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84 MICRO-ORGANISMS AND DISEASE [CHAP.

I'he gelatine is then used for making plate-cultivations in

the ordinary plates, or is set as a thin film on the inside of

the flask. The writer uses a glass tube four to six inches
long, half an inch wide, containing in the middle a cotton
wool or glass-wool plug about one and a half to two inches
long ; at each end the tube is plugged with a small cotton-
wool plug. One end is drawn out in the shape of a large

FiG. 14.—PLATE-CULTIVATION 1N WHICH THE SURFACE OF THE GELATINE SET IX
A PLATE-DISH HAD BEEN EXPOSED FOR THREE MINUTES TO Air 1x OxXrFoRD
STrREET. Natural size of the colonies.

canula: the whole is sterilised. When used the plugs of
the ends are removed, the canula end 1s joined to an as-
pirator and air is drawn through ; at the end of the expen-
ment the ends are again plugged. In order to use it after-
wards for plate-cultivations, the plugs of the ends are
removed. the central plug is then pushed out by means
of a thin glass rod, placed in liquefied nutrient gelatine
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X] BACILLI: SPECIAL 189

pears to be the normal large intestine ; in acute and chronic
diseases of the small intestine it may be very copiously
present in the ileum.

Bacillus coli is a motile, aerobic (facultative anaerobic),
non-sporing, non-liquefying rod ; it is killed by thorough
drying and by a temperature of 66° C. in five minutes.

Fic. 6o.—SurrFaceE GrowTH oN GELATINE 0F BaciLLus CoLl, SHOWING
1S0LATED, CONFLUENT LOLONIES.

The length of the individuals varies between o'8 u -and
1'5 p—3 p, though mn later stages in culture longer or shorter
filaments are met with ; its thickness is about o'4—o0'5 u.
When examined fresh from the intestinal contents in health
and disease only a minority are as a rule found to be pos-

sessed of motility, though in some cases (English cholera)



190 MICRO-ORGANISMS AND DISEASE |CHAP,

motility may be observed on many individuals. The same
holds good for artificial cultures—nplates, surface gelatine
and surface Agar, broth and milk cultures—for here also in
young cultures, as a rule, only a minority show motility, in
old cultures the motile individuals are rare, r
Bacillus coli forms typical colonies on the surface of gela-
tine at 20° C. ; after twenty-four hours they are recognisable

Fic. 61.—4A STAaeR CULTURE AND A SHAkE CurTur=z 1N GELATINE OF BAcCIiLLUS
Cort, wiTH Gas BuneLEs.

as flat, translucent, greyish, roundish, but angular patches,
slightly thickened in the middle part or near one margin;
after forty-eight hours the patches are considerably enlarged,
angular, thin and filmy, and translucent in the marginal,
thick and less translucent in the middle part. The whole
patch is dry, whitish in reflected light, and under a magni-
fying glass appears fairly homogeneous, though after severa

a2 o












































































X1| BACILLI: SPECIFICALLY PATHOGENIC 215

spleen is not enlarged. In the diseased lung and in the
liver there occur in the vessels and in the extravasated
blood numerous bacilli singly, or more commonly in larger
or smaller groups, sometimes forming emboli in the capil-

FiG. 72.—PraTe CurtivaTioNn oF BaciLLus oF Grouse DISEASE, SHOWING
por-LiKkE CoLoxies IN THE DEPTH, PATCH-LIKE CoOLONIES ON THE
SURFACE.

This illustration may serve also to show the character of a gelatine-plate culture

of the typical Bacillus coli.
Natural size,

lary blood-vessels. These bacilli belong to one and the
same species; they are motile, either oval or even coccus-like;
some few are rod-shaped. By cultivation on gelatine they
can be easily obtained in numerous colonies from the san-
guineous juice of the lung and liver ; only in few cases are
they to be seen in the heart’s blood, both in cover-glass





































































238 MICRO-ORGANISMS AND DISEASE |CHAP,

1s drawn that typhoid fever is not a blood disease ; that is to
say, the blood 1s not the proper soil for the growth and
multiplication of the microbe, but the wall of the ileum,
the spleen, and mesenteric glands (and possibly other lymph
glands) represent the localities wherein the bacillus grows and

Fic. 85.—A Typrical GELATINE-PLATE CuLTivaTion oF THE TyrHoip Bacinius;
THE sMALL Do1s ARE DEEP CoLoNIES, THE PATCHES ARE COLONIES ON
THE SURFACE; THE CULTURE 158 ARDUT G6-7 DAYS OLD AND SHOWS THE
CONCENTRIC MARKINGS OF SUPERFICIAL COLONIES.

Natural size.

multiplies and produces the toxin (typhotoxin) which causes
the symptoms of the disease. Thus typhoid fever would n
reality be the result of intoxication in its chief clinical
symptoms. Owing to the fact that the demonstration of
the typhoid bacillus in the typhoid stools, because of our
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BACILLI: SPECIFICALLY PATHOGENIC 239

present imperfect metheds, is in many cases negative,

Sanarelli has come to the conclusion that the pathological

changes of the intestine are as much a result of the toxin
action of the bacillus distributed in the blood and viscera as

Fic.

gh. —THREE TusE-PLaTE CrLTivATIONS OF THE TyrHoip BaciLLus:

CoLONIES ON THE SURFACE OF GELATINE. In THE LEFT TusgE THE CoLONIES
ARE VERY NUMERDUS, SMALL, AND IN THE LOWER PART COMFLUENT :
IN THE MIDDLE TUuBE THE COLOKIES ARE FEWER AKD LARGER'' AND IN
THE RIGHT TUBRE oONLY oNE COLONY OF GREAT SIZE, AND SHOWING THE
CONCENTRIC ASPECT.

Compare this figure with Fig. 6o of similar cultures of bacillus coli.

Natural size.

are the other clinical symptoms. Wright and Semple ! have
attempted to give support to this theory of typhoid fever
being really a blood disease by stating that in all, or almost
all, cases which they have examined—some of them early

b The Lancet for July 27, 1895,









242 MICRO-ORGANISMS AND DISEASE [cHAP.

3. On staining flagella the typhoid bacillus of a recent
Agar culture is seen to be possessed of a large number of
long wavy or spiral flagella extending in a radial fashion on
—or rather coming off vertically from—the whole length of
the bacillus. From a considerable experience I am pre-
pared to attribute to this particular distribution, and to the

Fic, BE.—S51TAB SuBCuLTURE OF THE TyrHOID BAcCiLLUS,
Magnified twice.

abundance of long flagella, a very important differential
value. (See illustrations of flagella in Chapter VI.)

4. In gelatine plates the typhoid bacillus grows markedly
slower than the typical bacillus coli; the colonies of the
former, more translucent, homogeneous, show after some days
an indication of concentric layers ; but their outlines are as
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angular and filmy as those of bacillus coli. Compare Fig. 72,
which, although of the grouse bacillus, is a good repre-
sentation of a bacillus coli plate, with Fig. 85, of a plate of
the typhoid bacillus. In gelatine streak and Agar streak
the growth is also markedly slower and more translucent
in the first few days than that of the bacillus coli, but its

Fit. Bg.—STREAR CULTURES ON NUTRIENT GELATINE AFTER 48 HOURS: ON
THE LEFT, oF BaciLLus CoLr; oN THE riGuT, oF TyrHoip BAcCILLUS.

Natural size.

irregular filmy margin in the gelatine streak culture is the
same as in bacillus coli.

5. In gelatine stab the line of inoculation is marked like
that of bacillus coli, as a row or rows of droplets white in
reflected, brownish in transmitted light, but on the surface
of the stab in typhoid the plate-like filmy expansion is
small, and is not well marked in the first few days, whereas
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'xu1] MICROBES OF MALIGNANT ANTHRAX  3or

not in so-called scarlatinal diphtheria, that is in necrotic
change in the fauces occurring simultaneously with scar-
latina. (Loffler, Kolisko and Paltauf, Tangl, Klein.)

As a result of recent investigations the opinion is well

Fi16. 120.—CuLTivaTions oF THE BaciLrLus DIPHTHERIE ON THE SLANTING
SURFACE OF NUTRIENT GELATINE: ON THE LEFT, STREAK CULTURE® IN
THE MIDDLE, A TUBE-PLATE CULTURE WITH KUMEROUS MINUTE COLONIES®

rHE RIGAT, A Tupe-rLaTE CULTURE WITH A LIMITED NUMBER oOF
PiipHTHERIA CoLoNIES : 1N ALL, THE CExTERE IHICKER, LESS TRANSPAREN

3
THE FERIFHEERAL PART MORE FILMY.

MWatural size,

founded that also in cases of *simple sore throat,” if the
presence of the true diphtheria bacilli can be demonstrated
in the secretion, those cases are diphtheria ; and conversely, if
in any case of sore throat, no matter whether it is or is not
associated with membranous exudation, the true diphtheria










































































































































x1v] BACILLUS TUBERCULOSIS 347

rat, mouse, rabbit, or guinea-pig, fowl or ostrich, if in such
a nodule the bacilli characteristic of tubercle can be
demonstrated, #at nodule is tubercle, and the disease tuber-
celosts. The discovery by Koch of this fundamental fact
marks one of the most brilliant and most practical dis-
coveries of modern medical science ; the diagnosis of tubercle,

FiG. 137.—THREE TeEsT-TUuBRE CULTIvATIONS OF TUBERCLE Bacirrr oy GLVCERIN
AGAR AFTER SEVERAL WEEKS,

Natural size

once so difficult to make with certainty, is now, by
means of the demonstration of the presence of the tubercle
bacilli, one of the easiest and at the same time one of the
most important helps in the formation of a correct diagnosis
in many otherwise doubtful cases. Koch further proved
that not only are these particular bacilli present in all and
every tubercle of man and brutes, but he also showed that





































































370 MICRO-ORGANISMS AND DISEASE [cHAP,

capillary glass pipette a droplet of the liquefied culture
material 1s drawn up and allowed to ascend into the end of
the capillary glass pipette that had been pushed down into
the liquefied culture, or if it does not ascend is drawn up by
gentle aspiration at the other end of the capillary pipette ;
this so charged capillary tube is then withdrawn and pushed

Fic. 147.—STAB CULTURE OF BaciLrLus orF MavLigNanT (EpEMA 18 THE DEPTH OF
. SuGAR GELATINE INCUBATED FOR THREE DAYS AT 20" C.

The growth is indicated by a cylinder of liquefied, slightly turbid gelatine ; on the top
of the growth a gas bubble.

Natural size.

down into the lowest part of the fresh sugar gelatine tube,
and a trace of the material is by blowing forced out, the
capillary tube 1s withdrawn, the plug replaced, and the top
part of the new gelatine liquefied by holding this part of the
culture tube over the flame till the gelatine at this point
bubbles ; the tube 1s then placed in an upright position in
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cold water in order to set the top layers of the gelatine
quickly ; after this the tube is sealed with gutta-percha
paper and placed in the incubator. The result will be
apparent in twenty-four to forty-eight hours by the appearance
of a linear growth in the deep parts, which, as time proceeds,
enlarges and shows all the differential characters of aspect,
progress, and liquefaction.

F1G. 148.—5TAp CuLTURE oF DAacCiLLus ENTERITIDIS SPOROGENES IN DEEP SUGAR
GELATINE, INCUBATED FOR FORTY-EIGHT Hours AT 20° C.

Liquefaction has proceeded very rapidly ; the liquefied gelatine is fairly translucent ;
at the bottom is a flufly floccular mass, on the top is a gas bubble.

Matural size.

In Figures 147, 148, 149, and 150 four such stab cultures
in the depth of grape sugar gelatine are shown in which the
inoculation had been carried out by the capillary glass
pipette method, and from these will be seen the uniformity
of this method and the striking differences noticeable
between the four species here dealt with. In all four tubes

BB 2



372 MICRO-ORGANISMS AND DISEASE [cHaP.

liquefaction is proceeding along the line of growth, but at
greatly different rates.

Irom a liquefied sugar gelatine culture a subculture is
easily made by rubbing a liberal amount of the material
over the slanting surface of solidified grape sugar Agar and
o'5 per cent. formate of soda (Kitasato and Weyl) ; this is

5
:
j.
|

I'16. 149.—STAB CuLTUurRE oF BaciLrus TeETax: in THE DEPTH OF SUGAR
GELATINE, INCUBATED FOR THREE DAvs AT 20 C.

The growth is indicated by a spindle-shaped mass of threads extending laterally ; the
gelatine 1s liquefied to the extent of the growth.

Matural size.

then placed after Buchner's method in a glass tube contain-
ing for each gramme of pyrogallic acid one cc. of liquor
potassee closed by a wellfitting  indiarubber plug (see a
former chapter) and incubated at 37° C. As soon as
colonies make their appearance on the Agar surface, a little
of it can be withdrawn by the platinum needle or loop, and
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proceed gradually and slowly, till all the gelatine is lique-
fied ; at the bottom of this is a voluminous greyish-white
filamentous mass. It grows best in gelatine to which 1-2
per cent. of grape sugar has been added. In solidified
sugar Agar it grows well, producing uniform turbidity all
through the medium, with floccular condensations and

F1G. 153.—571AB CULTURE OF SUGAR GELATINE WITH THE BaciLLus oF MALIGNANT
(EpEMA : SUMEROUS GAS BUBBLES ARE SHOWHN ABOVE AND IN THE I,.JQ!;I:',E‘“—:U
CrROWTH.

MNatural size.
numerous gas bubbles. Solidified blood-serum is liquefied
by the bacillus. The cultures act virulently on animals,
provided comparatively large quantities are injected.
Oval bright spores are formed in the short bacilli, either
in the middle or at one end ; the spores are thicker than
the bacilli themselves; and some of the bacilli in the
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450 MICRO-ORGANISMS AND DISEASE [cHAP.

Haffkine in India with cultures of cholera vibrio have had
positive results, and further that these observations form a
strong link in the chain of evidence that the cholera vibrio
is the cause of cholera. The evidence that Koch’s vibrio is
the microbe of Asiatic cholera, and as such forms an
essential—though not the only—factor in the production

Fig. 180.—PLATE CurTtivaTion 18 GELATINE oF Vierio FINKLER—PRIOR,
INCUBATED AT 20°C., FORTY-EIGHT HOURS § THE CoLONIES ARE ROUND, LIQUE~-
FIED, TURBID, SOME ISOLATED, OTHERS CONFLUENT.

Natural size.

of cholera asiatica— disposition, locality, season, being other
factors—is then a chain in which the individual links taken
separately are open to criticism, but when all are taken to-
gether—notably : the diagnostic value of the cholera vibrio
for cases of Asiatic cholera, the capability of the vibrio to pro-
duce powerful toxin, the result of experiments on ingestion of
cultures of cholera vibrio on human beings, the immunising
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