904, vol. ii, pp. 557-582 ; and 1907,
vol. ii, pp. 1409-1425 ; Journ. of Hygiene, vol. ii, 1902 ; Ewery, Im-
munity and Specific Therapy, 1909,
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or (b) micro-organisms, and these different phases must
be considered.

1. Natural immunity against towins.—There are
_various non-specific_reactions in the body by which

_toxins may be eliminated or destroyed. Thus the
dilatation of the vessels and the acceleration of the
blood-stream which take place in an inflamed arvea
dilute and eliminate the toxin, and the proteolytic
enzymes produced by the organisms and as a result of
tissue disintegration may have a destructive action on
the toxins. Oxidation, hydration and dehydration and
vavious analytic and synthetic processes which go onin
the body, and particularly in the liver, are other
agencies whereby toxins may be destroyed.  These
non-specific processes by which toxin is destroyed or
eliminated, though of the greatest importance, can
probably deal with only small amounts of toxin ; if large
amounts are present, specific reactions have to be evoked.

Another cause of natural immunity to toxins may be
the absence of suitable receptors for the toxin. As
already stated (p. 161), in order that a bacterial
toxin or endotoxin may produce intoxication, 1t must
become anchored to the cells by its haptophore group,

<7nd that this may occur the cell molecules must £
possess atomic groups Or side-chains (“‘ receptor
groups ”’) which have a special affinity for the hapto-
phore groups of the toxin. Should these be wanting
the toxin cannot become anchored to the cells  its
toxophore groups cannot exert their influence, and
natyral immunity is the result.

This has been proved to be the case in several
instances. Thus in the lizard and turtle, if tetanus
toxin be injected no effect is produced, but the toxin is
not eliminated and remains in the body for months, as
may be proved by withdrawing a little of the blood
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and injecting it into a mouse; the animal dies of
tetanus.

In other instances, for some reason or other, the cells
of the animal are insusceptible to the toxophore group
of the toxin. Thus, if an alligator be injected with tetanus
toxin, no effect is produced, but the toxin rapidly dis-
appears from the blood. If the animal be kept at ordi-
nary temperature (20°C.), although the toxin disappears,
antitoxin is not formed, but if it is kept at 30°-37° (.,
antitoxin is rapidly produced. The two experiments
together suggest that the toxin is fixed by the cells,
but has no effect upon them; if the toxin were not
fixed, it would be possible to detect it, and presumably
it would not produce antitoxin,

2. Natwral tmmunity against micro-organisms.—A
number of factors are doubtless concerned in preserving
the body from invasion by micro-organisms, and while
non-specific reactions may suffice when the number of
organisms is small, specific reactions have to be evoked
if the number of organisms is large. 'I'he unbroken
surfaces of the body have a considerable protective
action in preventing the entrance of micro-organisms,
The flushing-out action of accelerated circulation will
exert some action in eliminating organisms from a
localised focus of infection Just as it does with toxins,
The body temperature may be of some importance, and
the febrile condition so generally induced by infection
is probably to some extent protective and curative,
Thus frogs, fish, and chickens are naturally immune to
anthrax. In the one case the body temperature is
low, 18° C. or thereabouts; in the other it 1s high,
40° to 41° C., and this may influence the growth of
the anthrax bacillus, preventing the full and rapid
development which may be necessary for the produc-
tion of the disease. That such is the case would seem

A
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to be shown by experiments in which when the tempe-
rature of the medium is raised or lowered, infection
takes place; frogs and fish kept in water raised to
a temperature of 35° C., and chicken refrigerated so
as to reduce their temperature, all perish from anthrax
after inoculation. It is clear, however, that this is not
necessarily the only factor, for sparrows, which have a
temperature as high as that of the chicken, can be
infected with anthrax without rvefrigerating. Behring
would aseribe the immunity of white rats to anthrax to
the high alkalinity of their blood, and claims to have
shown experimentally that a vegetable diet rednces
this, and fatigue is said to act similarly.

In some cases the animal, after invasion by the
orgamism, becomes gradually tolerant to its presence
(immunitas non sterilisans). 'This is particularly the
case in protozoan infections, e. g. piroplasmosis.  The
animal, after a period of ill-health, gradually recovers,
though the organisms may still be present, as can be
demonstrated by injecting some of 1ts blood into a
susceptible animal. Conceivably the receptors neces-
sary for the intoxication become gradunally used up,
and when this state is attained the animal becomes
insusceptible. i

The blood, lymph, and other flnids and tissue juices
undoubtedly exert a more or Jess germicidal action on
bacteria experimentally -in vitro, and to some extent
probably also in the body. But in this respect there 18
often a marked difference between the cirenlating blood
and the blood in witro.

Lewis and Cunningham (1872), Tranbe and Gscheidlen
(1874), Fodor (1877), and Wysokowicz showed that
bacteria injected into the cireulation rapidly disappear,
and were inclined to attribute this result to the bacteri-
cidal properties of the blood. In the main, however,
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this disappearance is due to lodgment in the capillaries,

phagocytosis, and excretion by the excretory glands,

Halliburton prepared from the lymphatie glands a
protein, cell-globulin g3 (really a mucleo-protein),
Hankin found that this substance had marked germi-
cidal properties, and concluded that it was probably
the germicidal constituent of the blood-serum.  Bitter,
who repeated Hankin’s expernnents, failed, however, to
confirm them. To the germicidal constituents of the

cells and body fluids Buchyer gaxe the name “ alexing.”

Grohmann performed the frst experiments with
extra-vascular blood. He found that anthrax baeilli,
atter being kept in plasma, became less virulent, Fodor,
adding anthrax bacilli to blood and plating at intervals,
found there was a progressive diminution in the number
of organisms,

Nuttall, in 1888, used the defibrinated blood of several
animals, rabbits, mice, pigeons, sheep, and found that
it destroyed the B, anthracis, B. subtilis, B. megaterium 1
and M. pyogenes var. aureus, He confirmed Fodor's
results, which alsg showed that after g while the blood
loses its germicidal Properties and becomes g suitable
culture medium. Phe blood or serum similarly loses
its bactericidal properties on heating, and serum that
has once been useq loses its hactericidal properties,
Nissen continued this work, and also found that fresh
serum is germicidal for g variety of organisms,

In 1890, Buchner with Voit, Sitbmann, and Orthen-
berger came to the conclusion that the germicidal
action of cell-free Serum  is- due to the protein
constituents,

Christmas Prepared a germicidal substance from the
sp]gen, and Bitter, who examined the method, in the
man confirmed Christmag.

Behring and Nissen, however, found that the serum

14
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of the white rat, dog, and rabbit destroys the Bacillus
anthracis, but serum from the mouse, sheep, guinea. pig,
chicken, pigeon, and frog has no action. Thus, while
the rabbit is highly susceptible to anthrax, its serum 1s
germicidal ; the chicken, on the other hand, s Immune
to anthrax, but its sermm is inactive. Hence there 18
o considerable difference between the action of cireun-
lating and of extra-vascular blood.

Vaughan, Novy and MecClintock, in a series of papers,
ascribed powerful bactericidal properties to the nucleins,
and surmised that in serum the nucleins set free by the
disintegration of leucocytes and other cells are the
germicidal agents. Forrest and the writer! found,
however, that all the germicidal properties ascribed by
Vaughan to the nucleins are probably due to the weak
alkali in which the nucleins were dissolved, and came
to the conclusion that Vaughan’s results are at least
not proven.

Gengon also found that the plasma collected 1n
vaselined tubes is often almost devoid of bactericidal
power, whilst the corresponding seruin may be capable
of destroying large numbers of micro-organisms.

We therefore see that while the blood, lymph, and
other fluids and tissue juices undoubtedly exert more
or less germicidal action on bacteria experimentally o
vitro, there is often & marked difference in this respect
between the circulating blood and the blood dn vitro
and it may be doubted if this factor 18 of great 1m-
portance 1n the production of natural immunity. At
the same time, it is t0 be noted that divectly infection
has started more OF loss cellular disintegration and
serous exudation occur, and thus the germicidal action
of the body fluids and tissues may be exerted i v,
though such substances may act rather by stimulating

1 Journ. Roy. Avmy Med. Clorps.
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do other foreign particles, and so rid the body of the
unwelcome guests (Plate 1., a and b).
The migeration of the leucocytes towards the scene

of action 1s explained by Metehnikoff on the hypothesis
That the chemical substances elaborated by acten
attract the latter and exert what he termed ° positive
chemotaxis.” In this case the bacteria are removed by
the leucocytes, and general infection and death do not
occur. But, unfortunately, in other cases the bacterial
chemical products repel, or perhaps it is more correct
to say do not attract, the leucocytes, and ‘‘ negative
E_}igmntaxjs” oceurs, so that the bacteria are free to
grow and multiply, and general infection ensues.
Positive and negative chemotaxis can be shown to occur
by a simple experiment. If a fine capillary tube con-
taining some peptone solution be introduced mto a
suspension of bacilli, e. g. B. fluorescens liquefuciens,
under a cover-glass, and watched microscopically, the
bacilli will be attracted to the tube and soon invade its
lumen. 1f, however, a weak acid be substituted for the
peptone water, the bacilli will be repelled. The process
by which the bacteria are ingested by the leucocytes
can be similarly watched. The lencocytes which act
in this manner are termed phagocytes, and they are of
two classes—the macrophages, the large mononuclear
leucocytes, and the «maller microphages, or poly-
morphonuclear leucocytes, Certain of the tissue cells
and endothelial cells also possess phagocytic properties.
The importance of phagocytosis 1s also shown by the
fact that, while in ordinary susceptible rabbits infection
with anthrax is followed by a feeble phagocytosis and
the animals snceumb, in rabbits vaccinated against
anthrax phagocytosis is very active. Moreover, i an
Animal refractory to anthrax, such as the frog, anthrax
bacilli grow and multiply if they be enclosed 1n paper
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or collodion sacs, so as to prevent the access of the
phagocytes. .

_Phagocytosis, i vitro, and probably also in the
normal body, is extraordinarily active, so that it might
be expected always to be sufficient to deal with any
number of bacteria that might be introduced. Ift,
however, the bacteria_be virulent, negative chemotaxis

will oceur. "Moreover, the presence of sphstancos
which render the bacteria phagocytosable, © opsonins,”

- -.- e —
18 necessary, and it seems likely that the amount

of opsonin hecomes diminished in infection (see
pe 220

Metchnikoff admits that the destruction of bacteria
in phagoeytosis is brought about by chemical bacte-
riolybic substances, which he terms cytases,” and
which he regards as being derived from the leucocytes,
and as identical with the alexins. He believes that
there are two kinds of cytases, one ¢ macrocytase,”
obtainable from tissues, such as the spleen and lymph-
glands, rich in macrophages, which acts specially on
elements of animal origin, the other ¢ microcytase,”

derived from the microphages, and which acts prinei-

pally on micro-organisms, He considers the alexic
action to be of the nature of g digestive process (but
this is doubtful), and as regards the complex nature
of a eytolytic serum, which contains amboceptor and
complement, believes that the amboceptor is formed
within the macrophages in intra-cellular digestion, and
that a portion of it escapes from them into the serum.
All the facts point to the leucocytes and lencocytic
tissues being the great defensive mechanisms against
parasitic invasion, either by the production of alexins,
or of baeteriolysins, or by phagocytosis, or probably by
a combination of these (the “ ecellulo-humora] *? hypo-
thesis of immunity), It is probable that the greater

e ——
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_part of phagocytosis takes place in_the spleen. This
_organ acts as a sort of filter, and phagocytosis may be
active in it when none can be discerned in the blood.
Phagocytosis is also active in the bone-marrow.

Experiments by Tizzoni and Cattani seemed to show
that rabbits could not be rendered refractory to tetanus
by injection of ftetanus antitoxin after extirpation of the
spleen ; and although Benario and other observers have
not confirmed this, the manner in which the spleen
i< attacked in such diseases as tuberculosis, plague, ete.,
points to this coneclusion. The discordant results
obtained after splenectomy may be due to the rapid
regeneration of spleen tissue, and to other structures,
such as the hamolymph glands, taking on its functions
after ablation.

Although small amounts of antitoxin may occasionally
be met with in the normal animal (e. g. diphtheria
antitoxin in man and in the horse, see pp. 160 and
986), this substance plays little or no part in natural
immunity against either {oxin or micro-organism. Thus
th(izlil_ﬂﬂd—sermn of the fowl, which is highly refractory
to tetanus, does_not Lﬁp_!_tl__t_-_hg__ﬂ_‘lg_h.tﬂﬂt_ antitoxic or
neutralising actiomon tetanus foxin.

3. Acquired immunity.—Acquired immunity may be
induced in several ways :

(1) By an attack of the disease ending in recovery.

(2) By vaccinating with a modified and less virulent
form nmhrin__—g—‘infective agent (Pasteurs method).

(3) By treatment with sterilised cultures, or with
bacteria-free toxins. E

(4) Occasionally bﬂgﬂ@}_@ﬂh sterilised cultures
or toxins of a fWS. Thus, B. pyocyaneus
protects from anthrax (p. 950), and Klein' showed that _

an injection of one of the six following organisms— (1)
_____'__——-—"""_

i Tyans. Path. Soc. Lond., 1893, p. 220. —
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Koch’s ecomma, (2) Finkler-Prior’s comma, (3) B.
coli, (4) Profeus vulgaris, (5) B. prodigiosus, (6) B.
typhosus—will_protect an animal against any one of
the remaining five. He therefore concluded that there
is an immunising agent common to all these six
organisms, and that this substance is intra-cellular and
a constituent of the bacterial cells themselves. In this
case, however, the immunity is probably one against
certain bacterial proteins and not against the specific
endotoxins of the organisms.

(2) By injection of the blood-serum derived from an |
animal treated or immunised by method 3—that is to
say, antifoxins or other anti-bodies (e. g. amboceptors) |

are introduced.

The immunity acquired by methods 1—4 is known as

“ active immunity,” because the animal’s cells and I
— —_— —_

tissues are altered by the process, so that they are no

longer susceptible to the microbe or its toxin, The '

immunity conveyed by method 5—the injection of an g’ i

immune serum, is known as passive immunity,”’

because the immunity lasts only so long as the anti-

bodies remain ; there is no active participation of the

animal’s cells and tissues in the process.  Active

immunity is generally of long duration—some months

at least—and is not transmissible To the fetus ; but

passive immunity 75 of short duration—two to four

weeks—and is transmissible to the fetus and nursling.

Acquired immunity to toxins may be due to the

elimination of the receptors concerned in the fixation

of the toxin by the cells, or to the production of the

neutralising antitoxin, The lencocytes are probably

the active agents in destroying and eliminating toxin, r

whether neutralised by antitoxin or not. |
meriuus; explanations have been given of the pro- l

duction of ﬂcqwnity against the organisms, ;
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Pasteur suggested that the organism, by its growth in

the body, exhausts some speeific pabulum necessary

ll;." for its development, so that it cannot again grow in

I the animal which has been attacked. This hypothesis,

. W* therefore, presupposes that in the body there is some

nutrient material necessary for the growth of each

| species, which is difficult to believe, and 1s negatived

by the fact that an orgamism will grow in the blood

and tissues removed from an animal vaccmated against,
and insusceptible to, the disease produced by itself.

Pasteur’'s “ exhaustion ” theory bas been revived by

Ehrlich! in a modified form, under the name of ‘ atrepsy,”

to explain certain cases of immunity. Thus, for a chemical

_ poison to act, Ehrlich assumes that particular receptors in
| the protoplasm for binding the poison are necessary ; these
' he terms * chemo-receptors.” Bird-pox, virulent for both
fowl and pigeon, if passed through the pigeon  becomes
completely avirulent for the fowl. To explain this Ehrlich
suggests that the parasite in passing through the pigeon has
to assimilate substances different from those assimilated
during its passage through the fowl; therefore that part of
the receptors which deals with the nutritive substances of the
fowl’s organism is not in use during the passage through the
pigeon, and may become atrophied, so that on the paragite
being transferred back to the fowl it will not be able to
thrive owing to the loss of the receptors necessary to
assimilate the fowl’s nutritive substances. Ehrlich suggests
that the majority of mnon-pathogenic micro-organisms, if
. introduced into the amimal body, perish by this mechanism.
1 In the case of mouse carcinoma inoculated into rats, the
| tumounr-cells proliferate for a few days, then atrophy and
| disappear. Bhrlich suggests that some specific substance is
necessary for the proliferation of mouse ecarcinoma-cells
which is not present in the rat, and as soon as the traces of
this specific substance carried over by the inoculation are

1 « Jarben Lecture,” ii, Jowrn. Roy. Inst, Public Health, 1907,

B
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used up, the cancer-cells cease to proliferate and finally
atrophy and disappear. These are eyamples of BEhrlich's
“atrepsy U and “ atreptic immunity.”

Chauveau, in his retention theory, suggested that the

bacteria during t]n.air grmw?h 1:11' 2s form sub-
stances whiech ultimately inhibit t]_ugn‘__gw,
if the animal vecovers, prevent a subsequent deve-
lopment of the organism. The same objections may
be urged against this hypothesis as against Pasteur’s
exhaustion hypothesis.

Bacteriolysis and phagoeytosis are probably the two I
main facfors which bring about the refractory condition
I acquired immunity against bacteria, as well as
recovery from an infection. After immunisation it may
be shown that phagocytosis is increased, and that posi-
tive chemotaxis fakes place towards the or anism, "
whereas previously negative chemofaxis occurred ; the
leucoeytes have been “educated,” as it were, to be
:rtttnmted, instmmpeued, by the bacterial invasion,
According to Andrewes,’ the defence against the pyogenie
cocel 1s not only essentially phagocytic, and dependent
upon the polynuclear lencoeytes, but is also, in the main,
opsonie. In tuberculosis and syphilis the polynuclear -
leucocyte takes little part m bodily defence, which is
essentially a function of the endothelia] and fixed tissue-
cells.  With the colon group of organisms certain
humoral responses, notably agglutination and bacterio.
lysis, are better marked than with most other bacteria,
and polynuclear phagocytosis seems subsidiary.

Antitoxin_formation probably plays little or no Hart
_in acquired immunity, or even in recovery Trom imiees
tion. In diphtheria, for nstance, antitoxin is not '

found until the disease has subsided. Possibly, in |
: I “ Croonian Lectures,” Lanecet, JTune 25th el seq., 1910, &

SR~
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chronic infections, antitoxin formation does play a sub-
sidiary rdle in recovery.

To sum up, natural immunity is probably due to a
number of factors, some or all of which may be operative
in particular instances, and it is impossible to state with
certainty any generﬂ law. _I_]_] most cases phagoeytosis
is the principal means of defence, the germicidal, inhibi-
%13’, or bacteriolytic actions of ithe body-fluids aiding,
though mune; in others the cells and
tissues ave unaffected by the bacterial toxing, sometimes
because the cells are lacking in the particular side-
chains or receptors which fix the toxin; sometimes
because, for some unknown reason, the cells are
anaffected by the toxophore group of the toxin.

As regards the immunity acquired after an attack of
disease, this may be due to the “education”™ of the
leucocytes, whereby they are attracted, whereas
formerly repelled, by the products ot bacterial develop-
ment, or to substances which stimulate the action of the
leucocytes. The germicidal, inhibitory, and bacteriolytic
actions of the body-fluids may also be enhanced. It
seems probable also in certain instances that the side-
chains or veceptors having an affinity for the toxin
become in some way destroyed or used up, so that
further fixation of the particular toxin cannot take

place.

It is to be noted, as Metchnikoff has pointed out, that
immunity is much more rapidly acquired against micro-
organisms than agamst their toxins. In Nature, if
is principally against micro-organisms that the body
Toquires protection. i :

Adaptability seems to be one of the innate proper-
ties of protoplasm, and immunity is buf an instance of
adaptability. It might be expected, therefore, that
immunity towards infection will become established,

i ——
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more or less completely, when the need for it arises ;
and we find that this is the case, however difficult it
may be to explain the mechanism by which it is

attaimed,

The Role of the Serum in Phagocytosis. !

The fact thatin an immunised animal, no sooner does
the virnlent organism gain access than the lencoeytes
migrate to the site of infection, surround the invaders,
ingest and so destroy them, was at one time ascribed
by Metchnikoft to “ education, 1. e. modification, of the
lencocytes; but since the sernm of the Immunised

animal injecteﬂ mmto a non-immunised one canses the

lencocytes 1 the Jafter fto Dehave in the same

‘manner as they do in the immunised animal, the effect
must be due to something in the plasgma or serum, and
Metchnikoff ascribed the action to.substances, “ stimu-
Iins,” which heighten the activity of the leucoeytes.
Later work hasnot confirmed this view, and no certain
proof of the existence of stimulins is forthcoming,
although Leishman attributed a stimulin action to
thermostable substances in the serum in typhoid and
Malta fevers.  Subsequently Metehnikoff conceived

the serum as acting, not_pn the leucoeytes, but on the

microbe, causing it to become positively chemotactic
and no longer to repel, but to attract the phagocytes.
Considerable support was given to this view by the
work of Wright and Donglas, who, by a modification
of Leishman’s ingenious method for quantitatively
- estimating phagoeytosis, emphasised the importance of
the serum in the mechanism of phagocytosis.
Neufeld and Rimpan also concluded that substances,
““bacteriotropines,” are produced in the course of

' See Dean, Brit. Med. Journ., 1907, vol. ii, p. 1409. (Bibliog.)
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mmmunisation which promote the phagocytosis of
bacteria.

Leishman’'s method for estimating phagoeytosis)—A thin
suspension of some micro-organism, e. g. M. pyogenes, is mixed
with an equal volume of blood from the finger; a droplet of
this mixture is placed on a clean slide, and covered with a
cover-glass, and the preparation is at once placed in a moist
chamber in the incubator at 37° C. for half an hour. At the
end of this time it is taken out, the cover-glass slipped off,
and the films on slide and cover-glass are dried, fixed, stained
and examined microscopically, and the number of microbes
ingested by the polymorphonuclear lencocytes is counted,

Wright and Douglas® found that washed leucocytes

_without sernm are non-phagocytic, but become

addition_of normal serum. If, however, the serum be
first heated to 60°-65° C. before being added to the
mixture of leucocytes and microbes, phagocytosis does
nob take place: but if the unheated serum is mixed
with the bacteria, the mixture kept at 37" C. for fifteen
minutes and then heated to 60° C. for fifteen minutes,
phagocytosis ean still take place, thus demonstrating
that the serum acts in some way on the bacteria,
rendering them suitable prey for the phagocytes. This
thermolabile serum feast preparer 1s called by Wright
and Douglas ‘“ opsonin ” (from a Greek word meaning
“to cater for?”’),

They have also shown that duaring the process of
active immunisation the opsonic value of the serum 1s
increased, and they have succeeded in demonstrating
this opsonic immunity for a number of infections, such

1 Brit. Med. Jowrn., 1902, vol. i, p. 78.

2 Proc. Roy. Soc. Lond., B. Ixxii, 1903, p. 357 ; B. 1xxiii, 1904, p. 128 ;
B. 1xxiv, 1905, pp. 147, 159 ; B. Ixxvii, 1907, p. 211. Alsoin Practitioner,
May, 1908 ; various papers in Lancet and Brit. Med. Journ. ; Wright,

Studies in Immunity, 1909,
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as the staphylococcic, Malta fever, pneumococecic, and

tuberculous. If it be desired to measure the guantity
of opsonins present, say in a case of farunculosis,
which is almost always cansed by the M. pyogenes, the
following are required: (1) a drop or so of the patient’a_‘
serum ; (2) a drop of serum from a normal person i
Fﬁj_:-i, suspension m salt solution, of a culture of M.
pyogenes preferably derived from the furuncle ; (4)
leucocytes washed free from the plasma. Equal volumes
of the patient’s serum, leucocytes, and suspension are
mixed, drawn up in_a capillary tube, incubated for

fifteen minutes at 37" C., and films are then prepared and
stamed.  As a conftrol a similar mixture is prepared
and treated in the same way, but using the normal
serum _instead of that of the patient. The films are
then examined, and the number of cocei taken up by,
say, fifty leucocytes is counted in the two specimens,
and a ratio obtained. Taking the figure for the

normal - sevum as 1, that for the patient’s serum will
probably be 0:5 or 06, and this is termed the ““ opsonie
mdex ' (see below, p. 229).

In subacute and chronic local infections the opsonic
value of the sernm is usually diminished, occasionally
increased. In acute infections the index will, as a rule,
be low ; in chronic infections which are not strictly
localised, e. ¢. tuberculosis, the index will sometimes
be low, sometimes high. A low index generally indi-
cates an infectiop, or a low power of resistance to the
particular organism, or that a chronic but guiescent
infection exists ; a high _index may indicate that the
person has had an ifection but has overcome it, or has
a quiescent infection. The normal index for healthy
persons varies only within narrow limits, from about
08 to 1'2 as extremes ; an index above or below these
values is therefore probably pathological,
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By_injecting small guantities of a vaccine consisting
of a killed culture, tuberculin, ete., the opsonie index
can be raised, and the infection thereby tends to be
cured. The first effect of the injection 1s to cause a

fall in the opsonic index, the “negative phase” of
Wright, which 1s usunally afterwards followed by a rise,
and by properly spacing the injections a considerable

rise in the opsonic value may ultimately rvesult, If
too much vaccine be given the effect may be to per-

manently depress the index and cause harm instead of
good, hence the desirability of controlling all injections
by determinations of the opsonic index. This, however,
renders the treatment very laborious, and generally by
employing small doses and allowing at least a week to
elapse between the doses, determinations of the opsonic
index are unnecessary (for dosage, ete., see p. 232).
By movement, massage, ete., applied at or about the
seat of a local infection, bacterial products ave dis-
seminated which may alter the index; a process of
anto-inoculation may thus result.

The opsonic index may be used for diagnostic pur-

_poses ; a low or high opsonic value towards a particular

organism suggests that an infection by this organism
exists or has recently existed.

Bulloch came to the conclusion that the blood con-
tains a number of specific opsonins, one for tubercle
another for M. pyogenes, and so on. Simon, Lamar,
and Bispham,! however, from a number of carefully
devised experiments, conclude that specificity .Df
opsonins does not exist, and suggest that opsonins
may be a constant quantity, and that thf_: number of
organisms taken up by the leucocytes is influenced by
o second unknown and variable factor.

1 Jowrn. Eaper. Med., vol. viii, 1906, p. 651.
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Russell' also concludes that in wermal serum the
opsonins are “common’” and not specific, and can be
removed by a number of bodies. In immune serum,
on the other hand, both “common’ and “immune””
opsonins are present, the latter being quite specific.
That is to say, in the process of immunisation specific
opsonins are formed, and the increase of opsonins
following injection of a vaccine is probably due to
the formation of immune opsonins which react specifi-
cally.

Muir and Martin® believe that in immune serum a
specific, immune, thermostable opsonin is present, and
also a normal, thermolabile opsonin.

Wright considers the opsonins to be substances
distinet from all others, but Metchnikoft, Dean, and
other observers suggest that they are identical with
the “substance sensibilisatrice.”

It is doubtful if opsonins are present in more than
traces in the unaltered blood plasma : like alexins,
they seem to develop as a result of coagulation. The
rale of opsonins in immunity and in recovery trom
mfection is therefore a complex problem.

The opsonic method has been eriticised of late. Thus Mogs
says: * None of the present methods of estimating the opsonic
content of the blood seems sufficiently accurate to e of
practical value” ; Fitzgerald, Whiteman, and Strangeways,*
in an elaborate investigation, concluded that the method is
unreliable. “Whereas Wright takes into account the seru
only, Shattock and Dudgeon 5 state that * the cells (1. e. the
phagocytes) vary in value like the seram ™ 1t may be granted

b Johns Hopkins Hosp. Bull., vol, xviii, 1907, p. 252.

* Proc. Roy. Soc. Load., B. Ixxix, 1903, p. 187.

* Jolhms Hopkins Hosp. Bull., vol. xviii, 1907, p. 237.

! Bull. Commitiee Jor the Study of Special Diseases [szuhridgu}, vol.
1, 1907, No. 8.

* Proc. Roy. Soc. Med., vol. 1, 1908, “ Medical Seetion,” p. 169,
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that the whole truth respecting the opsonic reaction and
method is not yet fully known, but many of the eriticisms
have been based on an imperfect technique. On the whole,
it may be said that Wright's method, with careful technique
and in practised hands, gives information previously impos-
sible to obtain, and the treatment by vaccines is of considerable
value in particular cases.

Method of Determining the Opsonic Index.’

The requisites are :

1. The serum of the patient to be tested.

2. The serum of a healthy pexson for a control.

3. A suspension of the organisin for which the deter-
mination is to be made.

4. A suspension of living leucocytes.

5. Several Wright's pipettes with india-rubber teats
or nipples.

1 and 2. The sera.—These two specimens should be
taken at about the same time, and the determination
should be made as soon as possible.

The blood is preferably collected i a Wright’s
capsule (Fig. 35, d).  Both ends of the pipette are
broken off, and the blood is collected by immersing the
bent end in the blood as it runs from a prick in the
ear or finger. The capsule should be at least one third
filled. For pricking, a flat-pointed needle of the
Hagedorn type is preferable ; a prick with an ordinary
needle does not yield sufficient blood.  After filling,
the capsule is sealed in the flame, the dry or straight
end being sealed first. After coagulation the capsule

is centrifugalised to obtain clear serum ; for this purpose
the capsule is hung by the curved end in the centrifuge.

| This section is largely taken from the excellent account given by
Emery in his Clinical Pathology and Haematology (Lewis, 1908).
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uncountable number of cocei ; the proper density can be
judged by experience alore, but the emulsion should be
only faintly opalescent. Emulsions of pneumococel and
other organisms are made in the same way. Variations
in the number of bacteria ingested may occur according
as recently isolated or old strains are employed. |

Tnstead of centrifugalising, the suspensions may be
filtered through a double thickness of filter-paper.

4. Suspension of living leucocytes.—To prepare this,
take about 10 e.c.of physiological salt solution containing
1 per cent. of sodinm citrate, to prevent the coagulafion

~of the blood. This must be freshly prepared (or kept
sterile, which is inconvenient), and the simplest method
s to use “soloids” prepared for the purpose by
Burronghs & Wellcome ; one of these dissolved in 10
o.c. of water will yield the solution required. This 1s
put into a centrifugalising tube and warmed to blood-
heat. A healthy person is then pricked in the ear or
finger, and his blood is allowed to drop into the fluid
until 1 c.c. or more has been coliected. The tube is
then put into the centrifuge, very exactly counter-
halanced, and ‘g,_gntrifuga,lised until all the corpuscles
w&uhe_bmh and the S-ulflerm-i- 18
loft clear. If the deposit is closely examined the ved
corpuscles will be seen to be at the bottom, whilsf above
thenmsh layer of lencocytes. Then,
with a capillary pipette armed with an india-rubber
nipple, or with a syringe, the whole of the clear fluid 18
pipetted off, as close as possible to the leucocyte layer,
but without -disturbing the latter. The tube is then
filled with saline solution, the blood and fluid are mixed,
the mixture 18 centrifugalised, and the clear fluid again
pipetted off, and this process of washing 1s repeated.
Next, the leucocyte layer with the upper layer of red
corpuscles (which also contains leucocytes) 18 pipetted
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off into a small tube, and the whole is thoroughly
mixed by repeatedly sucking into, and expelling from,
the pipette. The result is a suspension of living
leucocytes mixed with red corpuscles.

9. Wright's pipettes with india-rubber teats.—These
are made of glass tubing drawn out in the blowpipe
flame into the form shown in a, Fig. 35, which is two
thirds full size. The end of the fine extremity should
be contracted as shown in b. Glass tubing must be
chosen which properly fiis the teats,

The process—(1) Prepare a pipette by placing an
india-rubber teat on the thick end. Then, with a
grease pencil or with pen and ink, make a transverse
line about an inch from the pointed end. The volume
of fluid contained in the tube between the point and
this mark is spoken of as the unit.

(2) Having the patient’s serum and the suspensions
of leucocytes and of bacteria ready to hand, take the
pipette between the index finger and thumb of the
right hand and compress the nipple. Tmmerse the
pont beneath the surface of the suspension of bacilli,
and relax the pressure on the nipple until the emulsion
has risen exactly to the mark so that one unit has
been drawn up ; then remove the point from the fluid
and relax the pressure again so that a small volume of
air is sucked up. This will be quite easy if the point
18 a good one, otherwise it will be difficult or jm.
possible, as the column of fiuid will either refuse to
stir or will oscillate viclently, Next immerse the
point in the suspension of lencocytes and draw up one
unit.  This will be separated from the emulsion of
bacteria by the bubble of air. Remove the point from
the emulsion and draw up a second volume of gir,

Lastly, draw up one unit of the serum. There will
now be in the pipette (counting from the nipple

e rp—.



228 Manual of Bacteriology

towards the point) one unit of bacterial emulsion, a
bubble of air, a unit of leucocytes, a bubble of air,
and lastly a unit of serum (c, Fig. 35).

(3) Put the point of the pipette on to a clean hollow-
ground slide or an artist’s porcelain sunk palette, and
express the whole of its confents, and mix well to-
gether, aspirating them repeatedly into the pipette and
expelling without causing bubbles. If bubbles form,
o hot wire brought mnear will quickly dispel them.
When thoroughly mixed, aspirate the mixture into the
pipette, suck up a short volume of air, and seal the
tip in the flame.

Then place the pipette point downwards in the incu-
bator, or better, in a water-bath at 35° to 37 C°,, noting
the time exactly, and proceed to prepare a second
pipette in precisely the same way, using the same
suspensions of bacteria and leucocytes, but the control
serum instead of the patient’s. Place this. in the
incubator or water-bath, by the side of the other,
noting the time at which this is done. When each
pipette has been incubated for a quarter of an hour
it is removed from the incubator or water-bath, the
end broken off and the nipple fitted to the thick end ;
then the contents are expelled on to a hollow slide or
porcelain palette and mixed thoroughly together.

Films are then prepared. This may be done by
depositing a drop in the middle of a large cover-glass
(1-inch squares, No. 2), dropping on to it another cover-
glass and drawing the two apart. Or the films may
be made on slides, for which Wright recommends
roughing the slides with emery paper and spreading
the film with the sharp edge of a broken slide (see
next page). The films then have to be stained. For
staphylococel, streptococel, pneamococei, B. coli, etc.,
the films may be fixed with formalin and stained with

|
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carbol-thionine or borax-methylene blue, or they may
be stained without previous fixing with the Leishman
stain. For tuberele, the films may be fixed in a saturated
solution of mercuric chloride (one or two minutes),
stained in warm carbol fuchsin, decolorised with 24 per
cent. sulphuric acid in methylated spirit, and counter-
stained with methylene blue.

Wright now unses the whole blood instead of the
leucoeyte layer only. After the blood has beon drawn
into the citrated salt solution it is centrifugalised,
washed twice with salt solution, the fluid is pipetted off,
and finally the corpuscles are well mixed. The various
mixtures—washed corpuscles, bacterial suspension, and
serum—are made and incubated as previously desecribed.
In order to make the film for staining and counting,
the contents of the pipette are discharged on to one
end of a slide roughed with fine emery paper and the
mixture is spread by means of a slide which has been
broken across after notching with a file or glass cutter.
The object is to obtain a broken edge having a very
slight concavity, and many slides may have to be
sacrificed to attain this. The film is spread by drawing
(not pushing) along, the leucocytes adhere to the edge
of the spreader, and finally are deposited mostly at the
end of the preparation, the red corpuscles being left
behind.

Lastly, the films are examined with the oil-immer-
sion lens, preferably with the aid of a mechanical stage,
and the number of organisms contained in not less than
fifty PDIJ"IHUI‘PIIUHIIBTEM lencoeytes is counted. Parts
of the film in which the cells are broken down or not
well stained, or cells containing obvious clumps of
organisms, should be avoided. The ratio between the
number in the control and the number in the specimen
prepared with the patient’s sernm gives the opsonic
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vilex.  Thus, if in the control there are 1235, while in
the patient’s specimen there are 75, the index would
be {4 =006, 7. e. not much more than half the normal.

Preparation of vaccines for treatment, etc. — The vaccine

used for treatment 1s a_sterilised, standardised suspension of

the infecting organism, except in the case of tuberculosis, for
which tubereulin (TR or BE) or an analogous preparation is
employed. In certain instances a mixture of organisms is used
—e. g. M. pyogenes, var. aureus and var. albus, with or without
the acne bacillus in some cases of acne—-and the strain of
organism isolated from the lesion is generally to be preferved.

The vaccine is prepared by growing the organism under

appropriate conditions, the staphylococcus on agar, the strepto-
coccus, pneumococcus, and gonococcus on blood-agar, ete.
The M@%ﬂ'ﬂ%ﬂ by adding a few drops of sterile
01 per cenf. sodium chloride solution and well rubbing up
with a sterile glass or aluminium rod. Two or three tubes
are treated in this way ; the emulsion is poured into a small
sterile Brlenmeyer flask of stout glass, the tubes are rinsed
out with a little more of the salt solution, and the washings
added to the contents of the flask, two or three sterile glass
beads are added, and the flask is shaken vigorously for some
minutes thoroughly to break up the masses of organisms.
The contents of the flask, which should measure 5 c.c. ov
thereabouts, are then centrifugalised for some minutes, and
the emulsion is poured off from the deposit into a second
sterile flask and is now ready for standardisation.
Standardisation is carried out by Wright's method. Two
or three volumes of citrate solution are sucked up into a
PW& that used for opsonic dMiiﬁa'ﬁiﬂu.s, the
finger is pricked and one volume of blood is taken up in the
pipette, separated from the citrate solution by an air-bubble,
and finally one volume of the bacterial emulsion, also separated
from the blood by an air-bubble, is taken up. The whole
contents of the pipette are then well mixed by expelling on to
a clean slide and sucking up three or four times. About one
third of the mixture is then transferred to each of three clean
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slides, and the drops are spread with the edge of a slide

s0 as to obtain thin uniform smears. These are allowed to
dry, stained with Leishman's stain, and the number of red cor-
puscles and bacteria is counted in a number of microscopical
“fieHts. ﬁssuﬁiring that there are 5,000,000 red cells in a cubic _
millimetye of blood, it is easy to calculate approximately the
number of bacteria contained in the emulsion. Suppose that
500 red cells have been counted, and with these 1500 bacteria
are admixed. Since equal volumes of blood and emulsion
have been taken, one cubic millimetre of bacterial emulsion

1] :
will contain Eﬂﬂﬂ,ﬂgg; 10t = 15,000,000 bacteria. But

one cubic cenfimetre contains 1000 eubic millimetres, there-
fore the emulsion contains 15,000,000 x 1000 = 15,000,000,000
bacteria per cubic centimetre, and by appropriate dilution any
bacterial content of the emulsion may be obtained. Thus, if
1,000,000,000 organisms per cubic centimetre is desired, 1 c.c.
of the emulsion must be diluted with 14 c.c. of salt solution,
To the prepared dilution of the bacterial emulsion 05 per
~eent. of carbolic acid, or 0°2 per cent. of trikresol, is added, M:&w

and the flask is placed in a water-bath at 56° to 60" C. for
one or one and a half hours, according to the resistance of By
the organism. The stock solution may subsequently be intro-
duced into small sterile glass serum bulbs of 1-2 c.c. capacity,
and the bulbs, after sealing and standing for twenty-four
hours, may again be sterilised for an hour at 60° C. to
ensure the destruction of the organisms ; cultures may be
made from the sterilised vaccine to ascertain that this is the
case. e lower th rature and the less the heatine
consistent with sterilisation, the more active will be the
vaceine,

The table! on the next page gives an idea of the doses of
vaccines, their toxicity, and f requency of inoculation.

The smaller doses are given at the commencement of the
treatment, and the doses are aradually increased.

The writer has employed endotoxin solutions as vaceines
aud believes they are very efficient.

—

! See Harris, Practitioner, May, 1908, p. 647,
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Vaceing Relative I Frequency of :
: toxicity. | Doses. inoculntion.
. — =T |
Tuberculin Very toxic | Toogos - Tosou—  |Every 10-14 flsn;,*s.'
spgn METI ¥ !
B. coli Very toxic | 5-15millions |Every 2,5, or 10|
1 2 - days.
Pneumococeic | Less toxie 10-50 millions Every 36-48
than B. cali hours in pneu-
monin ; every 10 |
days in chronic |
‘ infections.
Streptococeic [More toxicthan|  20-60 millions | Every 7-14days. |
pnenmaoeoceic | !
Staphylo-  |Less toxie than| 100-1000 Every 10 days. |
coeeie streptococeie millions
M. welitensis — A sq. em. of | Every 7-14 days. |
surface agar
culture (because
very difficult to
| count) '
Gonococeic | Slightly toxie| 100-500 millions | Every T-14 days.

i

Prophylactic vaccines,—In addition to the therapeutic

“vaccines for the treatment of the declared disease, vaccines are
also employed for prevention of disease.
prophylactic vaccines may be :

(1) Living, lut —attenuated, cultures

cholera T his method has also been proposed for plague, and
L g s .

vaceinia must be regarded as of this nature (this is the

¢ Pasteurian method ™).
.ultures, autolysed cultures, and endo-toxips.

(2) Killed

MThe first and second are used for

The pl‘eventi?e or

ultures, e.g. anthrax and

typhoid, plague and

dysentery, and Hewlett has suggested endo-toxins for typhoid,
cholera, plague and diphtheria.
(3) Immune sera give protection for a limited time,
(4) Besredka has suggested * sensitised vaccines,” 1. e

killed cultures saturat

ed with the homologous immune body

derived from an immune serum. He claims that these give
rise to much less reaction than the killed cultures.

(For further particulars, see Hewlett's Serum Therapy, Bd.
2, J. & A. Churchill, 1910.)
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CHAPTER VI.
SUPPURATION AND SEPTIC CONDITIONS.

Tne subjects of septic infection and of suppuration
are of great practical importance, and a knowledge of
their w®tiology is one of the main factors which have
conduced to the great advances that were made during
the Victorian era in the treatment of wounds, whether
accidental or made by the surgeon’s knife.

Ogston in 1881 and Rosenbach in 1884 demonstrated
that micro-organisms are almost invariably present in
the pus of acute abscesses, and these observations
were repeatedly confirmed by subsequent investigators.
A number of experiments were then initiated in order
to ascertain whether these organisms bear a causal
relation to the phenomena of suppuration or are merely
accidentally present. These experiments showed that
a large number of organiSms can produce snppuration,
and render it certain that in ninety-nine cases out of a
hundred the suppurative and septic conditions met
with sponfaneously, or occurring after surgical inter-
ference, are due to the action of micro-organisms,
The chief of these are several micrococei (commonly
known as staphylococei, and the infections whicl they
produce, as staphylococeic wfections) and streptococei.

Under the terms “suppuration” and “septic diseases”
are included such varied conditions as abscesses, boils and
carbuncles, cellulitis, osteomyelitis, erysipelas, gonor-

it
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rheea, infective endocarditis, pyemia, septicemia and
sapraemia, puerperal fever, and hospital gangrene.

As will be gathered from the descriptions of the
individual organisms, suppuration may be set up by
inoculation with several species, and a number of
experiments by various observers, carried out by inunc-
tion, subcutaneous inoculation, and inoculation in the
serous cavities and cireulation, have conclusively proved
that thisis the case, not only in animals, but also in man.

A problem of great importance is whether micro-
organisms are usually the cause of suppuration, or
whether mechanical injury, chemical agents, etc, can
also produce it. Mechanical injury alone does not
seem to be capable of inducing pus production, but it
is otherwise with regard to chemical agents. For a
long time considerable difference of opinion existed
and discordant vesults were published. These dis-
crepancies have now been explained, and are found to
depend upon the method of experiment and the par-
ticular animal and chemical agent employed. That
chemical agents should produce suppuration was only
to be expected, for it would be against analogy, derived
from all other bacterial diseases, if the pyogenic organ-
isms do not produce suppuration through the chemical
substances formed by, or present within, their cells,
and if these chemical substances act thus, why should
not other chemical substances be found to act in a
similar way ?

In experiments with chemical agents the greatest
care has to be taken to exclude the entrance of miero-
organisms. This is best done by sealing the sterilised
substance in stevilised fusiform glass tubes and intro-
*ducing these under the skin or into the tissues with
strict aseptic precantions. When the wounds have
_completely healed the tubes are broken by pressure
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and their contents allowed to diffuse into the sur-
rounding tissues,

Sterilised cultures (above a certain amount) of the
Micrococeus pyogenes and a crystalline bod ¥, phlogosin,
obtained by Leber from its cultures, produce abscesses
on inoculation. Mercury produces suppuration in the
dog, but not in the rabbit ; silver nitrate (5 per cent.
solution) has a similar action. Ammonia fails to pro-
duce pus ; it is either absorbed without damage, or if
n stronger solution produces necrosis of the tissues,
Turpentine produces large sterile abscesses in carnivora,
and Brieger’s cadaverine is likewise stated to set up
suppuration.

Buchuer was also able, by warming various bacteria
with 05 per cent. caustic potash, to obtain a solution
containing protein which was powerfully pyogenic, and
Naunotti found that sterilised pus had a similar pro-
perty. It thus seems certain that a number of
chemical substances can set up suppuration. At the
same time, it must be clearly recognised that Suppura-
tion and suppurative complications, as they occur
naturally, are to be regarded as due to the activity of
micro-organisms in almost every instance.

Of so-called “septic” diseases, sapraemia, septiciemia,
and pyemia must be mentioned. By “sapremia’ is
meant the constitutional condition arising from the
absorption of the toxic products elaborated by miero-
organisms, the latter being localised and absent from
the general cireulation, In the acute form it is not a
common condition, the best example being that which
occurs after parturition ; by simply clearing and
washing out the uterns the symptoms rapidly abate,
In septicaemia not only is there usually (though not
necessarily) a local site of infection, but in addition
lnicru-urgmu'slns are present in the general circulation.




236 Manual of Bacteriology

It is true they are not abundant in the latter situation,
and Cheyne! believes that they are to a large extent
arrested in the capillaries. Miecrococei and strepto-
cocei are the commonest forms. Pysemia is charac-
terised by the presence of micro-organisms, most
frequently streptococei, in the general cirenlation, and
in addition by the formation of abscesses in various
situations. These arise usually from suppurative
phlebitis with the formation of septic emboli and
thrombi. The sequence of events, according to Cheyne
(loc. cit., p. 881), is (a) phlebitis in direct connection with
the wound; (b) a thrombus impregnated with micro-
organisms is formed in the vein; (c) this softens and
disintegrates, and particles or emboli are carried to
distant parts ; (d) these lodge in the capillaries, with the
formation of infarctions and abscesses. Suppurative
pylephlebitis is a pyemia affecting the portal system
of vessels. As regards the so-called chronic pyemia
or multiple abscesses, Cheyne considers that it differs
from true pywmia in that embolism plays no part.
Organisms gain access to the blood-stream, settle n
any spot where the vitality of the tissues is depressed,
grow and multiply, and there produce an abscess.

The mere presence of micro-organisms does not
always suffice, however, for they may be present without
producing suppuration ; and the same organism, ‘fc-r_
example, the Sireptococcus pyogenes, may at one time
produce a localised abscess, at another diffuse cellulitis.
and at a third pysmia ; a number of factors control and
modify the occurrence and the particular form of septic
disease. _ ,

As already mentioned (p. 208), many mucrn-nrgamsms

. when injected into the blood-stream are ra,pidly.dmposed
L £ " _ of; so when moderate quantities of the Micrococcus
1 System of Medicine, Clifford Allbutt, ed. 2, vol. i, p. 876.
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pyogenes are injected into the circulation of a rabbit,
abscesses, as a rule, form only in the kidney. If,
however, the organisms be attached to gross particles,
so that they cannot pass through the capillaries, em-
bolism oceurs and abscesses form about the embolic
foei. 'T'he virulence of the infecting organism, which
varies much, is another factor of great importance. The
effect of inflammation and injury in making a part
“susceptible ” 1is also very marked. Inject the M.
pyogenes into animals in which the endocardium or a
bone has been damaged, and in all probability an endo-
carditis or an osteomyelitis will ensue. The dose and
concentration of the organisms are also important
factors. Watson Cheyne found that 250,000,000 coceci
(M. pyogenes) injected into the muscles of a rabbit
produced a circumsecribed abscess, but 1,000,000,000
caused a general septiceemia and death. So, probably,
while the cells in a healthy wound can dispose of a few
organisms, if the latter are abundant or in masses they
may gain the mastery.

Micrococcus - pyogenes, var. aureus (Staphylococcus
—

pyogenes aureus).

Ma?jahulagy and biology.— A  minute spherical
orgamism measuring about 075 u in diameter. It
generally occurs in more or less irregular groups, but
may be met with singly or in pairs (Plate 1., ¢). It is M
non-motile, does not form spores, and stains well with . 1
all the anilin dyes and also by (iram’s method. It is SFJALS
aérobic and facultatively anaérobic, wiil__;levelap n TS
racuo, and grows well and rapidly on all the usual culture
media at temperatures from 18° to 37° C. On agar-
agar 1t forms a thickish, moist, shining growth crea,m-_‘
coloured at first, but after a day or t-nmoping a

o
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TLP characteristic orange-yellow colour. It grows in the

‘ i
same manner on blood-serum withont liguefuc:ticm of the

medinm.  Gelatin is rapidly liquefied, the liquefied
gelatin being at first somewhat turbid from yellowish
masses of organisms ; these later on subside and form
an orange-yellow sediment (Plate I., d). In gelatin
plates the colonies form at first small whitish, granular
points, developing in two or three days into circular
areas of liquefaction with yellowish masses of the
organism floating in them. On potato it forms a

W growth similar to that on agar. When grown in__mﬂk_._
1t_produces coagulation. Acid production (lactic and
&'J-e butyric acids) can be demonstrated by growing on a

neutral litmus glucose-agar.  When grown in broth or
W-‘- mﬂ the indole reaction with the
addition of a nitrite, but not without.

The rate of liquefaction of gelatin and the pigment
production vary ; the latter is sometimes much deeper
than at others, recently isolated cultures show it better
than old ones, and the presence of oxygen also seems
to be necessary (see p. 240). Tlie amount of acid pro-
duction appears to vary directly with the virulence,
which is likewise very variable. '

Puthogenicity.—The  Micrococcus  pyogenes, var,
aureus, is by far the commonest of all organisms met
with in suppurative processes. Ogston found it alone
in thirty-four, and associated with the Streptococcus
pyogenes n sixteen, out of sixty-four cases of abscess.
It oceurs in acute abscesses, boils, and acne, in some
cases of puerperal fever and infective endocarditis,
and is almost invariably found in osteomyelitis, but
only oceasionally in pyzmia. 'I'he organism injected
under the skin of man or animals produces an abscess,
and injection into the blood-stream under certain con-
ditions is followed by infective endocarditis or pymemia.
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Impetigo pustules are produced by inunction info the
skin.

It may be said to be universally present on all
parts of the skin, and in the mouth, and is frequently
met with in the air. According to Sternberg, recent
cultures in gelatin are destroyed by an exposure to a
temperature of 56° to 58° C. for ten minutes ; but_ when
dried much higher temperatures, 90° to 100° C., are
required, and in the dried state (on a cover-glass) it
retains its vitality for more than ten days. According
to different experimenters, from five to fifteen minutes
are required to destroy it with a 1-1000 mercuric
chloride solution; but it is evident that much depends
on the state of aggregation of the organisms, and Abbott
has shown that while most of the cocel in a culture arve
destroyed in five minutes, a few may sarvive much
longer. .

Toxins.—In a case of infective endocarditis examined
by Sidney Martin, due to the M. pyogenes, var. awreus,
a large amount of an albumose and of a basic body was
extracted from the blood and spleen. The albumose
produced fever and wasting, and retarded the coagula-
tion of the blood.

Leber extracted a crystalline body, which he termed
phlogosin, from cultures of the M. pyogenes var. AUTEUS,
and Brieger also obtained a crystalline base.

The decomposition products of the action of the M.
pyogenes, var. aureus, on egg-albumen are, according
to Emmerling, phenol, indole, and skatole, many
volatile and non-volatile aeids, betaine, and tri-
methylamine,

Anti-serum.—Attempts have been made to prepare

an anfi-serum by the injection of cultures, but the serum
1s of no l}'l'i'wt':ﬂﬂ[ value. A vaceine, 1}1*&1};11'@11 by heatin
a suspension of an agar culture to 65° C. for Lalf an

g V@i
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hour and standardising, has been used with much success
in chronie staphylococeic infections, such as acne and

boils.

Micrococcus pyogenes, var. albus, and var. citreus.
Micrococcus epidermidis. Micrococcus cereus.

These organisms are of rarer occurrence than the
preceding one. In morphology and cultural character-
istics the first two agree with the Micrococcus pyogenes,
var. aureus, except that the albus produces a white,
shining, porcelain-like growth, and the cifreus a lemon-
yellow growth, on agar. They are said to be less
pathogenic than the uwreus, and are only occasionally
found alone, being usually associated with the awreus.
Cheyne, however, states that in his experience the albus
i« more virulent than the awreus, and mixed infections
with the aureus are regarded as more severe than
infection with the aureus alone. The albus has been
found in some cases of panophthalmitis, and is said
by Fliigge to be commoner than the aureus in the lower

animals.
Andrewes and Gordon! regard the aureus, albus, and

cilreus merely as variants of a single species, the Miero-
coccus pyogemes. They found that every variety of
colour, from orange, through yellow to white, might be
obtained by cultivation. The Mucrococcus flavescens,
met with by Babes in abscesses, may probably be placed
in the same category. On the other hand, the Micro-
coccus epidermidis (albus), first described by Welch as
occurring on the skin, in stitch abscesses, etc,, and
feebly pathogenic compared with the M. awreus, is
stated by these authors to be perfectly distinet from
the foregoing. ~Other organisms which are occasionally
et with in abscesses, the Staphylococcus cereus albus

| Rep. Med. Off. Loc. Gov. Board for 1905-06, p. 543.
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tion.  Blood-serum is slowly liquefied. On potato a
thick, wmoist, dirty-white growth develops, becoming
dry and brownish after three days. Broth becomes
slightly clouded after twenty-four hours’ growth, but
m three to four days the organisms settle to the
bottom, leaving the medium clear. Neither indole nor
gas 1s formed. In neutral litmus milk the litmus is
decolorised after a few hours, and in twenty-four hours
the milk is firmly curdled. Somewhat later liquefac-
tion of the curd ensues from above downwards; at
first the turbid fluid is reddish in the superficial layer
and yellowish below ; ultimately the whole curd is
transformed into a turbid liquid with a reddish colour
throunghout. These changes in milk are characteristic
of the organism. It is pathogenic to white mice,
hardly so to guinea-pigs and white rats, and mode-
rately so to rabbits; intra-venous inoculation into
the latter sometimes sets up an endocarditis. Harris
and Longcope' have reported five more instances of the
occurrence of this organism (once from a cesspool, four
times as secondary invasions at autopsies), and Birgﬂ2
has isolated a similar but less virulent organism from
the larynx of crows.

Micrococcus neoformans.

This organism was isolated by Doyen from malignant
growths, and was supposed by him to be the causative
organism of malignant disease. It is a typical Gram-
positive coccus, giving a white growth on agar and
liquefying gelatin in three to four days. According to
Dudgeon and Dunkley,” it gives all Gordon’s fermenta-

1 Centr. f. Bakt. (1te Abt.), vol. xxx, 1901, p. 353.

* Johns Hopkins Hosp. Bull., vol. xvi, 1905, p. 309.
* Jowrn. of Hygiene, vol. vii, 1907, p. 13.
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invade the surrounding medium ; the gelatin is not

liquefied. In broth it forms a flocculent deposit, the
fluid generally remaining clear. It does not develop
on potato, but in milk it grows well, usually, but not
always, with coagulation. The indole reaction can be
obtained in broth cultures in seven to fourteen days on
the addition of a nitrite, but not without. It gives an

e e e D
acid reaction when grown on neutral litmus glucose-

agar, It is the only organism with which the wnter
is acquainted that does not reduce a weak solution of
methylene blue.

According to Sternberg, the thermal death-point of
Streptococeus pyogenes 1s 52° to 54° (., the time of
exposure being ten minutes. It 1s destroyed by a two
hours’ exposure to 1-300 carbolic acid and 1-2400
meveurie chlorvide solutions.

The Streptococcus pyogenes is sometimes found i
acute circumscribed abscesses, in 16 per cent. according
to Zuckermann from an analysis of the results of
various observers,  The streptococcus is, however,
especially frequent 1n spreading inflammations, lym-
phangitis, cellulitis, and progressive gangrene, and 1s
the usual cause of pymmia and puerperal fever. It 1=
met with in about one third of the cases of infective
endocarditis, occasionally in acute osteomyelitis, and
sepms to be the cause of the septic pneumonia so often
observed after operations about the mouth and throat.

In erysipelas, streptococei arve present in the lym-
phatics at the margin of the zone of redness. These
were first isolated by Fehleisen, who described the
organism as the Streptococcus erysipelatis, and by
inoculation experiments on man and animals demon-
strated its causal relation to the disease. The experi-
ments on man were made In cases of extensive and
inoperable carcinoma and sarcoma, as it had been



PLATE 1I.

a. Streplococcus pyogenes in pus.  Smear preparation.  x 100N,

1 Sire tococcus pyone ox Ovep 1
FELD ”J_. :-’ ].l E'.l'”_..l' nes, Uovi t__q_:]iz_,;_.‘ ]I]"I'lHIl'-El1 1011 . ,\-,',f,-,-},.l'....--...-.-,ul_-: PO ETLES,
of a broth eulture., x 1500, Fure culture on L':'l‘;'.l;'l.'l'i]]i'

agar,
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conglumeratus), and vaceinia, but it is uncertain what

cansal relation they bear to these conditions, Strangles,

a disease of horses, seems to be due to streptococei.
Anti-serwm.—The important lesions due to the strep-

tococeus and their grave nature have led to the attempt
to prepare an anti-sernm, but many and great experi-
mental difficulties have to be overcome to do this. The
virulence of the streptococens has to be increased by
passing it throngh a series of rabbits, and it is only by
growing it in serum media that satisfactory eultures for
the inoculation of the horses can be prepared. Human
serum is the best, but is difficult to obtain; a mixture
of asses” serum and peptone beef-Lroth comes next.
The_cultures are grown for about a fortnight and ave
then inoculated into horses, first killed and then living
cultures hein_g_}_lieﬂ, and after a time the blood acquires
anti-microbic properties. It is customary now to make
use of a “ polyvalent” seram, . e. one prepaved by the
injection of many straing of streptococei. The strepto-
coceus anti-sernm  has been employed in erysipelas,
cellulitis, puerperal fever, and pysemia, in many cases
with apparent success. Cheyne suggested its use
before operations about the mounth and throat as a pre-
ventive of septic pneumonia, but a_veccine wounld
wrobably be better for this purpose.

A vaceine prepaved by sterilising cultures with heat
may be used with benefit in streptococeic infections,
which do mnot run too rapid a course, e.¢. infective

endoearditis.

There are slight differences in the cultural characters and
morphology of the streptococei derived from different soureces, _
and the virulence varies very considerably. Von Lingelsheim .
distinguished two varieties, brevis and longus, the former
rendering broth turbid, growing in short chains, and
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.A:lldreWEs and Horder,! Gordon,? and Besredka. Considerable
differences are found in the fermentation reactions of
va'u*i{ms strains of streptococei, and Andrewes and Horder
distinguish (1) Streptococeus pyogenes from pus, erysipelas,
cellulitis, pysemia and septicemia, endocarditis, ete. (2)
8. salivartus, the common type in the saliva. Also met
with, probably as a *terminal” infection, in endocarditis
and septiceemia. Shades into the S. faecalis and S. anginosus.
(3) 8. anyinosus, from inflamed and scarlatina throats,
faudncm'ditis, and rheumatism. (4) 8. fwcalis, abundant
in feces, air, and dust. Met with also in endocarditis,
meningitis, eystitis, and suppuration. Two strains of the
Diplococeus rhewmaticus proved to be this organism. (5)
The pneumococcus. (6) S. eguinus, present in the intestine
of herbivora. They do not vt that these arve absolutely
defined species; at the most they seem to be species in the
making, and are connected by transitional forms. Walker?
does not consider that these reactions afford a means of
distinguishing definite varieties among human streptococei.

Andrewes and Horder give the following table sum-
marising the characters of the various streptococei :

' A i
Hs - - :_J - :I;J
. = L g 2 . = 1 '-:_". = e "
(E18B(8(g 8| g1 2|58 & |28 =
Nme. SEplEisiE (8 2|S (883 2 |BelS
SlE=l81315|8 28 .8 68 & g8 ¢
= = m| o2& &8 ol @
= ::E g E, Rl -~ 4 I w{é 5' ;_." 2 =i
Sireplococens pyayrarr:.l et (i ‘ == | = = | Do | A
Streplococcus salivaring| + |+ 4+ | = === & brevig | — | 0
Streplococcus anginosus | -+ | £ + | o B e BT S W 5T T B B e
Streptocorcusfeealis A + | F ||+ |+ | = | = + |+ |+ | + | bresiz| — | I
Sfreplococousequinue .| — | = | + | = [ =| = + |+ | = +  brecize | = .. '
Streptovocens puenmonie| + | — e | + |+ | = = = = breciza | + | 0
(PneEnmococcns) | . |
+ = Pogitive or acid-productivn. — = Negative or no acid-produection.

+ = Acid-production sometimes present, sometimes absent. :
{These differences nre not constant ;. with various strains one or other repction
may be Incking., )

! Lanecet, 1906, vol. ii, pp. T08, 775, 852. :
2 [bhid., November 11th, 1905, and Rep. Med. Of. Loc. Gov. Board

for 1903-04, p. 488, ]
¥ Proe, Roy. Soe. Lond., B. vol, Ixxxiii, 1911, p. 541,




Bacillus Pyocyaneus 249

Bacillus pyocyaneus.

This is the organism found in green and blue pus,

and it also occurs on the surface of the body. Its
presence in wounds greatly retards healing, and occa-
sionally a general toxamia may result from it. It has
been met with in otitis media and in the green pus of
the }MLI and pericardial cavities. It is a slender

bacillus measuving 3 to 4 u, frequently united in pairs
and forming filaments. It 1s actively_motile, does not
form spores, and 18 agrobic and facultatively anaérobie.
mhm stain lw Gram’s method, —Om gelatin it
grows freely with mmd Iquuefﬂ,f:tmn, a greenish, fluores-
cent colour developing in the liquid, while whitish
flocculi of growth sink to the bottom. On agar a
whitish, moist layver develops, and the medium is stained
a greenish colour.  On potato the growth is a dirty
brown or sometimes greenish.

Milk is ma;‘uhted and a greenish colonr develops,
Broth becomes tm'hch and there 1s a slight film forma-
tion with a greenish colour. Oxygen is nec essary for
the flewlnpmeu’t of the pigment, which is wenemﬂy
mixture of a blue pm‘nwnt pyocyanin, and a vellow one,
pyoxanthose. Pyoeyanin (C,,H,,N,0) is said to be an
anthracine derivative ; it is soluble in chlovoform, and
on oxidation yields pyoxanthose.! Various races of the
organism exist, differing in their pigment production.

"Emlmntmmmw nmcnhfmm of a small amount of a
culture produce local abscesses : larger amounts canse
adema with purnlent infiltration of the tissues and
death. Animals can be yaccinated 1 by means of small
quantities of living cultures or by sterilised ecultures.
Sterilised cultures will prevent infection (experimentally)

I TS 4 .
sSee Centr. f. Bakt. XXV, p. 897 ; Jowrn. Fap. Med., September—

November, 1809,

T
]
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by anthrax if used early—that is to say, if an animal be
inoculated with anthrax, and shortly afterwards injected
with a broth culture of the Bacillus pyocyaneus, a fatal
result is averted.  Bmmevich and Loew' claim to have
isolated from cnltures a ferment-like body, °° pyo-
eyanase,”’ which they state has preventive and curative
properties towards anthrax and diphtheria infections.
Emmerich® has employed the dry pyocyanase as an
application in diphtheria to dissolve the false membrane.

Williams and Cameron® deseribe four casesof diarrhoea.
with green stools, wasting and death in infants in
which the B. pyoeyaneus was obtained, and snggest that
many cases of marasmus may be due to it. A form of

* epidemic_dysentery seems occasionally to be caused by
this organism (see ““ Dysentery ). A few cases of general
infection with this organism have also been recorded.
It has also been isolated from conditions of dermatitis
and bullous eruptions.* ‘The B. pyocyaneus has been
found in water, dung, soil, and in the effluent from filter
beds. Lehmann and Nenmann state that, with the
exception of pathogenicity, there isno essential difference
between this organism and the B. fluorescens liquefaciens
so frequently mef with m water.

The B. pyocyaneus seems to be of more frequent
occurrence and of greater pathogenicity in the Tropies
fhan in this country. A disease bearing a remarkable
similarity to rabies may be caused by it (see “ Rabies ).

Clinical Examination.

In many cases some idea can probably be formed as to the
organisms likely to be present in the pus or discharge, ete.,
! Zeitschr, f. Hyg., 1899 ; Centr. . Bakt., xxxi (Originale), p. 1.
¢ Miineh. med. Woch., November 5th and 12th, 1907.

3 Jowrn, Path. and Bact., vol. iii, 1896, p. 344. (Refs.)
4 Yop Pernet, Brit, Med, Jowrn, vol. ii, 1904, p. 992,

i
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from the elinical characters of the disease, in which case the
examination may be more particularly directed towards the
isolation of the suspected orgamism. For example, in a
urethral discharge the gonozocens will be especially looked for,
in an empyema following pneumonia the Diplococeus puen-
monie, and in a tropical abscess of the liver the dmeba coli.
In all cases the pus or discharge should be collected with
aseptic precautions in sterile eapillary pipettes or in sterile
test-tubes at the time of operation. The discharge from
opened abscesses and from wounds is liable to become con-
taminated and the original infection to be masked. In
septic wounds the infection may be a mixed one,

In all cases the examination should be commenced as
early as possible.

(1) Make several smears from the pus or discharge,

(2) Stain one or two of these with Loeffler's blue and
one or two by Gram's met.lu::d. Mount and examine miero-
seopically,

(a) If staphylococei only arve detected, the presence of the
ordinary pyogenic cocci may be suspected. Proceed as in 3,
4. and 5.

(b) It encapsuled diplococei are detected, suspect the
presence of the Diplococcus pnewmonize, and proceed as in 3,
5 and 7.

(¢) If diplococei and tetracocei are present, note whether
. they are in groups within the pus-cells; if so, suspect the
presence of either the gonococeus or Diplococeus intra-cellu-
laris meningitidis, and proceed as in 6.

(d) If free tetracocci are detected, suspect the presence of
the Micrococeus tetragenus, and proceed as in 3 and 4 (rare).

(e) If streptococei are present the Streptococeus pyogenes is
probably the species. Proceed as in 3, 4, and 5.

(f) If Lgailli are present they may be the golon bacillus,
the Bacillus Welchii _(aérogenes capsulatus), the bacillus of
malignant cedema, the tetanus bacillus, the typhoid bacillus,
the Bacillus pyocyanens, or putrefactive bacilli of the Profeus
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group (which see). The result of Gram-staining and the
clinical history of the case will be some guide.

a. The colon bacillus, especially frequent in suppurative
peritonitis and in diseases of the urinary organs. (See page
407.) ‘

j3. The Baeillus Welchii (adrogenes f‘ﬂgm'"fﬂf’ri-f#], especially
met with in foul wounds and gangrenous conditions, with
much development of gas. (See Chapter XIIL.)

y. The bacillus of malignant cedema oceurs in  septic
wounds with septicemic complications. (See Chapter XIIL.)

d. The tetanus bacillus is found in the wound in cases of
tranmatic tetanus. (See Chapter X1IIL.)

e. The typhoid bacillus is rare; it may occur in suppura-
tive conditions complicating or following typhoid fever.
Proceed as in 3 and 4. (See also p. 374.)

¢ When the Bacillus pyocyaneus is present the pus or dis-
charge may be blue. Proceed as in 3 and 4.

(¢) If yellow granules, having a rosette-like structure
microscopically, are present, actinomycosis may be suspected
and examined for by the methods given in Chapter XV.

(h) If thread forms' be present, streptothrie ov aspergillar
infection may be suspected (see Chapters XV and XVII) :
if large round or ovoid cells or veast-like forms, Blastonycetes
or Sporotrichon (Chapter XVI).

(i) Mﬂg@iﬂgﬂﬂﬁlﬂh be present, agar and gelatin

late eultivations should be prepared and further examined by
subeultures from the colonies.

(4) If no organisms can be detected mieroscopically,
proceed as in 3, 7 or 9. In the pus of ordinary abscesses
micro organisms can generally be detected, u nless caused by
the tubercle or glanders bacillus, the pneumococcus, or the
Ameeba coli. In broken-down granulomata, e. g. gnmmata, if
unopened, no organisms may be present. P g o 5

(3) Make several cultivations on agar and gelatin
(anacrobic if required), and examine microscopically and by
subenltures when the growths have developed.,




Micrococcus Meningitidis 253

(4) Make two or three sets of agar and of gelatine plate
cultivations. Examine the colonies microscopically and by
subcultures.

(5) Stain two or three of the cover-glass preparations by
Giram’s method, and counter-stain with Bismarck brown.

(6) The gonoeoceus and Diplococeus intracellularis may be
identified and distinguished by the methods detailed at pp.
259 and 253,

(7) Inoculate guinea-pigs or mice subcutaneously and
intra-peritoneally with the material.

(8) Organisms can rarely be detected in the blood by a
microscopical examination of stained fihes.  Therefore 2-5
¢.¢. of blood should be withdrawn and cultivated (p. 131).

(9) If the abscess be probably a tropical abscess of the
liver, the pus or scrapings from the wall of the abscess should
be examined for the presence of the dwmwba coli. (Chapter
XVIIL)

Micrococcus meningitidis.'
_l‘:’eich:-;e]lmu1u m 1887 1solated from cases of epi-
demic cerebro-spinal meningitis (spotted fever) a cocens
which he named the Diplococeus intracellularis meningi-

tidis, and further research has confirmed the accuracy
of Weichselbawm’s discovery and the wtiological re-
lationship of the organism to the disease,

Morphology, ete.—The meningococcus, as it may be
termed, occurs as single cocel and ¢ 1plncr_-cu 111 Oroups
within the leucocytes (Plate 111., @) ; in grouping and
general appearance, in fact, it L]U":E]_}' resembles  the
_gonococceus, and, like the |"l-bt- named, is Gram-negative,
“though staining well with the mdumrr anilin dyes and
with the Leishman stain. In LllIt-l'lI{!b it occurs as
cocel, diplococei, and occiymliu_s@;r_ads.

Cultwral  characters—The meningococcus is  an

' See Gordon, Rep. Loe. Gov. Board, 1907 (Bibliog.) ; Arkwright,
Jowrn. of Hygiene, vol. vii, 1907, p. 1893 ; vol. ix, 1909, p. 104.
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and does not grow at a temperature
C. It will occasionally grow in primary
culture on glycerin agar, but frequently not, though when
acclimatised it grows fairly well on agar and in broth.
«The organism develops best on agar smeared with blood,

3 Mwml ascitie-fluid agar or broth, or on the nutrose ascitic

agar of Wassermann (termed by Gordon « nasgar )

Ascitic Hud - y . y . 15 c.e.
Distilled water . : : ; . 35 c.c.
Nutrose : : - 2 1 orm,

The mixture is pl;u;vd in a ﬂd.b]u, brought to the boil with
constant shaking, and filtered. Tt is then mixed with double
the volume of ordinary nutrient agar, steamed for ’E,lﬁrty
minutes, filtered, and filled mto tubes.

The colonies of the meningococcus on this medium
after twenty-four hours’ incubation at 37° C. appear as
Mﬁ moist, grey, translucent, circular or oval dises with
LG'IQ regular outline ; after a further twenty hours’ growth

they may attain a diameter of 3 to 4 mm. The colonies
never exhibit any yellowish coloration as do those of
some other Gram-negative cocei,  Ascitic Huid broth
(ascitic fluid 1 part, broth 9 parts) is also a good culture
medium, and it grows in milk without clotting or change
%LQ + in reaction. Avkwright found that grown in gelatin at
37° (. the meningococcus causes liguefaction, while

the M. catarrhalis_does not, The organism needs
ey

constant_transplantation to maintain vitality in culture.
The fermentation reactions, which are somewhat variable,
are given in the table on p. 261.

Symers and Wilson! examined the fermentation

reactions of a number of strains of the meningococcus.

O Glucose, maltose and dextrin were fermented with the

i‘ production of acid, leevulose, galactose, lactose, mannitol,
| Journ. of Hygiene, vol. ix, 1904, p. 9.
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duleitol, and a number of glucosides were never fer-
mented.

Pathogenesis—In man the organism causes epidemic
cerebro-spinal meningitis, and is occasionally met with
T sporadic cases of cerebro-spinal meningitis. It is
also capable of producing a _hamorrhagic septicemia

without meningitis. It occurs in the cerebro-spinal
fluid (obtained by lumbar puncture) in the blood 1n
25 per cent. of the cases provided qunantities of 5 to
20 c.c. be cultured, sometimes in the upper vespiratory
passages, particularly the nose, in the middle ear, eye
and joints. Park states that the organisin is usunally
present in the nose in the early days of the illness.
The menimgococcus 1s pathogenic to mice and guinea-
pigs by intra-peritoneal or intra-plenral, bnt not by
subecutaneous, injection. Intra-spinal injection into
monkeys produces a typical meningitis, .
0 An agglutination reaction is given in some cases, hut
is neither constant nor marked enough to form a sure
means of diagnosis.

Symmers and Wilson' have found that the blood of
epidemic cerebro-spinal meningitis CASes may 0ceasion-

ally agglutinate the B. typhosus and B. coli in com-
- " " - m

paratively high dilutions.

Vaccine and anti-seruwm.—Cases have been reported

P L . . ' '

of remarkable benefit derived by wvaceinating with
killed cultures, ;

B e : ; .

Flexner has prepared an anti-serum with which
snccessful results have been obtained,

Still observed in simple posterior basic meningitis of infants
a diplococeus  closely resembling the meningococeus but
growing more freely on agar, ete. By some it is regarded as
an attenuated form of the latter. Accord g to Arkwright it

' Journ of Hygiene, vol. viii, 1908, p. 314
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does not liquefy gelatin, and grows on this medinm at 22° (¢,
fails to produce acid from glucose, maltose, and galactose,
and is not agglutinated by a meningococeus serum, It is in
these respects very like the M. cinereus of Lingelsheim,
Wollstein' failed to find any reliable criteria of difference
between strains of the D. intracellularis and several cultures
obtained from cases of posterior basic meningitis. Houston
and Rankin® found that ten Gram-negative cocei isolated
from cases of sporadic cerebro-spinal meningitis differed from
the D. intracellularis in respect of their opsonins and agelu-
tinins, though eight of them were identical with the meningo-
coccus in fermentive power. Diplococcus crassus (Gram-
positive), D. mucosus (grows on gelatin), D, Mavus (produces
yellow pigment), and M. catarrhalis, the three latter Gram-
negative, may oceur in the naso-pharynx. (See Arkwright,
loc. cit., also p. 260,)

Gram-positive cocei and other organisms may occasionally
cause a sporadic cerebro-spinal meningitis, e. g. the pneumo-

———

oceus, typhoid and Giirtner i};].ul[; and streptococel (S,

fewcalis and 8. salivarius, Symmers and Wilson, le. eit.,

1909).

Micrococcus gonorrhoeze.

The Micrococcus gonorrhes was discovered by Neisser
in 1879 in cases of gonorrheeal urethritis. In gonor-
rhoeal pu:-: it occurs usually 1n pairs, occasionally in
tethu:l‘:., he elements of which ave somewhat ovoid in
slla-pe, their opposed surfaces being flattened. The
organism has a characteristic arrangement : it oceurs 1n
groups within the pus-cells (Plate I1I., &). The indi-
vidual coccl vary somewhat in size, Lhe average being
about 07 u in the long and 05 pin the short diameter.

1 Studies from the Rockefeller Inst., vol. x, 1910, No. 13.
2 Brit. Med. Journ., 1907, vol. ii, p. 1414,
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It stains readily with the ordinary anilin dyes, LifHer’s
blue being perhaps the best, but 1s_decolorised by Gram’s
method—an important practical distinction from many
other cocel.

Cultural characters.—'The gonococcus LM to
cultivate, and usually soon dies out under enltivation—
within a week, unless transferred to fresh soil—but it
does not seem to lose its virulence. Growth takes place
between 25% and 38° (., but the optimum temperature
is between 85° and 87° C. Tt is aérobic, and possibly
facultatively anaérobic, and will fjevelnp on a feebly
alkaline or acid soil. The ordinary agar and gelatin
media are useless for the cultivation of the gonococcus ;
it will grow only on a medium containing “ native ”
protein.  Blood-serum agar gives fair results, but the
ordimary LofHer’s blood-serum is of no use. The best
medium is agar smeared with blood. Ordinary sloping
agar tubes or small agar plates may be employed. Blood
obtained by pricking the finger, with antiseptic pre-
cautions, is taken up in a sterile capillary tube and
deposited on the agar. A trace of gonorrheeal pus,

collected with aseptic precautions, is taken up on a

gﬂmn

ekle

A

small sterile camel’s-hair brush, and is rubbed up with )

the dl'ﬂ..[}__'l‘-‘f__blu&—d-:and smeared over the surface of the

agar. The cultures arve incubated at 37° C., and in
twenty-four hours the colonies of the gonocoeel appear
as transpavent greyish specks, which Increase i size
up to the end of three days. At this stage the colony
measures 1 to 2 mm. in diameter, is raised, brownish,
and finely granular in appearance, and roundish with
a crinkled margin. The cocci from cultures resemble
those in the pus, but tetrads are more frequently met
with. The fermentation reactions and comparison with
other Gram-negative cocei will be found in the table,
p. 261. The specific virulence of gonorrheeal pus is

17
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destroyed by exposure to a temperature of 60° C. for
ten minutes.

? Pathogenicity.—The gonococcus is a strictly parasitic
L] - —_-_-_ .
organism, and seems exclusively to attack may, IFrom

W T 5
inoculation experiments on the human subjects it
appears to be the specific organism of gonorrhaeal
urethritis and vuolvitis. In the female it 1s most
frequent in the urethral or vulvar discharge, less so in
that from the cervical ecanal, and is rarely or never seen
in a purely vaginal one. It is generally, even at an
early stage, associated with other organisms, particularly
other diplococei (see table, p. 261) which have to be
distinguished from the gonococcus. The features
which serve to identify the latter_ave its shape and
* size, 1ts ﬂﬁtﬁ,@jﬂg_mw_gﬁﬂd, its arrangement
in groups within_the pus-cells, absence of growth on
ordinary media, the characters of the colonies, and the
fermentation reactions.

The gonococeus is associated with a variety of lesions
besides those already mentioned, viz. epididymitis,
ovaritis, salpingitis, cystitis, peritonitis, arthritis, and
conjunctivitis. It has been met with in the blood, and
occasionally produces endocarditis, pericarditis, and
meningitis. The gonococens is fatal to guinea-pigs
and mice by intra-peritoneal inoculation.

Toaim, anti-serwm, and vaecine.—Christmas' found
that the blood-serum of the rabbit, fluid or coagulated,
is an excellent culture medium for the gonococcus. By
cultivating the gonococcus for ten days in an ascitic
bouillon mixture he succeeded in obtaining a toxin
which, when injected intra-venously into rabbits in large
doses, caused death, In smaller doses fever and loss of
weight, while precipitated with alcohol and injected
into the anterior chamber of the eye it produced severe

1 Ann. de 'Inst. Pasteur, xi, 1897, p. 609,

& Gubia el us Dotk Baisd
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mflammation. By injecting rabbits with small doses of
the toxin immumnisation was produced, and the blood
acquired antitoxic properties. A vaccine may hgﬂﬂ-_‘;‘
pared by sterilising cultures _ﬁjﬂﬂgﬂgh and has proved

of service in chronic gonorrheal infections. b5, Jllor .

s yinnd ’/pn e R %= 2
Clinical Diagnosis.

The diagnosis of gonorrhcea is very important, not only in
clinical but also in medico-legal cases. For this purpose
microscopical examination and culture methods are made use
of. In a chronie gleet the material must be examined care-
fully and repeatedly.

(1) Microscopical examination.—Several thin smear speci-
mens of the pus or discharge should be prepared. If the
best results are desired the films should be air dried, and
then fixed by placing in a mixture of equal PML'D]JDI

—

and ether for fifteen minutes. After fixing, a couple of the
films are stained in Liffler’s blue for five to ten minutes,
washed in water, dried and mounted. Teishman’s stain also
gives good results, the films being merely air-dried and not
fixed. The preparations arve then examined with a -inch
oil-immersion ; a lower power lens is useless. The ovoid
cocel In pairs, and occasionally in tetrads, occurring within
the pus-cells in groups of not less than four pairs are very
characteristic.  Diplococei situated outside the pus-cells

—

should be neglected (it is to be noted that the nuclei of the
pus-cells are deeply, the cytoplasm only faintly, stained with
methylene blue). The next step 1s to ascertain the staining
reaction by Gram’s method. Stain two more films for fifteen
minutes in anilin gentian violet, dip in water, place in Gram’s
1odine solution for two minutes, decolorise in absolute
alcohol until the drainings fail to stain white filter paper,
and counter stain for forty-five seconds in a saturated aqueous
solufion of Bismarck brown diluted with three times its
volume of distilled water. The gonococel are decolorised,
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and take up the brown stain. In chronie urethritis the urine
may be centrifugalised, and preparations are made from the
deposit and threads and stained.

EL (2) Culture methods.—Whenever a diagnosis is of great
importance an attempt should be made to cultivate the
organism. Plate cultures of agar smeared with_blood as
described (p. 257) and another set with agar only should be
prepared and incubated at 37°C. In forty-eight hours
colonies of the gonococeus should be recognisable on the
Mym_lmm on the plain agar.

If cultures are obtained, the fermentation tests (p. 261)
may be applied.

N.B.—The greatest caution must be exvercised in declaring a
case free from infection on the ground of NEGATIVE results of
the examination.

Micrococcus catarrhalis.!

This organism oceurs in the nose and throat in cases of

catarrh, and particularly in the “influenzal cold” (see

“ Influenza '), in bronchial catarrh, and ocecasionally in other

conditions and in well people. Morphologically it occurs in

- _pairs and tetrads, often within the polymorphonuclear leuco-

%\M- cytes. Itis M The primary generation develops

feebly on agar, but subsequent generations grow fairly well,

&& v forming whitish translucent colonies. Blood or ascitic media

should be used for isolation. Some of the fermentation

1‘ 5 yeactions and a comparison with other Gram-negative cocci
@ﬂ are given in the table on the next page.

Micrococcus tetragenus.

This organism is frequently met with in phthisical cavities
and may be expectorated in the sputum, and has also been
found in the pus of acute abscesses. The cells occur singly

I Spe Gordon, Brit. Med. Jowrn., 1905, vol. ii, p. 423 ; Arkwright,
Jowrn. of Hygiene, vol. vii, 1807, p. 14:5.
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Sarcina ventriculi.

An organism occurring in the contents of the stomach,
especially in cases of dilated stomacl. Originally described
by Goodsir in 1842, .

It oceurs as a Jarge ovoid cell, several of which are grouped
together quadrilaterally so as to form more or less cubical
masses, the so-called * woolpacks.”  According to Falkenheim,
it forms on gelatin in thirty-six to forty-eight hours roundish,
prominent colonies of a yellowish colour, and in neutral hay

infusion a browvish film and flocculi. Tt produces an aeid
reaction,

Other sarcing also ocear in the stomach.

Clinical examination.—1. The organism can be detected in
the vomit, ete., most readil v by examination in the fresh state,
a little of the material being placed on a slide, diluted with
water if necessary, irvigated or not with iodine solution,
covered with a cover-glass, and examined.

2 Cover-glass preparations may be stained with weak
carbol fuchsin, or by Gram’s method. -

Other Organisms met with in Suppurative and
Septic Conditions.

Many other organisms may be met with in various suppura-
tive and septic processes, e. ¢. :

a. The B. coli in cystitis and pyelitis, 1schio-rectal abscess,
peritonitis associated with perforation and intestinal ob-
struction, and puerperal fever (see Chapter X).

b. The Diplococcus pnewmonie in abscesses, empyema,
arthritis, meningitis, pericarditis, peritonitis, ete. (see Chapter
XII).

¢. The B. typhosus in abscesses, cholecystitis, empyema, and
osteomyelitis (see Chapter X).

d. The B. wdematis and B, Welchii in foul, gangrenous
wounds (see Chapter XIII).

e. The B. tuberculosis and B. mallei (see Chapter IX).

f. The actinomyees and streptothriz forms (see Chapter X'V).
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g. Blastomycetes, Sporotrichon (see Chapter XVI) and

Hyphomycetes (see Chapter XVII).
h. The Ameba coli (see Chapter XVIII).

i. Capsulated bacilli (see note, p. 271).

Coley’s Fluid.

This preparation consists of the toxins of the streptococcus

of erysipelas and the B. prodigiosus. It was devised by
W. B. Coley, of New York, as a cuve for inoperable malignant
tumours, particularly sarcoma, The treatment is based on
the undoubted fact that malignant growths may decrease or
even disappear completely after an attack of erysipelas
(p. 244). Originally prepared by growing a virulent strepto-
coceus obtained from a fatal case of erysipelas in bouillon for
about ten days; the culture is then inoeylated with the B.

| — ==
_prodigiosus and the two are allowed to grow together for

another week or ten days. The culture is finally heated to

from 58° to 60° C. for one hour, and a piece of thymol added
= e

to preserve it The fluid is now prepared by growing the

orcanisms separately and then mixing the two sterilised

cultures in proper proportions.

The fluid is_injected subeutaneously in the vicinity of the
tumour. The primary dose recommended is § minim of the
fluid. The dose is gradually increased each day until there is
a temperature reaction of 103° to 104° F.

Full particulars will be found in Coley’s paper (Proc. Roy.
Soc. Med., vol. ii, 1909-10, Surg. Sect., p. 1).
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CHAPTER VII.
ANTHRAX,

ANTHRAX is essentially a disease of cattle known as
splenic fever, and though occurring in England only
sporadically, or in small outbreaks, in some parts of the
world it assumes serious proportions—as in Siberia,
where it has bheen termed the Siberian plague. In
France also at one time it ravaged the sheep to such an
extent as to threaten them with extinction. Man is
also oceasionally attacked.

Anthrax was the first disease to be definitely asso-
ciated with a specific micro-parasite, for the organism
was observed as glassy homogeneous rods and filaments
in the blood of infected animal so long ago as 1849 by
Pollender and 1850 by Davaine, and the latter also
claimed in 1863 to have demonstrated by inoculation
experiments the causal relation of the -organism to the
disease,  Davaine’s experiments were made by inocn-
lating an animal directly with the blood from an infected
animal, and were, therefore, hardly conclusive, as they
did not comply with the second and third of Koch’s
postulates, which declare that the micro-organism must
be cultivated outside the body, and the cultivated
organism must produce the disease on inoculation, and
the objection was raised that infection was due, not to
the bacillus, but to something else in the blood. This
objection was subsequently removed by the work of
Pasteur and of Koch, who obtained pure cultures of the
organism, the Bacillus anthracis, and with these
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@. Bacillus anthracis. Smear of blood of inoculated guinea-pig.
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produced resnlts the same as had pl‘eviﬂusl.}j been
obtained by inoculation with the blood of an infected
animal.

Morphology.—1he Bacillus anthracis 1s a rod-s}l‘aped
organism varying slightly in size in different animals
and under cultivation ; in the blood it measures from 5
to 20 p in length and 1 to 1-25 p breadth (Plate IV.,
a), but in cultures long filaments develop. Examined
in the fresh and living condition in a hanging-drop
preparation, these rods and filaments appear homo-
geneous or slightly granular; in stained preparations,
however, they are seen to be made up of a series of
seoments with unstained interspaces, each segment
measuring about 4 to 5 p in length, and the ends of the
segments appear cut off square, provided care has been
taken not to overheat in fixing and to stain with an
aqueous solution. In the blood the filaments never
exceed about five or six segments in length, except
perhaps in swine, in which animals they may be some-
what longer. In enltures, however, the filaments may be
of almost unlimited length, and lie parallel to one another
or in more or less tangled masses. In the anmimal body
during life, and for some hours after death, spores never
occur; but in enltures more than a day or so old, and
from which oxygen has not been excluded, they are
always present, almost every segment containing one.
The spores are ellipsoidal, measuring about 1 u by 1:25 u,
and are centrally placed in each segment, the long axis
corresponding with the long axis of the segment.

Cultural veactions.—The anthrax bacillus is aérobic

and fac rely anaérobie ; it is non-motile, and stains
well with the ordinary anilin dyes, and especially so by
Gram’s method. Tf grows readily on all culture media
at from 20° to 87° C., the latter being the optimum.
Development ceases at temperatures below about 15°

S loly 0.
ERA
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and above 45° C, small, eream-coloured, granalar
l'i:—]llllin‘:-i E]i*".'l.']rllr n A .'_:'l'.lF:ri'I! ]_I][itl' 1 about [l’l]lT“[:'.' ]5-:-111‘.%,
and in two to three days appear as small, roundish,
cream-coloured pasty masses in little pits in the gelatin,
Lillt' to 1ts ][Illll'l'.II['”llll. _1'5[51-:'|-5|'||§,|EL';|1|:.' the colomes

are somewhat characteristic : each consists of a mass

Fic. 36.—Anthrax. Gelatin stab-culture. Seven days old.

of wavy, tangled filaments hike a tiny wad of cotton-
wool. In gelatin streak-cultures development is slow,
and in four or five days a ereamy, pasty growth forms
in a trough of liquefaction. In a gelatin stab-culture
(preferably o per cent. oelatin) lateral branches spread
from the central erowth, longer in the npper layers,

shorter below, so that at the end of a weelk the enlture
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is like an inverted fir tree (Fig. 36), and the gelatin
becomes gf-;-_a,dua]iy liguefied from above downwards.
The colonies on an agar plate develop in twenty hours
at 37° C. as cream-coloured points, which microscopically
consist of little masses of wavy, tangled filaments (Plate
V., a and #). On an agar surface culture at S7sCh
there is a copious development in eighteen hours of a
thick, eream-coloured, slimy growth, which at this early
stage has a finely granular, ground-glass appearance.
On blood-gserum a thick ereamy layer forms, with slow
liguefaction of the medinm. On potato the organism
orows freely as a dry greyish layer, with an abundant
formation of spores. In broth it forms a somewhat
scanty flocculent deposit, the broth remaining clear and
giving the indole reaction.

In old cultures various involution forms are met
with ; the rods lose their regular shape and become
swollen, producing the so-called torula forms, while
the homogeneous appearance of the protoplasm changes
and becomes granular. Spores arve found in all eulture
media when there has been free access of oxygen, as in
surface cultures on potato and agar; bat in a deep
broth culture, where the supply is limited, spore-forma-
tion is absent or very scanty. Spores are never met
with in the living animal ; they only appear some hours
after death, or when matter containing the bacilli comes
m contact with air, as in the bloody discharge from the
Pust-ri]'s. It has therefore been supposed that oxygen
1s necessary for spore-formation to take place, but this
does not seem to be the whole explanation, for SPOres
form in an atmosphere of nitrogen, though they do not
do sn. m one of ]1}'{]1‘¢1gen. The life—histm*}: of the
organism and the development of spores can be. well
watched in a hanging-drop specimen prepared by inoen-
lating a droplet of broth with the blood of an infected

NN ‘+‘
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animal. The preparation can be observed on a warm
stage, or examined at stated times, being kept in the
intervals in the blood-heat incubator. At the end of
twenty-four hours the short filaments, which alone are
present in the blood, will have grown so long that they
stretch across the field, while the protoplasm has become
granular, and minute shining points are visible here
and there. In another twenty-four hours the filaments
extend, the protoplasm becomes still more granular,
and the shining spots are now well-marked ovoid, highly
refractile bodies—the mature spores. In old cultures
the rods and filaments almost disappear, numbers of
spores alone remaining. These spores, when placed
under favourable conditions of moisture, warmth, and
nutriment, again produce rods and filaments ; a little
bud appears at the extremity of the long diameter,
which grows in length and ultimately becomes a mature
rod, often with the empty spore capsule embracing one
end. Sporeless varieties of the anthrax bacillus have
been obtained by cultivating under unfavourable con-
ditions, as at a high temperature (44° C.) or in the
presence of minute quantities of antiseptics (1: 1000
carbolic acid). The spoves are of considerable practical
importance, for they are highly resistant forms, requiring
at least some minutes’ boiling and three hours in dry air
at 140° C. for their destruction, whereas the bacilli with-
out spores are destroyed in ten minutes in the moist
condition by a temperature of 54° C. The same resist-
ance oceurs towards various germicidal substances.
While 1 per cent. carbolic acid and 1 : 10,000 corrosive
sublimate solutions quickly destroy bacilli without
spores, it requires at least 5 per cent. carbolic acid,
acting for not less than twenty-four hours, and 1:500
sublimate solutions acting for not less than an hour,
both at 20° C., to kill the spores. It is to be noted that




PLATE V.

. Baecillus anthracis. DImpression preparation of a colony.
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the resistance of the spores increases with their age ; the
youngest spores may be killed by 5 per }:ent. carbolie
in a few hours, but fourteen to twenty-eight days old
spores will resist 10 per cent. carbolic, cy]linjlkm:ul, etc.,
for days. Anthrax spores retain their ‘ir:ltﬂllt:,’ a:nd
pathogenic power unimpaired for years i a dried
condition.

Pathogenicity.—The anthrax bacillus is pathogenic for
man, cattle, sheep, goats, rabbits, guinea-pigs, and mice.
The horse and the pig are also susceptible ; but adult
white rats, dogs, cats, and Algerian sheep are immune.

Young white rats, or rats fatigned by muscular work,
can be infected, and frogs and fish, though 1mmune
under ordinary conditions, can be rendered susceptible
by raising the temperature of their environment. Birds,
such as fowls and pigeons, are also almost insusceptible,
but may be rendered susceptible by lowering their tem-
perature ; smaller birds, such as sparrows, are more
susceptible. The virulence varies considerably and may
be artificially modified in many ways: by passing through
a series of susceptible animals it is heightened, by
growing in the body of an insusceptible animal it is
lowered, and the latter result is also obtained by culti-
vating for two or three weeks at a temperature of 42°
to 45° C., or by the addition of certain chemical
substances to the culture medium—for example, 0:01
per cent. of potassinm bichromate. These methods of
”ﬂ-tt{!nllaﬁiﬂn,n as it 1s tBI‘IIlE{], are Pragtica]ly ;L]}I)ligd mn
the preparation of the anthrax vaccine. .

Symptoms of the disease in cattle are not very marked.
A beast may appeav a little out of sorts and the next
day be found dead, or after suffering for a day or two
with general malaise, fever, and rigors, and with a
sanguineous discharge from the nostrils and bowel, it
dies suddenly. Post mortem, the chief feature that
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attracts attention is enlargement of the spleen ; the
organ may be two or three times larger than normal, is
highly congested, and very soft and friable. Micro-
scopically, the bacillus is found in enormous numbers
in the spleen, somewhat less numerously in the blood,
and still less so in the liver, kidney, and other ovgans.

Swine do not often suffer from this disease, unless
fed with the offal of an infected animal, in which case
the chief clinical sign is great enlargement about the
throat ; this is almost pathognomonie, while the chains
of bacilli tend to be somewhat longer than in other
animals.

Mice inoculated subcutaneounsly usually die in about
twenty-four hours, and enlargement and congestion of
the spleen are very noticeable. An infected guinea-pig
dies in from thirty-six to forty-eight hours and usunally
shows no symptoms until the last, when it may suffer
from rigors, with high temperature, convulsions, and
staring coat. Post mortem, the muscular tissue is found
to be pale and cedematous, the spleen is enlarged to
two or three times its normal size and is highly con-
gested and very soft, and minute hwemorrhages may
oceur in the serous membranes. Microscopically, bacilli
are found throughout the spleen, and are often so
numerouns that in a stained preparation there appear to
be more bacilli than tissue. Large numbers are also
present in the blood and lungs, fewer in the liver and
kidney ; in the latter organ they are almost confined to
the glomeruli (Plate IV., ). Immediately after death,
however, comparatively few baeilli may be met with in
the blood, the heart, and great vessels.

The spread of the disease in nature seems to result
from theingestion of spores while the animals are feeding.
Although the bacilli without spores would be destroyed
by the acid gastric juice, this is not the case with the
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spores, which are probably generally developed from
the organisms present in the bloody discharges of a
stricken animal, and are distributed by wind and flood,
and in this way may infect large tracts of pasture.
Pasteur suggested that earthworms nnght bring the
spores to the surface in their casts from the buried
carcases of infected animals, but some experiments by
Koch negatived this. The non-sporing bacilli rapidly
degenerate and die in a buried carcase.

Man seems to be relatively insusceptible to anthrax.
The disease is generally met with among butchers,
veterinary surgeons, shepherds, etc., and among those
who sort wool or hair or work with, or carry, hides, e. g.
glove-makers, tanners, porters, etc. The disease occurs
in two forms: the so-called “malignant pustule,” a cuta-
neous infection, not unlike an angry carbuncle, occur-
ring at the seat of inoculation, on exposed parts of the
body, such as the back of the neck, the face, wrists,
and hands ; and “wool-sorters’ disease,” a general infec-
tion, severe and fortunately rare, through the lungs or
stomach. Rag-sorters are likewise sometimes attacked
by anthrax but there is also a distinet ‘rag-sorters’

y disease” which 1s stated to be due to a mnon-motile,
e — Sl S

non-sporing, non-liquefying, capsulated bacillus, the
Proteus capsulatus hominis' of Bordoni Uffreduzzi.

Under the Factories and Workshops Act, 1895, all

‘cases of anthrax contracted in conneection with various

industries have now to be reported to the Home Office.

! Capsulated bacilli have been met with in many septic processes.
This group includes Friedlinder’s pneumo-bacillus, P. capsulatus
hominis, B. mucosus capsulatus of Fricke, and the B. coli immobilis.
They are met with in conditions associated with sepsis, pus produc-
tion, broncho-pneumonia, ulecerating stomatitis, ete. They are
shortish, non-motile, non-sporing rods, usually Gram-negative, easily
cultivated and not liquefying gelatin, and in the tissues surrounded
with a capsule.
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Il‘f 1909, 56 cases, in 1910, 51 cases were thus reported,
with mortalities of 21'5 and 17:6 per cent. respectively.
In addition, in 1910 there were 31 other cases in
England and Wales. Industrial anthrax has also been
exhaustively dealt with by Legge.! It is particularly
Persian wool, Chinese hides, and Russian hair which
are dangerous, while Argentine, Australian, and New
Zealand wools ave almost innocuous. The sorting and
exclusion of wool derived from infected animals seem
to be impracticable, and the efficient sterilisation of the
thousands of bales that are imported an impossibility.
As regards hides and skins, Legge points out that it is
doubtful if there is any way in which hides to be
afterwards tanned can be effectively disinfected, and to
be of real benefit it would have to be done before the
material is opened in the warehouse ; but to secure this
would be impossible. Recently a method introduced
by Seymour Jones has been favourably reported on®;
1t consists in soaking the skins for twenty-four hours in a
mixture consisting of I per cent. formic acid and 1in 5000
mercuric chloride.  After this treatment the skins are
soaked in a strong brine solution. As regards horse-
hair, Webb and Duncan® carried out a number of
experiments on its disinfection, from which it would
seem that, leaving out of consideration white or grey
hair, which is liable to change colour, no injurious
effect is produced on hair by steam disinfection
provided the temperature does not exceed 218° T.;
but this is a comparatively low temperature for efficient
disinfection, and success can then be obtained only with
minute care in the construction and regulation of the

Brit, Med. Jowrn., 1905, vol. i, pp. 529, 580, and 641.
Ponder, Report to the Worshipful Company of Leathersellers, 1911.
Ann. Rep. of Chief Inspector of Faclories, 1900, p. 472, and 1902,

p. 278.
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apparatus. Legge concludes that to secure certain
destruction of all anthrax spores in horsehair absolute
reliance cannot be placed on either steam disinfection
(within the limits in which it can be applied) or simple
boiling. Adoption of one or the other is a wvery
material safegnard, but risk must always be run by
those who prepare the hair for disinfection. Disinfee-
tion is now being attempted by subjecting the material
to the action of certain disinfectants, but from experi-
ments by Hall and the writer, Seymour Jones, the
method seems the only one efficient.

A number of cases of anthrax, resulting in many
deaths, have been reported in various parts of the
United States from tanneries dealing with hides
mmported from Chma. Also a number of cattle have
been infected as the result of drinking water from rivers
and creeks receiving the waste liquors from these works,

Houston' detected the anthrax bacillus in a catch-pit
in a hide factory at Yeovil, and in sewage and effluents
and in the mud of the Yeo. It has also been met
with in linseed cake and oats,

Tozins—From puve cultures of the Bacillus anthracis
Hoffa obtained small quantities of a ptomine, which pro-
duced fall of temperature and heemorrhages, and
Hankin isolated a proteose which in large amounts was
fatal, but in small amounts conferred immunity to
subsequent inoculation with living bacilli.  Brieger
and Frinkel obtained a tox-albumin from animals dead
of anthrax, Marmier,? by growing the anthrax bacillus
m a solution of peptone, glycerin, and salts, and
subsequently precipitating with ammonium sulphate,
obtained a toxin which he states is neither protein nor
basic, and is contained within the bacterial cells,

! Second Rep. Conmis, on Sewage Disposal, 1902, p. 31.
2 Ann. de U'Inst. Pasteur, ix, 1895, p. 533.
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Sidney Martin,' by growing the anthrax bacillus in
alkali albumen for ten days, obtained from the culture
albumoses and an alkaloidal substance. From the
bodies of animals which had died of the disease, chiefly
from the spleen and blood, he obtained similar sub-
stances, the amount of alkaloid being more than double
that of albumose. The mixed ]deﬁcts produced fever
in animals followed by coma and death. The albumose
was proved to be the fever, and the alkaloid the coma,
producer ; the latter also caused a spreading cedema at
the seat of inoculation. \

Anti-serum.—An anti-serum  for anthrvax was pre-
pared by Marchoux by immunising sheep by vaccination

and then |11ULuLLtmg with progressively increasing doses
of virulent anthrax cultures. Sclavo has prepared an
anti-serum by first immunising asses with a vaccine
and then inoculating them with increasing doses of
virulent eultures over a prolonged perviod. This serum

has been used successfully in many cases of anthrax in

111811,
Faceine.—An attenuated virns has been ext.ensire]y

“employed for the prophylactic vaceination of cattle and

sheep. Cultures are attenuated by growing at oS S8
(Pasteur, Chamberland, and Roux). A weak vaccine
is first injected, followed after ten to twelve days by an
injection of a stronger vaccine. The mortality as

result of the vaccination is small and the animals are
subsequently protected for some months against the

virulent disease. Sobernheim has applied a combined

method, 5-15 c.c. of anti-anthrax serum 'beinﬂ‘ moeciu-

lated on one side of the aninmnal, and the v&ccme- on the

____-.—-._———-_1
other. 'T'his pr actically E]u;unm;ea all dm:g&r from the
vaceine.

I Brit. Med. Journ., 1882, vol. i, p. 641.
g :
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Diagnosis of Anthrax

Clinical Examination.

(1) In wveterinary practice—If an animal 1s suspected to
have died from splenic fever, an extensive post-mortem is in-
advisable because of the risk of distribution of material contain-
ing bacilli with subsequent development and dissemination of
spores, with infection of pasture, etc. The abdomen should be
opened and the spleen examined. If this is found to be much
enlarged, and so soft that it can hardly be handled without
rupture, there is a high probability of splenic fever, which the
history of sudden death, with or without symptoms, coupled
with a sanguineous discharge, inereases. To confirm the
diagnosis, some smear preparations should be made from the
spleen and blood, and can be stained and examined on arriving
home. If slides or cover-glasses are not available, the ear or
a small piece of the spleen may be removed and taken home,
where the specimen may be examined. When material is sent
from a distance for examination the ear should be forwarded.

The smears may be stained with Loffler’s blue and by
Gram’s method with eosin. Methylene-blue staining gives
the most characteristic appearances, which are numbers of
large bacilli forming chains of five or six segments with a pale
halo round them resembling a capsule, and if the post-mortem
has been made shortly after death no spores are visible.
Unless the material be quite fresh large saprophytic bacteria
somewhat resembling anthrax are always present and must not
be mistaken for that organism. If a hanging-drop preparation

lu P4,

S¢S

~0

can be made, a characteristic is thei"m-umtilitg of the baeilli.

The stained preparations can be kept and produced in a
court of law if necessary. Cultivations can also be made from
the spleen, but the necessary culture media are not of course
usually forthcoming. Finally, a guinea-pig or mouse may be
inoculated subeutaneously in the abdomen with a Pﬂl‘ﬁEiE of
the spleen, and after death examined microscopically and by
culture methods, )

As regards the disposal of the carcase of an animal dead
from anthrax, this should be L]__HEHEE'] if possible, but, failing
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this, it may be buried in a deep pit, preferably with plenty of
lime. All $races of blood and discharge must be carefully
mopped up with a strong lime-wash or solution of chloride of
lime, or other reliable disinfectant.

(2) Inman.—In malignant pustule, smear specimens should )

be prepared from the fluid of the vesicles or with the serapings
from the incised pustule, or sections of the excised pustule
may be made, and stained, some with Loffler's blue, others
by Gram’s method with eosin. The bacilli are not often met
with in the blood, except shortly before death. At the same

time cultivations on agar and gelatin should be prepared, and
may yield positive results when the microscopical examination
has been negative. In the later stages of the disease the
bacilli may be difficult to find, even in sections.

In all cases of doubt a ﬁﬂwl_munsr__ﬂuﬂﬂ.ﬂ_he_
inoculated subcutaneously with the material, and if the animal
dies the diagnosis of anthrax may be confirmed by the
characteristic appearances, by a mieroscopical examination,
and I.n cultivation. The -smimdle-x[mljmﬂnj;_ih_lu_m themg:st =

e e

“valuable as a pUSlt-H’P one.

N.B.—TIt must be noted that both cultivation and inoeula-
tion experiments may fail to give positive results if the
material be old or putrid.
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I

CHAPTER VIII.

DIPHTHERIA.
Diphtheria in England—The Diphtheria Bacillus— The Pseudo-
Diphtheria Bacillus—Clinical Diagnosis—The Xerosis Bacillus—
Diphtheritic Affections of Birds and Animals,

DiprrHERIA seems to have been known from the earliest
ages, being recognised by the classical (medical) writers,
and it was epidemic in England and on the Continent
during the Middle Ages. Bretonnean 2 experienced an
outbreak at Tours, 1818—1821, and gave to the disease
the name “ Diphtérite » (afterwards changed to Diph-
térie’ ) from the formation of membranes which 1s so
marked a feature init. In England the diphtheria deaths
have only been separately scheduled since 1855. Since
1881 until recently there has been a steady increase n
the prevalence of diphtheria, particularly in the large
towns, but latterly the prevalence seems to be decreasing.

As regards croup, it it universally admitted that the
vast majority of cases of membranous croup are cases
of diphtheria.

Diphtheria is distinctly a disease of the young, espe-
cially at the ages from two to ten, and this holds good
both for London and for England and Wales.

That diphtheria is an infective disease 1s amply

1 See The Bacteriology of Diphtheria, Cambridge University Press,
1908.
* Spe Memoirs on Diphtheria, New Sydenham Soc., 1859.
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proved by the history of epidemics, and by the recorded
cases where the disease has been conveved from one
individual to another, +

The disease occurs in all grades of severity, from the
classical ones with wash-leather-like membrane and
great prostration, to those which present a mild tonsil-
litis or angina.

The bacteriological study of diphtheria was com-
menced as long ago as 1882 hy two (ferman investi-
gators, Klebs and Lifiley. Klebs especially investigated
the pathological Listology, and aseribed the disease to
small rod-shaped organisms, which he observed in the
membrane. It was veserved for Loffler to place this
observation of Klebs on a firmer basis by the isolation
and caltivation of the bacillus from the membrane, and
by the production of certain phases of the disease by
inoculation with the isolated organism. The cause of
diphtheria is, therefore, this diphtheria bacillus, which,
from its discoverers, is frequently known as the Klebs-
Lofer bacillus.

The isolation of the specific organism was by no means
an easy matter, as a number of other species of bacteria
1s frequently associated with it in the membrane, but
was accomplished by Lofler by the use of a special
culture medinm now known il..‘-."_[;f':lfﬂﬂl“‘ﬁ blood-sernm,

- " " W e
which consists of a mixture of blood-serum_(ox serum

was that orviginally used) 3 parts and glucose bonillon

1 part, the whole being coagulated (see p. 61). On
this medinm the diphtheria bacillus grows and multiplies
exceedingly well, while the other organisms associated
with 1t in the membrane are to a large extent inhibited
in their growth. By rubbing a small piece of membrane
from a case of diphtheria over the surface of two or three
tubes, or of a plate of Lofler’s serum, and incubating at
37° C. for twenty to twenty-four hours, colonies of the

i I
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diphtheria bacillus will be found more or less isolated
according to the number of organisms present in the
membrane, and by subculturing from these pure cultures

may be obtained.

Characters of the Diphtheria Bacillus.

Morphology.—The B. diphtherize is a small, :1£=Iim.Fv
bacillus, with rounded ends, measuring 3 g ov 4 p 1 _ 0
length. It is non-motile, does wﬂﬂ]}_’ﬁput'{"ﬂ} and s e
acrobic and facultatively amaérobie. The size ':ers;m
= somewhat even on the same medinm, and three 0
varieties of the bacillus have been deseribed, viz. long,
medinm, and short, according to the length. These
varieties tend to be constant and to breed true.
Some of the rods both in eultures and in the membrane
have a swollen end, the so-called clubbing, and
parallel grouping, both in the membrane and 1n
cultures, is almost universal, the bacilli lying parallel
side by side (Plate VI., «). This parallel arrangement
arises from the peculiar mode of division of the bacillus.
If a cell be observed upon a warm stage it first
elongates, then becomes constricted at about its middle,
and then suddenly one side of the cell-membrane seems
to rupture and one half of the cell bends over fo the
other, so that the two halves form a V. This mode of
division, oceurring in contiguous cells and being
repeated, and the cells thus becoming more and more
crowded together, leads to the arrangement in parallel
series. The bacilli are generally joined end to end in
pairs, and distinet thread and branching forms, though
of rare occurrence, may be met with. On different
media the same strain exhibits considerable variation
in size. On blood-sernm and on gelatin the bacilli are
of medinm length and on the whole fairly regular in
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shape ; in broth they tend to be short and stunted ;
while on agar, especially glycerine agar, they are much :
larger than on the former media, and long elub-shaped, J
spindle-shaped and barred op segmented involution
forms are abundant ; on blood-serum club-shaped involu-
tion forms also ocenr, but sparsely in a young, eighteen to
twenty hours’ culture, in a forty-eight hours’ culture
more numerously.
| Staining reactions—The B. diphtheriz stains well
\L with the ordinary anilin dyes and is Gram-positive.
( F__'_ With Léffler’s methylene blue the coloration s usually
W somewhat irregular, more deeply stained portions alter-
nating with paler intervals, the so-called segmentation,
and especially marked with agar cultures. The ends
of the organisms are also frequently deeply stained, the
so-called polar staining, while the phenomenon known as
“metachromatism " is often marked hoth at the poles '
and also in the rod, appearing as granules of a purplish
tint and contrasting with the blue of the methylene
blue. With Neisser’s stain (p. 808) deep inky coloured
dats, appearing somewhat larger in diameter than the
rods, accur at the poles of the organism and occasionally
at the centre.

Cultural reactions.—The diphtheria bacillus is an
aérobic and also a facultatively anaérobic organism, and
grows well on all the ordinary culture media, forming

cream-coloured _growths or colonies, the latter on serum
tending to be somewhat flattened, with regular margins,
' It grows slowly on gelatin, forming a raised whitish |

Ty R growth without liquefaction of the medinm, and

Set.

(). flourishes in milk, with the production of an acid
reaction, but without curdling. In broth some strains
give a granular growth on the sides and at the bottom
of the tube, the broth remaining clear, sometimes with
a thin surface pellicle; other strains may render the




PLATE VI

a. The Klebs-Loffler or diphtheria baecillus. Cover-glass preparation
of a sermm culture. = 1504,
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b, Section of diphtheritic membrane with Klehs-Lifler bacilli.
Gram and eosin, = 750,
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broth turbid throughout. On potato the growth 1s

slight and invisible. :
The indole reaction ean be obtained in peptone-water w5

cultures either with or without a nitvite, but the writer%

has shown that this reaction is due, not to indole, but

to skatolecarboxylic agid (see below, p. 301). '

The diphtheria bacillus attacks glucose and lactose i O i
with the formation of acid only, no gas (see Table, p. "¢k
306). As regards the pmﬂucmg—uf acid, Neisser
found that during the first nine hours there 1s little ﬂrC +

none ; at the end of twenty-four hours a considerable
quantity has been formed, and the amount increases
until the end of the second day, after which the
production ceases.

The B. diphtheriee is agglutinated by the serum of
patients and by a diphthevia serum, but the test is
difficult to apply on account of the coherence of the
growth, 18 somewhat erratic with different strains, and
i1s of no practical value in the diagnosis of the disease.
For the same reasons, the agglutination reaction is of
listle use for the recognition of the organism and for
distinguishing it from the so-called “ pseudo-diphtheria
bacill. {

The Klebs-Loffler bacillus retains its vitality in cultures
for a month, and when dried for three or four weeks,
*1cmr{l1ng to Welch and Abbot, it is destr oyed in ten
minutes by a temperature of 58° C. It is 1{%&1]3{
destroyed by ﬂ.llt]%ﬂ[}tlbs when in culture, but in the
membrane it is difficult to find an agent which will
penetrate and kill the bacilli beneath the surface.

The diphtheria bacillus and its characters under
caltivation have been deseribed somewhat fully, because
of the importance of the identification of the organism
as a means of clinical diagnosis. As mentioned at
the commencement of this chapter, the clinical dia-
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anosis of diphtheria presents many difficulties, and
considerable assistance may be derived from a bacterio-
logical examination. The diagnosis i

presence or absence of the Klebs-Lifler bacillus,
either in smears, or in cultivations, made from the
membrane or secretion (see p. 306). This method is of
very real assistance in donbtful, and especially in mild,
cases, which chinically it may be very difficult to decide
whether they be diphtheritic or no. 'I'he mild ecases
are those which it iz of the greatest importance to
identify, especially in schools, for if not recogmsed the
patients may go about and prove a source of infection
to all around. 'The method also affords wvaluable
evidence as to when a case can be considered free from
infection ; so long as bacilli are present in the throat
infection must be possible, and the length of time for
which they may oceasionally persist is remarkable. _In
half the cases the baeilli disappear within three days of —
“the disappearance of the membrane, in a few cases they
linger for as long as three weeks, but occasionally they
persist much longer. The writer isolated them for so
Jong as five months (and virulent to the last); and a
case is recorded in which they persisted for no less
than fifteen months after the attack. In all cases two
or three examinations should be made at short intervals
with negative results before the bacilli can be pronounced
to be absent, and no case should be discharged from
hospital until the absence of bacilli has th}15 bee+n
proved. ~When bacilli persist, treatment +W1t.h anti-
septic sprays or gargles, combined with syringing the
nose, may be tried. Syringing the nose is 1mportant, |
for the bacilli probably extend to the post-nasal space,— |
where they are untouched by a throat spray or gargle.
Another mode of treatment has also been adopted. A

polyvalent anti-microbic agglutinating anti-diphtheria
= e g *
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sernm has been prepared, dried, and compressed into
tablets, one of which is dissolved in the mouth every
two hours, and fifteen minutes after solution the naso-
pharynx is flushed with physiological salt solution.
While this treatment sometimes succeeds, it often fails.
"The writer has tried the use of snbeutaneous inocula-
tions of diphtheria endotoxin (0:2—1:0-2-0 mgrm.) at
intervals of seven to ten days. About half the eases
seem to clear after one to three injections.

With regard to the value to be attached to the
bacteriological examination for diphtheria, while the
finding of the bacilli is proof positive of the diphtheritic

| X . + . i 3
nature of the affection and its infective nature, their

apparent _absence is not of so much value, as various
circumstances modify the rvesult. Tor example, an
unskilled person may not happen to tonch the right
spot. with the swab, or from struggling, ete , on the part
of the patient even a skilled operator may fail to reach
any but a small portion of the muocous membrane,
instead of obtaming a good mop from all over,
especially when there are no definite patches of
membrane. The nse of antiseptic gargles or paints
shortly before the swabbing is taken will likewise
prevent the growth of the bacilli, It sometimes
happens that a very mixed growth is obtained in the
cultures, and in such cases the Klebs-LiofHer bacillns
may be wmissed. Bearing snch sonrces of fallacy in
mind, and making due allowances for them, the
negative result of a bacteriological examination may
have considerable value in those cases which clinically
are doubtful.  In no_case where there is a reasonable

™~

suspicion of diphtheria should treatment with antitovin
be delayed nilil The bacteriological veport is obtained.

The bacilli from the throat arve frequently associated

&

1 " . . X ————
with DM'—WE‘_SJ especially mierococei and torule ;
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and those cases in which the temperature tends to be
high and the throat fetid are usually a mixed infection
of diphtheria bacilli with the Streptococcus pyogenes or
Micrococcus | 8, var. auveus. The fact of such
mixed mfection eannof, however, be definitely decided
from the cultures, as these organisms may be present in
the mouth or throat without necessarily taking part in
the infective process. Nor can the severity of the
disease be gauged from the characters or numbers of
the diphtheria bacilli and other organisms present,
though perhaps in a number of cases those which yield
practically pure cultures will probably be more severe
than the cases which yield cultures with few bacilli.
It has been stated that the long form of the diphtheria
bacillus is the most, and the short form the least,
virulent, the medium being intermediate, but this is by
no means a universal rule. Westhrook' has divided all
e —
forms of the diphtheria bacillus into three groups,

distinguished by their staining reactions with methylene
blue. Those with deeply stainmg granules he calls
« granular forms,” those with transverse bands « baired
forms,” and those staining evenly solid forms,” Hach
group is further divided into seven types according to
shape and size, the types being designated by the letters
A to G and being progressively smaller from A to G.
It is sometimes stated that a microscopical examina-
tion, unless controlled by inoculation of the isolated
bacteria, is unreliable. Such a statement is extremely
misleading. If the bacilli which have been cultivated
from a suspicious throat possess all the characters of
diphtheria bacilli, inoculation experiments are mnot
needed, and if they were performed with a negative
result (i.e. the bacteria are mot virulent) would prove
little, for the bacilli from different parts of a eulture
| Rep. Minnesota State Board of Health, 1889-1900,




Pathogenicity of the Diphtheria Bacillus 285

from a throat often possess different degrees of virulence.
Occasionally, it is true, even the expert may be in
doubt :-Ll::_:L;t a particular bacillus, but 5111:]1. ases are
the exception. Here an inoculation u_»f]wrnm:::t may
help, but would be of no value 1f a negative .1-:-:511]t were
obtained. It is absolutely essential in the microscopical
examination for diphtheria to use a good lens, proper
illumination, and sufficient amplification, not less than
800-1000 diameters.
Pathogenicity.—The diphtheria lmcillus_‘i_a.lu_u'_,ll_?gc_:ﬂi?_
‘for man, the horse, ox, rabbif, guinea-pig, cat, chicken,
'_}ﬁ;g;:;t_;r;, and finches, all of which are more or less
susceptible,(while mice and rats are immune.) In man
the respiratory tract is usually affected, though the

conjunefiva and other mucons membranes, as of the
vagina and stomach, and wounds may be attacked. A
psendo-membrane usually forms, counsisting of laminsze
of fibrin entangling a few leucocytes and other cells,
and here and there small effusions of blood, together
with coagulative necrosis of the underlying mucous
membrane, and the bacilli are for the most part located
in the superficial layers of this pseudo-membrane (Plate
VI., b), though in all cases in which the disease has
lasted for any time they are found in the lungs, spleen,
and kidneys, and may occur even in the blood. If the
patient recovers from the diphtheritic attack, paralytic
sequele are not uncommon and are due to a peripheral
neuritis. Pseudo-membranes may be formed by other
organisms, e. g. by the streptococus and pneumococeus
~also by the pneumobacillus, and occur in Vincent’s
angina (p. 31T), but it is doubtful whether paralytic
sequele follow any but a diphtheritic infection.
Some remarkable skin affections of an eczematous
or ichthyomatous nafure have been found by Hare' and
others to be due to the diphtheria bacillus.

! Lamcet, 1908, vol. i, p. 282,
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':hmt-her affection which seems to be generally
diphtheritic is Anembranous rhinitis, Whereas true
nasal diphtheria is a serious condition, membranous
rhinitis is seldom, if ever, attended with any risk to
life, sequele do not occur, and it is rare to obtain a
history of infection from cases of it. This is extra-
ordinary and very difficult to explain, for virulent
diphtheria bacilli are abundaut in the nose and nasal
secretion.

Diphtheroid organs can occasionally be isolated from
well people and those not known to have been in
contact with diphtheria cases. The Klebs-LifHer

bacillus can be isolated from the throats of nearly 7 per

cent. of the presumably healthy population!; in the

throats of contacts the percentage rises to 33 or more.
Murray and the writer” found diphtheria-like baeilli in
a8 out of 385 children (15 per cent.) admitted into the
Victoria Hospital, Chelsea.

Ford Robertson believes that diphtheroid organisms
—possibly the Klebs-LotHer bacillus itself—ay play
an important part in the production of general para-
lysis of the insane. His views have not gained general
acceptance, and Eyre (loc. eit.) found that the percentage
incidence of all diphtheroid organisms and of the Klebs-
Loffler baecillus in the throats of the insane was not
greater than in well persons, and was unable to isolate
the B. diphtheriz post mortem from cases of general
paralysis.

Traces of antitoxin can be detected in the blood
after an attack of diphtheria, usnally at the end of the
first week of convalescence : the antitoxin has probably
little to do with the actual recovery from the disease (sce

I See Eyre, Brit. Med. Jowrn., 1905, vol. ii, p. 1104.
¢ Brit. Med. Jowrn., 1901, vol. i, p. 1474, See also Graham-Smith,
Journ, of Hygiene, vol. iii, 1903, p. 216.
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p. 217). A_small amount of anfitoxin has also been
11in well_pmp]e and in untreated l_nur::'g_:_}'.
d that in such cases there has been

oceasionally foun
e

It has been suggeste
. " " w T 7 .I gy

. Tatent infection with the B. diphtheriz, but on Ehrlich’s

side-chain hypothesis 1t seems more likely that in such

cases there happens to be an excess of the receptors

which constitute antitoxin naturally free m the blood.

(Guinea-pigs are the animals generally z.-mplqys:d for
experimental work on diphtheroid organisms. In m-{]lm:
“To compare the effects and virulence of various bacilli
it is customary to make the inoculation with a measured
volume of a forty-eight hours’ broth culture. From
01 cc. to 2 c.c. of such a culture, according to the
virulence, inoculated subeutaneously, is usually required
fo kill a 250-grm. guinea-pig within three days. At
ihe seat of inoculation heemorrhagic cedema forms,
haemorrhages oceur in the serous membranes, and
especially in the adrenals, while the renal epithehum
and the liver-cells undergo cloudy degeneration.

Inoculated into the trachea of the guinea-pig, rabbit,
and chicken, pseudo-membranes form, and the same
oceurs with the superficially injured conjunctiva and
vagina. It is stated by some that the diphtheria
bacillus does not develop on a normal mucous membrane
—this must first be injured, and the staphylococcus
and streptococcus, so often associated with the diphtheria
bacillus in the human subject, may play a part in pre-
paring the way for infection by damaging the cells and
tissues. Rabbits usually live somewhat longer than the
guinea-pig after inoculation and paralysis frequently
develops if life is prolonged, simulating the post-diph-
theritic paralysis of man,

The question of the occurrence of the Klebs-Loffler
bacillus in the lower animals is of considerable 1mpor-
tance with regard to the spread of the disease and the
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conveyance of infection. The so-called diphtheritic—

amad et

caffections of pigeons, poultry, and calves (referred to

more in detail below, p. 313) are as a rule d:sea.a.r&a

guite distinet from human diphtheria, and are not
communicable to man. A number of observers assert,
however, that cats may suffer from the disease, which
in these animals runs a chronie course, and 1s associated
with Dbronehitis, lobular pneunmma, nephritis, and

wasting. Klein' points t only are cats liable
to the disease in houses where diphtheria hm
but fhat a similar infectious disease exists n.tt.lhlzgl_]}r_
among cats, and symptoms similar to this natural disease
may be produced by inoculating healthy cats with the
Klebs-Lofler bacillus. The diphtheria bacillus has also
been 1solated from the horse.?

Several epidemics of diphtheria have been traced to
an infected milk supply. In some instances the infeetion
has undoubtedly been derived from contamination from
a human source, but in others this mode of infection
has not been demonstrated, and it has been suggested
that certain eruptive conditions on the teats and ndder
of the cow may be caused by the Klebs-Loffler bacillus
and the milk become infected therefrom.  Klein® made
experiments with a view of determining this point. He
inoculated healthy cows in the shoulder with a bonillon
culture of the diphtheria bacillus. This caused fever
and local swelling, and in about a week a papular and
vesicular eruption appeared on the udders and teats.
The B. diphtherize was isolated from the contents of the

_ vesicles and also from the milk on the fifth day, but

not subsequently. The cows died.in two to four weeks,
and the B. diphtherizz was obtained from the loeal

Rep. Med. Officer. Loc. Gov. Board for 1859, p. 162.
Cobbett, Centr. f. Bakt., xxviii, No. 19, p. 631.
Rep. Med. Officer Loc. Gov. Board for 1889 and 1890.

&R e
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lesions. Abbott’ obtained somewhat different results,
but Klein® points out that these experiments were not
performed under exactly the same conditions as his
oW,

Klein, Eyre, Dean and Marshall® have isolated the
diphtheria bacillus from milk. It is to be noted that
diphtheria-like, but non-pathogenie, bacilli are often to
be found in milk and cheese (see section on “ Milk ).

____ Towing—Diphtheria toxin has not been obtained in
a state of purity and its exact chemical nature 1is
unknown. - Loffler first investigated the chemical
products formed by the diphtheria baeillus, and by
precipitating bouillon eultures with aleohol obtained a
white foxic substance which he classed among the
enzymes. '

Roux and Yersin precipitated the toxin from
filtered broth cultures by means of absolute aleohol,
and also by the addition of calcium chloride. They
found that 04 mgrm. was sufficient to kill eight guinea-
pigs or two rabbits, and considered it to be an enzyme.

From the blood and spleen of cases of diphtheria
Sydney Martin* isolated albumoses (chiefly deutero-
albumose) and an organic acid, but no basic body.
Injected subcutaneously the albumose produces much

. @dema and irregularity of temperature ; in larger doses

i dEPfEESiGH of temperature with paralysis and coma.

Small multiple doses, not sufficient to destroy life, may

give rise to some fever, and in two or three days to
paralysis of the hind legs in rabbits, with f_g'f;numl
weakness and loss of weight. Post-mortem, the nerves

— | R o

are found to have undergone degeneration—breaking

! Jowrn. Path. and Ract., vol, 11, 1894, p. 35.

? Iind., p. 428.
Y Jowrn. of Hygiene, vol. vii, 1907, p. 32 (Refs,).
* Brit. Med. Jowrn., 1892, vol. i, p. 641,

19
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up and disappearance of the myelin and interruption of
the axis eylinder, while the heart is fatty. The organic
acid is also a nerve poison, but is not so toxic as the
albomose.  From diphtheritic membrane, extracted
with a 10 per ecent. salt solution, only traces of
albumose and organie acid were obtained, but the
extract was highly toxie, producing fever and paralysis.
Sidney Martin suggests that a substance of the nature
of a ferment may be present, and that the ferment in
the membrane on absorption may perhaps form the
albumose in the body. From cultures of the diphtheria
bacillus in alkali-albumin, albumose and organic aecid,
with similar actions to those isolated from the body,
were obtained.

Brieger and Friinkel (1890) were unable to find any
basic substance in eultures, and concluded that the
toxic substance was a protein body, which they
designated a “ tox-albumin.” It was destroyed by a
temperature of 60° C. but not by one of 50° C., even in
the presence of an excess of hydrochlorie acid, and
hence is probably not an enzyme. The tox-albumin is
non-dialysable, is precipitated by saturation with ammo-
ninm sulphate but not with magnesiom sulphate, and
hence is neither a peptone nor a globulin, contains a
large amount of sulphur, and gives the biurvet and
Millon’s tests. A curious property of this substance is
that small quantities (2:5 mgrm. per kilogramme of the
body-weight) do mot produce their effects until the i:
lapse of weeks. Brieger and Boer in a later .1'e5f:a,1-{:11 .

| _prepared the diphtheria tox-albumin by precipﬂ-atang a
houillon culture with a 1 per cent. solution of Zine
sulphate or chloride. The precipitate of the zinc
double salt was washed with slightly alkaline water and . Ii .
decomposed with a stream of carbonic acid gas. The
purified tox-albumin gives the xanthoproteic, biuret,
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and Adamkiewicz’s reactions, and the red coloration
on heating with Millon’s reagent.

According to Ehrlich the toxin broth is a complex
mixture of toxic constituents belonging to the proteins,
but this is denied by Madsen and Arrhenius (see p. 172).
Its poisonous property gradually diminishes on keeping,
and is destroyed by boiling in five minutes, at lower
temperatures more slowly, and also by light.

Diphtheria antitorin.—By the injection of sub-lethal
and increasing doses of the toxin into an animal an anti-
toxin 1s generated. For the preparation of a potent
antitoxin for therapeutic use the first essential is a
highly toxic toxin, and for Qlﬂaillil.lﬂ' this a_diphtheria
baeillus of high virulence is required, and hn‘t- few
strains possess the necessary virulence. The viralent
- bacillus is grown in an alkaline broth (rendered alkaline
! to the extent of about 57 c.c. of normal caunstic soda
|

solution per litre beyond the neuntral point to litmus) in
Erlenmeyer flasks containing half to one litre for eight
to twelve days ai 37° C. Various small details have to
be attended to in order to obtain toxin of maximum

toxieity ; it is important that growth should occur upon
the mwtacmoth. The use of meat some days
old has been advocated, or of acid beef-broth in which
B. coli has been grown for twenty-four hours, in order
to eliminate the glucose (p. 27). L. Martin makes use
of ““ peptone ” prepared by the auto-digestion of a pig’s
stomach with dilute hydrochloric acid. The cultures
are then filtered through a Berkefeld or Pasteur-
E?i'ff,m berland filter to remove the bacilli. The filtrate
is germ-free and very toxie, and a little carbolic acid
may be added to preserve it. In New York 10 per

. cent. of a & per cent. solution of carbolic acid is added
to thn.a culture, the bacilli are allowed to deposit by
standing for forty-eight hours, and the culture is filtered
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‘o{ gﬁQ through paper; in this way filtration through a filter-
0_”. :m‘]‘dle is dispensed with.  Tess than 001 c.c. of the
toxin should kill a 250-grm. guinea-pig in three to
tour days.  Selected horses which have been tested

with mallein and tuberculin, and kept under observation
for some time to ensure that they are healthy, are then
inoculated with this filtrate, commencing with a dose of
001 to 01 c.c., according to the toxicity of the toxin,

or 20 c.c. of the toxin together with 10,000 units of
antitoxin may be given for the first three doses,
Individual horses vary very much in their susceptibility
to the toxin, so that care has to be exercised with the
first injections. The injections are given subcutaneously
over the shoulder, and produced a local swelling and
some rise of temperature and general disturbance,
lasting two or three days. When this has passed away
the inoculation is repeated, a larger dose being admini-
stered provided the reaction due to the former one was
not too severe. The treatment is continued for five to
six months, the dose of toxin administered bemng
gradually increased until it may attain 500 c.c. or more.
Oartwright-Wood ® found that by growing virulent
diphtheria bacilli for three or four weeks in ordinary
peptone broth, with the addition of 10 or 20 per cent.
of blood-serum or plasma, subjecting the culture to a
temperature of 65° C. for an hour and filtering before
injection, much larger initial doses can be given and
some degree uﬁ%mmunisation attained, and subsequently
the ordinary broth cultures may be injected in large
doses. Individual horses vary much in their_capacity
to yield antitoxin: on the whole those that arve moderately
sensitive tof the foxin seem to produce most antitoxin ;
< g horse td be of value should after three months’
treatment yield an antitoxic serum containing not less
than 300 units per c.c.  The required potency having

=
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been attained, as shown by the test desceribed below,
the horse is bled with aseptic precautions, the blood 1s

allowed to coagulate, and the serum is drawn off and filled _

. to sterile bottles each containing a dose of the antitoxic

cerum. A small amount of antiseptic, such as tri-
kresol, is generally added as a precautionary measure
to prevent the multiplication of any Htl‘.ﬂ._‘}-' germs that
may have gained access during the various manipula-

tions. :
Standardisation of antitowin.—The potency of diph-

- : : Shfl 2
theria antitoxin is always deseribed 1 “ umts and 18
estimated by ascertaining the quantity of  antitoxin

Jhersl.

required just to mneuafralise a certain amount of a

standardised toxin when both are injected into a 250-

—_—

orm. guinea-pig. [Formerly, by Roux’s method, the

-"-_'_.'__-_- . A —— % B
value be given for the potency of the antitoxin

mimmal lethal dage of the toxin is first ascertained, and

ﬂ—«.y,

then the number of grammes of guinea-pig which 1 c.c.
of antitoxin will 1}1'ute.cb against ’E.llis: ].‘I'lll'l]l1mH.-] Igtlml
dose is determined. If 0:01 c.c. of antitoxin protects
a 300-grm. guinea-pig against the minimal lethal f;lurs.e,
1 c.c. will protect 300 x 100=30,000 grm. of guinea-
pig, and the immunising value of the antitoxin would
be deseribed as 30,000. 'I'his method is open to the
fallacy that if only a portion of the lethal dose be

—

neutralised the guninea-pig may survive, and a fictitious

L EnS—

Behring later adopted ten minimal lethal doses _f‘!-??_t-llﬂ
test dose of toxin, and he termed ten times the amount of
antitoxin which protects a guinea-pig against the ten
minimal lethal doses a wnit (the Behring unit, which
therefore=100 minimal lethal doses of toxin), from
which the Ehrlich unit, now umiversally adopted, is
derived. Though this method eliminates to a large
extent the objections to the IRloux method, Ehrhch
found that by 1t the same antitoxin fested with different

hl
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toxin broths yielded different values. This he explained
by assuming that diphtheria toxin broth contains not
only toxin but also other substances which combine
with antitoxin. These substances, though non-toxie, or
comparatively so, vary in amount in different toxin
broths, and variable results, therefore, may be ob-
tained by the simple method of testing. These
substances, having an affinity for antitoxin, are toxoids
and toxone, There arve several varieties of toxoids, viz.
(1) those having a greater affinity for antitoxin than toxin
itself, protoroids ; (2) those having the same affimity,
syntozoids ; (3) and those having a less affinity, _epi-
Jﬁl;gid;__l Toxoids melm:-babh dm-wmmm__f_t_gm they

mcrease in_guantity in_old toxip broth which has been
kept, and which at the same time decreases in toxieity.

The toxones also combine with antitoxin, having a less
affinity for it than toxin, are primary secretory products
of the diphtheria bacillus, and while not acutely lethal,
induce indaration, necrosis and paralysis. 'Ilhe toxoids—
are comparatively scanty in a fresh toxin broth and are
negligible, but it is otherwise with the toxone, which is
always present in appreciable quantity. Owing to the
fact that toxone has less affinity for antitoxin than
toxin has, if an exactly neutral mixture of toxin broth
and antitoxin be prepared, considerably more than the
minimal lethal dose of the toxin broth must be added
to render the mixture acutely toxic, becaunse the first
portion of the added toxin simply displaces the toxone
from 1its combination with the anfitoxin, and is
nentralised by the antitoxin so set free.

I'hus, suppose a certain amount of a toxin broth
containg 90 units of toxin and 10 units of toxone, and
to this amount 100 units of antitoxin are added so as

! See pp. 172-175 for other views on the constitution of diphtheria
toxin.

I__-"-r_" .
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to form a physiologically neutral mixture, the com-
bination' which occurs is shown by the following
“ equation ™ :_90 t-:}uu-ant:tnun Bl ]U toxone-antitoxin
= L_ (v.e. nuutmlltv] If an amount of the toxin

broth be now added, corresponding to 11 units of toxin,
the effect will be as though only one unit of toxin ]ms
been added, as 1s shown h} the following equation ”

90 toxin-antitoxin -+ 10 toxone-antitoxin + 11 fosin =
100 toxin-antitoxin -+ 10 toxone (free) + 1 toxin (free)
_ (. e. just acutely lethal). "Thus although the
equivalent of eleven minimal lethal doses of toxin has
been added to the physiologically neutral mixture of
toxin broth and antitoxin, only ene minimal lethal dose
of toxin remains free and active, because fen toxin
units displace the ten toxone unitg from the toxone-
antitoxin complex and are neutralised by the antitoxin
thus set free. Bhrlich, therefore, devised a method of
standardisation wlich Lll.l'nl'lld-t-bb Jranu]tmtlu due to

e ———————_—,

the variable proportions of Toxone and toxin in the toxin
broth by ELE.IML and not toxin_ as the
St.-:l,lldl:'l-l'ﬂ._ I 1‘11111;1*1 to standardise an antitoxin, a
virulent toxin Lroth is emploved and its minimal lethal
dose is_approximately ascertained—i. e. that amount
which is just_sufficient to kill a 250-grm. guoinea-pig
on the fourth or fifth day. A s i f accur '
; fifel (lq: A solution ij accurately
standardised antitoxin, which can be obtained from the
Serumsprisfung  Institut, Frankfort-on-Maine, 1s then
prepared, contaiming one ‘‘ unit” of the antitoxin in 1
c.c., and the toxin is standardised with this by mixing
with one unit various quantities above and below one
hundred minimal lethal doses. It is required to
" s Fat L] W 2 ] o i < 2 o,
ascertain the amount of the toxin broth, wlnch, when
mixed with one umt of antitoxin, just sutlices to kill a
200-grm. guinea-pig on the fourth or fifth day after
the injection of the mixture ; this amount of toxin is

— i

—

|
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known as the L, dose. The L, dose may be defined
as that amount of a given diphtheria toxin broth which

18 not completely neutralised by one ““ unit ”’ of standard

antitoxin to the extent that evactly one simple lethal
dose of toxin remains 11|111alt-1‘amliseﬂ; it corresponds
usually to 105-120 minimal lethal doses. For example,
suppose 0'003 c.c. of the toxin was found to be the
minimal lethal dose, with separate “units ” of standard
antitoxin, 0-2, 0'3, 04 and 05 c.c. respectively of the
toxm might be mixed, and each mixture injected into a
guinea-pig ; probably the guinea-pigs receiving the
“umt” of antitoxin plus 0°2 and 0-38 c.c. of toxin would
remain alive, while the animal receiving the 04 ec.c of
toxin would die in twenty-four to forty-eight hours.
The death in the last case is too rapid ; more than a
simple lethal dose has remained unneuntralised, and
therefore the I., dose of toxin lies between 0°3 and 04
¢.c., and further experiments would have to be
performed with amounts of toxin between these limits
in order to ascertain the exact dose. Death of the
gumea-pig on the fourth or fifth day has been chosen
because it has been found that if the dose of toxin be
diminished ever so little below that producing this
result, death does not ensue under nine or ten days.
That 1s to say, an acwfe intoxication is fatal at the
Jatest on the fourth or fifth day__a fatal result _after_
_then being due to a chronic intoxication. The ﬂ,.mmmt'
of toxin which is exactly neutralised by one ““unit” of
the standard antitoxin is known as the L, dose. By
exact neutralisation is meant absence of any reaction,
general or local, at the seat of inoculation, in the
imoculated guinea-pig. If toxin broth were a single
substance, containing only foxin, then L, —1,_=D, the
simple lethal dose, would be equal to the minimal lethal
dose. But because of the presence of toxone, which
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also has an affinity for antitoxin, D, the difference
between the I, and the L, doses, is usnally a multiple
(8—12) of the minimal lethal dose. _
Trom these considerations we are now in a position
to define the unit of antitoxin : a “ unit ” is that amount (
_of antitoxin which will Il_ﬂ[lt-l‘imﬂ minimal
lethal doses for the guinea-pig of diphtheria toxin.
" From certain considerations Ehrlich considers tlmf% the
Mmm_fnmtralise 200 mmmm-rl lethrﬂ r;::lcrsﬁf-;
of a theoretical toxin, containing only toxin and neither
toxoid mor toxone, but, inasmuch as such a toxin 1s
unknown practically, the unit corresponds usually to
105—120 minimal lethal doses of a toxin broth, the
extremes which Bhrlich has found being 16 and 136
lethal doses. Having standardised a specimen of toxin
by means of standard antitoxin, this standardised toxin
is in its turn used to standardise the antitoxic sernm
which has been prepared for therapeutic use. The
_toxin is preserved by the addition of toluol, and is kept
m a cool, dark place; 1t needs to be re-standardised
every few weeks.
In standardising antitoxin, the ., dose of the stan-
dardised_toxin is mixed with wﬁn%_mm of the
antitoxm, the mixtures are injected info guinea-pigs,
and the amount of the antitoxic serum which neutral-
ises the L, dose of toxin i1s thus ascertained. If, for
example, it were found that 005, 004 and 0:03 ec.c.
of the antitoxic serum neutralised the L, dose of
toxin, but that the guinea-pig receiving 0:025 c.c.
suffered from some local necrosis, wasted, and died in a
few days, and the amimal receiving 002 c.c. died in
two or three days, 0:03 c.c. of this antitoxin would be
about equivalent to one unit of standard antitoxin, and
the antitoxic seram therefore contains 33 units per e.c.
I'or all the experiments the conditions must be kept as

—
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constant as possible, guinea-pigs weighing 250 grm,
or thereabouts employed, and to eliminate irregularities
a number of animals must be used. The antitoxic

P

constituent of diphtheria antitoxin is globulin in nature,
or is intimately associated with the mntuut of
the serum. Thus Atkinson found that if the serum
is precipitated by saturation with magnesiumn sulphate,
the whole of the antitoxin is carried down with the
precipitate, and also that the globulin content of the
blood-serum of antitoxin horses 1s inereased.  Lis
results were confirmed by Ledingham,'

. There can now be no doubt as to the value of the antitoxin
treatment of diphtheria. Since the introduction of antitoxin
treatment, which was commenced about the middle of 1894,
there has been a steady decline in the case mortality from
diphtheria, especially in London, where probably the majority
of the cases arve injected with antitoxin. From 1891 to 1894
the case mortality from diphtheria in the hospitals of the
Metropolitan Asylums Board averaged about 30 per cent., in
1895 it was 228 per cent., and afterwards steadily fell, until
during the last eight vears it has ranged between 83 and 10
per cent,

Not less than 2000 units should be injected for a dose, and
early treatment is of paramount importance. As soon us there
is a reasonable probability that the case is one of diphtheria
the antitoxin should be used, and treatment should not be
delayed for the result of the bacteriological examination.
The statistics show that in cases treated on the first day of the
disease the case mortality is 30, on the second day it is 65,
on the third day 10-6, on the fourth day 12-9, and on the fifth
day and afterwards 14'8 per cent. :

In bad cases, and in those coming under treatment at a late
stage of the disease, the dose may be increased to 10,000
20.000, or even 30,000 units with advantage, and to bring the
patient under the influence of the antitoxin as rapidly as

1 Jowrn. of Hygiene, vol. vii, 18907, p. 65.
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iy p—

The dose may have to be rcp-ea.tml once or twice in mild cases,
in bad cases pmlmps every six or twelve hours until several
doses have been given, the guide being the geveral condition
of the patient and the rapidity of t]m separation of the
]llElllllI'H-IlH.

In addition to antitoxin, the recumbent posture and general
and local treatment should be pursued as usual,

In cases of mixed infection, in which the diphtheria baecilli
are associated with f-_;t.1‘t‘l]tEEUEL'i or staphylococei, diphtheria
antitoxin mav prove of less value, as it has no influence on the
zsiruptuungau or staphylococcic infection, and injections of
anti-streptococcic serum may be given in addition.

Diphtheritic paralysis seems to be rather more fl[“[{lif‘llt
after the use of antitoxin than in the eases not treated with it,
probably because a greater number of cases survive.

The antitoxin has also been employed as a pmpin]m-tm n
schools or other places where susceptible individuals ¢ /
congregated together, and where cases of diphtheria lhwe .
occurred, with excellent results.

The procedure in such circumstances should consist of a
bacteriological examination of the throats of all the inmates
in the institution, isolation of those in whom the B. diphtheriz
, is found, and the injection of everyone, or at least of all
. children, with a prophylactic dose, repeated if considered
, desirable, ten days later.! For this purpose a dose of about
i 500 units should be given. The immunity so produced does

not last for more than three weeks.

The objection to the use of antitoxin for prophylaxis is that
should the patient subse lueutlv 1]evelup diphtheria, tr eatment
with antitoxin may induce serious symptoms due to super-
sensitation or anaphylaxis. The writer beleives that all the
advantages of antitoxin without its disadvantages may be
obtained by the use of a vaccine consisting of diphtheria
endotoxin.

Some clinicians assert that antitoxin exerts its effect when

' On the prophylactic use of antitoxin see Norton, Lancet, 1907,
vol. ii, p. 85.

possible the first dose may be administered intravenously.

S —
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administered by the mouth or the rectum. Hewlett was un-
able to detect any absorption of tetanus antitoxin from the
stomach or recium, nor Sternberg of diphtheria antitoxin from
the rectum, of rabbits,

Pseudo-diphtheria and Diphtheria-like Bacilli.

Diphtheria-like bacilli are not uncommon in wounds
and in pathological exudates, efc., and in connection
with diphtheria an important question must be dis-
cussed, viz, the ocenrrence and nature of the so-called
pseudo-diphtheria bacilli. The term was originally
used by Léffler, and by the rule of priority should be
reserved for the organism deseribed by him under this
name. The pseudo-diphtheria bacillus of all authors

-1 an organism occurring in the throat 1n wvarious

anginal conditions, scarlet fever, ete., and occasionally
in the throats and noses of well persons, and is non-
pathogenic to guinea-pigs. Park and Beebe met with
it in twenty-seven out of 330 healthy throats examined
by them. Roux and Yersin, Abbott and Friinkel de-
scribe it as morphologically resembling the Klebs-
Lioffler baeillus, while Loffler, von Hofmann, Koplick,
Park and Beebe, Peters, and Hewlett and Miss Knight,!
consider that an organism differing somewhat from the
Klebs-Lisfler bacillus should alone be termed the
pseudo-diphtheria bacillus ; to avoid confusion it 1s best
to designate it the Hofmann bacillus.
Morphology.—Typically, the Hofmann bacillus 1s a
shortish rod tapering towards the ends, which are
rounded, the average length being from 15 p to 2y,
and it occurs in pairs, resembling two suppositories
placed base to base. It is wﬂg, does not_form
pores, 18 arranged in a parallel ‘:"I'ﬂlmi”;‘" like the

\ Tyans. Brit. Inst. of Prev. Med., vol. i, 1897,
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Klebs-Lofler bacillus (due to the same mode of divi-
sion), and involution forms are, as a rule, not met with
(Plate VIT., ). It 18 Gram-positive, and stains deeply
and regularly with Lofler’s methylene blue, segmenta-
tion and polar staining usually being absent. With
Neisser’s stain no inky granules are perceptible, as is
the case with the diphtheria bacillus.
Cultural reactions.—The Hofmann bacillus 1s almost
o strict aBrobe ; there is no growth anaérobically
hydrogen. On Win it forms _eream- ('D_q e
coloured colonies or growths, barely distinguishable : i
fromihose of the Klebs-Loffler bacillus.  On ordinary
potato it havdly grows atb all, what growth there 1s
being quite invisible.  On alkaline potato,! however,
“ forms distinet cream-coloured colonies, usually visible
by the second day. In _stab-cultures in_gelatin and %ﬂ/! O
lucose- : as. i -med, and the growth 1s con-
fined to the upper part of the stab. In broth it forms
sometimes a granular deposit, somefimes a general
turbidity.  On neutral litmus glucose-agar a blue
colour is developed, indicating the production of
alkalinity. Cultivated in peptone water an indole-like
reaction with sulphuric acid alone can be obtained after
a variable time, three to four weeks, while the diph-
theria bacillus gives it in about a week ; with a nitrite ‘Z' , Q
and sulphuric acid the indole-like reaction can be #AA '
obtained with both the psendo- and diphtheria bacill in :
about a week. The substance giving this indole-like Lep€ (essnle
reaction 1s not indole, hllt_j;kﬁtﬂ]:ﬁ-ﬂﬂl‘bﬂ:i}’]ir:___ii,(_:{ﬂ,ﬁ A
broth culture reduces a weak solution of methylene
blue. The bacillus does not curdle milk or hquefy Mfo,
of

ey

! Ordinary potato rendered alkaline with a 10 per cent. solution of
sodium carbonate before sterilisation.

? Hewlett, Trans. Path. Soe. Lond., vol. 1i, 18900, p. 187 ; vol. lii, 1901,
p. 113,
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gelatin, can be cultivated at from 22° to 87° (.
and is non-pathogenic to guinea-pigs in doses of 5 -::.ci
or more of a forty-eight hours’ broth culture. Some
of the differences between the Hofmann bacillus
and the Klebs-Lofler bacillus are shown in the
table on the next page. Mandelbaum and Heine-
mann' state that if a glycerin-agar plate be smeared
with human blood and inoculated, the diphtheria
bacillus produces colonies surrounded by a yellow
zone, while the colonies of the Hofmann and xerosis
bacilli do not change the red colour of the blood,
In addition, the Hofmann bacillus does not ferment
any sugar, etc. (see Table, p. 306).

The histories of several cases investigated by Miss
Knight and Hewlett seemed to show that the Hofmann
bacillus is associated with mild anginal conditions,
which are free from complications, end in recovery, and
are not followed by sequele. In many of the cases
the anginal condition was associated with distinet
patches of membrane, and in two symptoms were
present suggestive of the toxeemia which is met with
in diphtheria.

In . a long series of experiments Hewlett and Miss

Knight believed that so r vas obtained of
the conversion of t ' i
acillus and wijce awersa.- Moreover, the Hofmann
bacillus seemed in many instances to replace the Klebs-
LofHler bacillus in the throat during convalescence, and
it is possible in a large series of cultures to obtain con-
necting links between the Klebs-Lofier bacillus on the
one hand and the Hofmann bacillus on the other.
Cobbett,* however, suggests that these facts are capable
of another explanation, viz. that during the acute

L Qentr. f. Bakt. (Orig.), liii, 1910, p. 356,
: Jowrn. of Hygiene, vol. 1, 1901,
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The Hofmann Bacillus

Differences betiveen

Morphology

Staining with
Lifler's hlue

Tpigeer’'s stain . ;

Alkalifie potam

Neutral litmus agar
Litmus milk
Stab - enltures
glucose agar
| gelatin
Anaérobic cultures |
in hydrogen
Indole-like reaction.
(peptone-water
[ enltures, with sul- .
| phuric acid alone) |
Fermentation reac-
[ tions

in
and

the Klebs-Liffler

Bacillus.

Hofmann Bacillus.

Rods 1'3 p to 2 p in
length, tending to
he slightly thicker
at the centre than
at the ends. Is

“plumper,” shorter,
and less wvarial r11=
than the Klehs-
Liffler bacillus

[nvolution forms rare

Stains more deeply
and regularly than
the Klebs-Laffler
bacillus. Polar
staining rare

Negative
Distinet cream -
colonred colonies

or growth visible in
two days
| Alkaline reaction

| Alkaline reaction

Growth only at upper
part of stab

Mo g

;Dnl}r after three |
growth.

weeks’
(Due to skatole-
carboxylic acid)

see table

303

and the Hofmann

Klehs-Loffler Bacillus,

Rods averaging 3 u to
4 pin length. Slen-
der and (exelnding
involution forms)
of more muniform
diameter than the
pseudo. Consider- |
able variation in
size.

[Involution forms
usually present.

Staining  generally |
more or less ir-|
regular, and polar |

staining cOMMOon.
well, but a

almost

Positive. e

Grows
orowth
invisible.

i8

| Acid reaction. ,.-'-"-':f,ﬂ
Acid reaction, ~|
Growth along whole |
length of stah.

Grows well,

After one week’s
growth. (Due to
skatole - carboxylic
acid). '

' on page 306,

stage, diphtheria bacilli being readily found, the Hof-
mann bacillus is likely to be overlooked, whereas at a
later stage a more careful search may be mnecessary to
detect the diphtheria baecillus, and in the course of
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that search the Hofmann bacillus 18 therefore more
f:'equently seen,

Miss Knight and Hewlett came to the conclusion

that in some cases, at least, the Hofmarn bacillus is a
modified Klebs-Loffler bacillus, and the view taken of
- its relation to the Klebs-Lofler bacillus was, that it is
a very attenuated Klebs-Loffler bacillus, 4. ¢. one far
removed from virulence. It would therefore seem wise
to treat anginal cases in which the pseudo-diphtheria
bacillus 1s fnund as possibly mnfective, though it would
probably be imexpedient to admit to a general diph-
theria ward (unless a prophylactic dose of antitoxin or
of an endotoxie vaccine be given), nor would antitoxin
be needed in the majority.

Most anthorities have been unable to convert the
pseudo-bacillus into a virulent Klebs-Lifller bacillus, or
vice versa, and many are of opinion that it has probably
nothing to do with diphtheria (Park and Beebe, Peters,
Washbourn, Cobbett, Clark), A few fatal cases have
been recorded (e.g. by Stanley Kent) in which a
careful search has failed to reveal any but Hofmann
bacilli. Boycott' found that the seasonal prevalence
of the Klebs-Liffler and Hofmann bacilli does not
correspond, the former prevailing during September,
October, and November ; the latter is more frequent
from May to August,

Priestley records an outbreak of what he terms
“ pseudo-diphtheria,” in which the Hofmann baecillus
seemed to be the causative organism, and expresses the
opinion that this baecillus is not related to the Klebs-
Loffler bacillus.”

Salter ® claimed to have found that the Hofmann

I Journ. of Hygiene, 1905, vol. v, p. 223.
2 Public Health, July, 1903,
3 Trans. Jenner Inst. Prev. Med., vol. ii, p. 118. (Bibliog.)
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baeillus is virulent to many small birds (goldfinch, chaf-
finch, canary, ete.), and that by successive passages it
becomes converted morphologically into a Klebs-Lifler
form with feeble virulence for the guinea-pig. He also
found the filtered broth culture of the Hofmann bacillus,
though harmless to guinea-pigs, to be foxic to small
birds, and that it contains a non-toxic substance (toxoid)
which has the power of combining with, and neuftralising,
diphtheria antitoxin.  Salter concluded, therefore, that
diphtheritic organisms are to be met with of every
agrade of virnlence, the weakest, known as Hofmann’s
or the pseudo-diphtheria bacillus, representing the most
attenuated form of the Klebs-Lofler bacillus. The
writer,! Cobbett,” Petrie,” Williams,* and Clark® have,
however, quite failed to confirm Salter’s results.

To sum up: the Klebs-Lofler-like avirulent bacilli
met with in the thoat, the psendo-diphtheria bacilli of
Roux and Yersin, are probably modified and avirnlent
diphtheria bacilli. As regards the Hofmann baeillus,
the general trend of opinion at present is to consider

it as quite distinct from the Klebs-Tofer bacillus.

Another view is to regard it as in reality including
several species, of which one may be a modified Klebs-
Léfler baeillus, the others having no relation with this
organism. The Klebs-Liffler-like avirulent bacill;
might, therefore, be regarded as true diphtheria bacilli
slightly removed from virulence, the Hofmann baeillus,
if derived from the Klebs-Loffler, as a diphtheria
bacillus far removed from virnlence,

In determining the fermentation reactions of the diphtheria-

b Brit, Med, Journ., Sup., July 9th, 1904,

* Jowrn, of State Med., vol. xi, p. 609,

Jowrn, of Hygiene, vol. v, p- 134,

* Jowrin. Med, Research, 1902, p. B3,

Journ. Infeet. Diseases, vol, vii, 1810, p. 335.

B2
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likke bacilli, the organisms should first be grown in broth
until they become acclimatised to this medium, or should be
grown in a medium which suits them, e.g. broth with the
addition of serum or of ascitic fluid. Hiss's serum-water
medium is satisfactory—serum 1 part, water 3 parts, with
1 per cent. of carbohydrate or other substance, tinged with
litmus and sterilised in the steamer on three consecutive days.
Graham-Smith1 gives the following table of fermentation
tests:

| Hisg's medium (10 days" prowth).

- Organism, | & | g E g § l E | 8 ! 2
| g18 2138 |2|% k|8
[ | @ | = = = Bl & 2 F
| B R B L o i s |8
= .._| — : e ——
B. diphtherim, virulent C | C 0 ClC|C| g g | @ |
and avirulent ¥ N I e 8 SR B | A | A X
Hofmann bacillus® 0 o o5 S O R B 1 i 0 4 i T 0
- ; 0 C U
5 L3
Xerosis bacillus® . e O | ¢ 0 ' 0 Ll 0 . 'E-'--...i :
G C C |
# .
| B. coryze : . A5 | Ts (SR e T ol 7 1 S
Diphtheria-like bacilli : | e e
. ¥rom the ear* . S8 ST DS (1 ) I S Y0 L L)
From the urethra* T T 2o oo
. = | '
From the throat* A g 0|0 E 0 E (s 1 W84 Al AR 1
|} 3 I
From the fowl* . P I M e R B ! 0| 0]
(* Avirulent to the [ 4 N :
guinea-pig) l ‘ ] l | | II
| : el duil e Fih)
._{j = goagulationy — = no coagulation ; A = acid : ) = no reaction.

Slight variations were occasionally noted : for example, four out of
twenty diphtheria bacilli gave no acid with lactose, and the amount
of acid production and of coagnlation was somewhat variable,

Clinical Diagnosis.

(A) In man and animals . 1. In some cases the diph-
theria bacillus can be identified in the membrane or discharge,
and the diagnosis established thereby.

1 Jowrn. of Hygiene, vol. Vi, 1906, p. 286.
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Films are made with the exudation, or with a fragment of
the membrane teased up as finely as possible on a slide, a
droplet of water being added 1f necessary. One of these
films should be stained with Loffler's methylene blue, another
by Gram's methed. The baeilli will be found lying parallel
to one another in larger or smaller groups, together with
involution forms. Films stained with Neisser's or Puglfi
stain (see below) may also be of assistance. Amnother method
is To stain the films for five seconds in dilute carbol-
methylene blue (seven drops to 10 c.e. water), rinsing and
drying, and counter-staining in dilute carbon-fuschin (ten
dvops to 10 c.e. water) for one minute, rinsing and drying
(Higlev).

1. Frequently the membrane is so erowded with different
forms of organisms that it is extremely difficult to recognise
the diphtheria bacilli with any degree of certainty. Recourse
must then be had to eultivation.

For this purpose sloping blood-serum tubes, or tubes of
serum-agar, must be emploved ; simple agar is unsuitable.

A piece of membrane or a swabbing from the throat is rubbed
over the surface of one or two serum tubes, care being talken
not to break up the medium. The tubes are incubated at
37° C. for eighteen to twenty hours, and are then examined
microseopically whether there is any visible growth or not. If
there be no visible growth a seraping is taken by means of a
sterihised platinum needle from the whole surface and a filn
1s prepared. If there is a visible growth the film should be
prepared from the most likely colonies, or, if the growth be
confluent, from the upper half inch or so. A microscopical
examination must always be made, for some colonies—certain
staphylococei and torule, for example—simulate those of
the diphtheria bacillus very closely. The films may be stained
with Loffler’'s methylene blue for five to ten minutes, or
by Pugh’s method, then washed and dried. If the films are
made on a slide, after staining, washing, and drying, a drop
of cedar oil may be put on the stained patch, which is then
examined directly without a cover-glass. If, however, there is
very liftle growth, it is better to make a cover-glass specimen,
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as the position of the material is so much more easily located.
The preparations are examined with a % -in. oil immersion
lens magnifying not less than 800-1000 diameters, and the
Klebs-Loffler bacillus is identified from the description given
in the text. '

Prausnitz considers that if negative results are obtained
after eighteen to twenty-four hours’ inecubation the tubes
should be incubated fora further twenty to twenty-four hours
and re-examined, and undoubtedly occasiomally a positive
result may be obtained by this longer incubation.

Liffler's methylene blue gives much more characteristic
preparations than Gram’s method.

Although eighteen to twenty hours is recommended for
incubating the cultures, a wmicroscopical examination will
sometimes reveal the bacilli at a much earlier period. The
writer has found them in as short a time as six hours, but if
bacilli are then nof found the tubes must be incubated for
the longer period.

Neisser's method of staining is as follows :

(@) Onegramme of methylene blue (Griibler’s) is dissolved
in 20 ce. of 96 per cent. aleohol, which is then mixed
with 950 c.c. of distilled water and 50 c.c. of glacial acetic
acid.

(b) Two grammes of Bismarck brown are di ssolved in one
litre of boiling distilled water and the solution is filtered.

The preparations are stained in («) for one to three
seconds, rinsed in water, and stained in (b) for three to five
seconds, washed in water, dried, and mounted, The baeilli
are stained brown, and contain two, rarely three, inky-blue
dots. This is a valuable confirmatory stain for the diphtheria
bacillus, but staining for a longer time than that recommended
by Neisser is advisable, viz. half a minute in the blue
and one minute in the brown. Tanner treats with Gram's
iodine solution for half a minute after the blue. The
staining solutions seem to keep well but occasionally fail to
act, so should be controlled on an undonbted diphtheria

culture, ! :
Pugh's stain is also a very good ome, It 1s a nxture

_ s R
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containing 1 grm. of toluidine blue dissolved in 20 c.c. of
absolute alcohol and added to 1000 e¢.c. of distilled water and
20 c.c. of glacial acetic acid. The mixture is applied for two
minutes. The protoplasm of the bacilli 1s stained a pale
blue and the polar bodies are deeply stained and stand out
in marked contrast ; by artificial light they appear a reddish
purple.

In the majority of cases, after a little experience, the
Klebs-LofHer baecillus will be readily recognised if present.
Occasionally, however, bacilli may be present which resemble
the Klebs-Liffler very closely, and of which it is difficult to
be certain. In such a case the following points should be
noted in attempting to arrive at a decision :

]'. The character of the growth on the medium.

. The depth mlmnf:'};th Liffler’s I;T"u and the
|rl‘um:llt£~ or absence of segmentation or polar staining: The
[(lebs-Lioffler bacillus usually stains somewhat deeply, while
the bacilli resembling 1t stain but feebly

3. The presence or absence of involution forms, clubbing,
b S —

ult.
. The presence or absence of thread forms: The Klebs-

1S
Tmf'ﬂu' bacillus does not form Hnu.uix.

e e

9. The presence or absence of spores: The Klebs-Lifller
. bacillus does ﬁ:g&fmm Spores.
6. Motilityan a hanging drop: The Klebs-Loffler bacillus
is non-mofile. s
7. Gram’s method of staining: The Klebs-Liffler bacillus
" e S

stains well.
8. The grouping of the organism: The parallel grouping

of the Klebs-Loffler bacillus is somewhat characteristic. The
bacilli when lying side by side do not seem quite to touch,
while the bacilli which resemble the Klebs-Liffler and show a
parallel grouping frequently lie much closer tocether than the
Klebs- Lifler bacillus ever does.

9. The reacti ) :
9. The reaction with Neisser's or Pugh's stain (the calfure

1 Klein and others have deseribed thread and branched forins in
I‘._"I.llf.'l.l!'i_'l‘i of the I{I{!I']:i-l:i;l!.“i_'t' ]_H!l;_'i”['l'.'-i in certain ‘.:'il"'t'-ll.]illb'-t-i'l-]]l"l'!-'-., Tt
these ave not likely to be observed under the conditions mentioned.
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must be o youny sevum one):  The pseudo-bacillus and other
bacilli do not give the diphtheritic reaction (polar staining).

10. The final test of virulence may be applied. For this

E ey

purpese the organism must be isolated in pure culture by
plate cultivations. Two guinea- pigu‘, of  250-300 grm.
weight, are each inoculated with 2 c.c. of a forty-eight hours’
broth culture, one receiving at the same time 1 c.c. of
diphtheria_antitoxin. If the guinea-pig inoculated with
culture only dies, while the one receiving culture and
antitoxin lives, this is complete proof that the organism is
the diphtheria bacillus; if both live no inference can be
made except that the organism is non-virulent: if both die,
it shows that the organism is virulent, but that it is not
neutralised by antitoxin, and therefore is not the diphtheria
bacillus. In cases in which bacilli persist, the test of virulence
is frequently applied. If the organism proves to be non-
virulent, presumably the patient is non-infective. Such a
presum stion, in the writer's opinion, however, is not necessavily
true.

11. Aggelutination tests are unsatisfactory and mot of
service.

It oceasionally happens that a conclusion cannot be arvived
at without an extended investigation.

If serum tubes are not available an _ege may be used. It
is boiled hagd, the shell tTlppeﬂ away from gue end with a
Lm!e- sterilised by heating, and the inoculation made on the
I.J\.Hl}bbd white ; the egg is then placed, inoculated end down,
in a wine ;rla,bh of such a size that it vests on the rim and
does nottoych the bottom.. A few drops of water may with
advantage be put at the bottom of the glass to keep the egy-
white moist. The preparation is kept in a warm place for
twenty-four to forty- eight hours and then examined.
Antitoxin itself may be used as a eulture medium, provided it
contains no antiseptic (this is now rarely the case.) A test-
tube is sterilised by heating, or with boiling water or steam
from a kettle, antitoxin to the depth of about an inch is
poured in, and is coagulated by holding the t.ul.}u very
obliquely in boiling water or steam. After coagulation and
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a. The psendo-diphtherin or Hofmann bacillus.  Cover-
glass preparation of a serum culture, = 1500,

b. Yincent's Elr!l_i_';i.'l.lil. smear from exudation :-;'||4'Hr]'|[u' fusitorm
bacilli (dark) and spirilla (light). = 2000.
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cooling the medium 1s snoculated.  If no incubator is available,
the culture may be kept in a warm place, or in an inside pocket.

Manv laboratories will now undertake the examination of
material. Culture outfits are supplied by some, consisting of
o sterilised tube containing a sterilised swab., Failing this, a
piece of membrane may be forwarded in a tube or bottle which
has been sterilised by heafing, or with boiling water or steam.
[f there be no membrane, a swab can be readily extemporised
by wrapping a little wool round the end of a piece of wire,
knitti ne needle, haiv-pin, penholder, or splnter of woaod.
The wool may be sterilised by moistening with water and
then holding in a flame. Membrane or secret ion may also be
forwarded on pledgets of wool, pieces of lint or calico, and
even on paper, but these are not so suitable.

(B) In milk—See section on ** Milk.”

Vincent's Angina.

An infective malady characterised by sore throat, fetor,
dysphagia, and ulceration and membrane simulating diph-
theriz. The diphtheria bacillus, however, is not present, and
the affection is caused by an apparent association of a bacillus
and a spirochaete. The bacillus (B. fusiformis) measures 6 B u
to 10-12 p in length, has poinfed ends and is usually some-
what bent, not straight, often appears feebly motile, and does
not stain by Gram. It can be cultivated anagrobically on the
ordinary media to which human blood-serum, ascitic or
hydrocele fluid has been added. The spirochaete is long and
sinuous and very motile, but cannot be cultivated, and is
stated to be developed from the fusiform bacillus. Smears
may be stained with methylene blue or dilute carbol-fuchsin,
and the appearance of the associated organisms is so charae-
teristic that a diagnosis is easily effected (Plate VIL., b).

Fusiform baeilli have been met with in various necrotic
processes, ¢ g. noma (see Chap. XX).

The Xerosis Bacillus.
The xerosis bacillus was isolated by Neisser from cases of
xerosis conjunctivee, and is met with in follicular con-




312 Manual of Bacteriology

junctivitis. Tawson and also Griffith isolated it from nearly
50 per cent. of all nornial conjunctival sacs. TIn morphology
and staining reactions it resembles the ]{_IubsWMim?
very closely. It differs from the Klebs-Liffler bacillus in the
Elluwiug particulars : (1) Usually, but not always, in the
primary cultivations from the eye on blood-serum, colonies
do not appear under about thirty hours, while those of the
Klebs-Liffler bacillus ave visible in sixteen to twenty hours.
This does not apply to the secondary cultivations, in which
the colonies appear as soon as those of the Klebs-Liffler
bacillus. (2) Upon agar it will seldom or never grow in
primary culture, and m secondary cultures it forms only a
thin, translueent, dry film. (3) Upon gelatin it will never
rrow_in primary cuitur& and seldom in secondary culture.
(4) It does not give rvise to acid production in milk or
clucose broth. (5) It is non-pathogenic to guinea-pigs.
(6) The Neisser stain is negatize. The fermentation re-
actions will be found in the tahle on p. 306.

In all probability the organism is not causative of xerosis
conjunctivae.

To isolate the organism, blood-serum tubes are inoculated
with a looped platinum needle from cases of follicular
conjunctivitis or xerosis, and incubated av 37° C. for forty to
forty-eight hours. Half the tubes will usually show a
orowth. Preparations may be stained with Liffler’s blue and
by Gram’s method.

Bacillus coryza®e (segmentosus).

An organism first deseribed by Cautley, of frequent occur-
rence in the nasal seeretion in cases of *“ mfluenza ™ cold. It
bears a striking resemblance morphologically to the B.
diphtherize when stained with methylene blue, u.n.ﬂ is Gram-
positive, but does not show eranules either with Lifler blue
or with Neisser's stain.  On agar it grows more slowly than
B. diphtheriee, and in glucose broth and ]itmn.:'s 111'11]{‘zwi{1
production is slow and feeble.  If is non-pathogenic to guinea-
pigs. The fermentation reactions will be found in the
table on p. S06.
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Other Diphtheria-like Bacilli.

As already mentioned, diphtheria-like bacilli are not in-
frequent in wounds, pathological discharges and secretions.
Some of them may be positive with Neisser’s stain. They
are always non-virulent. The fermentation reactions of
some of these organisms will be found 1 the table on p. 506.

Bacillus diphtherize columbarum.

Pigeon - diphtheria 1s an infectious disease of pigeons,
characterised by the formation of diphtheritic-like membranes
on the tongue, fauces, and corners of the mouth ; occurs in
extensive epizootics from time to time. Loftler isolated a
bacillus to which he gave this name. It 1s short, with
rounded ends, non-motile, does not form spores, and does not
stain by Gram’s method. On gelatin it forms a whitish
growth without liquefaction, on agar a creamy growth, and
on potato a thin grey film. Milk is not curdled and is
unchanged in reaction. It is pathogenic for the mouse and
pigeon, but only slightly so for the fowl and guinea-pig. It
1s possible to prepare a vaceine, and an anti-serum for the
disease.!  Recent research has, however, suggested that the
disease may be due to a filter-passer.?

Diphtheritic roup of poultry is a different disease, and is
stated to be due to a protozoan parasite’ DMacfadven and
!.Ill! writert found Klebs-Liffler-like organisms to be present
in the mouths and throats of healthy pigeons and fowls.
These organisms resembled the true Klebs-Laffler bacillus in
their cultural reactions, but were quite non-virulent to
guinea-pigs (see table, p. 306).

The so-called diphtheria of ecalves is produced by an
anacrobie streptothrix, .

" See Aun. de U'Inst, Pastenr, xv, 1801, p. 952,
2 Dean and Marshall, Jowrn. of Path. and Bact., vol. xiii, 1908, 1. 29.
See also Gordon Sharp, Lancet, 1900, vol. 11, p. 18.

Trans. Path. Soe, Lond., vol, 1i, 1900, p. 13, and Brit. Med. Journ.
1900, vol. i, p. 994, ’

a2
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CHAPTER IX.

“ ACID-FAST”’ BACILLI.

TUBERCULOSIS

LEPROSY—THE SMEGMA BACILLUS.

GLANDERS.

\-* Acid=fast? Bacilli.

An important characteristic of the tubercle, leprosy,
and smegma bacilli is the property they possess when
stained with fuchsin of retaining the red colour after
treatment with a strong mineral acid (25 per cent.
salphuric or 30 per cent. nitric). They ave thereiore
termed  acid-fast.” Most other organisms are rapidly
decolorised even by 1 or 2 per cent. sulphuric acid,
but it must be recognised that several apparvently
saprophytic bacilli ave also “acid-fast.” The retention
of the fuchsin colour in spite of treatment with the
acid seems to be due to the presence of substances of a
fatty or waxy nature within the organisms with which
the fuchsin either combines or is protected from the
action of the acid.

Moreover, by cultivating many saprophytic bacilli in
media containing butter, Bienstock and Gottstein con-
verted them into “ acid-fast ” forms.

¢ Acid-fast ” bacilli are also present in butter (Petri,
Rabinowitsch, Rubner), on certain Graminacew (the
« Pimothy-grass bacillus ” of Moeller), and in dung (the
« Mist bacillus”’). It has been suggested that these

- .
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x ¥ 4 |I : [ ] ‘ll T '.P |
saprophytic acid-fast bacilli may be devived from the

tubercle bacillus, but Panisset’s work gives no con-
firmation of this. X PN
The HL:-{:]'}Lutrif:huzu occasionally exhibit ¢ acid-fast
properties.  Dean has found acid-fast leprosy-hke
bacilli in rats (see p. 855). _All the acid-fast baecilli

seem (0 be Gram-positive.

g

Tuberculosis.

Tuberculosis is, unfortunately, only too common i
the human subject, and most of the domestic animals
and wild animals in a state of captivity may be
attacked by it.

The conception of tuberculosis was origmally a
purely anatomical one, the name being given to a
condition in which the organs were studded with little
yellowish points or mnodules, which were termed
tubercles.  Laenneec was the first to indicate the
characters of these nodules or tubercles, and traced
with considerable accuracy their development from
minute lesions, the miliary tubercles, np to the large
cheesy masses which may be met with in the glands
and lungs.

Microscopically, the structure of a young and typical
tubercle 1s charactevistic. At the centre one or more
giant-cells are found—large protoplasmic masses, each
containing ten to twenty nueclei arranged vound the
periphery (Plate IX., b). They are of the nature of
plasmodia, similar to the masses of fused cells which
surround a foreign body in the lower animals (Adami).
Around the giant-cells are well-defined epithehal-hlke
cells with large and distinet nuclei, which ave known as
epithelioid, or more properly endothelioid, cells. A zone
of smaller cells with scanty protoplasm and small nuelei




q
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surrounds the endothelioid cells ; they are known as
lymphoid cells from their likeness to the cells of
lymphoid tissue. This is the structure of a typical
tubercle, but one or other of the components may be
wanting, and none can be said to be absolutely charac-
teristic of the tubercle. The nodule possesses mno
blood-vessels, and as its size increases by growth at
the periphery the central parts undergo degenerative
changes, and may become either structureless or
hyaline, or be converted into a soft yellowish material
somewhat lhke cheese and termed caseous, Morve or
less extensive inflammatory reaction ensues in the
tissues surrounding the tubercle, and the cellular
elements so produced often become spindle-shaped
and ultimately fibrous, so that the tuberculous nodule
becomes enclosed by a capsule of fibrous tissue which
may contract and convert it into a fibrous nodule.
After caseation has occurred caleification may ensue
that is, lime-salts are deposited and the nodule is
gonverted into a calcareons mass.

So far back as 1865 Villemin showed that inocula-
tion of rabbits with human caseous material was
followed by a development of nodules similar in all
respects to the miliary tubercles in man. Cohnheimn,
Burdon Sanderson, and Wilson Fox confirmed this
observation, but they also showed that the development
of tubercles apparently followed the introduction, not
only of tuberculous material, but also of setons, pieces
of putrid muscle, and outta-percha. It was pointed
out, however, that in all probability these results were
due to accidental contamination or inoculation with
tuberculons matter, and, by adopting suitable precau-
tions in order to prevent such sources of error, it was
conclusively shown that non-tuberculous matter is
unable to set up tuberculosis. Tuberculosis is there-
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fore inoculable, and is an infective disease, and as such
must be due to a specific infective agent, to the
discovery of which observers then directed their atten-
tion. In 1882 Koch announced that he had discovered
a special bacillus, the tuberele bacillus, in tubereulous
tissnes, which could be isolated and caltivated, and
which reproduced the disease on inoculation.

The Tubercle Bacillus.

Morphology.—The tuberele bacillus (B. fuberculosis)
is a slender rod with rounded ends, often slightly
curved, and averaging 2-3 g in length, though the
length varies in the tissues from 1:25 u to 65 p; In
enltures it tends to be short, on serum being about 1 u.
[n stained preparations one or more unstained intervals
are often seen im the rods (Plate VIIIL., a); these have
been considered by some observers to be spores, but
there are many objections to this view. Spores are
usually single and mnot multiple, and are regular
spherical or ovoid bodies, whereas the unstained spaces
in the tubercle rods are irregular. Moreover, in the
same specimen of sputum a varying amount of “ bead-
ing,” as it is termed, may be brought out by different
staining methods (Plate VIII., &); in a preparation
stained by Gram’s method it is usually more pro-
nounced fhan in one stained with carbol-fuchsin. In
class work also it will be found that one student’s
specimen will show beading much more markedly than
another’s.  These considerations render it probable
that the beading is partly due to segmentation of the
protoplasm, and partly, perhaps, is an artifact due to
the staining process, and is not a spore formation. The
tubercle baeillus, however, probably does form spores,
though this is a debated point.  Some observers have
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described clear, vegular, unstained spaces in baeilli
from old enltivations, and consider these to be true
spores.

The tubercle bacillus is a mon-motile, strictly para-
sitic organism (it has been describ®l as being both
motile and flagellated). It usually occurs singly,
occasionally linked in twos or threes so as to form
short chains, and under certain conditions, especially in
old eultures, filamentous forms develop, and Foulerton!
and others include it among the Sirepfotrichem. The
bacillus is agglutinated by the blood-serum of a tuber-
culous animal (see p. 347).

Staining reactions.—The tubercle bacillus stains -

differently with the ordinary watery solutions of dyes,
prolonged treatment with, or warming, the solution
being required. It stains well by Gram’s method. It
also stains well and -deeply with carbol-fuchsin, particu-
larly on warming, and when so stained 1s markedly
resistant to the decolorising action of 25-30 per cent.
mineral acid ; that is to say, it is strongly “acid-fast,”
and this property is made use of for demnnm-s
presence in tissues, etc., and for diagnostic purposes.
Koch states that the peculiar staining reaction of the
tuberele bacillus is due to a coating of two fatty aeids,
which take up the stain, and are not decolorised by the
mineral acid. De Schweinitz and Dorset (loc. eit.
p. 324) have found the fatty substances to be princi-
pally a glyceride of palmitic acid, together with small
amounts of lauric acid and of two other undetermined
acids. Bulloch and Macleod (loc. cif., p. 325) found
that the fat is not acid-fast, and by saponification
vields oleie, isocetinic, and myristinic acids. The acid-
fast substance, according to these observers, s an

alcohol.
1 «Milroy Lectures,” Lancet, 1910, vol, i, p. 551, ef seq.
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culture. x 1000,

. Tabercle baeilli in sputum. = 1500,

T ,I':'rr'.-- Pirge 315,

R







The Tubercle Bacillus 319

Cultural characters. —The tubercle bacillus is adrobie

and fac - b 11nplx an w[*u]m ard thrives best at a tem-

perature of ~fi' 1]u~n~.1huul-, and development even
then 1s H]ln'..', S1X 1.1.'1:..-];.4 at least being reguired for an
appreciable arowth. The simplest method of 1solat-

ing the bacillus from the tissues is to make use of
Roux’s potato tube (Fig. 9), the bulb being filled with
5 per cent. glycerin. The potato
is inoculated with an emulsion of
the tuberculons material, and in-
enbated at 37° C. Insix or eight
weeks eultures will be obtaimned

perhaps, 50 per cent. of the

tubes. Twort’ has successfully

i
:. brl
\h
i

|
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isolated the bacillus from sputum
y direct eultures in an ericolin
medium. Other media that can
be mnph]}‘uﬂ for (:u][.ir:lt,iitg the
organism from the tissues are
;j’t}'{'m'iml’[ml serum Ifitll‘(?ft‘l*uhl}'
[l11g’s:|:, and _g‘_LE{rt‘rt'iu ]}:'ai_itl agar.
The latter is prepared by making
a 3 per cent. nutrient agar of
+ 20 reaction, adding an equal
volume of pounded ox-brain, and
sufficient glycerin to make 5 per F':i-']i‘.;:_'_.-'T“].M.'_PI.Phl.wlllnﬁ'.

yveerin - agar culture
cent. 1n the mixture, and steri- three months old.
lising.,

After enlture on these media for some g‘{nwr:at[nnﬁ,
the tubercle bacillus will develop on 5 per cent. glycerin
agar (reaction + 15 or 20), and in 5 per cent. glycerin
broth (veal is best) ; it will also grow, tl]:muh VEery
slowly, on glycerin gelatine at 22° C. Gelatin and
blood-sernum are not |1t]1|E:ﬁL‘{L Un g‘l_‘».'{'m'm agar the

T 3 e ———
i P?"ﬂr'-‘%ﬂy. Boe. Lond., B, vol. Ixxxi, 1909,
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growth forms a drv 'y, cerinkled and  wrinkled, eream-

coloured or brownish- -yellow film, which has been well
described as resembling the patches of lichen met with
on trees (Fig. 37). The growth, however, varies con-
siderably, both in colour and in the amount of wrink-
ling, though retaining more or less the characteristics
just mentioned. In broth it forms soft cream-coloured,
flaky masses, which increase slowly both in size and
number, the broth remaining perfectly bright and clear.
Sometimes a dry erinkled film forms on the surface of
the broth, and may spread all over it, and tends to

Fra. 38.—Flask for growing tuberculin.

ereep up the sides of the vessel. This film formation
seems fo be essentfial for the preparation of a satisfac-
tory old tubereulin, but it is necessary in order to start
it that some of the inoeunlated particles should float and
form nuelei from which the film spreads. The viralent
organism from the primary cultivations is difficult to
orow on anything but glycerinated potato or sernm, or
brain agar. a

Tubereuwlins—Extracts of, and suspensions of tritu-
rated, tubercle bacilli are employed in treatment and
in the diagnosis of tuberculosis, The preparations are
known as tuberenlins.

Old tuberculin.—This 1s prepared by growing the

 tubercle bacillus in glycerin wjggl_hmb_jn a shallow layer
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in flat flasks (Fig. 38), so that there is a free supply of
oxycen. After some weeks an abundant growth with
copious film formation develops ; the latter seems to be
essential, but it does not appear to matter whether the
bacilli be virulent or non-virulent, or whether they be

of human or of mammalian origin. The cultures, bacilli
and all, ave heated at 115° C. in the autoclave for half

; ar a 11*'1#(-1'-1111;}1 to abonut
an hour, then &{umentrﬁ.tml OVEr £ :

one tonth of their vnlmr-, and finally are filtered

e —
through porous pm*cehm the resulting fluid 1s thick,
owing to the concentration of the glycerin by the

evaporation, is of a dark amber colour, and possesses a
eurious characteristic smell. The large proportion of
glycerin preserves the fluid, which keeps indefinitely in
a cool dark place.

This old tuberculin possesses remarkable properties.
Relatively large amounts (0°1-0'5 c.c.) may be injected
into a healthy animal or individual without effect, but
in a tuberculous one a minnte dose, 0°001 ec.c., gives rise
to a marked reaction—elevation of temperature with
constitutional disturbance more or less severe, and
swelling and tumefaction of tuberculons lesions (glands,
uleers, efc.), and this reaction is made use of for
diagnostic purposes (see p. 348). By cautiously in-
creasing the amount a toleration is gradually induced,
so that considerable doses cause little or no disturbance,

_Inwct.mnﬂa of tuberculin tend to produce marked | changes

et

i the tuberenlous parts, le: ading to necrosis and ex-

h;]mtmn with %uhseq“lent llmlri_}' re'mtmn ‘and repair.

—— TPttt

This is especially seen in cases of lu s ; by continued
mjections a marvellons improvement tmulh s0 mueh
so that a cure is ELP}'I:II'EHL]J’ effected ; but, unFnrtunatvh
when the treatment 1s dls:.mntnmul tIm scar _usually

C———

breaks down and the . disease returns, Nevertheless, a

——

few cases have remained pe{‘msment]} healed,

21

J
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For treatment, the dose to commence with should not

hﬁ. more tl;_@__ﬂ-ﬂﬂl_—m_.?f_c_._cu dilutions being made
with 0'5 per cent. carbolic solution, and the dose 1s
repeated when all reaction has passed away and is
gradually increased. Tubereulin R, or tuberculin BE,
is now generally employed (see below).

Healthy guinea-pigs bear considerable injections of

tuberculin without harm ; but if they be tuberculous, if
the disease is advanced (eight to ten weeks after
inoculation), doses of 0°01 c.c. produce death ; if less
advanced (four to five weeks after inoculation) a larger
dose, 0°2 to 08 c.c., is required ; but 05 c.c. always

T The post-mortem appearances are con-

gestion of the lymphatics and viscera, and dark red
spots, from mere points to the size of a hemp-seed, on
the liver and spleen. These are due to enormous
engorgement of the capillaries in the immediate neigh-
bourhood of tuberculous deposits, actual extravasations
of blood being rarely found. The haemorrhagic-like

pots on the liver are almost pathognomonic of death
rom tuberculin.

Absolute alcohol precipitates the active principle of
iberculin in the form of a whitish flocculent precipitate

..--H!__'_"

which chemically consists of proteoses. This p recipitate,

e

We-&issdved, is made use of in the ophthalmic reaction
: (p. 349). 'Tuberculin applied to the searified skin also

sives a cutaneous reaction in tuberculosis (p. 348).

Tubercwlin R, ov TR, new tuberculin, is prepared from

q/_g young and virulent cultures of the tubercle bacillus.

e growth 1s collected, dried in vacuo and triturated

u.lm by machinery.! Of the tritnrated material, 1 grm.
M"‘ s treated with 100 ec.c. of distilled water, and centri-

0 '.Eug&lis.ed. The supernatant liquid 18 rejected, and the
1 Deutseh. med. Wochenschr., 1897, April 1st (translations or abstracts

in most of the medical journals of about this date).

=

= R——




Tuberculins 323

residue iz collected, dried, again triturated and centri-

off and kept, while the residue is again submitted to
the same treatment, and the process is repeated until
no solid residue is left. The Auids are then mixed, the

is added, and the liquid is diluted to the correct volume,

—

so as to contain 2 mgrm. of solid matter per ecubic

fugalised. 'T'he supernatant liquid is Ea-l‘{-}fl_;i]‘}f pipetted

solid ] imated imetricall gl '
]"-'I Tk " Ll ! | m L] *
sohid content 1s estimated gravimetrically, some glycerin

e

centimetre (not 10 mgrm. as formerly stated), and for
use 18 diluted with 20 per cent. sterile glycerin solution.
Tuberculin R, according to Koch, possesses distinet

immunising properties, and causes neither reaction nor

suppuration.
For treatment of tuberculosis in man the initial dose
is equivalent to not more than tgivor — Tooos —

sona mgrm. of solid matter, according to the nature of
the case. The doses are given subeataneously at inter-
vals of ten to fourteen days, and the treatment may be
controlled in the earlier stages by opsonic determina-
tions. According to Latham, tuberculin may also be
given by the mouth. Cases of cutaneous or loealised
tuberculosis, and those in which the opsonic index to
tubercle is moderately reduced, react best. In phthisis
and visceral tuberculosis no striking results have been
obtained,

Twberculing, bacillary emwlsion (BE), is an emulsion
==

of the powdered bodies of tubercle bacilli in 50 per cent,
aqueous glycerin. The mixture is allowed to sediment
unfil all heavy particles have deposited, the milky
supernatant flmid is pipetted off, and standardised so as
fo contain 5 mgrm. of solid matter per c.c. The dosage
18 similar to that of tuberculin R.

Beluing has prepared another tuberculin, tulase or
_2::{-}-# by treating tuberele bacilli with chloral, which he
states has a marked curative action, and is better




( ~“gave the tuberculin reaction. T'his they regard as the

(

L}
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_administered by the mouth than by subeutaneous
imoeulation. By giving tulase to cows, the milk is said
to acquire immunising and curative properties which
are transmitted to those consuming it. Other tuberculins
are also on the market, and any tuberculin may be
prepared with a human or with a bovine strain of
bacillus, .

Chemical produects—The_tubercle bacillus produces

no extra-cellular toxin. Crookshank and Herroun
obtained from glycerin broth cultures of the tubercle
bacillus a proteose and an alkaloidal body. The pro-
teose was also obtained from * perlsucht.” Both the
alkaloid and the proteose (from both sources) produced
a rise of temperature in tuberculous guinea-pigs, while
in healthy animals the former cansed a slight, and the
latter a marked, fall in temperature.

De Schweinitz and Dorset' described ehemical pro-
ducts isolated from the tuberele bacillus grown in a
special glycerin-asparagin mixture. From the bacilli
themselves an acid body was isolated, probably teraconic
acid, an unsaturated acid of the fatty series. A certain
amount of the same body was also obtained from the
special culture medium, but only a frace from glycerin
broth, in which the baeilli had been cultivated, in the
latter case not because it was not formed, but because
of the difficulty of isolation. 'This acid seemed to
produce on injection depression of temperature and
necrosis of the fissues locally, possessed some immu-
nising power, and may be the substance producing
caseation in the tuberculous nodules. The bacilli ex-

iracted with hot water yielded an albuminoid, which

e

fever-producing substance.
'-_-_-—-__.___._-_.___-_

| Med. Jowrn. N. Y., 1897, July 24th, p. 195. Also Fifteenth Annual
Rep. Bureaw of Animal Industry, U.8.4., 1898,
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Bulloch and Macleod® state that the acid-fast sub-
stance of the tubercle bacillus is an alcohol. Hob Xy /ol
will remove tlhis substance from the tubercle bacillus,
and ether or 5 per cent. caustic soda that from the
smegma bacillus ; the organisms after tlis treatment

are no longer “acid-fast.”

Maragliano states that toxic bodies ave present in
the IJIuml and urine of tuberenlous individuals. Cellu-
lose also seems to be present in small amount in the
bacilli (it has also been found in tuberculous nodules).

Tubercle bacilli, living or ‘dead, are with great

:l:ih{:u]t:,_ ;.'Lb::a(}lhﬂd ‘when in any quantity. The :lvud
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cause 5‘Lﬂl!.h‘.".‘ﬂ}}|1 and several months later it is still
|m.-,ml;ht to stELt in the pus numerous bacilli which
stain well ; introduced into the circulation of rabbits
they give rise to nodules in the lungs similar to the
tubereulous nodules produced by living baeilli (Koch).

Adetion of heat and antiseptics on  the tubercle
bacillws.—'I'he thermal death-point of the bacillus has
been the subject of some controversy. Sternberg found
that tuberculons sputum exposed for ten minutes to a
temperature of 90°, 80° and 66° C. lailed to infect
guinea-pigs in inoculation, while another specimen of
the same *-;pulmn heated lm* ten minutes to a tumpv HE
ture of 50° C. produced tuberculosis in a guinea-pig,
so that from these experiments the thermal death-point
lies between 507 and 66° (.

Yersin in 1888, by culture methods, failed to obtain
any growth from bacilli which had been ]watml to
70° C. for ten minutes, while those heated to 55° C.
and 60° C. gave growths in glycerin broth in ten days
and twenty-two r]lna respectively. Macfadyen and
the writer, in the course of some experiments on the

Y Jowra. of Hygiene, vol. iv, 1904, p. 1
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sterilisation of milk, found that milk to which powdered
dried sputum had been added was rendered innocuouns
by a momentary leating to 67°-68° C. These experi-
ments indicate that a temperature of 65° C. and over
18 probably rapidly fatal to the tubercle bacillus, so
that milk which has been I}'rl.t-'.t-l-':lll'i.‘-ii.!d (/. e. heated to
68°—70° C. for twenty to thirty minutes) may be
recarded as quite safe. KExperiments by the Royal
Commission on Tuberculosis with virulent tuberculous
milk gave somewhat irregular results; in one instance
heating to 65° C. for two and a half minutes rendered
the milk innocunous, in another instance after five minutes
at 70° C. it was slightly virulent, but twelve minutes at
the same temperature rendered it inert (see also section
on “Milk”). Foulerton found that emulsified tuberenlous
material fiom tuberculous gninea-pigs did not lose its
power of infecting unless heated to 70° C. or over for
ten minutes,

The tubercle bacillus offers considerable resistance to
the action of antiseptics and germicides. Yersin found
that it was killed by 5 per cent. carbolic acid in thirty
seconds, by 1 per ceut. in one minute, by absolute
alcohol in five minutes, and by mercuric chloride, 1-1000,
in ten minutes. Crookshank found that tuberculous
sputum mixed with an equal volume of 5 per cent.
carbolic was rendered innocuous in a few minutes, and
this without any special precautions as to breaking up
the masses. For disinfecting sputum mercuric chloride
is unsuitable. (See also Chap. XXI.)

Puthogensis, etc.—Man 1s, unfortunately, only too
frequently attaclked with tuberculosis, the manifestations
of which tend to differ somewhat at different age
periods.  Thus, in the very young, gene al miliary
tuberculosis, tuberculous meningitis, and tuberculous
disease of the peritoneum, intestine, and mesenteric
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olands (tabes mesenterica) are the commonest ; in older
children, up to the age of puberty, the lymphatic
glands, especially in the neck, joints and bones, and
the skin (lupus) are mostly attacked ; young adults
suffer from disease of the lung (consumption, phthisis];
and older people from chronic disease of the lung and
tuberculous disease of the urinary organs and testes,
and of the suprarenal _ﬂﬂ_ﬁ:ﬁ"ﬁi%;(11"{&15_1}11?;5__fl'isemiej,
Scrofula and struma were terms formerly much
employed ; both denote a swollen neck, and were
applied to cases suffering from chronic tuberculous
inflammation with enlargement of lymphatic glands,
especially of the cervical glands, with which other
conditions, such as mflammation of the ear, throat and
eye, and implication of bones and joints, are frequently
assoclated.

The distribution of the bacillus in the tissues varies
considerably. In young and active tubercles the bacilli
are more plentiful and more easily demonstrated than
in older and more chronic ones. They tend to be
more numerous in some animals than in others—in the
ox and horse than in man, for example. In man the
bacillus is difficult to demonstrate (by staining) in
enlarged and caseating glands, in pus, in synovial
membranes, and in lupus, In some animals, especially
the ox and horse, bacilli ecan usually be readily
demonstrated, and may be present in large numbers,
and frequently have the typical distribution, viz. within
ancd at the periphery of the giant-cells, though they are
by no means confined to this locality (Plate IX b).

It has been asserted, particularly by Rosenberger and
Forsyth, that tubercle bacilli can be detected in the
h'loln::cl in the majority of cases of pulmonary tubereu-
losis,  Hewat and Sutherland,' however, made twenty-

! Brit, Med. Jowrn., 1909, vol. ii, p. 1119 (References).
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two blood examinations on twenty patients in all stages
of the disease and in only one detected two acid-fast
bacilli.  Schroeder and Cotton tested the blood of
fl_:u't.y-twn cattle in all stages of tuberculosis by inocula-
tion into guinea-pigs with negative results.

Tuberculosts in  animals—The majority of the
domestic animals are subject to tuberculosis, It is
most common in the ox, pig, and horse, much less so
in the sheep and goat, cat and dog. Wild animals,
both mammals and birds, in a state of captivity are also
specially prone to be attacked, and a large number of
the deaths in Zoological Gardens, particularly among
the apes, are due to this disease.

In carp, tubercle-like nodules are occasionally met

with in which a Dbacillus resembling the tubercle

bacillus in morphology and staining reactions is present.
It grows, however, much more freely than the true
tubercle bacillus, and though inoculable into fish and
frogs, is non-inoculable into warm-blooded animals.

-

But 1t E‘it!]t]@_ a tubgruulin which reacts yith mammalian

tuberculosis, and by feeding carp on the mammalian
tubercle bacillus this can apparently be transformed
into the piscian variety.

Bird or avian tuberculosis undoubtedly differs in many
respects from mammalian tuberculosis. The tuberculous
new formations may be very large, but do mot show
nearly such a disposition to caseation or suppuration
as the human lesions. Epithelivid cells form the major
part of the growth, and giant-cells are very infrequent,
One remarkable feature is the enormous numbers of
bacilli which may be present in the tissues ; in places
they may be so numerous and closely packed as to
form distinet masses or nodules. The bacilli of avian
have the same staining reaction as those of mamma-
lian tuberculosis, but on cultivation and inoculation
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varions differences between the two races become
svident.
The mammalian bacilli flourish best at about 37° C.,
: and erowth ceases at 41° ©., whereas the avian bacilli
thrive luxuriantly af . 43° O, and the growth of the
latter on glycerin agar is much moister and more
wrinkled, and often more pigmented, than that of the
former. Fowls and dogs are with difficulty infected
with human baeilli, but dogs are susceptible to infection
with avian bacilli. By cultivation on boric-acid agar
and on eggs, ete., the mammalian bacilli are amtul to
| assume the characters of the avian. W i
Avian tuberculosis is of practical 1mportance not
only as attacking poultry, but also in human pathology,
as several cases have been recorded in which the
Dacilli cultivated Trom human cases seemed to be of
the aviau type, and were therefore probably derived
e

from an avian source of infection. Two types of
tuberculosis also oceur in the horse—one in which the
lesions are chiefly abdominal, in the other the lungs
and bronchial glands are most affected. Nocard states
that generally the bacillus obtained from the pulmonary
variety is of the ordinary mammalian type, while that

of the abdominal one belongs to the avian.

Relation of hwman and mammalion tnberculosis.,
It has long been noticed that there are certain
differences between the baeilli of human and of bovine
tuberculosis, the latter tending to be shorter and thicker
and less readily cultivated than the former ; also, while
human tuberculous material injected into a rabbit
generally produces small diserete lesions in the organs
which tend to retrogress, bovine material induces a
progressive disease with large caseating masses.!  These

L Tha bacilli derivad & s :
I'he bacilli derived from tuberculosis of the sheep, piz and horse
are also of the bovine type.

B
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distinctions were regarded as being due to varia-
tions in the bacilli as a result of growing upon a
different soil and not to any fundamental difference
between the two strains of baeilli. In 1901, however,
Koch stated' that young caftle and swine ecannot be
mfected with human tuberculous material, and he
therefore concluded that human and mammalian tubercle
bacilli are essentially different. As a result of his
% experiments he made the statement that t-hnugﬁ_

M _ the 1mportant question whether man is susceptible to

bovine tuberculosis at all is not vet absolutely decided,
if such a &l_lfsf_@];&m_l.ht}iwa.lly_emsﬁ,, the infection of
Tiuman beings is but a very rare occurrence.”
This view met with considerable opposition, and a
second Royal Commission was appointed to mmvestigate
the question, and the following summarises the results
obtained up to the present, from which it will be
gathered that while there is mo justification for
assuming that man is infected from human sources
alone, infection from human sources is probably vastly
more frequent than from amy other. Thirty different
viruses isolated from cases of tuberculosis occurring
spontaneously in bovines have been studied, and the
results of introducing them into a number of different
animals by feeding and inoculation are recorded.
In calves, inoculation usually results in generalised
progressive tuberculosis, but the effect 1s anewha.-t
dependent on the dose, i.e. the number of bacilli,
administered. Thus whereas 50 mgrm. of culture always
induced a fatal generalised progressive tuberculosis, i
two instances much smaller doses—001-0°02 mgrm.—
produced only limited retrogressive tuberculqsis. ‘Fe:ed-
ing, on the other hand, usually pmduc?d lesions 111111139{1
to the meighbourhood of the digestive tract, which

! See Brit. Med. Journ., 1901, vol. ii, p. 189,
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generally retrogress and become calcareous. The
bovine bacillus, when introduced into srhesis monkeys
or chimpanzees, either by inoculation (even in so small
a dose as 0°001 mgrm.) or by feeding, induces rapid
generalised tuberculosis, and, considering the close
relation that exists between the anthropoid apes and
man, these results are of the highest importance. In
pigs, generalised progressive tuberculosis is readily sef
up both by feeding with, and by the inoculation of, bovine
bacilli. Goats, dogs, and cats are relatively less sus-
ceptible, but more or less tuberculous infection can
similarly be produced in them. On this part of the
investigation the Commissioners remark that the
bacillug of bovine tuberculosis is not so constituted
as to act on bovine tissues only, and the fact that it
can readily infect the anthropoid apes, and, indeed,
seems to produce this rvesult more readily than in the
bovine body itself, has an importance so obvious that
it need mot be dwelt on. The viruses isolated from
“sixty cases of the disease in man were also studied, and
the results obtained show that they may be divided
into two groups, subsequently referred to as Group I. and
Group I1.  The bacilli of Group I. comprised fourteen
viruses, one obtained from sputum, three from tubercu-
lous cervical glands, and ten from mesenteric glands of
primary abdominal tuberculosis in childven. The
results produced by introducing these viruses into
animals are idenfical with those produced by the
bovine bacillus. The bacilli of Group II. comprised
forty viruses obtained from various forms of luman
tuberculosis—cervical glands, mesenterie glands (8)

3

lungs and bronchial glands (10), joint and bone disease
(9), testis, kidney, etc.—grow more luxuriantly in
culture than those of Group I., and inoculated into
calves and rabbits do not produce the generalised and
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fatal disease caused by the bovine bacillus, but in
rhesus mounkeys and in the chimpanzee set up u, general
tuberculosis,  Certain human viruses, differing in cer-
tain respects from those of Groups I. and II., were
also met with and ave classed as Group 11I., but an
opimion on their significance is reserved for a future
report.

The Commissioners conclude that the tubercle
bacillus in its wuntritive and rveproductive powers
resembles other simple organisms, and that the essen-
tial difference between one strain and another depends
on variations in these factors, and they classify those
bacilli that grow with difliculty on artificial media as
dysgonte, and those that grow readily on media as
eugoic.
~ The bearings of the results obtained are thus sum-
marised :

“There can be no doubt that in a certain number of
cases the tnberculosis ocenrring in the human subject,
especially in childven, is the_direct result of the intro-
duction into the human body of the bacillug of bovine

“tuberculosis, and that in the majority of these cases
m is introduced through cow’s milk. Our
results clearly point to the necessify of measures more
stringent than those at present enforced being taken to
prevent the sale or the consumption of tuberculous milk.”

As regards the histological appearances of the tuber-
culous process in different animals, Dr. Fastwood states
that there is an underlying unity of the morbid processes
produced experimentally by infection with every variety
of bovine and human tubercle bacillus.

Eber,! in an extended investigation, succeeded in
infecting calves from three cases of human pulmonary
tuberculosis. The bacilli isolated from the human

L Centr. f. Bakt., Abt. I (Orig.) lix, 1011, p. 193. .
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material were of the human type, but after passage
throngh the calf became transformed into the bovine
type. He affirms, therefore, the essential identity of
the human and bovine types of tuberc le baeilli.

With regard to the channel of infection in human

tuberculosis opinions differ. Koch insisted that inha- l’éi{t

lation of air-borne bacilli de rived from dried human
fﬁ-pntum i‘sa _the principal sonrce of infection; Von
Hvlmnfr on the other hand, expressed fthe {‘lf:lllIﬂIl 1/ (
“that tubwullpuh milk fed to children is the main 2 -*uil"---_'._;r
source of infection both of children and of adults in
ihie Tatter case he suggests that bacilli are ingested in
' childhood and lie dormant for years before becoming
active. i 1

Calmette similarly believes that in the young, (AJ:JJ{.L idi

mfection hx the digestive tract, especially by tuber-
culous 1111IL_., is the more frequent, and attaches Nitfle
“or no importance to dry dust containing tubercle
baecilli as a source of infection. Ravenel considers
that the alimentavy tract, particularly in children, is a
frequent portal of entry for the tubercle bacillus,
which he believes is able to pass through an intact
mucous membrane. Of sixty cases of human tuber-
culosis investigated by the Royal Commission on
‘T'uberculosis, twenty-eight possessed eclinical histories
indicating that in them the bacillus was introduced by
the alimentary canal.

Fliigge, on the other hand, states that his experi-
ments show that tuberculosis ecan be communicated to
animals by inhalation, and that the dose of baeilli
required to infeet by the respiratory tract is far less
than that required to infect by the alimentary eamal.
The mode of infection in man doubtless varies, and he
believes that children may be infected by the digestive
tract, by tubereulous food, particularly milk, but the
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most extensive sounrce of infection is the mumber of
droplets of tuberculous expectnmbmn conghed up by
consumptives; these float in the air 'md serve as
sources of mfectinn to others. Ribbert and Schritter,
also, from the evidence of autopsies, considered inhala-
tion as the chief mode of infection in man.

_Bulloch,” from a careful survey of the literature,

K[J ,cm‘m]udeq that nu_mg_m__y__iLm-mlmm is m"ﬂi“ﬂhh
caused by bacilli of the human type, and, therefore, is
PlE%lll‘l‘I&hl}" due to inhalation of human bacilli.

McFadyean,® also, from a critical survey of the
experimental evidence, coneludes that (1) inhalation of
tubercle bacilli suspended in the air is a very certain
method of infecting susceptible anmimals; (2) experi-
mental infection by the digestive tract is comparatively
difficult to realise; (3) inhalation is probably the
commonest natural method of infection, both in man
and in animals; (4) infection by the digestive tract
can be inferred only when the lesions are confined to
the abdomen. He finally states that ‘ the whole of
the experimental evidence on which the theory of the
intestinal origin of pulmonary tuberculosis in man was
built up has been swept away.”

Thus there has been a reversion to Koeh’s original
view, and, inasmuch as the death-rate per 1000 living
from all forms of tuberenlosis is about 1-64, that from
phthisis is 1:14, so that by far the greater part of the
mortality from tuberculosis must be ascribed to infection
from human sources.

“ -

° While this hook was in the Press, the ﬁ;ml peport_of the
'{E C Royal Commission was issued. The Commissioners conclude j
(\ that a considerable amount of human_tuberculosis is caused

by bacilli of the bovine type, and that tuberculosis may be

I “Horace Dobell Lecture,” 1910.
2 Jouwrn. Roy. Inst. Public Health, vol. xviii, 1910, p. 705.
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communicated to man from infected cow’s mill, and from
tuberculous meat, either beef or pork.

S0 fu:r, therefore, from any relaxation of the cxist’iug
supervision of milk-production and meat-preparation being
possible, the (lommissioners press upon the Gm*ernmeu_t__i_:]m
enforcement of food regulations, * planned to afford better
Tecurity against the infection of human beings through the

medium of articles of diet derived from tuberculous animals.”
More particularly they urge such action “in order to avert
or minimise the present danger arising from the consumption

of infected milk.”

Of voune children who died of wasting disease of the intes-
timhe bovine bacillus was present in nearly half the cases.
. Further, @ Targe proportion of cases of tuberculous cervical
glands in both children and adults was due to the same bacillus.
The wording of the report 1s: “ Whatever, therefore, may
be the animal source of tuberculosis in adolescents and in
adult man, there can be no doubt that a considerable
proportion of the tuberculosis affecting children is of I.Evili;‘
Origin, more particularly that which affects primarily the
abdominal organs and the cervical glands. And further,
there can be no doubt that primary abdominal tuberculosis,
as well as tuberculosis of the cervical glands, is commonly
due to ingestion of tuberculous infective material. The
evidence which we have accumulated goes to demonstrate
that a considerable amount of the tuberculosis of childhood
is to be aseribed to infection with bacilli of the bovine type
transmitted to children in meals consisting largely of the
millk of the cow.

“We are convinced that measures for securing the
prevention of ingestion of living bovine tubercle bacilli with
millk wmt_lﬂ grl'ﬂatﬂy reduce the ‘111.1{nhﬁr :f}f ul:_*-,_l‘-hh}‘}_fn_“bhl-l_?_tl-liiﬂ___
and cervical gland tuberculosis in children, and that such

measures should include the exclusion from the food supply -
of the millk of the recognisably tuberculous cow, irrespective

of the site of the disease, whether in the udder or in the

internal organs.”
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The oceurrence of tuberculosis in the domestic
ammals raises points of practical importance, especially
the oceurrence of infection from the consamption of
meat and milk from diseased animals. In the ox the
tubereulous lesions are most frequently met with in the
lymphatie glands and serous membranes, particularly
the pleura, and in the lungs and liver, while the
fat and museunlar tissues, which constitute the major
part of “meat,” are very rarely affected. On the
pleura the growths take the form of nodular masses,
which from their arrangement are popularly termed
“ grapes ’ or “angle berries.” There can be no doubt
that the carcase of an animal extensively affected with
tuberculosis, especially if wasting has oceurred, should
be condemned as unfit for food, and likewise all parts
in which there are tuberculous deposits. Bub 1t
becomes an important question for the community,
financially as well as from a hygienic point of view, as
to the method of procedure with the meat from a beast
comparatively slightly affected with tuberculosis—an
enlarged gland or two, and a few nodules on the pleura.
No doubt the ideal method in such a case is the con-
demnation and destrnction of the whole carcase, be the
amount of tubercle ever so little; but from financial
considerations this procedure is hardly practicable on
account of the large amount that would have to be paid
in compensation, ~ Experiment has demonstrated that
the tubercle bacilli are practically confined to the tuber-
culous areas and are extremely rarely met with in the
muscular tissue, and these portions, therefore, it might
seem, could be ecaten with impunity, especially as they
would be cooked before consumption. As regards
swine, however, it is generally held that tuberculosis
anvwhere condemns the whole carcase.

The report of the first Royal Commission on Tuber-

.
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; 1 o I s 7 EEEan *
culosis, however, indicated two dangers. Firstly, in
cutbing up a carcase the butcher will most likely use (

the same knife throughout, and in this way may infect

the meat with tuberculous matter by smearing with

the knife. Secondly, cooking cannot be depended

upon to destroy the bacilli unless the loints are LII'I{'LliI* o
ﬁ in_weight ; when the weight is above this the : L
temperature in the interior may not rise sufficiently
high. Kvidently oneof the first measures to be taken is the
abolition of private slaughterhouses and the establish-
ment of mumieipal abattoirs where the meat wonld
have to be passed by competent inspectors, In this
way all badly affected carcases would be condemned,
and those only slightly affected could be separately
dealt with and special precautions taken to eliminate
tuberculous pieces, ete.

Tuberculous. milk also raises many important points,
Probably some 10-15 per cent. of all samples arve
infective to guinea-pigs, but this does not necessarily
indicate that this proportion would be dangerouns to
man, for the material is introduced into the guinea-pigs
by 1noculation . after concentration by centrifuging
(see also section on “Milk”), Tubercle bacilli are present
in milk not only when the udder is tuberculous, but
also when the cows FLI'B_SHI'E?]‘_I.]‘;_{' from tuberculosis
elsewhere which is climically recognisable, Thus, when
the lungs are affected, bacilli are disseminated from the
alr-passages and also by the fmces. It is noteworthy
that the incidence of abdominal tubereulosis in young
children oceurs just when cow’s milk in the staple
article of their diet. At the same time this incidence
does not seem to fall on those who consume most milk.

Much might be done by the registration of all dairy
premises, the use of selected cows, the elimination of
all tuberculous animals, and by enforeing the inspection

23

w
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of dairy cattle by competent inspectors at intervals of
not longer than a fortnight, making the notification of
any disease of the udder compulsory, and the sale of
rmilk from such a diseased udder_illegal ynder a heavy
penalty (Roy. Com. on Tuberculosis). In the absence
of inspection and the use of selected cows, treatment
of milk intended for the food of infants and young
children by pasteurisation or sterilisation has been
recornmm'lded,?but has disa,dvmltn.ges- {ser;-sectiou on
« Milk 7). The ideal method, and one which commends
itself at first sight as being the most satisfactory, is the
elimination by slaughter of all animals which are tuber-
W ¢ —culons, This was adopted i the State of Massachusetts ; -
M* under an order of the Board of Cattle Commissioners all
heasts in the State were tested with tuberculin, and every
animal that reacted was slaughtered, and strict quaran-
tine combined with the tuberculin test imposed on all
imported cattle. Kven n this small state such a plan
was found to be unworkable, the expense being so_
heavy. A middle course scems to be the only practi-
cable one, viz. all manifestly tuberculons animals,
especially where wasting or tuberculous udder is present,
to be slaughtered ; other animals to be tested with tuber-
culin, and those which react to be separated from the
healthy and to be disposed of as soon as convenient, and
s the meanwhile kept as much as possible in pasture.
Measures should be adopted by local authorities and
others to prevent the spread of tuberculosis, and, thanks
to the attention directed to the subject, tuberculosis 1s
diminishing. 1t can hardly be doubted that the disease,
or at least phthisis, should be made notifiable, though
there ave many difficulties in carrying this out. Patients
should be warned of the danger of disseminating their
expectoration, and Miﬁm}w ontaining
an antiseptic, or handkerchiefs (such as the Japanese
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paper ones) which can be destroyed. _:J__{_E}EHJIH _\.'I.'Eli[.‘..]l_ £
have been inhabited by tuberculous patients should be
disinfected, for which purpose Delépine recommended
spraying with a 1-100 solution of chlovide of lime.
Although the cecurrence of dirvect infection can rarvely
be proved, the possibility of this cannot be ignored.
Not only should fthe dissemination of infection be
prevented, but the resistance of the individual should
be raised by providing a healthy environment and by
inculeating the importance of fresh air.
, G Serum___therapeutics and  vaceine.—Maragliano’s
b serum 1s prepared by injecting cows with watery tuber-
culin and with a bacillary pulp made by grinding up
tubercle bacilli, emulsifying in water and filtering
through a porcelain filter. Subcutaneous imjections of
the two preparations are given in increasing doses,
commencing with 5 c.c. of each, until 20 c.c. is reached,
the frequency of the injection being determined by the
temperature reaction and general symptoms produced.
Marmorek’s serum is prepaved by growing tubercle
bacilli in a medinm consisting of a leucotoxic calf-serum
(prepared by injecting calves with leucoeytes) and
glycerine liver bouillon.! The filtered eculture is
injected into horses, and their serum, after several
mjections, becomes antitoxic to a shght degree. It
cannot be said that even encoyraging results have been
obtained with these or other sera.
For wvaccine treatment, tuberculins R and BE are

usually employed (p. 322). Latham has found that
tuberculin given per os produces its characteristic effects,

Tmmunity,—-Attempts have been made from time to
time to produce immunity against the B. tuberculosix,
particularly in cattle. Thus MeFadyean® found that

' Bull de UInst. Pastewr, i, 1903, p. 851.
Trans. Path. Soc. Lond., vol. liii, 1902, p. 20.

ol
-
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heifers which had previously been subjected to repeated
doses of tuberculin (old) in some cases resisted infection -
with viralent bacilli. Behring' also employed human
tubercle bacilli for the vaccination of cattle with satis-
factory results. His tulase likewise confers immunity
when given either by the mouth or by the stomach.

Theobald Smith® also concludes that vaccination of
calves with the human type of bacillus is harmless, and
that the procedure leads to a velatively high resistance
to fatal doses of the bovine bacillus.

Clinical Examination.

1. The * complement-fization” test was first used in tuber-

e e n E ;I' s
culosis by Wassermann and Briick. The method has been

further elaborated by Emery” He makes use of a standard
emulsion of tubercle bacilli in salt solution, containing about
4 per cent. by volume of solid bacillary substance. This is
sterilised by intermittent sterilisation and keeps for four to six
weeks, Baeilli from various sources vary somewhat, so that
the emulsion should be standardised so as to give an
absorption-time with normal sera of about 20 minutes, 7.e.
the complement of normal serum should be just completely
absorbed in about 20 minutes. A water-bath lkept at a
constant temperature of 38° C. is used to warm all the con-
stituents and mixtures. One part of the serum to be tested
is mixed with four parts of the bacillary emulsion in a small
tube (e.g. a Durham’s tube) in the water-bath, the time of
mixing being accurately noted. After 2} minutes’ incubation,
4 volumes of the mixture are removed by means of a
capillary pipette with teat (Fig. 85, p. 225), into which also
a single volume of sensitised corpuscles (i.e. & hemolytic
system, p. 191) is taken up and the whole is expelled into a
small tube already standing in the water-bath., The process
is repeated after 5 10, 15 and 20 minutes, and longer if

1 Brit. Med. Jowrn., 1906, vol. ii, p. 877,

2 Jowrn. Med. Research, vol. xviii, 1908, p. 451.

5 Lancet, 1911, vol. i, p. 485.
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necessary. By the occurrence or absence of hemolysis in the
various tubes, the time taken for the absorption of comple-
ment is ascertained, the complement used being that con-
tained in the serum itself, which therefore should be fresh.
A control with normal serum should always be performed at
the same time. With normal serum complete absorption
should take place in about 20 minutes ; with tuberculous sera
it is often complete in 2% mihutes. If, then, absorption of
complement is complete in much less than the time necessary
for absorption with a normal serum, presumably the serum is
derived from a tuberculous individual. (Buf see Emery’s
paper for limitations.)

II. The examination of sputum, ete., for the tubercle bacillus
isa routine procedure of the greatest value in forming a
diagnosis. Fortunately, owing to the peculiar staining reaction
of the tubercle baeillus, discovered by Koch, the method is
comparatively simple. ]

1. Sputum.—Film specimens are prepared by smearing
with a platinum needle a little of the sputum on a shde so as
to form a thin film covering two thirds of the surface, or by
placing a particle of the sputum on one slide, applying
another shide, pressing together, and then drawing apart so
that a thin film is left on each shide. The thick portion of
the sputum should be used, the thin mucoid portion being
rejected. If there ave any small yellow caseous particles
present these should be chosen, and sufficient material should
be used so as to form a distinet but not too thick film ; a little
experience will soon decide the right amount. Preparations
may also be made by smearing the sputum on a cover-class
or between two cover-glasses instead of using slides. 1-“-.-"}.15.[-'[,-
ever plan is adopted, the film is drvied and fixed in the usual
manner (generally by heat), and then stained by one of the
followine methods -

e r - < :
(@) Ziehl-Neelsen method.—Film specimens on slides are

most conveniently stained by flooding with filtered, undiluted
carbol-fuchsin and warming for 2 to 5 minutes on a piece of
asbestos cardboard snpported on a tripod, or on a heated
penny (p. 114), or slides or cover-glasses flooded with the stain
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may be held in the forceps and carefully warmed over a
flame, or the preparations may be immersed in a watch-glass
or dish of the stain, covered, and placed in the warm incubator
for half an hour. In no case must the stain be allowed to
boil ; it should only be warmed sufficiently to steam (50°-
60° C.), and with slides or cover-glasses as evaporation takes
place more stain (always filtered ), or better, 5 per cent. carbolie,
should be added. After staining, the preparations are rinsed
in water and are then decoloriseld by treating with 25 per
cent. sulphuric or 30 per cent. nitric acid. The preparation
may be flooded with the acid, but a better method is to have
a pot (fie. 20, p. 113) containing the acid in which it is
immersed. In the acid the colour changes after a few seconds
to a yellowish brown, the preparation is then rinsed in water,
and some of the pink colour returns. The treatment with
acid and with water alternately is repeated until the prepara-
tion is nearly colourless when rinsed in water. With sputum
this is usually the case after three or four rinses in the acid,
but it varies with the thickness of the film and with the
number of tubercle bacilli present; when these are absent
the film often decolorises more readily than when there wre
many. ‘The presence of blood renders the decolorisation
diffieult. After decolorising and washing, the preparations
are stained for one minute in Liffler's methylene blue, washed
in water, and mounted in water, or, better, dried and mountei
in Canada-balsam or cedar oil. When the preparation is made
on the slide, after washing and drying, it can be examined
directly without a cover-glass with the oil-immersion after
uppl}-j;lg a drop of cedar oil, unless a permanent specimen is
desired, in which case it should be mounted in Canada-balsam.

The tubercle baecilli appear as delicate red rods, often
beaded or segmented, on a blue background composed of cells,
mucus, and put.refuf.tive or_other bacteria. Occasionally here
and there a little red colour may be present in addition to
the tubercle baeilli. Hair and keratinised material generally,
such as horny epitheliwm, and red blood-corpuscles, retain
the red colour after the foregoing treatment, and the spores of
bacteria are also liable to retain the red somewhat persistently.
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These exceptions are not, however, likely to prove a source of
error, for the tuberele bacilli should be recognised not only by
their red eolour, but also by their characteristic size, shape, and
general appearance. It is conceivable that acid-fast bacilli
not tubercle might be present in sputum, but such an event
is a very unlikely one. For the m icroscopical examination, a
Linch with good illumination is sufficient when the tubercle
baeilli are present in any number. When they are scanty it
is necessary to use a {'z-inch oil-immersion, and this is the
better lens in any case. (See Plate IX., b, an d Plate X., a.)
Tf tubercle baeilli are not found, other gpecimens should

he prepared and examined. It is only by repeated examina-

tions on_differ ccasions that the megative evidence, the

absence of tubercle bacilli, becomes of any value.
__-'_.-_._ - * L ] & -
The tuberele bacillus is occasionally not acid-fast'; probably
T p————— e s
the bacilli in such cases are dggw_enemte, and, like all degenerate
. - - T - ;
hacteria. fail To stain well. Dold has examined a number of
methods that have recently been introduced for staining and
differentiating the tuberele bacillus, but does not find that any
presents a marked advantage over those usually employed.
In material whiclh has been preserved a long time, e. g. sputum
with carbolic, or tissue in spirit, the bacilli may be much less

¢
— (
a ;)

o o
%

acid-fast than in fresh material.
Various methods have been recommended for the solution
of the sputum and the examination of the sediment of the

bacilli. [n one method 5 c.c. of sputwm are mixed with 50 c.c.

of normal KOH solution ; the mixture is warmed in a
water-bath to 60°-65° €. until the sputum is dissolved (about
3 hours) ; 50 c.c. of cold water are next added, the whole is
well shaken, and again warmed for § hour. Petroleum ether,
2 c.e., 18 next added, the whole is well shaken, and is then

Ko

-

kept at 60° C. until the ether has separated. The bacilli
e —

will be concentrated in the fluffv laver at the junction of the

ether and water; this is pipetted off and films are made with

it and staned. Antiformin (a mixture of sodium hypo-

chlorite and sodium hydrite) has-also been recommended.,

Into a boiling-tube or small flask of 50 e.c. eapacity, 5 e.c. of
1 Bee Lancef, 1908, vol, i, P 1222,

Mg,
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the sputum are infroduced. To this are added 25 c.c. of
antiformin solution (10-20 per cent. aqueous solution) diluted
with 10-20 c.c. of water according to the density of the
sputum. The mixture is well shaken until homogeneous
(about 15 minutes), then centrifuged, the deposit 1z washed
three times with salt solution by centrifuging, and films are
made with the washed deposit and stained by the Ziehl-
Neelsen method.

If it is inconvenient to examine the sputum for a day or
two a little 1-20 ecarbolic should be added. This preserves
the sputum and the tubercle bacilli retain their staining power
for some time.

If the tubercle baecillus cannot be detected mieroscopically
after repeated examinations, and a certain diagnosis is
important, the inoculation method may be employed. A
couple of guinea-pigs are inoculated subeutaneously i the
thigh or abdomen with 05 to 1 c.e. of the sputum. If
tubercle baeilli are present the animals will show sigus of
tuberculosis in three to six weeks (see below, “ Urine ™).

(b) Gabbet's method—Prepare and stain the specimens in
carbol-fuchsin as in method (a). Then wash and treat with
the following solution for two to three minutes ; wash, dry,
and mount :

Aleohol : : : : . . 50 parts
Water : : : ’ : o s
Nitric acid . : : o0 ..

Saturate with methylene blue and filter.

The solution both decolorises and counter-stains.
Tissuese—The histological appearance of the tubercle is
usually sufficient for diagnostic purposes without the
demonstration of the tubercle baeilli, which in many instances
may be difficult in human material, as the bacilli may be very
scanty, or practically impossible to find, e g.inlupus. Sections
should be prepared either by the freezing or the paraffin
method, stained with hematoxylin, and counter-stained with
posin, or orange-rubin, or with the Ehrlich-Biondi mixture.
In order to demonstrate the tubercle bacillus in fresh
tissue smears may be made and stained like sputum, or
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sections pr{tp;],re{l and stained in warm carbol-fuchsin for
about ten minutes. For frozen sections the stain may be
contained in a wateh-glass or small glass capsule, and is
warmed until it steams, but not boiled, on a piece of asbestos
cardboard or a sand-bath. Paraffin sections should be fixed
to the slides with glycerin albumin, and may be stained by
flooding with the carbol-fuchsin and warming on asbestos
cardboard, or a heated penny, for ten minutes. After staining,
| the sections are washed in water and are then decolorised in
25 per cent. sulphuric acid. This is a longer process than
with sputum, and the sections after being in the acid for a few
seconds are washed in water and then returned to the acid,
and this alternate rinsing in acid and in water is repeated
until they arve nearly colourless when placed in water. It s
not. necessary to remove the colour absolutely; a faint pink
, remaining does not matter. After rinsing in fresh water to
. remove all the acid, the sections are eounter-stained in Lifler's
methylene blue for two minutes, rinsed in methylated spirit,
passed through absolute alcohol somewhat rapidly to aveid
removing too much of the blue, cleared in cedar oil or xylol,
and mounted in balsam. The sections may also be counter-
stamed with hematoxylin or Bismarck brown,

Instead of using the strong acid solution for decolorising,
an aeid alecohol solution may he used with advantage.

Gram’s method may also be used, but is, of course, not
distinetive for the tubercle hacillus.

The following is a good method for stainine tubercle in
sections (Kithne, modified by Delépine?) .

(a) The tissues should be fixed in corrosive sulffimate, acidu-
lated or not, hardened in alcohol, embedded in paraflin, and
the sections fixed on slides with glycerin albumin.

(b) The seetions are stained with hematin solution for ten
to twenty seconds to obtain a pure nuclear stain (not too deep),
then washed thoroughly in water.

(e) They are then stained with earbol fuchsin, kept at a
temperature ot about 47° C. for twenty to thirty minutes.

b Bee Med, Chronicle, vol. v, 1896, Pl

—__—
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The slides are during that time kept in a moist chamber to
prevent the stain from drying on the specimen.

(d) The stain is rinsed off with water, and the sections are
treated with 2 per cent. watery solution of hydrochloride of
anilin for a few seconds. -

(e) The sections are then decolorised in 75 per cent. aleohol
till they are apparently free from stain; this will take from
fifteen to thirty minutes.

(/) They are then counter-stained with a solution of orange
(one part of saturated watery solution of orange to twenty to
forty parts of 50 per cent. aleohol), dehydrated, cleared, and
monunted.

Where a positive diagnosis is important, a small piece of the
tissue may be inserted under the skin of the thigh or abdomen
of a guinea-pig. If tuberculous, the animal will show signs
of tuberculosis in two to three weeks (see below, * Urine ).

Cover-glass specimens of pure cultivations of the tubercle
bacillus may be stained in warm carbol-fuchsin for two to five
minutes, rinsed in the sulphuric or nitric acid solution,
washed, dried, and mounted. They can also be stained by
Gram’s method, which usually brings out the beaded appear-
ance very markedly. Differentiation from the leprosy bacillus
will be found at p. 356, and from the smegma bacillus and
other aculd-fast organisms at p. 357.

3. Urine.—The tubercle hacillus is often very difficult to

demonstrate h urine. The urine must be allowed to stand 1
a coniecal glass for twenty-four hours or centrifugalised, and
film specimens are prepaved with the sediment and treated by
one of the methods for sputum given above. Several speci-
mens should be made and must be very carefully examined.
It is important to exclude the smﬁgmai hacillus, and the
urine is preferably drawn off by a catheter. Staining may be
carried out by Housell's method, by which the smegma bacillus
is decolorised, viz. after staining m warm carbol-fuchsin tllm
specimen is washed and dried. It is then immersed in acid
aleohol (aleohol + 3 per cent. hydrochlorie) for ten minutes,
washed in water, counter-stained for a few seconds n a
saturated aleoholie solution of methylene blue, washed, dried,
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and mounted (see also p. 357). An electrolytic method for the
' concentration of the tubercle bacilli has been devised by Russ.!
| If a diagnosis is of importance inoculation should be
"~ tesorted to. Two guinea-pigs are inoculated stibeutaneously
' in the thigh or abdomen with 06 to 1 c.c. of the deposit
from the sedimented or centrifugalised urine, or one may be
inoculated subeutaneously, the other intra-peritoneally. If
tubercle bacilli are present the animals may show signs of
tuberculosis as early as two to three weeks after inoculation.
Delépine? recommends the inoculations to be made on the
inner aspect of the leg about the level of the knee. The order
of infection after inoculation is as follows: the popliteal,
superficial and deep inguinal, and sub-lumbar glands, the
retro-hepatie, mediastinal and bronchial, deep cervical, and
I subscapular glands, the spleen, liver, and lungs. The inocn-
| lated animals are Killed in two to three weeks, dissected, and
|

m——

the lesions examined 1|1i:;1'usun].l}if_'..~|,l];.r._h Others inoculate two
| cuinea-pigs, one subeutaneously in the abdomen, the other
; intra-peritoneally. Negative results are nearly as valuable as
' positive ones.

In fwees, if definite yellow caseous particles can be found,
these should be picked out, and films made and stained. Anti-
formin may also be used. About a cubic  in. of feces is
mixed with 20 c.c. of £15 per cent. agueous antiformin in a
conical glass, will agitated and broken up, and an equal
volume of the dilute antiformin is then added. The mixture
is allowed to stand for an hour, and films are prepaved from
the white eurdy layer which forms, stained, and examined,

4. Milk.—See section on milk (Chapter XXI).

LI Agglutination reaction.— The method of agolutination
was proposed by Arluinﬁld Courmont for the ﬂizu_{n{miﬂ of
tuberculosis, but is difficult to carry out and is__uﬁxt.muuh
employed. A special method has to be employed to obtain
homogeneous culfures of the tubercle bacillus or a powder of

! Proc. Roy. Soc. Lond., B. 1909,

i .BHI"!' Med. Jowrn., 1893, vol. ii, p. 664. The results only apply to
ordinary forms of tuberculosis, and not to certain maodified forms such
as lupus and the avian variety,
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pulverised or ground-up bacilli may be used: this powder
may be purchased. The reaction may be carried out either
microscopically or macroscopically ; for the latter small sterile
test-tubes may be employed. For each test three dilutions
of the serum are made, a1l in 5, a 1 in 10, and a 1 in 20, and
the tubes filled with these dilutions are allowed to stand in an
imelined position (45%) for five to fen hours. In man the
serum of normal individuals may agglutinate up to a dilution
of 1in 5, while in animals this is variable—imperceptible in
the gninea-pig, rabbit, and calf ; feeble in the goat; in the
adult ox up to 1 in 5, but in the dog it may be up o 1 in 10
or even 1 m 20.

A positive serum reaction in a suspected subject is a sign of

oreat value in establishing the diagnosis; a negative serum
reaction is of less value,
IV. The opsonic method.—The general mode of carrying

{M

this out is deseribed at pp. 224-230, the tubercle bacilli being
suspended in 15 per cent. salt solution.

V. Tuberculin reactions.—The old tuberculin is used for
diagnostic purposes ; it 1s not perhaps very safe. A dose of
0:002 c¢.c. is injected subeutaneously, and the temperature
taken four-hourly during the succeeding thirty-six hours. A
rise of 2°-3° F. or more ensues a few hours after injection in
tuberculous subjects. If no reaction oceurs another dose of
0:005 c.c. may be given after the lapse of some days.

This method has now almost completely been superseded

yv the cutaneous or by the ophthalmo reaction,

" e eutaneous tuberenlin reaction.— Von Pirquet! discovered
that when tuberculin is introduced Tnto the superficial layers
of the skin of tuberculous individuals, as in vaccination, a
reaction occurs consisting of the formation of a papule with
redness, slight swelling and exudation, and sometimes sm all
vesicles. This reaction is usually at its height twenty-four to
forty-eight hours after inoculation. In healthy individuu;‘ls 1no
veaction follows the inoculation. The method is to scarify a
small spot on the forearm through a drop of a dilution of the
old tuberculin, and protect the patech with a s_im ple dry

| Wien, med. Woch., July 6th, 1907,
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dressing. Moro has modified the method by applying the
tuberculin to the skin in the form of cintment.

M'he_aphthalnio- -tuberculin v :wm‘mn ——(Calmette transferred
the site of inoculation from the , skin to the conjuuctiva. He
makes use of material prepared by prec 1plhlﬁmlw the old tuber-
culin with alcohol, of which a 1-100 solution 18 pwlntuul n
distilled water. One drop of this is instilled into the Inner
half of the conjunctiva of oneeye. In tuberculous individuals
4 reaction follows, usually in six to sixteen hours after
medication, consisting of a conjunctivitis, ranging in intensity
from a local redness to a redness extending over the whole
eye and having the appearance of an acute conjunctivitis.
The reaction soon passes off, generally without leaving ill
offect. On the whole the reaction appears to be fairly constant
in tuberculous individuals, but absence of reaction is not
certain proof that the case is not tuberculous.!

VI. Tubereulin for veterinary wuse—The dose of the
various preparations in the market varies according to their
strength ; it corresponds to 0'1 c.c. or 02 c.e. of Koch's
original tuberculin.,

(a) The dose is injected subeutaneously in the neck.

(b) The temperature should be taken immediately previous
to inoculation, and, if i:c}sslhll_’, morning and evening for two
or three days previous to inoculation.

(¢) The temperature should be taken at the twentieth
hour after injection, or, if it can be done, at frequent intervals
from the twelfth to the twentieth hour.

(d) The reaction consists of a vise of temperature of 15

to 67 F. above the averace normal, oceurring eight to twelve
hours after injection, and lasting twelve to fourteen hours,
accompanied by some systemic disturbance.

(e) A healthy animal is unaffected by the injection, and
if an animal be very extensively affected with tuberculosis the
reaction may not be given, or may be masked by the febrile
condition present.

An ophthalmo-reaction may also be employed in cattle.

! See articles in Brit, Med. Jowrn. and Lancet, 1907, vol. i1, and 1908,
vol. 1.

2

s P 3=




350 Manual of Bacteriology

Johne's Disease.

ijhna'a disease,! a bovine enteritis, is due to an acid-fast
bacillus {:lrfse.l_v resembling the tuberele baeillus in morphology,
It oceurs in scrapings of the affected mucous membrane of
the bowel, and also in sections of the intestinal wall. The
Johne bacillus is not inoculable into the guinea-pig or rabbit,
and does not grow on any of the urdimuj; laboratory media.
Twort states that it can be cultivated on the medium employed
by him for growing the leprosy bacillus (p. 354).

Pseudo=Tuberculosis.

The term ¢ psendo-tuberculosis” (which is not a
good one, and should be discarded) has been applied
to a number of different conditions which have as a
common character the presence of tubercle-like nodules,
but which are not caused by the tubercle bacillus.
Such are produced by certain parasitic worms, by
Blastomycetes, Streptothriz and Aspergillus, Protozoa,
and by several bacteria,

Pfeiffer’s Bacillus pseudo-tuberculosis produces nodu-
lar deposits in the organ, accompanied by wasting, very
like true tuberculosis. The disease, however, runs a
more rapid course, death ensuing in the guinea-pigs
two fo three weeks after inoculation. Guinea-pigs,
rabbits, mice and monkeys can be readily infected.
The nodules consist of masses of round cells which
undergo necrosis and caseation. The bacillug in the
tissnes is not readily stained, carbol-methylene blue
being the best solution, as it is not acid-fast, nor does
it stain by Gram’s method. Morphologically it 1s a
small rod 1-2 p in length, usually non-motile, although,
according to Klein, it possesses a single flagellum or
two flagella at one end. On gelatin it forms a whitish

1 See MacFadyean, Journ. Comp. Path. and Therap., vol. xx, 1907,
p. 48.
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cgrowth without liquefaetion, like that of the colon
bacillus, but confined to the needle-track. It produces
alkali, forms no gas, and does not curdle milk.  Broth
remains f_:i{_!ﬂ.]'] with a whitish 5tl‘jtlg'}’ HUUL:lllL'llt L].f_‘.l]f.rﬁil.
The bacillus grows readily and rapidly.

MaeConkey has found that the fermentation reactions
of this organism and of the plague bacillus are practi-
cally identical (see “Plague,” p. 416), and sterilised
enltures of either will proteet against the other.

Ovine caseous lymphadenitis, a disease of sheep
simulating tuberculosis, is due to a short plump bacillus
with rounded ends which stains well by Gram’s method,
and grows best on blood-serum, on which 1t forms
greyish colonies.'

Leprosy.

._____]_'J_Eﬂt'ua:,', the elephantiasis Grecorum or true
: elephantiasis, 1s a disease which has existed from
' the earliest times, and was recognised by the ancients.
It was undoubtedly somewhat prevalent in the British
Isles from the twelfth to the fifteenth centuries, as the
many leper houses and enactments against lepers testify,
At the same time, no doubt a number of other skin
diseases, syphilides, psoriasis, lupus, ete., were at that
early period of medical diagnosis confounded with it.
In the present day leprosy, although extinet in the
British Isles, may be said to have a world-wide distri-
bution, for it is met with in Iceland and Scandinavia,
Russia and the Mediterranean coasts ; in Persia, India,
g China, Siberia, and Japan ; in Africa from north to
Hﬁlltl{, in the American continent in: many distriets, and
also in the Pacific Islands. Three varieties of leprosy
are described—the tuberculated or nodular, the anges-
thetic, and the mixed,

! Sizteenth Ann. Rep, Bureau of Animal Indust. U.S.4., p. G38.




352 Manual of Bacteriology

The mode of spread is probably by personal contact
(though possibly insects play some part), and throughout
ancient and medimval times leprosy was considered to
be a contagious and communicable disease, as witness
the stringent regulations in the Mosaic and other laws
for the segregation of lepers. J. Hutchinson supposes
that fish in the diet, particularly if stale, decomposed,
or badly cured, in some way is a causative tactor ; but
he 1s practically alone in this view.

A bacillus, the Bacillus lepra, is abundant in the
tissues, and was discovered by Hansen in 1879. In
form it resembles the tubercle baeillus, but is slightly
more slender; it probably does mnot form spores,
though in stained preparations the same irregularity in
staining—namely, the occurrence of unstained inter-
vals, the so-called “beading ”—is met with as in the
tubercle bacillus, and is assumed by some to be due to
the presence of spores. The organism as obtained from
the tissues is non-motile, stains readily with the ordinary
anilin dyes, and by Gram’s method, which brings out
the beaded appearance very well, and is markedly acid-
fast, thus closely resembling the tubercle bacillus, and
the methods used to demonstrate it ave the same as for
the latter organism,

The Bacillus leprae is found in enormous numbers,
usually erowded together in bundles or masses, in the
leprous nodules in the skin (Plate X., «), liver, spleen,
and testicles, and in the affected nerves in the anms-
thetic form ; i1t has also been found in the blood, but
only in the febrile paroxysms which set in when the
disease 1s approaching a fatal termination. The exact
situation of the leprosy bacilli in the tissues has been
a matter of controversy. DBy some 1t has been held
that they are contained within certain round cells, the
so-called leprous cells, and this may be the case, but to
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an inconsiderable extent. Unna has always regarded
ous cells as re: 1]!1. hginf_f transverse sections

these
of ]”"i’] atic vessels containing baecillary thrombi, and

this seems to be usually the case. Giant-cells are
occasionally present in the leprous nodules. One of
the most constant and earliest situations in which the
B. lepra is found is the nasal mucous membrane.

Although the organism is present in such enormons
numbers and i1s so readily demonstrable, it 1s very
difficult to cultivate on artificial media and to inoculate
into animals. Babes, Bordoni-Uffreduzzi, Czaplewski,
are some of those who in the past believe that they
have cultivated the leprosy bacillus. Van Houten '
claimed to have succeeded by cultivating in glycerin
fish broth. The bacillus cultivated was acid-fast, and
agglutinated with, and was sensitised by, lepers’
serum.

Deycke,” by taking fragments of leprosy tissue and
meubating for several weeks in physiological salt
solution at 37° C., obtained a growth of a semi-acid-fast
streptothrix, S, leproides. He is uncertain. if this is a
true growth of the leprosy bacillus. Injected into
leprosy patients it seemed to produce a beneficial

effect.  The acid-fast property resides in a fatty 2

——

.~q|1hstm.u_-e which can be extracted with solvents,

particularly benzoyl chloride. The “fatty substance

Deycke t 'EI']IH”]]E.%U]J ; 1t is a neutral fat, the olycerin
ester of a fatty acid of high molecular weight. Injected
into leprosy patients it sometimes pr mlnLem m: arked
reaction, sometimes not, In solution in benzoyl ehloride
it 18 '|Ill:IL}I more active, and Deycke hopes that it will
act as a curative vacecine 1 l{*p]uu On the whole,
the results {ﬂ}f-mmd with 11.1-11m have been disappointing.

Jowrn. Path, and Bact,, vol, viii, 1903, p. 260.
= Brif, Med, Journ. » 1908, vol. i, p. 802,
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Twort ! claims recently to have culfivated the B. leprar
on a medium consisting of eggs, glycerin and ground-
up tubercle bacilli. Clegg states that the leprosy
bacillus will grow in symbiosis with ameebea, and Duval
that it grows in 1 per cent. human serum in symbiosis
with some bacteria.

In 1904 Rost announced that he had obtaimed
cultures of the leprosy bacillus in a chlorine-free
medinm, but this was not confirmed, In 1909 he
again claimed success by cultivating in a medium con-
sisting of the fluid obtained by the steam distillation of
rotten fish to which is added a little Lemco broth and
milk, and Bannerman believes that he is correct.”
Williams has grown a non-acid-fast streptothrix 1n
ordinary broth, and has also cultivated acid-fast bacilli
1 a modified Rost medium (substituting distilled water
for the fish distillate). The writer has also grown a
non-acid-fast streptothrix from a case of leprosy on brain

. agar containing the juice from disintegrated B. mega-
teriwm. The fact seems to be that the B. leprae is
really a Treptothrix, that it is acid-fast only under
Gertain conditions, Viz. i the body or in_media
containing fat, and that the streptothrix may break up
e hon-acid-fast diphtheroid bacilli or nto acid-fast
leprosy bacilli in cultures.

A certain number of positive results of the inoculation
of leprous material nto the lower animals have been
reported by Ortmann and others. Nicolle * has reported
the suecessful inoculation of a macaque monkey, but
mosEof the attempts have ended in failure; positive
results arve open to eriticism and may be fallacious, for
lepers not infrequently suffer from coincident tuber-

I Proc. Roy. Soe. Lond., B.,1911.
2 Qee Se. Mem. Gov. of India, No. 42, 1911,
3 Comp. Rend. Acad, Se., 1905,




culosis, and the animals therefore may have been
infected with tuberculosis. Japanese dancing mice are
also stated to be slightly ﬁn:’-af_"ilptjﬂu. The local lesion
duced i’ﬁ':’ﬁﬁﬁi]’.é_uﬁ}_'m- r-:iil]p]j:"inl‘E:mm'm1'.['11'_‘3.', pro-
duced by the leprous material acting as a foreign body,
and the bacilli may be diffused without proliferating.
Human beings have also been inoculated, but the
positive results obtained are all open to objection,

The differentiation of leprosy from tuberculosis,
althongh the baeilli are so similar, does nof in the
majority of cases present much difficulty. The large
number of bacilli present in the skin and in the leprous
lesions  elsewhere forms a marked distinetion from
tuberculosis, while the Bacillus leprae stains more
readily and with watery solutions in a shorter time than
does the Bacillus tuberculosis, though this istinetion
18 hardly marked enough for diagnostic purposes.

Cases of leprosy, both of the nodular and anmsthetic
varieties, _]_li‘n_'ﬁ‘;vhf_‘i_".ll_T reated with _injections of Koch’s __

tubereunlin, which has been found to produce a certain
amount of reaction_followed by some amelioration in
their condition. Rost and Williams with their enltures
have prepared vaceines with which treatment is being
pursued,

Dean! and others have met with a leprosy-like disease in
the rat. Nodules are found in the tissues which contain
large numbers of an acid-fast bacillus closely resembling the
B. lepree.  The organism cannot be cultivated, Inoculated
into rats it reproduced the disease after some months, but had
no effects on guinea-pigs.

Clinical Examination.

(1) If eutaneous nodules he present, one 1s clamped, pricked,
and film specimens are prepared with the juice that exudes and
stained as for tubercle, The oceurrence of laree numbers of

U Jowrn. of Hyg., vol. v, 1905, p. 99,

——_
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baeilli, having the same staining reactions as the tubercle
bacillus and obtained from the cutaneous structures, is
diagnostic of leprosy (the smegma bacillus may be present on,
but not in, the skin).

(2) In the tissues the diagnosis must be based on the
presence of the bacilli in large numbers in the so-called
leprosy-cells,

Tissue sections are stained in the same manner as tuber-
culons material.

(3) Leprosy is not inoculable in guinea-pigs.

N.B.—TIt must be remembered that lepers not infrequently
suffer from coincident tuberculosis,

(4) The differentiation of the leprosy from the tubercle
bacillus by staining methods cannot be said to be satis-
factory. By staining in a saturvated aqueous solution
of fuschin in the cold for five to seven minntes, and subse-
quently decolorising with acid alcohol (nitrie acid 1 part,
aleohol 10 parts), it is stated that the leprosy bacillus is
stained, the tubercle bacillus not.

The Smegma Bacillus.'

The smegma bacillus is an organism found in the
smegma praputii, between the scrotum and thigh, and
between the labia. It also occurs in the cerumen,
oceasionally on the skin, and possibly in the sputum.

It is a small bacillus resembling the tubercle bacillus
in size and appearance, and, 1_i1{e the latter, i.s {i{ﬂ'\l{l}l]b
to stain, but when stained with carbol-fuchsin, retains
the colour after treatment with a 25 per cent. mineral
acid (Plate X., b); it is also _ﬁram-].’maitiv?. It has,
therefore, to be distinguished from the tubercle bacillus
in certain localities, viz. in urine and about the external
genitals. It 1s non-inoculable on animals, and d‘?_EE.JEE.

| See Czaplewski, Minch. med. Woch., 1897, No. 43; Griinbaum,
TLancet, 1897, vol. i; Neufeld, Areh. f. Hygiene, XXXIX, P 184 ;
Zeitsehr, . Hyg., xxxix, 1901 ; and Moeller, Centr. f. Bakt., xxxi, 1902
(Originale), p. 275.
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usually grow in primary cultures on ordimary media,

ut can be solated by the use of blood-serum or
nutrose-agar, on which it forms delicate, ropy colonies.
After isolation it grows freely on agar as a thin, shghtly
brownish, creamy layer, in which the bacilli may be
very short but retain their acid-fast properties; on
put:ll'u it forms minute (0°5—1 mm.) greyish colunies.

Lustearten 1s iglmlli{:u[ with the smegma bacillus ;

- * , ,|-. ‘_ .- T [} q )
neither is decolorised by Lustgarten’s permanganate

method, but while the smegma bacillus after staiming
is with difficulty decolorised by acid, and is easily
decolorised by alcohoel, the reverse i1s the case with

Lustgarten’s bacillus.

Staining and Differentiation.

Cover-glass specimens of smegma may be stained in
exactly the same manner as for tubercle, after treating the
preparations with ether to get rid of fatty material.

The urine should be drawn off with a catheter when it is to
be examined for the tubercle bacillus: this will generally
exclude the smegma Dbacillus. Young and Churchman!
concelude that the smegma bacillus is a scant invader of the
male urethra, and that by washing the glans and irvigation of
the urethra it may be eliminated from the urine.

It there is reason to suspect the presence of the gmegma
bacillus when staining for tubercle, Bunge and Tranterotlh?
recommend that the cover-glass specimens should be treated
as follows :

(1) Immerse in absolute alcohol for three hours.

(2) Tmmerse in 5 per cent. cliromic acid for fifteen minutes,

(3) Stain in warm carbol fuschin.

! Johns Hopkins Hospital Rep., vol, xiii, 1906, p. 1.
* Fortschrit. der Med., xiv, 1806, Nos. 23 and 24. See also ibid.,
No. 9.
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(4) Decolorise in 25 per cent. sulphuric acid for two to
three minutes.

(9) Counter-stain in a concentrated alecoholic solution of
methylene-blue for five minutes,

The smezma bacillus will be decolorised by this method (see
also p. 346).

Coles recommends (Jowrnal of State Medicine, vol.
xii, 1904, p. 225) the following staining method ;

(1) Spread thin and even filns on slides, and fix by heat,
in the ordinary way.

(2) While still warm from the heat fixation Hood with
filtered carbol-fuschin, and allow the preparation to remain
for half a minute. Again warm for a a few seconds over the
flame without actual boiling.  Allow it to stand and stain for
seven inutes.

(3) Wash thoroughly in running water, and then decolorise
in either of the following solutions :

() In Pappenhein’s solution.! Place the preparation in
a wide-mouthed bottle containing the solution for not less
than four, and not longer than twelve, hours.  Wash, dry, and
mount. Tuberele bacilli are the only organisms stained ved.

() In Pappenheim's solution withoult wmethylene-blue.
Proceed as in (a) ; wash in water and counter-stain for w
minute in weak agueous methylene-blue solution. The
tuberele bacilli are brilliantly red.

(¢) In 25 per cent. sulphwric acid. Pour on a few drops
of the acid and allow it to act for half a minute. Pour off,
and then place the preparation in a wide-mouthed Dbottle
containing the acid for not less than sixteen hours and not
more than twenty-four hours. Wash thoroughly, counter-
stain with weak agueous methylene-blue. Tubercle bacilli
are the only bacilli which retain the red.

Acid-fust bacilli in milk and bulter.—Nuwepous acid-fast

I Pappenheim’s solution consists of one part of corallin I[l'.UE‘-ILﬂ'JLi.': acid)
in 100 parts of absolute alcohol, to which methylene-blue 1= added to
saturation; 20 parts of glycerin are then added.
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bacilli have been obtained from milk and butter. They

usually grow freely and quickly on agar and on gv%emtin
without liquefaction, sometimes as a creumy layer, sometimes
as o dry, crinkled film, which may he pigmented {}'ﬂ]lfﬂ#’,
orange, pale hrown or brick red). Some :l,.rﬂ pnfhfq_;c-.m{; to
cuinea-pigs by massive intra-peritoneal Jllm_'?llilr‘i'.lml anly,
producing a plastic peritonitis, but not nodules in the organs.
In culture. the baeilli are acid-fast and occasionally resemble
B. tuberenlosiz, but ave genenerally thicker. (See Petri, Arb. a.
d. Kais. Gesundheifsamie, X1V, 1897 : RliL.hfI'lD‘ﬁ'ith‘L'.ll, Zeitzschr.,
f. Hyg., xxvi, 1897 ; Grassberger, Mitnch. med. Woch., 1899,
Nos. 11 and 12: Tobler, ibid., xxxvi; Swithinbank and
Newman, Bacteriology of Milk [Murray, 1903].)
M@&M@{ﬁﬁua. Moeller isolated from a
wrass (Phlewn arvense) an acid-fast bacillus which he termed
the Timothy-grass bacillus ; other grasses also yield acid-fast
bacilli (Grass Bacillus I1.). They grow readily on culture
media, and are not so acid-fast as the tubercle baeillus. The
Mist bacillus was isolated from dung, and is considered by
Pettersson to be identical with the Timothy-grass bacillus.
(See Moeller, Deutsch. med. Woch., 1898, p. 376 ; Herr,
Zeitschr. f. Hyg., xxxviii, 1901 ; Pettersson, Berl. klin. Woch.,
1899, p. a62.)

(Glanders.'

(landers is a disease which has been known from
the earliest times, being recognised by the Greek and
Roman writers, by whom it was termed paAie and
mallews vespectively. It is distinctly a disease of the
horse, mule, and ass, but is also communicable to man
and to certain other animals. It is caused by a small
bacillus discovered by Liffler and Schitz in 1882,

In the horse the lungs arve always affected, and

trequently the nasal mucous membrane (Fig. 39).

' Bee McFadyean, Journ. of State Med., vol. xiii, 1905, pp. 1, G5 and
120.
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Nodules form which afterwards break down and
ulcerate, and a muco-puralent discharee appears ; in
the older writings the name © glanders ” covered only
these advanced cases of the disease. In “farey ” the
lymphatic vessels and glands are affected, the 1.-;1]111”;1:'.1
glands being known as ““farey buds ” (Fig, 40).
=T man _tlic-discase is rare, all average of four deaths
per annum  being caused by it in this country. It
occeurs m two forms—the acute and the L'.hl'i.mir.u T'he

—

Fra. 89.—Naszal septum of glandered horse, showing uleeration of
Schneiderian membrane (MeFadyean).

former is a very serious affection, accompanied by ligh
fever, prostration, and delirium, and almost invariably
fatal in from two to three weeks. 'The seaf of infection
is usnally the hand or arm, the nasal mucons membrane
being sometimes subsequently involved, and deposits :
may form in the lymphatic glands, mternal organs, anl '
museles.  In the chronie form intra-muscular abscesses

ave frequent, from the breaking down of which mdolent

aleers may result ; the discase runs a prolonged course -
of weeks or even months, and about half the cases end
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in recovery. In the E-:arlr stage an_eruption may (

develop on the forehead and faee—swnulating very
op ¢ i SO
closely that of smallpox. (

L

The Glanders Bacillus.

The vlanders bacillus (B, malled) 1s an_obhigatory
=) x S — PI—
arasite with the equine species for its normal host. I

Fig. 40.— Horse affected with farvey (McFadyean).

probably ecannot maintain a saprophytic existence out-
sitle the animal body.

Morplology.—The glanders baeillus ocenrs in the
tissues as a eylindrical rod with rounded ends, varying
between 2 w and 5 u in length, and generally straight,
though sometimes slightly ecurved. The bacilli are

. usnally wregularly seattered, and_do not_tend to form
: colomies, In stained preparations they often appear

ore Or Lt * 2 av exhibi 1 ar staim r
more or less beaded, or may exhibit bipolar staining,

but some stain nniformly, The bacilli from young cul-
tures not more than twenty-four hours old are almost

always short rods, a litt

¢ thicker than those found in




362 Manual of Bacteriology

the lesions (Plate XI., «). In old broth cultures the
surface growth is largely composed of filaments, which
do not show any regular segmentation, but may exhibit
lateral branching, and may have club-shaped extremities.
il " . .
[*rom these features some have inferred that the olanders
Ly 0 organism belgugs to the Streptothricee. The bacillus
e does not_form spores, and is probably non-motile, though

B |

i a hanging-drop preparation a very active Brownian
WC’ movement 1s present. _
Staiwing reactions.—The bacillus is Gram-negative,
= ik is_wot acid-fast, but from young cultures stains
\ readily with® the ordinary anilin dyes. In smears of
glanders or farcy material, a simple staining with any
of the basic anilin dyes, with subsequent decolorisation
with dilute acetic acid, suffices to demonstrate it if it is
present in any number, a difficulty in recognising the
organism being the presence of deeply staining nuclear

defritus.  In sections, methylene-blue staining with
decolorvisation in dilute acetic and wmordanting with
tannin gives the best results (p. 369).  The bacillus
shows dark stainine dots when treated with osmic acid,
e — 5 % =4 7 e —
suggesting fat-globules (Shattock).
Cultural characters.—'T'he Bacillus mallei 1s an aérobic
- - o g A =y . _
and facultatively anaérobic or . The growth on

m « - gelatin at 227 C. is scanty and pale brownish in colour
without liguefaction, On glycerin_agar it forms a thick

cream- or shohtly brown-co tly, and on blood-
serum a somewhat amber-coloured growth, which after-
wards becomes brownish. "The growth on potatg at
37° (. is most characteristic, and practically diagnostic.
If the surface of the potato is inoculated with a loopful
of farcy pus or material from the centre of a glanders
nodule, the resulting growth is usually not distinctly
visible until the third day, when raised, translucent,
viscid, amber-yellow._coloured growth or colonies
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appear. With continned incubation the {.-nluniv.», \W
coalesce, the growth becomes thicker and fawn-coloured,
' then reddish-brown, and finally generally c LIIULUI;ItL—
! brown. The wruwth 15 also mlum]uhh, ]nmlt’d to the
i site of implantation, and does not stain the ]m[‘l,tu
: Broth or glycerin broth becomes mnimmh turbid, and
after a week or so patches of a whitish surface scum
form, and after three weeks the broth 1s m*ur|l}' covered
with this surface grvowth, which is slimy and easily
broken up on shaking. Broth cultures give the indole

reaction. Litmus glucose agar becomes pink.  Milk is

. not coagulated.
Hamquu e to Germicides, elc.—The glanders bacillus
is_but little resistant, and cultures frequently die out in
a month or so. Complete desiccation at -i.-":' C. of nasal
discharge, farcy pus,or bacilli from cultures,is frequently
fatal in twenty-four to forty-eight hullt':ﬁ" Young
broth cultures are soon destroyed by bright sunlight,
and an exposure of ten minutes to a temperature of
25° C. is fatal to the cultivated bacilli. A 3 per cent.
solution of carbolic acid, a 1 per cent. solution of
; potassium permanganate, and a 1 in 5000 solution of
corrosive sublimate are fatal in two to five minutes.
_I’nfquemui:;, efe.—The glanders baeillus varies con-
siderably in virulence, and uuder continned eoltiva-
tion may become almost non-pathogenic.

e

Glanders is mét with exclusively among horses, asses
and mules, and man is infected from these aunnml
nearly all cases of human glanders being among ostlers,
grooms, and coachmen, and the usnal mm]v of 11:it*ct1m|
is by farey pus or nasal discharge coming into contact
with a cutaneous wound or abrasion. f"i. remarkable
immunity, however, is enjoyed by the slaughterers, who
have to deal with the carcases of glandered animals,

and who might be supposed to run the greatest risk,

B s L o
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But it must be remembered that Babes frequently
found at the post-mortem on persons who had to do
with horses, and who died from diseases other than
glanders, encapsuled glanders nodules in the lungs
and 1nternal organs, suggesting that the disease may
often be latent in man, who appears to be rvelatively
msusceptible, and that infection may be possible 1'13’
mhalation.  In the horse glanders is readily transmis-
sible experimentally both by ingestion and by inocula-
tion, and ingestion is probably the common mode of
infection naturally, infection by inhalation occasionally
occurring.  Kven when elanders bacilli ave adminis-
tered experimentally by the mouth in the horse, the
lesions may be most prominent in, or even be confined
to, the lungs.  In the horse, the disease has pl,-:_ligﬂ:-; of
epidemic prevalence, and is particularly {requent in
London. In 1892 there were 3000 equine cases I
Great Britain, in 1903 there were 2499 cases, and
nearly 90 per cent. of all cases occur in the Metro-
politan avea. I'hese, it is to be noted, were cases in
which the disease was well-developed and manifest, but
there are also numerous others in which it is latent.
Guinea-pigs field mice are highly susceptible to the
disease, which may also be contracted by some of the
Carnivora, such as the _(::It.Timl,_gfnd tiger, by inocula-
tion or by feeding on diseased carcases. The rabbit,
sheep, and dog are but slightly susceptible, while cattle,
& swine, and house-mice are stated to be ill]Il]llll_E.)
“Shaffock” found that the white mouse is somewhat

susceptible, and smnggests that in all probability the

house-monse is similarly so.

In the horse the most constant seat of glanders
lesions is the lung, and MecFadyean states that no case
of glanders with lesions elsewhere than in the lungs,

v Trans. Path. Soc. Lond., vol. lix, 1898, p. 333.




PLATE XI.

i
. The glanders bacillus. Cover-glass preparation of a
pure culture. 1000,
|
|
|
|
b. Section of a glanders nodule, showing giant-cells (after
- MeFadyean).

To face paga 861,

__
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and with these organs unaffected, has ever been
recorded. In nearly every case of farcy, also, nodnles
are present in the lungs. The lung lesions have the
form of rounded, firm, or shotty nodules. The number
present is variable, rarely less than a dozen ; exceptionally
there are hundreds, fairly evenly distributed throughout
the lung tissue. The nodule commences as a collection
of polymorphonuclear leucocytes, around which a zone
of congestion is present. Later, the alveolar walls
undergo necrosis, and the lencocyfes necrose and dis-
integrate, but their chromatin persists as rounded
fragments which retain their affininity for nuclear stains
(chromatotexis). The nodule may become surrounded
with a layer of thin fibrous tissue, between which
and the mecrotic central area a zone of endothelioid
cells with giant-cells may be present (Plate XI., b).

The lesions of farcy are at the onset histologically
identical with the glanders nodule, but by the progressive
liguefaction of the tissues actual abscesses form.

The lesions set up in an inoculated guinea-pig are
very characteristic, and can be used for diagnosfic

—

purposes. With a very virulent culture, snch as can
be obtained by several passages through a susceptible
animal, a guinea-pig may die in four or five days, and
the post-mortem lesions ave slight, consisting of some

caseation at the seat of inoculation and slightly enlarged

spleen, which contains a few small yellowish nodules
reﬂgmhling miliary tubercles. The material from human

— e

ases as a rule seems more virulent than that from
the horse, and death of the guinea-pig often ensues a
few days after inoculation,

The calture or material from a glandered horse does
not usually produce death of a guinea-pig until a
lapse of two or three weeks. A male guinea-pig

being _chgsen, the changes observed are caseation
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\,w f"i]{"‘“"ﬁ'll by ll]f‘(’ ':Lti{I]'l at the se: 1,1: of nmcul ation, whr-n

—+\

Hw tuthlm on t-nltm{r mto que thmr are fmmrl o)
" be partially or almost GHM’ converted into a pasty
caseous material, while the hlcﬁmmumTwm I8 so
adherent that it can only be detached by cutting, and
the spleen is very much enlarged and studded with
small yellowish nodules. In a female guinea-pig the :
ovaries arve attacked. These m:u‘mces are of
importance in the diagnosis of the disease. The
difficulty of finding the bacillus in the discharges by
mieroscopical and staining methods is so great that
these cannot be employed with any cer tamty. Loffer
and Straus therefore recommend the inoculation of a
male guinea-pig intra-peritoneally with the discharge or
other material. If the glanders bacillus is present
the lesions thus described vapidly ensue, and the
diagnosis is established in four or five days (Straus’s
test!). At the present time the inoculation method
has been almost entively superseded by —the intro-—
duction of mallein, the former being reserved for

-

clinical diagnosis in man.
MeFadyean found that the blood of a glandered
animal produces agglutinagion or clumping of the ,
glanders bacillus similar to that obtained in the agglu- {
tination (Widal) test for typhoid, and has suggested
this reaction as a means of diagnosis. As an aid to
the eclinical diagnosis of the disease in man it 1s
doubtful if the method of serum diagnosis can be
applied, for Foulerton found that typhoid and diphtheria
sera _also produce agglutination of the glanders baeillus.
Towins. ws.—Mallein, a_preparation _analogons to tuber-
-.':ulm, is prepared lj;r orowing a “"IIE".[‘, glanders
bacillus for a month or six weeks in glycerin veal-

p—

1 Hee also Nicolle, Ann. de 'Inst, Pasteur, xx, 19086,
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broth in flat flasks such as ave employed for tuberenlin
(Fig. 38), so that there s free access of oxygen.
The culture is then autoclaved for fifteen minutes

at 115° (., filtered through a b Berkefeld filter, con-
ueum to 671_9 fourth of ua volume, and mixed
with an equal volume of a 1 per cent. solution of
carbolic_acid. This j](]d‘:\ an -1ct1w mallein, 1 c.c. of

which is a dose, and gives a good reaction. lake
tuberculin, it possesses feeble curative __properties,
though a few cases of cure by pm]mm'od use hawve
been reported by Babes and ofhers, but is used for
diagnostic purposes; the veterinary authorities are
nnanimously agreed that it 1s one of the most certain
means we possess for diagnosing glanders m the

horse. Injected into an unglandered horse little or no

effect is produced, but in a glandered animal, about

twelve hours after injection, the temperature rises 15

fo 8¢ (0 above the normal, a large and pmnful swelling
forms at the seat of inoculation (it may be as large or
even larger than half a cocoanut), while any affected
lymphatic vessels or farey buds become swollen.
Reaction may, however, be produced in the absence
of glanders if the horse is being treated with bacterial

products, toxins

, ete.!
Epizootic lymphangitis has a superficial resemblance
to farey in the horse, and must not be mistaken for the
latter (see “Sporotrichosis ”, Chapter XVI),
The greafest eare showld Fw exercised when working
with ya’m:ra'ﬁﬁw matertal or cultures, several fatal labora-

tory aceidents having wnfortunately happened.

Clinical Examination.
(1) Prepare and stain film preparations of the pus or
discharge in Loffler’s blue, with subgequent partial decolorisa-

tion T cent, acetic. The ordinary pyogenic cocel will

! See Siidmersen and Glenny, Journ. of Hygiene, vol, viii, 1908, p 14

\
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A : ; o olanders bacilli may
be very scanty. ; *
_ (2) Several tubes of glycerin-agar and potato _should he
moculated and ineubated at 37° C'. for seventy-two hours, On
the agar, colonies of the glanders bacillus will develop in
twenty-four to thirty-six hours, but the potato will not show
the characteristic amber-yellow growth under forty-eight to
seventy-two hours.

(3) It will usually be necessary (in man, at any rate) to
confirm the diagnosis by an inoculation experiment. A fully
developed male_ guinea-pig is chosen, and a little of the
discharge, or an emulsion of the material (0-5 to 1 e.c.) is
injected intra-peritoneally, if the material be fairly sterile, but
if not, wuﬂg In three to five days the animal
should show the characteristic swelling of the testicles if the
material be glandered.

(4) An ophthalmo-reaction is stated to be reliable both in
man and 1 animals. i

(5) In animals the mallein test may be applied :

(a) The dose is injected subcutaneously in the neck over
the vertebrse, and midway between the jaw and the shoulder.

(b) If possible the temperature of the animal should be
taken morning and evening for two or three days previous to
inoculation.

(¢) The temperature of the animal should be taken at the
twentieth hour affer inoculation, or, if possible, at frequent

intervals from the twelfth to the twentieth hour.

(d) A complete reaction comprises (i) a rise of temperature
of more than 2-:5° F'., (ii) an extensive hot and painful swelling
at the seat of inoculation.

(¢) Systemic disturbance, such as prostration, loss of
appetite, shivering, ete., may oceur.

(f) The temperature reaction is unreliable in all cases in
which the temperaturve at the time of inoculation is 25" F.
above the normal. In such cases, if there be any suspicious
clinical signs to assist, reliance may be placed upon the local
swelling.
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(6) In animals the agelutination redction is stated by
Moore and Taylor! to give accurate results.  In man this test
might give an inconclusive result (see ande).

(7) In the tissues the glanders bacillus is difficult to
demonstrate. Sections H]u}‘_TE:‘i;l.i-t-lm_ilﬁ‘"]_lﬂ,!.f_;:t":.t hour witli
carbol methylene-blue, treated with 4 per cent. acetic for a
few seconds, washed, and rapidly dehydrated with alcohol,
clearved and mounted. MeFadyean recommends, after treating
with the acetic and washing, flooding with a saturated solution
of tannie acid in water for fifteen minutes, washing, counter-
staining in a 1 per cent. aqueous solution of acid fuchsin for
fifteen to thirty seconds, washing, dehydrating, and clearing
m cedar oil,

Twort’s method may also be employed (see section on
Ameba coli, * Clinical Diagnosis ).

b Jowrn., of Infect, Diseases, Sup. No. 3, May, 1007, p. 85.

-
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TYPHOLD FEVER—LIARA-TYIHOLD FEYER—BACILLUS ENTERI-
TLE AND THE GARINEER GROUP—SWINE FEVER—BACILLUS
DYSENTERLE—DBACILLUS COLL.

Tue organisms considered in this chapter form a natural

croup or family, and pass as it were by gradations in cultural
characters from the typhoid bacillus to the colon bacillus.
Loffler classes them together in a family, the Typhaces, which
is divided into sub-families by the reactions of the organisms
included in it on certain culture media. These culture medix
are: (1) the typhoid solution, an aqueous solution containing
2 per cent. peptone, 1 per cent. nufrose, 1 per cent. grape
Sugar, » per cent. lactose, and 15 c.c. per cent. normal potash;
T2y the para-typhoid solution, having the same composition
with the exception that the glucose is omitted. To 100 c.c.
of the solution, in each case, 1 c.c. of a 0-2 per cent. solution
of chemically pure malachite-green crystals (Hoechst, No. 120)
1s added.

Loffler's classification is as follows :

Family.—Typhaces.

Sub-family (1)—Typhew. This group does not ferment
the typhoid solution, but either leaves it unchanged or
precipitates it. The para-typhoid solution is either not
fermented, is unchanged, or becomes milky. The following
organisms arve confained in it: (a) B. typhosus, actively
motile, precipitates the typhoid solution, has no action on the
pura-typhoid solution. (b)) B. dysenteriec (Flexner), motile,!
does not precipitate the typhoid solution, and the para-typhoid
solution is unchanged. (¢) B. dysenterie (Shiga-Kruse), non-

.

I It is usually stated to be non-motile. i
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molile. has no action on either solution, but precipitates the
typhoid solution if the green be omitted. {Ef] B. typhostmilis,
motile, does not precipitate the ty phoid :-:'-Ulljl-l“l't, but renders
the para-typhoid solution milky ; occurs impure water :.L.m]
fwces. (e) B. pseudo-dysenterie, does not alter either solution,
is not agelutinated by either Flexner or Shira-Kruse serum.

Sub-family (2)—Josarcee.! This group fv.rmfmi:s the
typhoid solution with gas-formation and frothing, :E-mi
alters the para-typhoid solution. It includes the following
organisms: (a) B. ‘r;{“'gﬁ-_wjfmsﬁ..u A, motile, ferments the
typhoid solution, renders the para-typhoid solution a l.'-l.ll,l‘lil{.',l‘
oreen ; pathogenic for mice per os. (b) B. paratyphosus B,
motile, ferments the typhoid solution, decolorises the para-
typhoid solution ; oceurs in man, ox, sheep, swine, horse.
(¢) B. typhimuriwm, vesembles (b); pathogenic per os for
mice and field-mice only. (d) B. Danysz, resembles (b), is
agelutinated by paratyphosws B serum ; pathogenie for rats
and mice. (e) B. psiftacosis, resembles (b); pathogenic for
parrots and man. (f) B. enteritidis-isosarcinus-(Girtner).
resembles (b)), but not agglutinated by paratyphosus B serum
sometimes forms thermostable poisons. (g) B. isosarcinus,
n. sp.,, from cases of food-poisoning; resembles (b), not
agelutinated by Girtner or pavatyphosus B serum. (k) B. sui-
pestifer, resembles (6) ; pathogenic.

Sub-family(3)—Colew. This group ferments both solutions
with gas-formation and frothing. Tncludes (a) B. coli,
slightly motfile or non-motile ; ferments both solutions.
(B) B. paracoll.

In addition, all the organisms are agglutinated by their
homologous sera, and none liguefies gelatin.

—

————
——

—

Typhoid Fever.

The specific organism of typhoid fever is a bacillus
originally isolated by Eberth in 1880, and more closely
studied by Gaftky in 1884,

Lhe Eberth-Gaftky bacillus, or Bacillus typhosus, is

' From i, poison, and rapk, flesh.
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best observed in sections of the spleen, in which it
pceurs in groups or colonies consisting of short rods
with rounded ends, each measuring about 3 u in length.
It has also been demonstrated in the mesenteric glands
and liver, in the swollen Peyer’s patches before ulcera-
tion, and 1 other sitnations.

In order to obtain pure cultivations, it is preferable
to make use of the spleen. The organ is washed, and
then cauterised lineally by means of a red-hot iron, in
order to destroy the saprophytic bacteria on and near
the surface. An incision is made with a sterilised
knife through this cauterised avea, and a little ot the
splenic pulp is taken with a sterilised platinum needle
and inoculated on to tubes or plates, preferably of
litmus lactose, Conradi-Drigalski, or malachite-green,
agar. These arve incubated at 37° C. for twenty-four to
forty-eight hours, and the growths which develop are
examined and tested by microscopical and culture
methods. The organmism may also be obtamed by
cultivation from the blood of a patient (p. 389). The
following ave the characters of the Bacillus typhosus.

_-‘Hurphuiu;,ry.—]iawilli with rounded ends 2 to 3 p in
length, and 06 g broad. It is, however, in cultivation
a markedly pleomorphic organism, and very short rods,
long rods, and thick filaments 10 to 30 p in length
occur ; the latter are known as involution forms (Plate
XII., a). It does not form spoves, but granulation and
vacuolation may be observed in the protoplasm.

It is actively motile, and possesses a number of
flagella, arranged peritrichically both at the poles and
sides {Plate XIL., ¢). The flagella are long and wavy,
and average eight to twelve in number, which is an
important point of differentiation from the Bacillus colt,
which usually has ouly three or four. It stains by the
ordinarvy amlin dyes, but not by Gram’s method. In

e e S —
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PLATE XIIL.

. Bacillus fyphosus. Cover-glass preparation of a b. Gelatine culture of B.
pure culture, = 1500, typhosus, six days old.

e, Bagillius ."y,uillr?.a'lrs. Cover-glass preparation show-
ing fHacella, = 1500,

To faee page 372,
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stained |u-w|:f1|'z1tifm!.-: nnstained spaces or racnoles may

frequently be seen.

Cultural characters—The B. typhosus is aérobic and
facultatively anaérobic, and grows well on the ordinary
culture media. Ull_,_';_L}F[-_I' it forms a thick, moist, 'UH]H‘-]I
layer. On relatin it grows slowly, and the grow th,
which is usually scanty and confined to the mm]hu
track, is white and shining, and somewhat irregular
(Plate XII., b). 1. The colonies in gelatin are visible in
about for tvumrr] t hours, and form wnﬂl roundish-white
points, which are granular and brownish in colour by
transmitted light. In broth it produces a oeneral
turbidity, without film formation. 'The gmwth on
potato zcid in reaction is somewhat characteristic ; it
forms a moist, grey, shining layer, which is almost
invisible. If, however, the reaction of the potato is
neutral or alkaline, the growth may be yellowish. The
B. typhosus grows well in milk, with slight permanent
acidity, but without coagulation. i

Acid is formed in small quantity during its growth
in many media (volatile fatty acids, and lactic acid),
which can be demonstrated by cultivating in litmus
milk, or in litmus glucose media, and the orgamsm will
agrow in slightly acid media. Neither gas nor indole!
is formed in eultures; acid is produced from glucose,
but no gas ; lactose is unacted npon. The fermentation
reactions on various media are given in the table
on p. 400, and are there contrasted with those of the
B. coli and other organisms (see also p. 405). Chatterjee”
finds that agar on which the typhoid bacillus has been
orown contains  substances which inhibit  further

I Oeeasionally a feeble indole reaction may be obtained by earveful

ti“'-ﬂnw
I Teans. Fourleenth Imfernafl, Cong. of Hygiene (B rerlin, 1907), Bd, iv,
P- g4,

I_—_—.
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development of the organism if it be inoculated on to
an agar culture which has been seraped so as to remove
all growth.

Pathogenicity.—In cases of typhoid fever in man the
Bacillus typhosus is widely distributed in the body, in the
various tissues, and in the blood, from which it may be
obtained by cultivations made from at least 05 c.c. (see
“Clinical Diagnosis,” p. 389). The bacillus is con-
stantly present in the blood from the commencement of
the disease, though not in large numbers, and culiures
from the blood in competent hands result in the recovery
of the organism in approximately 100 per cent. of the
cases ; in the later stages of the disease it is less
frequently recovered.! In addition to being present
in the Peyer’s patches, mesenteric glands, and spleen,
the B. typhosus has been found in the rose-spots of the
eruption, in the sweat, in the sputum and lungs in the
pulmonary complications, and in the nrine. In the urine
it is so frequently present that special disinfection
should be practised, more particularly during con-
valescence, and in some cases it may be so abundant as
to produce a turbidity (typhoid bacilluria) and eystitis.
It is also pyogenic, and occurs (usually in pure culture)
in conenrrent or post-typhoidal complications, e. g.
empyema, abscesses, osteomyelitis, suppurating ovarian
cysts, ete.  Clumps of baeilli in the gall-bladder have
been suggested as the nuclei of gall-stones, and the
baeilli may be so numerous in the gall-bladder and bile-
ducts as to cause cholecystitis -md [‘II(IT.F-B,IHTIIIF: The
organism is by no means easy to 1solate !‘mm the stools,
nnnple plate cultivations usually fail, and the best
mediwm to employ is the Conradi-Drigalski or malachite-
oreen agar (see “ Water”).

In]erted intra- pm-ltnnealh into miee and gninea-pigs,

I Coleman and Buxton, Amer, Journ. Med. Sei,, June, 1907,
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the B. typhosus usually produces death, and 1]]{‘I same
result follows from intra-venous injections in rabbits, but
the pathogenic effects s0 obtained are nnl:-. specific.
By continuons cultivation it loses its pathogenic proper-
ti;‘s. (tiven by the mouth no result follows, and the
same 18 the exllmrium*tr of most observers who have fed
animals on typhoid stools ; a disease process analogous
to typhoid fever m man has rarely been indml-wl
experimentally. Remlinger' states that by feeding
young rabbits on vegetables, cabbage, ete., soaked n
:u.':lr.m'J to which had been added some culture of the
typhoid bacillus, he has sncceeded in indueing a con-
dition resembling typhoid fever in man. ‘The charts
which accompany the paper show a typical rise of
temperature, a period of pyrexia with morning remis-
sion, followed by a typical fall of temperature. The
animals suffored from diarrheea, and their blood gave
the agglutination reaction. Post mortem, the intestine
was congested and filled with yellow diarrheeiec matter,
the Peyer’s patches were swollen and in some places
commencing to uleerate. The spleen was inereased to
two or three times its normal size, and cultures of the
typhoid bacillus were obtained from it. Metehnikoft*
has infected the chimpanzee per os with typhoid faeces.

The proof of the eausal velation of the Baeullus
typhosus to enteric fever is based on the following
facts. It is met with in the tissues in eases of enterie
fever, can be obtained from the spleen during life by

puncturing with a hollow needle, and may be isolated
from the nrine and blood during the conrse of the
disease, and is not met with in other dizeazes. 'The
writer has had under his carve three cases, and knows
of several others, in which the disease was almost
U dnen, de UTnsgt. Paslewr, x1, 18497, 1. S20,
- gee Ann. de U'Inst. Pasteur, xxv, 1911, p. 185,
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E‘-n.rtain]}r contracted in the laboratory from working
wﬂ?h pure cultures. The blood and blood-serum of an
am]nm.l immunised against the B, typhosus arve found to
bring about cessation of movement and aggolutination
or aggregation of the bacilli in a broth culture of the
organism. A similar result occurs when the serum of
a patient, in the second week of an attack of typhoid
fever, acts on the B. typhosus, the reaction not
oceurring with healthy individuals or in other diseases
(Plate XIII., @). This indicates that in the body of an
individual suffering from typhoid fever the same sub-
stances are formed as in an animal artificially mmmu-
nised by cultures of the B. typhosus. This reaction is
now recognised as a valuable clinical test in doubtful
cases of enteric fever (the “ Widal ” or agglutination
reaction'), : o

The uagglutination reaction.—For the method of
carrying out the agglutination reaction see p. 198,
Normal serum will generally agglutinate the typhoid
baeillus in a dilution up to 1 in 3 or 4, but oceasionally
is more active. Dead bacilli may be used. The
reaction is not obtained before the sixth or seventh
day of fever, occasionally not until much later, Very
rarely the reaction seems to be intermittent. The
blood may vetain its agglutinating power for years
after an attack, and imoculation with Wright’s vaccine
also confers agglutinative properties. Cases do oceur
in which agglutination is absent throughont, but they
are rare and often tend to be severe and to terminate
fatally. If the blood during the course of an attack
fails to give a reaction when tested on three oeccasions
at intervals of three to four days, it is improbable that
the case is one of typhoid fever. Moreover, cases

1 Some controversy has arisen as to the discoverer of this reaction,
Griilmbaum claims to have first observed it.
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occur, simulating typhoid closely, due to infection
with the so-called para-colon or para-typhoid baeilli.
These  para” bacilli belong properly to the B. euteri-
tidis group of organisms (see p. 391). If a positive
reaction be obtained, yet the case does not seem to be
one of typoid, a previous attack or inoculation with
Wricht’s vaccine must be excluded. The previous
injection of a typhoid anti-serum into the patient might
induce a non-typhoid infection to give the reaction.

Gwyn' found that out of 265 cases diagnosed as
typhoid and accurately studied, only one persistently
failed to give the reaction. The blood of this case,
however, reacted typieally with a Gértner-like organism
obtained from the blood (a case, therefore, of para-
typhoid infection with all the symptoms of typhoid
fever).

Johnson and MecTaggart® found that typhoid blood
dried for sixty days still gives a typical agglutination
reaction.  An incomplete reaction was ocecasionally
obtained as early as the end of the second day, and the
complete reaction was ravely delayed beyond the fifth
day. They also noticed that the blood of the horse
often prodaced clomping, ete., of typhoid bacilli,
mdistingnishable from an agglutination reaction with
typhoid blood ; but the same agglutinating effect was
also produced on the colon bacillus. Many chemical
substances also produce agelutination of typhoid baeilli,
so that it is necessary to exclude them in makine a

=

lli:!_!-_';”ﬂf"h'l.‘-:, -II.I“]. (13-1::1_“1]]]“} {’{”.I'“Hi‘h'l" Hll]}]i]“ﬂt[‘ |:{ 'T :
1000), alcohol, salicylic acid, vesuvin, and safranin
- ! r * L - s L + Bl
(1: 1000) agglutinate, while carbolie and lactic acids,
chloroform, caustic soda, and ammonia do not, the two
IEI:“" 1F|I]I1LI Tlt‘ﬂ\.'l-lhhi 1.||{5 tll_kﬂ l‘}f]-}h“i{l l‘]]lll]hjﬂli ]"n ”“1[]{"

' Johns Hoplins Hozp., Bull., vol, viti, 1900, p. 887,
* Brit Med. Jowrn., 1896, vol. ii, p- 629.
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w.Erith distilled water, Safranin has a powerful agglu-
tinating action on the typhoid bacillus, but not on the
colon bacillus.!

While there 1s no constant connection between the
activity of agglutination and the severity of the disease,
active agglutination tends to go with cases which
recover, and cases in which agglutination is feeble or
absent tend to be severe.

Toxins.—From ecultures of the typhoid bacillns
Brieger isolated a base which he termed fyphotoxin,
and which is isomeric with gadinine. In animals it
produced salivation, profuse diarrheea, paralysis, and
death. Brieger and Friinkel isolated from cultures a
toxic protein body. Fenwick and Bokenham?® extracted
from spleens of typhoid fever patients a proteose, an
alkaloid, and a fatty residue. The proteose produced
fever, anorexia, and loss of weight in guinea-pigs and
rabbits, but the alkaloid and fatty matter were withont
effect.

1"he_toxins of the typhoid baeillus, however, seem o
be lareely intra-cellular, and _filtered broth cultures
are nsually almost non-toxic,  Sidney Martin® by cul-
tivating in a protein medinm was able somefimes to
rbl obtain @ toxic filtrate, a few c.c. of which produced
lowered temperature, diarrheea and death.  Maecfadyen
and Rowland,* by disintegrating large quantities of
typhoid bacilli, filtering, and so obtaining the intra-
cellular constituents in the filtrate, found that small
doses of the latter produced a transient vise of tempera-
ture in guinea-pigs and a loss of weight which was
Animals =0 treated were pro-

-

spon recovered from.

| Malvoz, Ann, de I'Inst. Pastewr, xi, 1897, p. 5582,
2 Brit. Med. Jowrn., 1895, vol. i, p. 80L
% [hid., 1898, vol. ii, pp. 11 and 73,

A Centr. f. Bakt., xxx, p. 03,




Survival of Bacillus Typhosus 37
tocted against a certain lethal dose of typhoid bacilli,
and their blood exhibited agglutinative and l;ﬂ{i&?_]"_ij_g]'ﬂ_i%
properties towards the typhoid bacillus. Macfadyen
later obtained the intra-cellular juice of typhoid baeilh
by disinteeration after freezing with liquid air, and found
it to be very toxic to guinea-pigs by intra-peritoneal,
and to rabbits by intra-venous inoculation. The
writer found that cnltures of the Bacillus typhosus do
no. Oy e rhe ” {lil:l.ﬁfi 27 ]‘Et'llﬂtil'}l'l.

————— —1_,_:__-#;—""_"’“"""“"“"“"—&“..:‘-1;-_1 : ;
Survival of the typhoid bactllus 1w the body.—

Bacilli may persist in the spleen for weeks, in the gall-

\ bladder for years, and in suppurative lesions for six
years or morve. IFoster and Kayser obtamed pure
cnltures from the gall-bladders of seven out of eight
cases, and in 2 m~ ases this “chole-
cystitis typhosa’” becomes a chronic process,and typhoid
bacilli may be discharged into the bowel for long
periods. Dean® found this to be the case in a patient
who had had enteric fever twenty-nine years previonsly.
Such “ typhoid carriers.’ have been the subject of
much investigation recently,” A. and J. Ledingham
record three instances met with in an asylum m whieh
mysterions cases of typhoid had oceurred—31 cases
during fourteen years. Davies and Walker Hall®
relate similar outbreaks, the carrier in this case being \
a woman who had suffered from entervie fever in 1901,
milk serving as the wvehicle of transmission, and a
number of other instances have been recorded. Three
tourths of the eases are women (and three fourths of !
the cases of gall-stones oceur in women), and usnally

' Proe. Roy. Soc. Lond., B. 1xxi, 1902, p. 77.
* Brit. Med, Jowrn., 1908, vol. i, p. ohi2.

4 Bee Ledingham, Rep. Med. Off. Loe. Gov. Board for 1909-10
{ Eibliog ).

b Pyoe, Roy. Soe, Med., vol. i, 1908, Ep':-le.tminlng_ Sect.. p. 175,
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the serum of the carriers gives a marked agglutination
reaction, and their stools frequently contain such large
numbers of typhoid baeilli that these largely replace the
natural bacterial flora of the intestine and may often
be recovered from the stools by simple plating.
Obviously the typhoid carrier is a source of serious risk
to the community, and mysterious outbreaks of enteric
fever, ascribed by some in the past to a “de nove”
origin of the specific organism, become explicable. The
typhoid baecillus may occur in the contents of ovarian
cysts, usunally causing suppuration, and may survive
for months—twelve in a case recorded by Taylor'—
after the attack of typhoid.

Swrvival of the typhoid bactllus ontside the body.—
The Bacillus typhosus has been isolated in a few
instances from warer svppLigs which have become
infected, and have given rise to epidemics, as in the
case of the Lincoln epidemic in 1905.* 'This is the
exception, however, and the isolation of the typhoid
bacillus from an infected water is a very difficult
matter Elm[!llllt of the fact that _.t.hE., baecillus _may

have died Sfore the investication is commenced,
fhat 1t 18 generally in a small minovify and admixed

with numbers of coli-form organisms, and that until

orowth of the ecoli-form gl_'gﬂuiﬂms withont at the same
“time inhibiting the growth of the B. typhosus. By the

—

named dimcntey seems to have been overcome (see
“section on ¢ Water 7).

In sterilised waters, including distilled water, the
Bacillus typhosis maintains 1ts vitality for npwards of
a month, and in some cases for much longer. The

I Jowrn. Obstet, and Gynacol. Brit. Empire, November, 1907,
? Rep. Med. Off. Loc. Gov. Board for 1905006,

use of malachite or brilliant green media, the last-

recently no medinm was available which inhibited the
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survival is mnot necessarily longer in an organically

polluted water than In a pure water, ll‘lrut'l.ln}_'_‘
- sterilised Thames water (from the Temple BEmbank-
! ment) and stervilised tap-water of Lhulﬂhu!?uu Water-
T l}'lﬂluid cultures, -the wuniter found that,
examining small (uantities (1 c.c.) of the water, the
| bacillus appeared to die out in the former m two to
three weeks, in the latter in four to five weeks.

The survival of the typhoid baeillus in natural
waters must be influenced by many circumstances—
temperature, chemical composition, struggle for exis-
tence with the natural bacterial flora, ete., of the water.
lixperiments by Russell and Fuller,) in which the
ovganism, suspended in collodion sacs, was subjected to
the action of lake water, indicated that the maximum
was eight to ten days. _Houston “ using raw Thames, =
Lee, and New River waters artificially infected with 'I“\":—*[ﬂ..v?“"'?'
varying quantities of ordinary laboratory typhoid *
cultures, and examining quantities of 100 c.c. of the
water, found that in none of eighteen experuments was
a negative result obtained in four weeks, and 1t was
only after nine weeks that the typhoid bacillus counld
not be isolated from this ¢uantity in all the experi-
ments., But in subsequent experiments,” in which -
typhoid bacilli, obtained directly from the nrine of a
carrier case by cenfrifugalising and without culturing,
were added to the water, the number of bacilli was
reduced by 9999 per cent. after a week, and after ten
days the organism could not be isolated from 100 c.c.
of the infected water, indicating that the uncultured
bacillus rapidly dies in a natural water, and that even
a week's storage of water affords enormous protection

U Jowrn. Infect. Diseases, Sup. No. 2, February, 1902, p. 40.
® First Rep. on Research Work, Metropolitan Water Board, 1908,
* Siawth Research Report, Metropolitan Water Board, 1911.
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against water-borne typhoid. In aérated (CO,) waters
the B. typhosus does not survive a fortnight. The
methods  of isolation from water are given in
Chapter XXIT.

The Bacillus typhosus may gain access to shell-fish,!
oysters, mussels, cockles, ete., particularly if obtained
from sewage-polluted laying. Such polluted shell-fish
may give rise to typhoid epidemics—as at Winchester
and Southamption in the case of oysters, and in the
case of cockles, derived from the Thames Estuary and
imperfectly cooked, to typhoid cases. Buchan found
that out of 855 primary cases of typhoid fever aceur-
ring in households in Birmingham, 124, or 14:5 per
cenf., had a history of mussel eating, and in seventeen
instances the histories were conclusive of mussel
infection. Mussels, under certain conditions (which are
not well understood), arve liable to develop mytilotoxin,
ete. (p. 89), which gives rise to gastro-enteritis.
Shell-fish from sewage-polluted layings contain B. coli
in varying numbers, but from uncontaminated layimgs
are free from this organism, which may therefore serve
as an index of pollution (see ‘ Examination of
Shell-Fish,” Chapter XXI). Contaminated shell-fish,
removed to pure water, gradually cleanse themselves
probably after two to three weeks’ sojourn. Klem
obtained the typhoid bacillus from artificially infected
oysters, kept in tanks of sea-water, after nine, sixteen,
and even eighteen days from the commencement of the
experiment, the oysters showing no abnormal condition.

As regards the vitality of the Dacillus typhosus n

I On pathogenic organisms in shell-fish see Reports by Bulstrode to
the Local Government Board, 1894 and 1911; Rep. Med. Off. Loc. Gov.
Board for 1899-1900, p. 574; Houston, Fourth Report of the Sewage
Commission, vol, iii, 1904 ; McWeeney, Loc. Gov. Board, Ireland,
1904 ; Buchan, Journ. of Hygiene, vol. x, 1910, p. 569.
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sewaoe we have litble certain information ; [::-ul.,un].ztl?' it
iouds to die ount within a few days. In sterilised
sewage inoculated with 1t the B. typhosus hardly
multiplies at all, and at the end of ten days has died

out., Clertain organisms Iin sewage seemed to have
a deleterious action on tliL B. typhosus, hastening its
extinetion, viz. the B. fluorescens liquefaciens and

B. fluorescens ~,f.-;rr,mreiw Russell and Fuller, subject-
ing the bacillus to the direct aection of sewage, found
the survival to range from three to five days.

T Ft 1}

[n Wﬂlr according to Dempster,” the
Bacillus typhosus does not Jive longer than eighteen

4
days (Fivth and Horrocks recov rered it up to twenty-
five days), and in peat it dies within fwenty -four hours.
In moist soil, however, the bacillus still survived on the
forty-second day. In an artificially dried soil It was

L
not found alive after the seventh day.

Sidnev Martin found that in moist sterilised soil kept

5 ! i g —

H o 0 T o
at temperatures from 3° to 37° C., the B. typhosus
maintains 1ts vitality for |1pu':11'ﬂ:-: of fifteen months

" =l o : e ——
but that in unsterilised soil it rapidly dies.

Mair? concludes that the typhoid bacillus can survive
in natural soil in large numbers for about twenty days,
and is still present in a living condition after seventy

| g A
to eighty days, but that there i1s no evidence that it s
capable of multiplving and leading a saprophytic

] piyimg g
existence in ordinary soil.  He suggests that Martin’s
result (the rapid extinetion of the bacillus 1 un-

|
sterilised soil) may be explained by the use of bLroth
} A 'y
cultures for infection, the broth added causing a
multiplication of the saprophytes. Firth and Horrocks*

b Med.-Chir, Trans., vol. 1xxvii, 1894, p. 263.

= Keps. Med. Off. Loe, (fov. Board for 1896-1901.
* Jouwrn. of Hygiene, vol. viii, 1908, p. 37.

i Brif. Med. Jowrn., 1902, vol. ii, p. 936.
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similarly conclude that the typhoid bacillus displays no
tendency to increase in numbers, nor to grow upwards
or downwards in soil, though it may be washed by
water through a thickness of 18 inches. Neither
virgin nor sewage-polluted soils differed much in these
respects.

Vitaleby of B. typhosus in  dust, Somites, efe, —
Firth and Horvocks found the £. typhosus to be
alive in soil dry enough to form dust for as long as
twenty-five days, and consider that infective material
can be readily transmitted from dried soil and sand by
means of winds and air-currents. Doubtless much
depends on the degree of dryness of the substratum.
From khaki drill and serge inoculated with eultures
the bacillus was recoverable for from ten to twelve
weeks, and for from ten fo seventeen days from the
same materials fouled with enterie faces.

Semple and Greig,! with cloth and blanket infected
with typhoid urine, failed to obtain the bacillus after
seventeen days.  This, however, was in India, and the
survival of the typhoid bacillus on fomites probably
greatly depends on the degree of drying of the
material, A striking instance of the conveyance
of infection by fomites was that of the blankets used in
the South African war and brought to this country,
which gave rise to many cases of typhoid fever.

Firth and Horrock demonstrated that house-flies ean
convey enteric infective material '!'mm speciﬁg excreta
or other polluted material to objeets on wlnch_ they
settle or feed, and the Commission which ‘i]WUHﬁ‘lgi:Ltljd
the prevalence of enteric fever m the Hpmns‘hnﬁnmrmfln
war ascribed to flies the principal part in the dis-
semination of the disease (see also p. 411).

There has always been considerable discussion on the

1 Se. Mem. Gov. of India, No. 32, 1908,
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exact relation of “sewer-gas’ to disease. It is gene-
vally held that sewer-gas is at least a predisposing
ause to enteric fever, diphtheria and tonsillitis. Some
have considered that the specific organisms are presenf
in the emanations from sewers, and this may occasionally
be the case. Thus Horrocks,' in some experiments
performed at Gibraltar, by pouring sewage artificially
infected with typhoid enlture down drains, showed that
specific bacteria present in sewage may be ejected
into the air of ventilation pipes, inspection chambers,
drains and sewers by (a) the bursting of bubbles at the
snrface of the sewage, (I) the separation of dried par-
ticles from the walls of pipes, ehambers and sewers,
and probably by (¢) the ejection of minute droplets
from flowing sewage. “ Sewer-gas ” may also lower
vitality and increase susceptibility., Thus Alessi found
that animals exposed to drain emanations are at first
more susceptible to infection, but after a month or so
acquire tolerance and are no more susceptible than
animals kept under ordinary conditions. There is no
evidence that sewer-men or those employed at sewage-
works suffer from ill-health.

detvon of heat, germicides, efc.—The B. typhnmm in
broth culture is killed by a tElﬂpFl“‘Ltll]P of 53°-54° C. in_

~half an hour, and of 56°-60° C. in ten minutes. It is
readily destroyed by antiseptics. (See table, Chap. XXII.

Semple and Greig (loc. cit.) found bright sunlight to
be germicidal in from two to six hours.

Wines and i spirits have some germicidal action on the
typhoid baeillus, Lhﬂ.mpﬂgne destroys the bacillus in
ten minutes, white wines in fifteen to twenty minutes,
red wines in thirty minutes or thereabouts, If dulntvﬂ
with water the germicidal action takes much longer to
accomplish, and the acidity, not the alcohol content,

' Jowrn. Roy. San. Inst., May, 1907, p. 176,
25

—
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seems to be the active factor.! Spirits, such as whisky
or brandy, if diluted with not more than one to two
times the volume of water, kill in ten to twenty minutes.

Anti-typhoid serum.— Attempts have been made to
prepare an anti-typhoid serum by inoculating horses
with increasing doses of typhoid bacilli, first killed (by
heat, chloroform, ete.) and then living, but such sera
have pr uite useless.

Macfadyen® prepared an endotoxic sernm by treating
horses with the endotoxin obtained by triturating the
bacilli in the presence of liquid air. The writer
continued the work, and obtained a serum which gave
promising results.’

Chantemesse,” by eultivating a virnlent strain of the
typhoid bacillus in a special broth made with ox spleen,
heating the culture to 55° C., centrifugalising and
injecting horses with the fluid, obtains a serum which
he claims has marked curative properties, the mortality
being 4'3 per cent., as against 17 per cent. for those
subjected to ordinary treatment. The patients receive
very small doses of the serum—five or six drops—and
the dose is repeated only two or three times. This
dosage is quite different from that of an ordinary anti-
toxic or antimicrobic serum, and Wright suggested that
towins (and not anti-bodies) in the sernm may be the
active agents. Chantemesse has accepted this view,
and the treatment, therefore, seems to be a vaccine one.

The disease has also been treated with a vaccine
(consisting of a killed culture) with promising results

I Sabrazies and Marcandier, Ann. de U'Inst. Pastewr, 1907.

2 Proc. Roy. Soc. Lond., B, vol. 1xxi, 1903, pp. 76 and 351 ; Brit. Med.
Jowrn., 1906, vol. i, p. 905. y

3 Spp Hewlett, Goodall and Brnce, Proc. Koy Soc. Medevol. ii,
1907-08 (Medical Section), p. 24b et seq.; and Hewlett's Serum
Therapy, p. 220. :

i Trans, Fourteenth Internat, Cong. Hygiene and Demography, 1907,
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by Semple, Smallman, Leishman, and others. The
initial dose is 40—-100 millions, and the amount is
:antiously inereased up to 300—400 milliovs.

Anti-typhoid vaceine.—Wright first prepared an anfi-
typhoid vaceine by the following method.! A typhoid
culture of moderate virnlence (the virulence being kept
up by intra-peritoneal passage through guinea-pigs) is
grown in peptone beef broth in flasks at 37" C. for
from fourteen to twenty-one days. The flasks are then
<o heated that their contents attain, and remain at for
a few minutes, a temperature of 60° C. To obtain
: uniform toxieity, the contents of several flasks should
be mixed, and to safegnard the vaccine from contamina-
tion one twentieth of its volume of 10 per cent. lysol is
added. Various ingenious devices have been adopted
by Wright and Leishman to prevent contamination and
for standardisation.

The_strength of a typhoid vaceine depends upon the
number of bacilli it _contains and on the particular
strain of bacillus used. The vaceine is standardised by
counting the number of bacilli it contains by Wright’s
method (p. 230). Leishman® now cultivates for about
forty-two hours, and the bacteria are killed by heating
to 53° (. for one hour, the higher temperature having
proved to be deleterious, and 04 per cent. of lysol is

ol x
then added; it is not necessary to employ a virulent WM

bacillus. In the early days the symptoms produced by
the inoculation were often severe, but with the use of troo «
mproved methods are now hardly appreciable. Two
doses of the vaceine should be given, with an interval
of about Mﬁjﬁfﬁﬁﬁﬁfﬁﬂﬂhﬁ”ﬂ_{h the doses being
200 apd 1000 millions respectively. _

Inoculation is now being extensively practised, and

1\ Wright and Semple, Brit. Med. Jowrn., 1897, vol, i, p. 256.

° See Journ. Roy. Inst. Pub, Health, vol, xviii, 1910, pp. 3856, 449, 514,
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Leishman (loe. cit.) gives the following statisties of its
value : total number under observation, 18,483-19,314 ;
average period under observation, twenty months ;
number inoculated, 10,378 ; number uninoculated, §9306 ;
case-incidence of enteric per 1000, inoculated 539 +
048, uninoculated 304 + 1:23 ; case-mortality per 100,
moculated 89, uninoeunlated 16°9. Other forms of
vaccine have also been devised.

Variation of the B. typhosus.—Allusion has already
been made to Twort’s work on the *education” of
B. typhosus to ferment lactose, and on the apparent
conversion of B. typhosus into B. allaligines by Horrocks
(p. 6). Penfold also records variations in the fermentive
powers of B. typhosus (Jowrnal of Hygiene, vol. xi,

191 . 30,

Relapses.

Various hypotheses have been advanced to account for the
relapses which oceur in typhoid and other diseases (e. g. Malta
and velapsing fevers). Chantemesse and Widal! showed that
if the B. typhosus is injected into an animal together with
toxins of the streptococeus, B. eoli, or Proteus, its virulence is
enhanced, or the animal's resistance may be lowered. Tf,
then, immunising and bactericidal properties of the blood
and tissues are but slightly acquired during the attack, an
absorption of toxic substances from the alimentary fract may
be sufficient to give the typhoid baeilli still present a fresh
start, and so produce a relapse. This Sanarelli® was able to
do experimentally. Wright and Lamb formulated another
hypothesis.® The organisms in typhoid, Malta, and relapsing
fevers, are deposited in the spleen and internal organs,
multiply and form colonies there, which become protected

—

! Ann. de Ulnst. Pasteur, vi, 1892, p. 755, ;

2 Ihid., vi, 1822, p. 721 ; and ibid,, viii, 1884, p. 193,

3 Lancet, 1899, vol. ii, p. 1727; Se. Mem. Med. Officers of Ind. Army,
pt. xii.
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from the bactericidal substances by the formation of a non-

anti-Lacterial envelope. When the anti-bacterial substances
in the blood and lymph have increased to such an extent as to
penetrate and abolish the non-anti-bacterial envelopes which
surround these colonies, the production of toxins will be so
diminished that the temperature will fall. If, however, for
sone reason or other, even a single colony escapes the full
anti-bacterial power of the lymph, owing, it may be, to being
shut off in a capillary which has become blocked, or in some
other part not freely infiltrated by the blood- or lymph-streams,
the bacteria of this colony will go on multiplying until the
blood has become modified in such a manner as to bring
about a diminution of the anti-bacterial substances, and thus
render a relapse possible.

A third theory has been suggested by Durbam.! He
regards a given infection as due to the *result of the action
of a sum of a number of infecting agents, each of which is
similar but not identical in its nature,” the apparently simple
infection being “in reality a complex phenomenon brought
about by a number of varieties and sub-varieties of the given
microbe.” He suggests, therefore, that in a typhoid mfection
a particular race of typhoid bucilli is in excess, and when the (V-
anti-hodies for this particular race have Dbeen formed in (.
sufficient quantity, the disease process comes to an end. There
may, however, be present at the same time other races which
have produced little of their specific anti-bodies ; these then
begin to grow and multiply, and a relapse ensues.

In the case of relapsing fever the organism is probably a
and in this and other protozoan diseases relapses

rotozoon
with Llev:_:lopnmnt.ﬁ,l eveles of the l}i.LI‘-'cLﬁ“.l!, e, (f. 11

e = e ———— = L e e T _——
o —————

e —

COITICLC
malaria.

L2

Clinical Diagnosis.
(1) Bload cultures.—Three to 5 c.c. of blood are withdrawn
from a superficial vein with a syvinge with aseptic precautions,
and 0°5 c.c. of the blood so obtained is sown into each of

L Jowrn. Path. and Bact., vol. vii, 1801, No. 2, p. 240,
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several tubes containing 15 to 20 c.c. of sterile broth. The
tubes are incubated at 37° €., and if organisms develop these
are isolated and examined culturally for the typhoid bacillus.
Coleman and Buxton recommend the following culture
medium : Ox-bile 90 c.c., glycerin 107%.c., and peptone 2 grm.
Distribute in small flasks, 20 c.c. in each, and sterilise. Bach
flask is inoculated with 2 to 3 c.c. of blood, incubated for
eighteen to twenty-four hours, then streaks from each are
made on to litmus lactose agar plates, which are incubated
for a few hours. Tf the growth dos: not redden the medium
and a typhoid-like bacillus is present, it is tested for agglutin-
tion with typhoid-immune serum.

(2) Agglutination reaction.—This is carried out by the
microscopic or the macroscopic (sedimentation) method
described at p. 198. Dilutions of 1: 30 and 1 : 50 should be
made, and some make a 1:100 in addition. The MICTOSCOPIC
method is the more rapid. Various apparatus (aggluti-
nometers) can be obtained, consisting of measuring devices
and a supply of dead culture, with which the sedimentation
test can be carried out by anyone, and seem to be satisfactory.

(3) Ojﬂtﬂlﬂl‘ﬂlﬂ-fﬁttﬂﬂﬂﬁf&.T Chantemesse (loc. cit.) has

devised a method analogous to the ophthalmo-diagnosis for
tuberculosis (p. 349). The material is prepared from agar
cultures of typhoid which are emulsified, dried, triturated,
and extracted, and the extract is precipitated with absolute
alecohol and dried (for details see Hewlett's Serum Therapy,
p. 882). The dry substance is powdered in an agate mortar,
and for use 8 to 10 mgrm. are dissolved in 1 c.c. of sterile
water., Of this solution a drop is instilled into the conjunetival
sac ; in a case of typhoid, after a lapse of two to three hours
the conjunctiva_becomes red and there is a sensation of heat,
aftér six to ten hours there is a marked conjunectivitis, which
may persist for one to three days and then passes off. In
healthy persons and in other diseases no conjunctivitis ensues.
A cutaneous reaction has also been devised.

(4) Puncture of the spleen with a sterilised hypodermic
needle and syringe.—A Iittle of the blood and pulp is withdrawn
with the syringe, and cultivations are made as in (1). This
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method seems harvdly justifiable, and mow that the blood-
culture method and agglutination reaction have been
introduced should be discarded.

(5) Eaamination of us.—Cultivations may be made as
in (1) if the bacillus 1s present, apparently in pure culture.
If not, plate cultivations, preferably on litmus lactose agar,
GUIIl.LLl}-DlIQ:LL‘&!&I,llhl].tl-bl.llf& or ln‘1lh£1_1t__grﬂa,n, agar, may b
prepared (see * Water 7). ;

(6) Bramination of the stools.—This is hardly practicable
for clinical diagnosis; 1t takes too long, is tedious and
uncertain.  Plate cultivations from the diluted stools are
made on Conradi-Drigalski, malachite- or brilliant-green, agar
(see “ Water ).

-

The Girtner or Enteritidis Group of Bacilli.

The Giirtner group of baeilli, of which the type is the B.
enteritidis of Giirlner, arve baeilli morphologically resembling
the B. typhosus, i. e. they are pleomorphic, actively motile,
multi-flagellate, non-sporing, and non-Gram-staining, but
culturally are intermediate between B. typhosus and B. coli,
Thus, like B. ¢oli, they ferment glucose with the production
of gas and acid and change neutral red ; like B. typhosus they
do not attack lactose and do not curdle milk. In litmus milk
they usually first produce slight acidity, followed after three
to four days by a change to alkalinity, and the milk ultimately
becomes limpid.  The fermentation reactions of some members
of the Giirtner group are given in the table on p. 400. The
organisms of the Girtner group may be divided into four sub-
g]'l]lll}ﬁ :

1. BEuteritidis group.—Produce acute gastro-intestinal dis-
turbance in man. The cause of epidemic meat-poisoning, e.g.
the B. enteritidis of Giirtner.

2. Pnewmonic group.—Produce pneumonic symptoms in
man. The cause of some outbreaks of epidemic pnenmonia,
e.q. B. psittacosis.

3. Paratyphoid group.—Produce a disease resembling
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typhoid fever in man., May also produce “ food-poisoning
with gastro-enteritis. Subdivisions A or « and » or 8.
4. Group non-pathogenic to man, e. g. B. typhi nowrivn,

The Bacillus enteritidis.

A number of outbreaks of what has been termed
“ epidemic meat poisoning ” have been traced to infec-
tion with the B. enteritidis, (See also “ Food
Poisoning,” Chap, XX1.) The disease takes the form
of an acute gastro-enteritis—urticaria, abdominal pain,
vomiting, diarrheea, nervous symptoms and collapse—
oceuring from eight to thirty-six hours after partaking
of a meat meal, usually pork (sausage, pork-pie, ham),
occasionally beef and tinmed meat. The principal
outbreaks of this nature have been those at Jena, in

1888, investigated by Gértner, and from which he

isolated the type form of the B. enferitidis ; Welbeck
in 1880; Middlesborough in 1888 ; Mansfield in 1896
and Derby in 1902, A small outbreak occurred at

Bedford in 1907.) These ontbreaks are usuallv cansed
\;

by varieties of the [, enteritidis having the general
characters of the group, which usnally do not ferment
lactose, and are distinguishable by agglutination
reactions and fixation tests, the organism isolated as a
rule agglutinating well with the patient’s serum.

The B. enteritidis in morphology, motility, and
staining reactions resembles the B. typlosus, forms no,
or only traces of, indole, and changes neutral red to a

fluorescent yellowish colour. Litmus milk after a faint
e — -

acidity becomes alkaline, and s converted into a thin
watery translucent fluid, without coagulation. It does
not attack either salicin or glycerin. The fermentation
reactions are given in the table on p. 400. Savage®

1 Public Health, vol. xx, 1907=8, p. 310.
? Rep. Med. Off. Loe. Gov. Board for 1909-10, p. 446.
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obtained this organism from only one ouf of fifty-three
::'.].}t‘t.‘illl['flh' “f ]"“1“1“ excreta tj}{ﬂll]i'llL‘-L]. A '||'||1]I1]Ll-i- Of
variants were isolated from various materials, some
fermenting salicin, some glycerin, and some both these
substances (See ¢ Meat,” Chap. XXI).

Swine Fever or Hog Cholera.!

Swine fever, or hog cholera (to be distinguished f|:um
swine erysipelas, which see), is an infective disease of pigs,
highly contagious, and causing considerable mortality. The
duration of the affection is usually three to four weeks; the
animals lie about, their temperature 1s raised, and they may
suffer from cough and frequent respiration, and some lame-
ness in the hind legs. Towards the end mucous diarrhaa is
a4 prominent symptom. Post mortem, the large imtestine 1s
found to be uleerated, the ulcers much resembling the typhoid
ulcers of man, and according to Klein, pnenmonia 1s
commonly present, whence he termed the disease * pneumo-
enteritis.” McFadyean, however, from his own experience and
that of the Board of Acriculture, considers [JIIELHIH}I]iEl Very
infrequent. The uleers occur mainly in the ¢ecum and colon,
and are due to a well-defined circular necrosis involving the
whole thickness of the mucous membrane and oceasionally
extending to the wall of the bowel. A diffuse diphtheroid
lesion also oceurs, due to a superficial necrosis with deposition
of a thin layer of fibrinous exudate on the surface of the
mucous membrane. All gradations are found between the
well-defined circular necrosis and the diffuse diphtheroid
lesion.

An organism constantly present 18 a member of the
paratyphoid sub-group of the Giéirtner group (B. swicholera
or suipestifer, appavently identical with B. aertryek, but it
seems to be a terminal infection and not the true setiological
agent, as the blood and tissues filtered through a |:m*c_-.{;!u.in
filter are still infective—i. e, the organism is probably ultra-

' .‘:if.'u Uhlenbhuth, Prans, Fourteenth Internat. Cong. of Hygicie
(Berlin, 1807), Bd. iv, p. 50 ; Jowrn. Roy. Inst. Pub, Health, 1911,
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microscopic.  Some confusion exists in the nomenclature of
the disease. Swine fever is the British, and hog cholera the
American, name. Inaddition, a disease of swine was formally
described under the designation “swine plague " (** Schweine-
seuche,” Schiitz). This clinically much resembles swine fever,
but pneumonia is a prominent lesion, and a non-motile,
stumpy, bi-polar staining bacillus belonging to the group of
the hemorrhagic septiceemic baeilli is present (see under
“ Chicken Cholera ). This is now regarded as a secondary
infection and the disease as being really swine fever. The B
swicholerse is apparently identical with the B. icteroides
of Sanarelli. (See also Chap. XIX.)

Although the lesions are very similar, swine fever has nothing
to do with typhoid fever of man, nor with ulcerative colitis.

Other organisms belonging to the Giirtner group are:

1. The Danysz bacillus, used as a virus for exterminating
rats (the Danysz virus).

2. The B. icteroides of Sanarelli, supposed by him to be
the cause of vellow fever, but apparently identical with the
B. suicholere (see * Yellow Fever,” Chap. XIX).

3. The B. typhi muwrinm of Loffler, used as a virus for
exterminating mice.

4. The B. psittacosis of Nocard, causing an infective
disease of parrots and transmissible to man (bird-fanciers,
ete.), in whom it produces a severe and often fatal broncho-
preumonia.

5. Summer diarrhea—Morgan' concluded that the
summer or epidemic diarrheea of infants is not caused by the
dysentery bacillus (see p. 401). In 50 per cent. of the cases
he isolated a bacillus which appears to be most closely allied
to the hog-cholera bacillus, differing from the latter by
producing alkalinity in litmus milk (without previous acidity)
and much indole, and by failing to produce acid and gas from
mannitol, arabinose, maltose, and dextrin. Eyre and Minett®

! Brit. Med. Jowrn., 1906, vol. i, pp. 908 and 1131 ; ibid., 1907, vol. i,

p- 16.
2 Brit. Med. Jowrn., 1909, vol. i, p. 1227,
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examined the normal faces of sixty young children, and 1n
four only isolated a bacillus allied to the Morgan bacillus.
The method of isolation was by means of plates of bile-salt
agar containing 1 per cent. of mannitol and coloured with

neutral red. (See also Chap. XX.)

Para-typhoid Fever.'

The name * para-colon ” bacillus was given by Gilbert in
1895 to races of bacilli intermediate in type between the
typhoid bacillus and the colon bacillus, and this designation
was also applied by Widal and Nobécourt to a bacillus
isolated by them from an abscess in the neighbourhood of
the thyroid. The name * para-typhoid™ bacillus appears
first to have been used by Archard and Bensaude in 1896, and
was reintroduced by Schottmiiller in 1901, and would seem
to be the preferable designation for those micro-organisms that
produce typhoidal symptoms.

Para-typhoid fever may be defined as a disease Illlli_‘]]

uwmlnhuu‘ typhoid fever in its clinical aspect, “which i 15,
iowever, caused, not by the hpllmd bacillus, but by
Organisms h{lumrmw to the para-typhoid sub- n‘mup of
the Gértner group of bacilli. Par a-typhoid infections
sometimes occur in epidemics, may be spread by
drinking-water and by * carviers,” and occur in all
parts of the world,

Para-typhoid Dbacilli are also occasionally the
pathogenic agents in cases of “food poisoning * with
gastro-enteritis, particularly B. swipestifer (or aertryek).

The para-typhoid bacilli are morphologically like the
typhoid bacillus and are actively motile, but they
ferment glucose with the production both of acid and
of gas. A number of races have been isolated differing

' See Savage, Rep. Med. Off. Loc. Gov. Board for 1908-9, p. 316 ;
Bainbridge and O'Brien, Jouwrn. of Hygiene, vol. xi
( Bibliog.).

, 1911, p. 68
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from one another in their source, rate of fermentation
of gluecose, action on milk, action on neutral red, and
agglutination reaction, and are distinguished by the
names of those who isolated them.

Two groups of the para-typhoid may be distinguished
which have been termed A and s by Buxton. Group a
produces less gas in glucose media than group B; with
group A milk remains permanently acid ; with group »
it Dbecomes alkaline after a transient acidity; and
though group a changes neutral red to yellow, the red
colonr tend to return after three weeks or so, while
with group B the yellow colour is permanent. That is
to say, in its reactions group A is allied more closely to
the typhoid baeillus than group .

B. paratyphosus A or a is rarely found, the vast
majority of cases of para-typhoid fever beimg associated
with the presence of the Bor (F type. The fermentation
reactions of some of the para-typhoid bacilli are given
in the table on p. 400. °*

As regards the agglutination rveaction, the blood of
the para-typhoid fever patient either does mob
agglutinate the typhoid bacillus or agglutimates it only
in low dilution—e.g. 1 in 10 to 40, while it agglutinates
the para-typhoid bacilli in far higher dilution—e.g. 1 in
100 or 200, or even higher; thus in Cushing’s case the
patient’s serum agglutinated the para-typhoid bacillus
isolated from it up to 1 1 8000.

The diagnosis of para-typhoid fever would hr:,- bu,sfed
on (a) the agglutination reaction; (b) the isolation of a
para-typhoid bacillus by cultures from the blood (p. #89).

Bacillus dysenterize.

In one type of dysentery, the so-called epidemic o
bacillary form (see * Dysentery,” Chap. XX), a hacillus,
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B. dysenterize, is the causative agent. The B. dysenteriee
includes a group of closely .iillml organisms.

The dysentery hacillus was first 1f-,n].f|,fu:i in 1897

Somewhat later Kruse 1solated an

by

Shiga in Japan. 1
almost identical baeillus in Germany, and this type 1s

known as the Shiga-Kruse type. Later, Flexner and

Strong isolated another type of the dysentery bacillus,
and during the last few years similar organisms, but
differing from the %Ingu-lu'nw and Flexner types n
some of their fermentation and other reac tions, have
been isolated ; these are sometimes termed  psendo-
dysentery ” bacilli,

The Shiga-Kruse and other types of dysentery
baecilli have been isolated by Flexner and Strong in the
Philippines, Park, Duval, Bassett, Martini, Hiss, Russell
and others in the United States, Castellani in Ceylon,
Rogers and others in India, Rauffer and Willmore 1in
]nﬂ. pt (Bl Tor), and Eyre, 'ﬂﬂ.ﬂ eeney and othersin the
Hlﬂ'lhll [sles.

Morphology—The B. dysenteriz ave small slender
bacilli much resembling the colon bacillus,. They ave
non-motile, but Brownian movement is often active,!
Gram-negative, and non-sporing, and are readily
destroyed by heat (58°-607 C.) and antiseptics.

Cultural characters,—The dysentery bacilli are aérobic
and facultatively anaérobic. On agar a thinnish creamy
orowth develops; on gelatin a white growth nearly
limited to the inocnlation track, and without liquefac-
tion, T'he colonies on a gelatin plate closely resemble
those of the typhoid bacillus. On potato the growth is
either thin, grey and slightly wvisible, or thicker and
yellowish or brownish., The colour of neutral red media
is unaltered, Litmus milk first becomes faintly acid,

' Flagella have been deseribed by some ohservers, but cannot
usually be demonstrated,
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then markedly alkaline; mno clotting.  Indole is
generally not formed; occasionally a trace may be
detected.  All strains ferment glucose with the forma-
tion of aecid nn]y,__nu as ; none ferments lactose.
Some strains (the Flexner type) ferment maunnitol with
the formation of acid only, no gas; other strains (the
Shiga-Kruse type) have no action on this alcohol. The
principal fermentation and other reactions are given in
the table on p. 400. These reactions are very variable
with different stains, but differentiation may be
accomplished by agglutination, saturation, and com-
plement fixation, tests.

Agglutination reaetion.—The agglutination reaction is
given by fthe blood of patients suffering from the
bacillary form of dysentery, but not by the amabic form
(unless a double infection be present, which occasionally
1s the case). The agglutination reaction is obtained in
dilutions of 1 in 10 to 1 in 100, but may occur only
with the particular strain cansing the infection.! Thus
by the agglutination reaction variations between
different strains of the B. dysenterizz may be detected.

Pathogentic action,—The organism seems limited to

the bowel and its mucous membrane and does not gain

access to the blood. No characteristic lesions are
produced in animals by administration of the dysentery
bacillus per os. In man, cultures given by the mouth
are stated to have induced a typical dysentery.
Animals snch as rabbits, guinea-pigs and mice are very
sensitive to injections of living and killed cultures; in
fact, it is very difficult to immunise animals against the
organism. Amounts of 0°1-02 mgrm. of an agar
culture given intra-venously or intra-peritoneally are
fatal to these animals.

In man the organism is abundant in the bloody

1 Spe Hewlett, Trans. Path. Soc. Lond., vol. v, 1804, p. 51.
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mucoid discharge from the bowel, n,nd.ﬂt an rlm‘lg,.'_ stage
is easv to isolate by means of Conradi-Drigalski agar
E:]:Lti—‘ﬁ: on which it forms small blue colonies; at a ]uh':*r
stage (after two to three days) the other organisms 1n
the bowel multiply to such an extent that isolation may
become very diffienlt. ‘¢ Carriers » gecur and help to
spread the disease, which may be conveyed by infected
water and food and by flies.

Torins —The filtrate of dysentery cultures (four to
six weeks old) in a somewhat highly alkaline 1':11'nt]|
(broth just alkaline to litmus + 7 c.c. 'I'I'EJI‘I'II?I.I NaOH
per litre) is markedly toxie, 0°1 c.c. being a fatal dose
for a large rabbit.'

Anti-serum and vaccine.—The serum of horses
immunised with the toxin, or with dead and then with
living cultures, possesses marked antitoxic properties,
and the nse of this antitoxic serum has been successful
in cases of acute bacillary dysentery. Shiga obtained
a reduction in mortality from 22 to 7 per cent. by the
nse of serum in a severe epidemic, and striking results
were obtained by Ruffer and Willmore®* in Egypt. Tt
is necessary, however, to employ a serum prepared
with the particular strain of the disease.

When the disease has become chronic the use of a
vaceine, consisting of a culture sterilised by heat, 1s
sometimes beneficial. Castellani also suggests the use
of a vaceine for prophylactic purposes.

Para-dysentery bacilli—In the dysenteries of Ceylon,
(lastellani® has sometimes isolated dysentery bacilli
nearly related to the Shiga-Kruse type, but showing
differences from it in agglutination, persistence of acid

! Todd, Journ. of Hygiene, vol. iv, 1904, p. 480 (Bibliog.).
* Brab. Med. Jowrn., 1909, vol. ii, p. 862, and 1910, vol, ii, p. 1519.
3 Jowrn. of Hygiene, vol, iv, 1904, p. 495,
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reaction in_ litmus milk, and virulence ; these he has
termed ¢ para-dysentery ™ bacilli. \

Asylwms dysentery and swmmer diavrhea of infunts,
—Both in America and i England some cases of
summer diarrheea of infants are found to be associated
with the B. dysenterie (see above, p. 394). The asylums
or institutional dysentery, or ulcerative colitis, is also
due to this organism, and the blood of patients gives
the agglutination reaction.! In both instances the
B. dysenterie present is of the Shiga-Kruse type.

Bacillus coli.

The Bacillus coli, or colon bacillus (B. eoli com-
Hiunis), s an organism of considerable importance, both
in connection with the Baeillus typhosus, in pathological
processes, and in water supplies as an indication of
pollution.  As its name implies it is a constant inhabi-
tant of the intestinal tract in man and animals (except
perhaps in certain arctic animals), and is one of the
most widely distributed organisms in nature. While
the term “colon bacillus” is applied to a fairly well-
defined organism (the “typical B, coli”), there are a
number of allied organisms differing from the type in
one or more characters—e. g. motility, indole production,
fermentation reactions, rate and extent of milk curdling,
etc.—and these varieties are said to belong to the
“colon group,” or are termed coliform,”

The B. coli may be readil isolated by inoculating

litmus lactose bile-salt peptone-water tubos with a trace
e i —

of a suspension—offresh feeces, growing for from
twenty-four to forty-eight hours at 42° C., and plating
the culture on litmus lactose agar, on gelatin, or on

Lonradi-Drigalski agar, or by direct plating of the

! Hewlett, Trans. Lath. Soc, Lond., vol. v, 1904, p. 6l.
26
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fieces suspension on the last-named medinm (see also
¢ Water %),

Morphology.—"The B. coli is a short rod with rounded
ends, 2 or 3 u long and 04 to 06 p broad, frequently
linked in pairs or more. It is often so short that it is
merely ovoid in shape ; and, on the other hand, longer
individuals and involution forms occur 10 p or more
in length (Plate XIIL, b). It is feebly motile, and
possesses lateral flagella to the number of three or four
on an average, which are shorter and gtraighter than
those of the typhoid bacillus, It is somefimes met
with in a diplococcoid form, which by cultivation in
ascitic fluid may become fixed. Capsulated forms have
been described.

Spore-formation does not occur, but vacuolation may
sometimes be observed.  The organism is well stamed
by the ordinary anilin dyes, but is Gram-negative.

Cultural characters.—The B. coli is_aérobic and
facultatively anaérobic, and grows readily on the

“ordinary culture media from 20° to 37°C.  In gelatin

plates the colonies are visible in twenty-four to forty-
cight liours. The deep colonies are spherical, granular,
and of a pale brownish colour, darker at the centre
than at the periphery. The superficial colonies are at
first punctate, round and almost transparent, but sub-
sequently spread on the surface and may attain a
diameter of 3 mm., their margins become irregular, the
surface is smooth, they arve finely granular, opalescent
in appearance, and are thicker at the centre than at
the periphery (Fig. 41). On a gelatin streak a copious
white, shining, smooth orowth develops, the margins of
which are irregular and crenated (Plate XIIL, ¢), and in
old cultures the medinm becomes opalescent. Ina gelatin
stab-culture a white growth develops along the line of
inoculation with one or more gas-bubbles. The gelatin




PLATE XIII.

a. The acelutination reaction. A c¢lump of typhoid hacilli.

o o |
w1

I Barcillus eoli, Cover-glass preparation of a ¢ melatine cultore of B,
pure culture., < 1000, eoli, 8ix dava ald,

Lo face page 403,
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is not liguefied.  On agar and on blood-serumm a thick,
moist, shining, greyish layer forms, There is abundant
formation of gas in a stab-culture in glucose-agar and
in gelatin shake cultures (Fig. 42), provided the medium
be made with meat; “ lemeco ™ gelatin, however, gene-
rally fails to give gas. On acid potato 1t forms a
straw-yellow cr brownish-yellow, moist, thick growth,
but 1f the potato is not fresh and aeid in reaction the

Fig. . —Colonies of the colon ]l;.-_|_-|_-i_'|]_u,..;J H“I“‘V!El.']‘il] and 'lli_'l'l]-_

growth may be colourless. Milk is a good eculture
medium, and is curdled in twenty-four to seventy-two
hours This curdling is princip
urs,  This curdling is principally due, not to an
enzyme, but to the formation of a considerable amount
r;t l;ur__ltu acid, though a milk-curdling enzyme has been
( e . v 1 =i '|] poed 1. ; . — '
lesc 1_:1_114.[ by Savage' as being formed under certain
:.:1_r1|[.!|t.1t.mh'. I'he gas which is produced in culture
media under anaérobic conditions consists of hydrogen
o o

1 ’
Jowirn., Pathol, and Huct., November, 1904,
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and carbon dioxide. Under aérobic conditions marsh *
oas is stated to be also formed. The ratio of H to ‘.
CO, is about 2:1 for dextrose and lactose.  In broth
it produces a general turbidity without film formation, l
and the culture gives the indole reaction on the addi- I
tion of a nitrite in twenty-four to forty-eight hours. )
Lo - ¥ I
The fermentation reactions are eiven in the table '
¥ 3 i
p. 400. It will be seen that the B. colt 1s an active I
fermenter of many carbohydrates, aleohols, and gluco- !
f".. I'h
/
|
/
Y
. &
I'ra. 42.—Colon bacillus, Gelatin shake culture showing gas
production.
sides,! ¢. g. glucose, lactose, calactose, mannitol and dul-
citol, but pot of adonit. {_IEIIHE—:'**HEJ_.'-EI'I‘ may or may m.'t' be
fermented ; sometimes only acid 1s formed, sometimes
both acid and gas are produced. 'l'o the variety pro-
ducine both acid and gas from cane-sugar Durham
| pave the name B. coli  communiod. Prescott and
Winslow consider that the term B. colv should be
applied only to an organism that does not attack
apj “ > g s 3 i - -
Neutral red n glucose broth 18
> A

L

[ ketonic _sugars.

\ See Twort, Proe. Roy. Soc. Lond., B, vol. Ixxviii, p. 329,

——
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changed to a i‘hmruf-;cunt }'vllc}w and Houston deseribes
oinac,’” 4. e. producing flucres-

a typical B. coli as a g
cence in neutral red =i1 cose peptone-water (i), acid
and gas from glucose (fmg}, indole in peptone-water (in),

and acid and curd in milk (ac). The colomes on
Conradi-Drigalski agar are large and red (see

“ Water”). The B. coli does mnot give the Voges-
Proskauer reaction (p. 410).

The differentiation of the B. coli from the B. typhosits
should mcultv if the morphology and
motility of the organisms and their fermentation and
agelutination reactions be compared. Bacteriologists
usually make use of the following ftests for the
differentiation of B. coli: (1) Morphology, (2) motility,

(3) Gram staining, (4) character of growth and |\

i ——

g —

_colonies _on_gelatjn, (5) mnon- 11:|1mf¢1c=tmu_ of gelatin,
" (6) action on milk, (7) indole formation, (8) fermenta-
tion of D‘IHLUHD (9) fermentation of lactose and
‘-"I,EL]I"!.I{HL‘- (10) action on neutral red. MacConkey
suggests that instead of tests Nos. 4, 6, 7, 8, and 10, |
the following should be substituted : (@) fermentation

of duleitol, but not of adonit and inulin ; () the Voges-

Proskaner reaction.

Other media which have been recommended for the
differentiation of B. coli from B. typhosus are the Proskauer-
Capaldi media and Petrusehky’s litmus whey, but are not
now much used. b

The Proskauer-Capaldi medium No. 1 is an asparagin-
mannitol solution with certain salts; medium No. 2 is a
peptone-water-mannitol solution. Both solutions are care-
fully neutralised and tinged with litmus.

If these media be inoculated with B. typhosus and B. coli
respectively and incubated at 37° C. for twenty-four hours,

' the following changes will he noted : :

—____—
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Mediwm No. 1, Medivm No. 2.
B. typhosus N o growth or change Growth with strongly
1 reaction, acid reaction,
B.eoli . Growth with acid Grrowth with neutral
reaction. or faintly alkaline
reaction,

Petruschky’s litmus whey is prepared as follows: Fresh
milk is warmed and the casein precipitated by the addition of
a minimal amount of hydrochlorie acid. Tt is filtered, and
the filtrate of clear whey is carefully neutralised with dilute
caustic soda solution. The fluid iz then steamed for two
lours and filtered ; the filtrate should be clear, colourless, and
neutral in reaction. Enough neutral litmus solution is then
added to render it well eoloured, and the mixture is distributed
inte test-tubes and sterilised. This medium is rendered

slightly acid (represented by 6-10 c.c. N/10 canstie soda per
cent.) by B. typhosus, very acid (40-50 e.c. ditto) by B. eoli.

The thermal death-point of the orgamism, according
to Weisser and Sternberg, is 60° €. with an exposure of
ten minutes. The B. coli will grow freely in a slightly
acid medinm, and in media containing as much as
0.15 per cent. of carboliec acid. In this respect it is
a more resistant organism than the B. fyphosus,

Chemical products—"The acids produced are mainly
leevo-lactic acid with some dextro-lactic acid from
glucose, lwvo-lactic acid only from mannitol ; also
acetie, formic and suecinic acids, and aleohol.  Aceord-
ing to Harden, B. coli attacks glncose in a character-
istic manner, each molecular proportion of sugar
yielding half a molecnlar proportion of acetiz acid
and of aleohol, and one molecular proportion of lactic
acid, together with a small amount of suceinic acid,

and gaseous carbonie acid and hydrogen.! Nitrates
are veduced to nitrites.

=

I See also Revis, Cenfr. f. Baki. (2'® Abt.), xxvi. 1910, p. 161.
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No toxin, or a trace only, 18 formed in cultures, but
tle dead bacilli arve toxic and pyogenic, and a toxin 1s
obtained by autolysis of cultures ov by triturating the
bacilli with liquid aiv (Macfadyen).

Vaughan,' by washing large quantities of colon and
typhoid baeilli, extracting the bacterial eells first with
alcohol, then with ether, and then digesting the ground
residue with aleohol containing 2 per cent. NaOH,
states that two constituents are obtained, one soluble in
alcohol and toxic, the other insoluble 1n alcohol and
non-toxic. The latter confers a certain degree of
immunity on animals injected with it

Pathogenicity—The pathogenic action and patho-
genicity of the B. coli are very varied. Introduced
into the circulation or into the peritoneal cavity in
cuinea-pigs or rabbits it usually causes death in from
one to three days with a general septiceemia. Some
varieties are, however, non-virulent to animals.

In man the colon baecillus is associated with a
number of important pathological processes. It is
nsually the ovganism causing the peritonitis whicl
is due to infection from the intestine, as in hernia with
obstrnetion or perforation, in uleeration of the bowel
and enteritis, in eancerons growths, and affections of
the appendix, biliary canals, and gall-bladder. The
exndation in these cases is often characteristic ; at first
it is clear and greenish, it then becomes greenish-
yellow, thin, semi-opague and foul-smelling, and finally
purulent. ~ An 1mportant point is that the ecolon _
bacillus may pass through the intestinal wall where it

as been damaced, as by strangulation, but not yet
perforated. i

The Il coli is a pyogenic organism, and has been

! Trans. Fowrteentl Internat, Cong, Hygiene (Berlin, 1907), Bd. iv,
p. 28,
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met with in ischio-rectal abscesses [pmbahly the

._B pyogenes fetidus of Passet). Possibly it causes

In some instances the pneumonia and pleurisy oceurring
after peritonitis, for it has been obtained from tlw
lung and pleura in these conditions, but it must be
recognised that the B. coli is a common secondary or
terminal infection. Puerperal fever is another con-
dition sometimes caused by the B. eoli, and cystitis
and infections after urinary operations are also commonly
due to it.

In the Pictou cattle disease, characterised by
extensive hepatic cirrhosis, Adami found a minute
diplococens or short bacillus, A similar form was
afterwards isolated by him in hepatic cirrhosis in man.
Miss Abbot,' from a study of several such cases, came
to the conclusion that this organism is a variety of the
B. ¢oli, 1t has been suggested that hepatic cirrhosis
is produced by poisons or toxins, e. g. of the B. coli,
and that aleoholism, the usual cause assigned, is but an
exciting or secondary agent.

Anti-serwin and vaccine—Attempts have been made
to prepare an anti-serumn for B. coli infections but they
have met with little or no success,

A vaccine prepared by sterilising cultures by heat
and standardising has been used sunccessfully in the
treatment of chronie B. eoli infections, e.g. cholangitis,
cholecystitis, pyelitis, and cystitis. The B. coli vaccine
1s more toxie than most vaceines, and small doses must
therefore be given (see p. 232),

Clinical Examination.

(1) The appearance and odour of the pus are often charac-
teristic. Smears of the pus show small baecilli, which are
decolorised by Gram’s method.

V Jowrn. Path. and Bact., vol, vi, 1900, No. 3, p. 315 (Bibliog. ).
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(2) The m*gﬂ,nfgm may be isolated l}_\' ]_llﬂHll:l_{ ) 11 f;&‘hl-tiil,
acar, litmus lactose agar, Conradi-Dngalski agar, or by the
use of nentral red or hile-salt media (see * Water ”). The
isolated organism must be tested as to its morphology
motility, non-Gram staining, non-liquefaction of gelatin,
indole production, curdling of milk, and fermentation of
elucose, lactose, duleitol, mannitol, ete.

(3) An agglutination reaction may likewise be tried, but if
negative is of little value, as there are so many varieties of
the colon bacillus, and one variety may not be agglutinated
by the specific serum obtained with another variety. A
positive reaction must also be carefully controlled, as the colon
baecillus is much more readily agglutinated by normal serum
than is the typhoid bacillus.

Varieties of Bacillus coli.

Oreanisms  are frequently met with in feces, manure,
sewage and polluted water which resemble the typical B. coli
in many of their charvacters, but which differ from it in certain
particulars. Thus the colonies on gelatin, instead of being
smooth, may be wrinkled ; milk may be but slowly curdled
(three to eight days); acid or gas produection, or hoth, in
sugars may be less marked than usual. These organisms
are generally regarded as varieties of the B. coli, and arve
perhaps derived from typical B. coli. There is, however,
little evidence that B. eoli can be transformed ioto such
varieties, 