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CHOLERA AND- ITS BACILLUS.
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By ROBERT KOCH,- M.D.

(Continlec fram page ,03.)

IF one consider all the qualities of. the comma-bacilli

hitherto described, omie must be convinced that they

special well characterised species of -bacteria; and that,

their characteristic qualities, they can easily be recognised dis-

tinguished from other- bacteria.

After obtaining this conviction, it was, above all,

establish the relations between the comma-bacilli and

cess of cholera; and, first, I had to investigate whether

be found in all cases of cholera, and whether they are

other cases; that is, whether they belong exclusively to

this direction, as large a series of cases as possible was

vestigated. In Egypt, ten postnortem exaaminations could

to account. It is true these were only microscopically examined;

for I was not then sufficiently acquainted with the qualities

comma-bacilli, which they show while growing in food-gelatine,

able to make use of the gelatine-process for proving the

bacilli. But I was convinced by careful microscopic investigation

of the presence of the comma-bacilli in all these cases.

two post mortem examinations were made both microscopically

cultivations in food-gelatine, and in no case were the bacilli

series of cases, which had been very acute, analmost

of comma-bacilli was met with in the intestinal canal. Further,

India, the dejecta of thirty-two cholera-patients were ex-

amined, and each time comma-bacilli were present

liquid vomit of cholera-patients was also often

comma.bacilli were only found twice in the vomit, and

the quality of the vomit enabled us to conclude that

perly the contents of the stomach, but contents intestine,

which had been driven upwards by abdominal pressure,

The liquid had an alkaline reaction, and looked exactly

tents of the intestine. I have also found comma-bacilli eight
post mortem preparations, some of which I had previously

from India, and others I had received from Alexandria,

Kartulis and Dr. Schiess Bey. Finally, I recently

mortem -examinations at Toulon, together with Dr.

Roux; and in these cases also, as well as in the dejecta
patients,

conm a-bacilli were found. In these two post mortem

Toulon, we had to do with exceptionally characteristic

One of the men, a sailor, was to have been dismissed

on the same day, as convalescent from malaria; but

done, for at about eleven o'clock in the morning ha'd
cholera. He died in the afternoon at three, and the could

dissected by half-past three. I will here observe

the cases examined by me, the post mortem examinations haveb'een

made a very short time after death. We have often

tions immediately after death; in most cases, twoor'three,
latest, after death; so that post mortem putrefactioncoul d

had the effect of changing the condition of the intestine i

tents. In the case mentioned, as in those of a number earlier
mortem examinations, we could also convince ourselves 'the
in the intestine, in

v

Very acute cases, of almost' a pure-cultivation

of comma-bacilli. I was able to demonstrate this fact

and Dr. Rou'x, who had not as yet succeeded in proving ei'stence
of comma-bacilli either microscopically or on firm nutritive soil

gentlemen had always been of opinion, Dr. Strauss me,

special trick in the preparation was necessary in

cultivate. the comma-bacilli. Then, however, they cronvinced
that nothing is more simple than this, if only a

cated case be chosen for investigation.
In the second post mortem examination also in

Toulon,'the comma-bacilli were found in the intestine

cultivation. I then asked Dr. Strauss to take' oppprttnity
showing me the micro-organoisms which, according his

to *,IJfquud,U chpsra blood But st4"eea.n# swerent,t¢bo
found in eithqer eusr;..If wea4d all theae cases together, nearly qne hundria have tbeei ex-
amined with regard to the presence of comma-bacilli, an the bacilli
have been found in all of them. But the investigation hs not only
proved the existece of the comma-bacilli, but, as I have repetedly
hinted, they always stan4 in exact proportion tQ the cholerarproeess
itself; for, where the real oohlera,procqss proper qpused the greatest
modifications in the intesting,nMgeIy, in the lower section of the sma
intestine, they were to. be fomd. in greatest numbers;*rom these up-
wards they diminished more and more. In the most uoump,licated
cases, they appeared almost ike pure cultivations. The ohier te

cases, and the more secondary modilcations have taken place Xi the
intestine, the more do .theyTecede into the backgdu.n

In accordance with the cholera-materialthat Ihave so far examinjed
I think I can now assert that comma-bacilli are never found absent
in cases of cholera; they are something that is specific to
cholera.

As a test, a considerable number of other corpses, dejecta from
patients and persons in good health, and other substances containing
bacteria, were examined to see if these bacilli, which were never mis-
sing in cases of cholera, might, perhaps, occur elsewhere also. This
is a point of the greatest importance in judging the causal connection
between comma-bacilli and cholera.
Amongst these objects for investigation was the corpse of a manwho

had had cholera six weeks before, and had afterwards died of annmia.
There was no farther trace of comma-bacilli to be found in his intes-
tines. The dejecta of a man, who had had an attack of cholera for
eightdays previously, were also examined; his stools were already
beginning to be consistent; in thiscase also commma-bacilli were

absent.
Il,ave also thoroughly examined more than thirty corpses, in order

to convince myself more and more that these bacilli are really only
found incaWes of cholera. Corpses of those who had died of affections
of the intestfnes, e.g., of dysentery or of those catarrhs of the intes-
tine frequently mortal in the tropics, were chiefly selected for this pur-

pose; also cases with ulceration in the intestine, a case of enteric
fever, and several cases of bilious typhoid.

In the last namsd disease, the modifications in theintestines are at
first sight very similar to those which take placein severe casesof
cholera, in whichhaemorrhage of the intestine takes place. The small
intestine is in the lower section infiltrated byhamorrhage; but,
strange to say, this change affects rather the Pever's patches in bilious
typhoid, whilstin cholera they are very littlecliangel.
In all these cases where we had to deal chiefly with diseases of the

intestine, no trace of comma-bacilli was to be found. Experience
teaches that such affections of the intestine make people especially
liable to cholera. So one might have presupposed that comma-bacilli,
if they were to be found anywhere else, must be found in these cases.

Besides these, dejecta of a large number of dysenteric patients were
examined without the comma-bacilli ever being met with. I con-
tinued these investigations afterwards in Berlin, together with Dr.
Stahl, my untiringfellow-labourer, a man who promised much for the
investigation of bacteria, had not an early deathunhappilyput an

end to his work. We examined a considerable number of, various-
dejecta, especially of childreen'sdarrhoea, as wall asihat of growR-up
persons; saliva also, and the mucus that adheres to the teeth and.
tongue, and which abounds in bacteria, for the purpose of findingcomma-bacilli, but always without success. Various animalawere also
examined with this view. Because a complication of symptoms very
similar to those of cholera can be obtained by arsenical poisoning,
animals were poisoned with arsenic, and afterwards examined. A
g reat number of bacteria were found in the intestines, but no comma-

bacilli. Nor were they found in the sewage from thedrains of the
town of Calcutta, in the extremelypolluted water of the riverHoog hl
in a number of tanks which lie in the villages and between the huts
of the natives, and contain verydirty water. Everywhere where I
was able to come across aliquid containing bacteria, I examined it in
search of comma-bacilli,but never found the m in it. Only once did
I come across a kind of bacterium which, at first sight, bore a strong
resemblance to comma-bacilli, and that was inte e water which, at
high-water, floods the land of the salt water lake that lies to the
east of Calcutta;hut, on a closerinsp.ction, theyappearedlarger and
thicker than comma-bacilli, and thea cultivations did not liquefy
gelatine. e

Besides these observations, I have had a considerable expeinence in
bacteria, but I cannot remember ever having seen bacteriareeembling
the comma-hacilli., I have spoken to several people who havem ade a
great number of cultivations of bacteria, and have also had experience,
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t &tlhate ;told me 'that they lie nt'yet Lsah a klndl of
bacteria, I, therefore, think I may. say positively that the -eomita-

faeilllt~e tonstant concomitaits of -he cholera-pos and that tey
*2never foupd elsewhere.
The question to be anwered now is, -how we are to represent the

relation between the comma-bacillus and the cholera-process. It
"swerinh this question, three diffbreiet assuiptibns may ibe miafde. It

ti be iold, first, that the, cholera-process favours thegrowrthoconmma
bacilli bypteparing the nutritive soil for them, and that,- conseuently,
.#taikg an inerease of precisely this kind of bactera'takes place. If

slWassertion be made, then one must start with the presuppostion that
ev~rjbody 4lready has comma-bacilli in his body at t-he time when he
i#atiacked by cholera ; for they i,re fouat in the'ildst various places
i;i India, in F,gpt, in Frane, atd in peple. to most various origin and
imtionality. OWnthis assumption, this klnd of baeteria mnst be one of
thetsQs'*idely spread and; most usual kind. Buat the contrary is the
hct-VAbW they are not found, aswe have seen, either'in those persons who
are suffering from other diseases, or in persons in good health, or, ex-
cept in man, in places favourable for the development of bacteria;
they ar& always found only where cholera is prevailing.- This assump-
tios cannot,t therefore, be regarded as admissible, and must, itherefore,
be drtopped.
-cbndly,' one might try to explain the regular conctrrence of comma-

bsgilli and the cholera-process in this way: 'that conditions are created
by the disease, by means of which, amongst the many bacteria that
are to be found in the intestineone kind or another is changed, and
asumes the qualities that we have observed in the comma-bacillus.
BtLt, in regard to this explanation, I must confess that it has no actual
fmundation whatever, and is a pure hypothesis. So far, we know Of no
transfomation of one kind of bacteria into another. The sole instances
of transformation in the qualities of bacteria rest on their physiological
aad pathogenic effects, not oi the66 fom. Anthrax-bacilli, for in-
tmnce, when treated in a particular manner, lose their pathogenic
eect, but they temain quite unchanged in form. In this instance,
we' havt 'an paniple of. loss of pathogic qualities. But this is
p ly the opposite of what would take place by the trinsformation
df harulegs intestinal bacteria into-dangerous cholera-bacilli. Of this
latter kind of change from harmless ito harmful bacteria, there is no
instance that has been ever shown. "Some years ago, when the investi-
gation of bacteria was only in its first stage, tuch an hypothesis might
Wi seme degree of Justification have been made. But the further
thsknowledue of bacteria has developed, the more certain has it been
showi that, in reogrd to shape, bacteria are extraordinarily eohstant.
With special retfrence tao com;na'bacilli- I will further remark that
they ketain the q1salities above described when raised outside the human
bqdy. For instance, they were repeatedly cultivated, from one to an-
oter cultivation, in gelatine, to the number of twenty cultivations
and;mu st have returned to the-known forms of 'the common intestinal
bift ia, oif they were not as constant it their qualities as other bac-
teriia; bt- this was by no means the case.

There o4ly 'remains the third assumption-n-mely, that the cholera-
process und the comma-bacilli stand in immediate connection with one
another; and, in this respect, I know of no other supposition thaa that
the comma-bacilli-are the cause of the cholera-process ; that they precede
the disease, and that they produce it, The opposite would be, what I
U 6-just explained, that-the cholera-process produces the comma-
bafllil and this is, as was shown, not possible. AS far an I ati
myself coca6erned, the matter is clbar, that the comma-bacilli are the
danue of cholera.

E.Nw it ctn certainly be demanded that, if this be the case, further
px*66fs'should be brought in support'-of it, and above all, that the
ehole+a-process shordd be ptoduced experimentally by means of the
c)reima-'bailli. Every imaginable effort has therefore been made to
sseet this -deand. ''The only possible way of giving such a direct
prof of the cholera,producing effect of comma-badilli is to- make ex-
peitnents on animals, which, if we are to believei the statements of
*riters on the subjeet, can be done without any diffEiclty. It has
beensaid that cases of cholera occurred amoigst cows, dogs, poultry,
dllphant, cats, and several dther anhimals; but on clOser examination
thetest*teinnts are found to be:quite' unreliable. As yet we have no
e0tain luttance of animals falling spontaneously ill of cholera in
peridds-of cholera. All experiments, also, -which have hitherto
been .- made on animals with! cholera-stbstances, have either
given a -negative result, or, if they 'vere said to give a positive
result, they were not sufficiently supported by evidence, or were
Aipiqted by other experimenters. Wpeoccupied otipelves, never-the;ss, in the most careful and detailed -mi.er,' with expeti-
*sents on animals. Because' giHeat value muist. be laid' on the re-
iilts on white mice obtained by Thiersch, I to'ok fifty mice with me

from Berlin, and mndde J,1 kindp of expe4rpeits on them, at first
feeding them on theKdJeeta of choteratatien tfsand the contents of
the intestine of cholera-corpses. We followed Thiersch's rules as accu-
rately as possible. not only feeding them with fresh material, but
also with the same- 6food aftQr the. fluidi hadcbelg- 'to nieompose.
Although these experiments were constantly repeated with material
from fresh choleraecaes,' our mice remained healthy.' 'We then made
experiments on monkeys, iea, pultry, dogs, and various other
animals that we were able to get0old' of ; but we were never able to
arrive at anything in animals similar to the cholera-process. In pre-
cisely the same manner we made experimpents with the cultivations of
comma-bacilli; these were also given as food in all stages' of develop-
ment. When experiments were made by feeding 6th animals with
large, quautities of comma-bacilli, on killing them, and exa:ining the
,,otQnts of their stomachs and intestines withi a view So find womma-
bacilli, it was seen that the comma-bacilli had already perished 'in th.
stomach, and hadl usually not reached' the intestinal canal. 'Othie
bacteria are different in this respect, for a beaiftiftlly red-coloured
micrococcus was found accidentally at Calcutta, which was easily re-
cogsed by its,striking colour, and wap therefore e,specially suitable
for auch an, experiment. This microcopcc was, at my peqpet, given
by Dr. Barclay, of Calcutta, to -mice as food, and the contents of the
in,testines of these animals were placed' upon potatoes. The red
colonies of the micrococcus again formed, which had thus passed the
stomach of the mouse uninjured. On the other haild, comma-bacilli
are d4stroyed, in the stomachs of animals.. We were forced to conclude
from this that the failure of these experiments by feeding tihe animals
was due to this property of the comma-bacilli. The experiment 'was
therefore modified by introducing the substances direct into the intes-.
tines of the animals. The belly was opened and the liquid was in-
jectedimmediately into the small intestine with a Prava='s syringe.
The animals bore this very well, but it did not mske them ill. We
also tried to bring the cholera dejecta as high as possible into the in-
testines of monkeys by means of a long catheter. This succeeded very,
well, bqt the animals did not suffer from it. I must also mention that'
purgatives were previously administered to the animals in order to
put the intestine into a state of irritation, and then the infecting sub-
stance was given, without obtaining any different result. The. only
experiment in which the comma-bacilli exhibited ja pathogenic' effect,
which therefore gave me hope at first that we should arrive at some re-
sult, was that in which pure cultivations were injected directly into the
blood-vessels of rabbits or into the abdominal cavity of mice. Rabbits
seemed very ill after the injection, but recovered' after a few days
Mice, on the contrary, died from twenty-four t 'forty-eight hours
after the injection, and comma-bacilli were found in their blood.
Of course, they must be administered to animals in large quanti-

ties; and it is not the same as in other experiments connected with
infection, where the,smallest quantities of infectouslmatter.are used
and yet an effect is produced. In order to arrive st certainty whether
animals can be infected with cholera, I,made inquiries everywhere in
India whether simlar diseases had ever'been remarked 'in India
amongst animals. In Bengal, I was assured such a phenomenon had
never occurred. This province is extremely thickly populated, and
there are many kinds of animals there which live together with human
beings. One would suppose, then, that in this country, where
cholera exists in all parta of it continuousl-, animas' must "often re-
ceive into their digestive canal the infectious matter o'f'colera, 'nd,
indeed, in just as effective a form as human beings, but no case of an
animal having an attack of' cholera has ever been. observed there.
Hence I think that all the' animals on,which' we can make experiments,
and all those, too, which come into contact with human beings, are
not liable to cholera, and that a real cholera-process cannot be
artificially produced,in thete. We must, therefore, dispense with them
as a material for affording proofs.
But with this I do not by any means intend to say. that no proof at

all can be brought of the pathogenic action of comyna-bacilli. I have
already explained to you that, for, my own part, 'I can form no other
idea, even without these, experiments on animals, than tha a pausal
contnection exists between the comma-bacilli and the,cholera-process.
Should it prove possible la1Ver on to produce anything similar to cholera
in animals, -that would not, for me, prove anythivg nmore than the
facts which we now. have before us. Besides, we know of other dis-
eases which cannot be trangferred to animals, e.g., leprosy; and yet
we- must admit, from all that we know of leprosy-bacilli, that they
are,the cause,of the disease. For this disease, also, we must dispense
with expeiiinents on a4imals, because as yet no species of animals has
ikeenl fdnnd sisceptiblJ to leprosy. it is probably the same' with
enteric fever'. I do not know that anyone has ever sticeeeded in infect-
ing animals with it. We must be satisfied with the tact, t,t we'verify
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the Constant prese;e of a pticplax,kind of acteiia in the iease in
question, and the ab enCq eItJesw.bctsiea in'_ther asep . The
bacteria in question rmpst (Uwayi nowic. exa6t1y wiffith e inifections
princLiple of this partlculat', disease,. and to thi pOint .I t4qh great
value; the. preson(Pe of pathogenic bacteri4 must, e,, one' coriepondir,g
to the patho, lca1 transformations in the body, and'Ao the 'course of
the disease. "'O.4 tlhe'other hand,' w'e't-know of dease oaIiinas 3io,
which cannot be transferred to human beings; for example, rinder-
pest and, p&ei monia of cattle. We meet' here with. a' ueaomenon
widely spread' in nature. -Almost 'all arasites are 'restrlcted to on]ly
one or very few species of animals, whic act as their host. l remind
you of tapeworms; many kinds of animals'hve' their own special
tapeworm>, which can only develop in one'species of animal,'and in
no other.
We mrust, therefore, dispense with this part of. the proof in a large

number of'infectious diseases, wEhich -number also includes the exan-
thematic .aiseases ;'and we can 'do this the more readily because we
already tii'ow a whole series of other diseases 'wh`ich are caused, by
pathogenic organisms, in which, however, the conditions in other
respects are the same, and Qf which 'we knuow with perfeiebcertainty
that the disease is occasioned by 'the miero-organjsms belonging:o
th se

....4_. tha ni ! is ,i: ,,;4sw ,, 6,,,,thlese diseases, wilst' we have.never ypt seen tht the disease pro uces
a specific micro-organism. I tink that, after haring become
acquainted 'with a whole series' of such diseases caused by micro-para-
sites, we, are jlstified in. rawing an aalogous conclusion.

But, ftirther, some observations are before us which are as good as
experiments on human beings. We can look upon them as complete
experimeiits whieh, have taken place under. n~turl tonditions. The
most inrportant of these observations 'is the in-feeton of those per-
sons who are occupied in handling olera-liben. I have often haci an
opportu4ity of examining. cholera-linein, an,, have'always found the
comma-bacifli in enormous numbers, and generally in a regular pure
cultivation, in the mucous substance which is found on the surface of
the linen soiledo by the dejecta, ,as you have Leen able ,o convince your-,
selves from one of the microscopic plates I have shlow'n you.

If, therefore,. -an infection can be irought about ly cholera-linen
then, as the comma-bacilli are the only micro-organisms in question,
it can only be brought about by, them. Whether tie transnission
was brousght about by the laundress'ing h.er, hands soiled with
comma-bacilIi into co'tact with her food or directly with heir mouth,
or. by,the"water that contained bacilli +plashing and 'some drops of it
reacldug the lips or -mouth of the laSunress; in, any case,. the condi-
tions. are the'same here as in an experiment in which a human being
is fed with a small quantity'of a pure cultivatio'n of comma-bacilli.,. lt
is indeed an experimeut which a human being unconsciously performs
on hi*self,' and the same demonstrative power lies in it as if it had
been intentionally made. This observation has furtherrmore been
frequently made and by very various medical men, so that there can
be absolutely 'no doubt of''their tru'stwothiness. I can, besies
appeal to an observation of my own on this point. I succeeded in
finding comma-bacilli with all their characteristic peculiarities in'a;
tank that supplies water for drinking and household purposes for all
the people iving around, in the immediate neighbourhood of which' a
number of. .fatal cases of eholera had taken place. It was laer shown
tha-t the li-ea of the first person that 'had d4ed of cholera in the
neigh,ourhood of this tank had 'been washed in the ta. ', That is
the only time that I have as yet been able to find .the comma-bacilli
outside the humaif body. On the bank of this tank there were 30 Qr
40 huts, in which from 200.to 300 people lived 'and 17 of. these had
died of cholera. It could nlot be ascertained exac.tly 1how many had
been taken ill. Such a tank, supplies those whe live 'close to it with
w4erfbr.drinking and house]o46 purposes; but at th- sametime it
receives all the refuse froni the houses TheHindoos bat in it every
day, they' wash their utensils in it, the huaan fueces are by preference
depositeQ9n its bauks, and when a hut is provided wi,th'a 'cespool it
drains into the tank. This was precisely the' case. with the tank ':u
question.W'hen the comma-bacilli ivere first found in 'tolerably Are
nuiibers and at diP*rent points, of the banl, 'j'the 'smal iepfin,uchs
already 'reache'd its,.ma,xinm.'tA short tin,e afe.wardq, .w,n oy'
isolated' cs4s pccurred, the comna-baihi were 6nl to be,fiound -,ei
spot, and insuiusli.numbers. When they were first found, they 'were
so abundant that their number could not have depended alone on the
dejecta that had flowed. into the tank aild'.on the wash-wat6r- from
cholera-linen; au incrqse f thenh tst have taken place. 'On the
second hv:tiga1joi,2ont1i,¶tier Lan, tir s .x}u1ber did uot
correspond o. thvn F, us,,c.e q Wim"J that, 'had'pr ecedL ,if
the latter Wh4 p"jplidt thJwat`r.v 'the haci1im0ust
have been -far inqre bits inie, Ji,comiaon ti' the 2rit
time they. were disguoveredj, nSenie'tcane t be saI;miv casm &at

itlseMn ofUhe comma-bacilli tbeUn wvas only a cpnsq;e
9q.the clga- pidemicn The relation was puch tath leea i ptic
must hive,.lsgTa bne!qnoe.dfthe ¶ r
value oV bwvry4tio6 o'this kind,'espedahfyon)tie etipn 1roi
cholsra-li~en, -bea~e' we shallpRrhaps never be in 'a pition to iie
direct ,uccessfi iifectdon,expenimonts with comma'lali.
The fact that the wole'Ieto1ogy of cholera 'so 'ar as lt i' knoTn

to us, agrees completely with uthe peullarities of c9mma-baciUi--' I
consider, an essential sutpport f my theory, that the comma-bac liare
the cauae of cholera. .,
We have seen that comma-bacilli grow exceedingly rapidly, hai

their vegetation q4tekly reaches its maaximum, then cease,, and,tt
the baciUi are finally driveia away by other bacteria. Thacoirespono s
exactly to what, proceeds in th-e intestine.

It can be assumed that, just as in the case of otb,er ba4tetvey
few individu,als are sufficient- nder certain circmmstances, oe ,
one-to cause infection. Accordingly, we can very w.ell imagiri .Ift
individual comma-bacil-li rdach the intestinal canal aecidentally; ad
very speedily multiply there. As soon as they have multiplied t&.a
certain degree, they ocoasion a state of irritation of the mucqus, mem-
brane of the intestine and diarrhea; but when the mulffpli¢atJ
continues in increaing progression, and reaches the maximumpent,
then they culminate into6the peculiar complex' of sympoms 'tat we
characterise as the real attack of cholera.
We have already -seen that comma-bacilli most Pro.l4W _ur~Q.rceltail.conditions, cannot pass the stomach, at least in anuleI s

also' agrees with 'all experience of cholera, for predisps}'siti'ses
to play an important part in cholera-infection.. It can bei sied
that, of a number of people, expqsed',to cholera-infecsjonJoiid y f u-
tion of them fall Il, and these are a,lmost always.those alreaiy s -
ing from some kind of digestive distirbanee,. ;g,pterrh of
stomach or intestines, or those who have overloaded' the stouachwth
indige"stible food. Especially in the latter case,' more, or 'less un-
dig ated masses of food may pass into the intestin4al el anf
possibly bring with,,them the co'mma-bacilli not yet keltim,
stomach. ZYou'have certainly often observed that the greater'iumTier
of cases of cholera occur on MNondays' and Tuesdays, that is, ok' the
days which have generally been preced d by excesses in eating ani
drinkingi . ;;- li t;) + i- zwjyxsi

It is certainly a strange p&en6Men,n, th{at c nma-hacillli ,9*ethemselves to the intestines. They do' not pass into rthe blood, r
even into the mesenteric glands. Hnow is it now that 'this acteria-
yegetatior ina the intestine can kill a man ? In order to explain' -ti,
I call yo'attention to the fact that, bacteria, wheni thpy ,grow, ut
only consulae substances, but also produce substances of vevry va_roqs
.kin4s. We know a gvat many of these. u.kid

*., :* F -s* *e' ' '~z of ve*;yJ,pwq ;vit.C.alchangas af bactena, whichare Of ivery pecu rnb,ure.
of them are of a transient nature, and euit an 'intee se , otps
produce 'colouring matter, others. poisonous`- sabstancqs. In tle4itre-'
faction of albuminous liquids, e.g., blood, poisons are for'ncd, which
must be products of vital changes of these bacteria, as putreation is
only a consequenc'e Qf baQteri4-vegetation. Many phenomena_ gq to
show that these poisons are ohlly produced by special kinds of bric ,
for we see that putrefied:Iuds can at one time beinbeete io an
animal without producing any effect, whereas they proyapoisonous at
another time. In this light, I picture to myself the ¢ffect of comn -
bacilli in the intestine, which depends upon the products 'of' vital
changes. In favour of this view, I possess specal points of supprt.
It so happened, that, in one cultivatio-ex>periment, the nuuti#ie
gelatine contained at the same time blQod-corpuscles in tolerablylarge
numbers and comma-acil.C tbs gelatine had bee' pored
upon a plate, a number of colonies of comima-bacilli grew. The
looked as'if a reddish dust wvere suspended in it, as wheiin il6e -it
fell through it, one had a cleart ihpr8ssion of tjees ii4-
corpuscles. In this reddish fini0ay granular layer, the -colusies)Of
comma-bacilli looked to the naked' eye like small colourles'- holes.
When they were e-xamined under t`J miciqksope 'thestnil*ii pheno-
inenon was, disovere thiit thecQlcon of omm-haM hadldestroyd
all the blood-corpus'cles withing Eretty wide. circle, 'an.d also'to soe
distance beyoid the limit itn whtch theyhad uetledthe ge,atine.
From this it is seen, t¶hat.comma-bacli.c exercise adestuctive
influence on the formed elements'oa tbebEod, end very probably ,o
on other cells.
Mr. Richards a mel man at Goa p'. in India, has aQW a'e

an obseryato, whicasUpports the vq,7 of,! th0(preseace Qf a p.oii,Ot8
sm4ptaaice id llib,itents of thle chblera-inestme. dr. Rt4iard fed
some dogs wXUi la!ge dtitiesof6 choera*dejecta, Vt hitcig
-aneffect on tb-ipe. '.Th 1e ii;adae1,qie-same' h VpWgs,whichb accprdinig toi SteUMent, aiedai tc.a'psn aIvery short ine
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from a quarter of an hour to two hours ind' a half, after being fed.
This was clearly a case of poisonh,g, Anid not, as Mr. Ridhards'sup-
poses, of artificial cholera-infection. qThat this was really so, is espe-
daily seen from one of the experiinents, in which the contents of the
ivitestine of a pig killed by being fed on cholera-dejecta, which, ac-
cording to Mr. Richards's opinion, had the cholera, were given to
ahiother pig. This second pig did not suffer from it, so that a repro-
duction of the supposed infectious matter in the intestine of the pig
fed first could not have taken place. If genuine cholera could be pro-
duced amongst pigs, it would be then possible to infect a second pig
with the contents of the intestine of the first, and a third with those
from the second, And so on. 41though these experiments do not prove
what Mr. Richards intended to prove by them, they are in so far very
interesting, because showing that, in cholera-dejecta, siibstances can
under certain circumstances be contained, which are poisonous to
pIgs. Dogs seem to be unaffected by them, mice and other animals
a1lso, 'a- br experiments show. The power of resistance of other
animals-to this poison, and the susceptibility of pigs to it, ought
to cause no surprise, when we remember that only pigs seem to be
kilend by the poison which sometimes forms in the brine of salt meat
and herrings.

-Supposing that comma-bacilli produce a special poison, the phe-
nomena and course of cholera can be explained as follows. The
effect of the poison shows itself partly in an immediate manner,
the epithelium, and in the worst cases also the upper layers of
the mucous membrane of the intestine, being mortified thereby;
It is partly reibsorbed and acts on the organism as a whole, but
es3peciilj oidthe organs of circulation, which are as it were paralysed.
Tfib ce"ptex of symptoms of the attack proper of cholera, which is
Oftrally looked upon as a consequence of loss of water and the in-
s~ispation of the blood, is, according to my opinion, to be' tearded
essentially as poisoning. For it takes place also ;not unfre%tlewhen comperatively very small quantities of fluid e lost dunnglA
by vomiting and diarrhoea, and when, immediately after death, the
intestine also contains only a small quantity of liquid.

If, now, death follow in the stage of cholera-poisoning, then the
phenom#na m-et with in post mortem examinations correspond to those
cas in 'Which the mucous membrane of the intestine is little changed,
and the contents of the intestine consist of a pure cultivation of
comma-bacflhi. If, on the contrary, this stage be prolonged, or if it
be gotdover, the consequences of the, mortification of the epithelium
aid of the mucous membrane show themselves'; capillary hnemorrhage
in the mneous membrane takes place, and some of the component parts
of the blood mix in more or less abundance with the contents of
the intestine. The albuminous fluaid in the intestine begins to
putrefy, and, under the influence of the putrefaction-bacteria, other
poisonous products are formed which ;are also absorbed. But these
hate an effect differing from that of the cholera-poison; the symptoms
cansed by them correspond to what is generally called cholera-typhoid.

Corresponding to the view that the comma-bacilli only vegetate and
unfbld their effect in the intestine, the seat of the infectious matter
can only be looked for in the dejecta df patients, only exceptionally in
the vomit. In this, I think I am in accord with the more recent
views.- It is true that this view is still contradicted by sone investi-
gators, but we are in possession of incontrovertible proofs in its favour,
above all, infection by means of lipen; so that, apart from the comma-
bacilli, there can be no doubt also that the dejecta really contain the
infeious matter. For the further spread of the infectious matter,
the first condition is that the dejecta remain in a moist condition. As
soon as they are dry, they lose their effectual agency.
One of the commonest ways of spreading the infectious material, of

which, too, we have had an example in the tank-epidemic, is water.
How easily can cholera-dejecta or water used for cleaning cholera-
linen get into wells, public watercourses, and other- places for the
supply of drinking-water and of water for household purposes. Thence
the comma-bacilli find plenty of opportunities of returning into the
-human household, either in drinking-water or in water used for being
mixed with milk, for cooking, for rinsing pots and pans, for cleaning
veetables and fruil, for washing, bathing, etc.

esides these ways, the infectious matter can enter the human
digestive organs by a shorter way; for comma-bacilli can, beyond a
doubt, retain vitality for a con3iderable time on articles of food which
have a moist surface, and it can easily be supposed that they arc not
rarely brought thither by being touched with- drtyhands; and I do not
consider it at all im;nossible that the infectious matter is transferred
to food by means of insects, for example, by common flies. In most
cases certainly, the infectious matter enters ile soil with the dejecta,
iid Ands its wa somehow or other, into wells or tanks.
4I start with the asstrnptlonthat onlymoist ubstances, and these of

'most different kinds (I do not- by any means confihe tyself to drink-
14g-water) that ate polluted in any way by moist dejecta, may also
convey the infectious mhatter to the body. On -the other hand, I do
not think that the infectious tatter of cholera can kee in' a dry state,
or, which is the same thing, that it can be transferred"by means ofthe
air. For the dispersion of an infectious matter can, as a rule, only
take place by means of the air when dry, and in the form of dust.
Experience is also in favour of the view that the inifectious matter
cannot be introduced in a dry state, for we know that hitherto cholera
has never come hither by means of goods on the way from India;
never as yet have letters or postal packets introduced cholera, even
when tot, as is now frequently done, pierced through and fumigated.
If the origin of the separate epidemics be carefully looked into, it will
be found that cholera has never reached us except through human
beings thetselves; and although people have not succeeded in the
case of these separate epidemics in tracing the individual who brought
the infectious mnatter, one must not conclude from this that this is an
exception. For we must' consider that it is not only the individual
who dies of cholera, or who has an unquestionable attack of cholera,
that is liable to transfer infection, but that all possible transitions up
to this most violent form of the disease, even slight attacks of diar-
rhoea, take place, which are probably just as capable of giving infec-
tion as the worst case of cholera. Of course, we can only arrive at
positive certainty on this 'important point, when the slightest cases
have been proved to be real cases of cholera by tracing the presence of
comma-bacilli.
There remains still the important question to be answered, whether

the infectious material can reproduce or multiply itself outside the
human body. I believe that it can. As the comma-bacilli grow on a
gelatine-plate, as they can grbw on' a, piece of linen, or in meat-
broth,' or on potatoes, they must also be in a -position to grow in the
open air, especially as we have seen that a comparatively low tempera-
ture enables theni to develop. I would not certainly assume that-the
multiplication of the' comma-bacilli outside the human body takes
place in well-water or river-water without any assistance, for these
fluiids do not possess that concentration of nutritious substances which
is necessary for the growth of the bacilli. But I can easily imagine
that, although the whole mass of the water in a tank or reservoir is too
podr in nutritious substances for bacilli to flourish in it, yet some spots
may contain sufflicient concentration of nutritive substances, for ex-
ample, those spots where a gutter, or the outlet ofa cesspool, opens into
the stagnant water, where vegetable matter, animal refuse, etc., lie,
and are exposed to putrefaction by bacteria. At such points, a very
active form of life can develop.

I have often formerly made such experiments, and it has often
happened that a water contained almost no bacteria at all, whilst re-
mains of plants, especially roots or fruits swimming in it, teemed
with bacteria, especially kinds of bacilli and spirilla. Even in the
immediate neighbourhood of these objects, the water was rendered
turbid by swarms of bacteria, which clearly received their nourishment
from the nutritive matter scattered by diffusion at a very small
distance.

I think that we can in this way most easily explain the relations of
subsoil-water to the spread of cholera. Everywhere where water is
stagnant on the surface or in the ground, in marshes, in harbours which
have no outflow, in places where the ground is trough-shaped, in very
slowly running streams, and such like, the conuitions described can
develop. There, in the neighbourhood of animal and vegetable
refuse, concentrated nutritive solutions will be most easily formed, and
will give the micro-organisms opportunity for forming colonies alid
multiplying. On the other hand, wherever the water at the
surface as well as at the bottom is in a state of rapid motion, and sub-
ject to continuous change, these conditions are less easy, or do not
occur at all; for the continuous flow of the water prevents the forma-
tion of a local concentration of nutritive substances in the liquid suffi-
cient for pathogenic bacteria. The connection between the falling of
subsoil-water and the increase of several infectious diseases, I would
explain as follows; that, when the subsoil-water falls, the current that
tak?s place in the subsoil-water is much less significant. Besides, the
quantities on the surface are much diminished, so that those concen-
trations, which I assumed to be necessary for the growth of the bac-
teria, must much sooner take place.

If we assume that a special specific organism is the cause of cholera,
we cannot think of an autochthonous origin of the disease, emanating
from any particular locality. Such' a specific organism, even if it be
only a comma-bacillus, follows thblaws of'vegetation, just as the most
highly developed plant. It must always propagate itself from some-
thmng of the same nature, and cannot spring up at haphazard from
other things, or from nothing. -But, as' comima-batilli' d not belong
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to micro-organisms that ,are distributed ,everywhere, we are forced to
trace back the disease that depends' upnhem tosel localities
from whieh these specific micro-organisns are brougt .to us.'! We
cannot, therefore,, imagine that, because the delt;a ot.the Nile reiembles
the delta of the Ganges in some points, cholera could spontaneousy
spring up there by way of exception, as was seriously maintained last
year. Just as little reason have we for supposing that cholera should
spring up here in Europe, without the comma-bacillus having been,pre-
viously introduced. An attempt has already been made to represent
a cholera-epidemic that broke out in Europe, which had apparently
originated in Poland in an isolated manner, as autochthonous, but it
was afterwards seen that it did not do to allow this kind of origvin to
pass as tenable. For the cholera had been prevailing in variousplaces

in Russia in the form of epidemics that were not noticed, and was

introduced into Poland by the troops.' I have recently experienced
something similar. Ten years ago, cholera' broke out suddenly
in the town of Hama, in Syria, and nobody knew how it came there.
It is still maintained by many people that it broke out autochthonously.
I was asked, a short time ago, by medical men in France, for my opinion

on the subject, and could only reply, as there is nothing certain written
on theorigin of the epidemic, that the mode of introducing the plaguein thiscase had not yet been explained; but I expre8sAd my convic-
tion that the origin of cholera in Syria must alsobe attributed to
India, at the same time poiinting out how the epidemics in Syria and
Egypt, apparently of autochthonous origin, keep' to- the road of
traffic between India and Europe or its immediateneighbourhood,but
never originate in places which have no nelations withIndia. Very
soon afterwards, was able accidentally to obtain'a satis'factory
answer concerning the origin of the epideniicinSyria. Professor Lortet,
who was himself at Hama during this epi4emic,' and had inquiredinitoits place of origin,informed me that the cholera had'been brought to
Hama from Djedah by Turkish soldiers.

So far, we know of no cholera-epidemics that have broken out spon-

taneously outside India; hence in this'point also, experience agrees

with the presumption that cholera is caused by a specific organism,

having its habitat in India.
Now the conditions in regard to cholera in Indiaare of a very

peculiar nature. I do not thinkthat the wholeof India is thenative
country of the comma-bacillus. Itwas formerly maintained that
cholera was indigenous in Ceylon, adras; and Bombay, and that it
was then spread over nearly the whole of India; but, on the other
hand, this has been very rightly disputed. Only about the province
of Bengal there is no difference ofopinion. All authors are unanimous

in holding that the Delta of the Ganges is the real home of the cholera.
I alsohave become convinced that it isin realityso, and thatothercholera
habitats do not exist in India. For the only region in India where
the cholera continuously prevails, year by year, in an uniform manner,
is the Delta of the Ganges ; in all other places itfluctuates consider-
ably, or often dies out entirely for longer or shorter periods. Atindi-
vidual places, for example, Bombay, it also never entirely disappears,
but it is extremely probable that, by the extreme active traffic with
the rest of India, it is conltinlually introduced anew.
On the map of the province of Bengal you will see the Delta of the

Ganges, which is bordered on the west by the river Hooghly, an arm

of the Ganges, and on the east by the Brahmaputra.
The cholera prevails continuously in the whole of this region, and

on the banks of the Ganges as far up as Benares. On inspecting the
map more closely, it must strike an observer that the upper part of the
Delta is not thickly set with villages, whilst the base of the triangle
seems entirely uninhabited. This uninhabited district, called gun-
darbunds, comprises an area of 7,500 English square miles, and is sepa-

rated from the thickly populated northern portion of the Delta by an

extremely sharp line. Here the large rivers, Ganges and Brahmapu-
tra, break up into a network of streams in which, at the tides, the sea-

water, mixing with the river-water, flows backwards and forwards,
completely flooding wide tracts of the Sundarbunds at high tide.
A luxuriant vegetation and an abundant variety of animal life have

Geveloped in this uninhabited district, a district which is not only
unapproachable for man, owing to the inundations and numerous

tigers to be found here, but is chiefly avoided owing to the pernicious

fevers which attack anybody who stops there for only a very short
time. One can easily imagine what quiantities of vegctable and animal
matter are exposed to putrefaction in the boggy district of the Sundar-
bunds, and that an opportunity, scarcely to be found in any other place
in the world, is offered here for the development of micro-organisms.
In this respect, the boundary between theinhabited and uninhabited
part of the Delta is espeially favourable; wherethf
exceptionally thicklypopuuated country is floated
streams, and mixes with the brackish water of theSundarbunds

flow,bagl-wards anld forwards, and is already saturated with putrefiedx1tfier.; JUnder peculiar circumstances a thoroughly special fauna
and flora of micro-organisms must develop here, to which in all pri-Obility the comma-bacillus belongs. For everything points to the
sup 'sition that cholera derives its origin from this frontier temtory.fpthe greater epidemics commence with an increase of cholera in,the
south of BengaL Jessore, from which place the first news about, the
epidemic of 1817 came, lies on the borders of the Sundarbuwads,_id
Calcutta, which is now the constant habitat of cholera, is connieted
with the neighbouring Sundarbunds by a boggy and scantily inhabited
tract of land.
But further, the comma-bacillus finds, in the districts adjoining the

supposed habitat,,the most favourablQ conditions that can be imagined
for obtaining a footing and transferring itself from one man to another.
For lower Bengal is a perfectly,flat country, only very slightly raised
above the leveI of the sea, and during the tropical rains almost"the
whole extent of it is under water. Hence everybody who settles there,
must, in order to protect himself from these annual inundations, buiJdhis hut on raised ground. This-kind of building is seen in,all the
villages of the Delta, even in Calcutta itself, especially in the imme-
diate neighbourhood and in the suburbs of Calcutta, which more or
less bearthe character of villages. Every house or group of houses
stands on a flat rising ground, which has been made by taking the
earth,from a spot near where the hut is built, in order to raise tlie
ground on which the house stands. The excavation thus made becomes
flled with water, and forms a so-called tank.

Every hut, or group of huts, must therefore have a tank, more or les
large, and the number of these tanks is accordingly verygreat. The
town of Calcutta alone had, till a short time ago, about eight hundreds
tanks, although a large number of them had been filled up for sanitrreasons. In the suburbs of Calcutta, there are, besides, more than a
thousand tanks still existing. I have already mentioned the part that
the tanks plav in the household of the Indian population, and how
adapted they are for spreading the cholera.

It is perfectly clear that an improvement in the supply of water in
those districts would exercise a decided influence on the conditions of
cholera. In reality, this has been shown in Calcutta. This town,
situated on the river Hooghly, has about 400,000 inhabitants, and
almost as many people live in the suburbs.Up to the year 1870,, Cal-
cutta-i. e., the inner town-had annually from 3,500 to 5,000deathsfrom cholera, and the suburbs a corresponding number. From m65,
drainage was begun, first, in that part of the town chiefly inha-
bited by Europeans,where the houses were separated at greater distances
from one another. Later on, the rest of the town was gradually pro-
vided with main -pipes ; but, up to 1874, there were not many houses
in that part of the town-thatis, inhabited by thenatives-that were
really connected with the main pipes. The net of drains was only
completed in a few districts of the town. Since then, the works have
been continued without interruption, and they have now made great
progress.

I must use thisoppo rtunity for mentioning a peculiarity of Calcutta.
In the interior of the town, amongst massive houses and villas looking
like palaces, groups of huts, crowded together and resembling villages,
are to be found, exclusively inhabited by natives. These villages, in
the interior of the town, arecalled bustees. The huts of a bustee pos-
sess no drains, sewerage, or anything of this kind. All the dirt is collected
between the houses, and, owing to the narrow mode of building, can
only be removed in a very incompletemaneer; and, finally,reaches,thetanks directly, or is brought thither by the rain; so that the tanksbe--come the natural places of collection for all liquid filth. There can be
noTqestion of connecting such huts with the drainage.

e construction of waterworks for Calcutta was begun at the same
time as that of the drainage. The water is taken from theHopghllyseveral miles above Calcutta, is well filtered, and then supplied to the
town. The waterworks were opened in 1870.
From 1865 to 1870, the effct or the drainage, that was being

more and more extended, was not visible on the cholera-mortality of
Calcutta; but' immediately after the opening of the waterworks the
cholera diminished, and since then has been, on an average, one-third
less than what it used to be. The drainage, which has been consider-ably improved

since 1870, has not increased the diminution of choleraably impjroved
that tookpacae after the introduction of good drinking-water. Hence
favourable efectcan, in this case, only be ascribed to the water-
WQrks. If, notwithstanding, cholera still occurs comparatively fre-
quently in Calcutta, the fact can be explained in this way-thatti e
popilation do not take their water from the waterworks'-pipes, but,aacodoing to their old custom, from the Hooghly, or from the n-
merous tanwks.

In the suburbs, which are in immediate connection with the towin
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&ialdlre a-most animated traffic *lthit-,'bf hlVe no' hare in tlie
'-1j-~ of Wsater from th'e waterworks,'tI' t ' of'ihorttlity fromnchla
jra ed at the old height.
T%e irunce of the *vater apply es beei i iorb pldinlyshOn at

!'-tE WIlliam, which is situate4'bn iheI Tooghly'aI" nost in tihe-Ad4e
c the towrn. The fort itself is not drained; and, owing- to- the d1 ue
frbm the nearest town drai epites, cannot bb i,ftuerned by the
Abvwn-drainage. The condition ofthe subsoil-wate ri ast ebe the sauie!
,s when the fort was built. Plrmerly, the gairsongsitifered severely
fromA cholera every year; but, some years ago, the atteiiion of the

lcers was drawn to the drinking-water ; it was kept as much atpoa-
Al free from pollution and since then cholera-has Pertibly faen'
"of Thus the fort received a reliable water-sup at the same time
i the town did, and since then cholera has dssapped from- the#fort.
1I:in case can serve as a normal experimnent, in which ill cotdition s
bive remained the same except the dlinfihg-water. If cholera do 'not
igr de the fort any more, the fact can only be attributed to the
at e of drinking-water.
There are also similar, if not so decisive, examnples of the influence

df drinking-water on cholera in other Indian towns. In Madras, the
-cholera has fallen off significaptly since the introduction of watel-
-vorks_ The same is true of Bombay. The conditidn of Pondicherry

this respect is especially interesting. Cholera was formerly very
Iivaent in this town; some years ago, artesian wells were intkddueed

there, having a depth of from 300 to 400 feet, and from this time
cholera entirely disappeared from Pondicherry ; but last sprinh it was
atddeqly reported that the immunity; of Pondicherry, which had been
secepted -as certain, had been shown to be untenable, as cholera had
'+in broken out there. In consequence of this, I applied to Dr.'
Fiitnell, of Madras, who has specially occupied himself with the rela-
tins of cholera in Pondicherry, aid has always ttacedet, dud received'
frqm hi-mi the information that a n tberof cases of chioer'had indeed
'ocburreldinPondicherry, buit exchlively in those portions of the town'
which are not yet sulpplied with artesian wells.
- If I hate cited to you here some examples in favour of the advan-
tagie of a good provision of drinking-water, I need not, after the de-
tail I have already given, assure you that I am not a sup torer of the
e*chusive drinking-water theory. I should like to avoid touching
very point of view which is one of principles, but I think thit the'
ays ini which cholera can spread in a place 'are extreinely diverse;,
d thiat, as almost every place hag'its own peculiar conditions, which
rtlt lethoro ug,hly searched out, the measu-es 'which are of use for
]PaiVng the particular place from the pestilence must correspond totfese condiins.-

In Iundia, also, the spread of cholera depends upon the intercourse of
-hudman beings, and is chiefly caused by the pgimages, which have
0.At*eloped in quite an unusual manner in India. We can scarcely
tbrm an idea how widely diffused' these pilgrimnages are in Iidia. In
order to give you an example, I will only cite the two chief places of
pilgr4age, Hurdwan and Puri. These are places to which hundredsof'thqC snds of people, sometimes more than a miillion, flock aninally
from ill parts of India. The pilgrims remain there for several weeks;
they are peined together in a confined space, and live in a m-ost miser-
able manner. Tanks are to be fbund everywhere in these places also,
imwhich thousands of people bathe; they also drink the vater from
thiee tanks. It is by no means astonishing if, under these tonditions,'
the 4isease, when it does break out amongst the flocks of pilgrims, is
spee4ilyr scattered over the whole of India, and reaches every plice.

Originally the cholera took the loniger road across the frontiers of
India, through northern Indiia, to the centre of Asia, and thence to
Persia, and then further on to the south of Europe. All this is
changed since commercial traffic no longer takes the caravan-road
through Persia, but proceeds over the ocean, thfrough the Red Sea and
the Suez Canal. I scarcely think that there is any more fear of the
cholera being introduced by land through A'sia. tIt is not exactly
. mspossible that it should again take this road, but it is'-not probable.
Qu the other hand, the other way the sea-road froim India to EuroVe
tktough the Red Sea, and especialfy from the chief harbour; Bojubay,
- lr be' more dangerous every year, in my opinion One cn now-
trive1 from Bombay, which is seldom free from chol'ra, to Egypt in
ele'ven days, to Italy in sixteen days; and, in eighteen, or, at most,
twernty days, one can be in the south of France. Those are spaces of
time which are so extremely short compared to those required
foriiierly, that the danger of direct'iihprtatibu. of cholera from Indi:a
-o Eurol)e WvIl become greater an'd greater. 4O te course 'of eha-le'ia-es4 beard ship is of especial interest or the A5 the coTrse ofchlrae Eurore willhbecome6greater and'I beg to' sAd
-4 remark on this point. '

It has always struck me that real cholera-epidemics only-thke plute
-Yioships which have a large number of people-on board, whereas, in

'b *s'with 'oiily a,1l 6e* as in all mercliit 4esse1s even whei
'ejls of cholea occiuf in theI irst days of the p&4sa OOmnies never
develop wlch %A'for .weeks. Because this matter is 6f the- greatest

'Ihportance, not'bnyforthie etiblogy of cholera, but also for arine
traffic, I"hive made asmny 'inquiries as possible 'on the aubject and
have found this 'dbservation perfedtly confirmed.

-When, therefore, we have to deal with questions that refer to
cholera in -ships, we must direit' our attention to ships used for the
c6nveya6cO of masses of men, such as transport-shi", pilgrim, coolie,
'and emigrant-ships. Cholera does not o¢cur so seldom on these ships,
w-hen they start from cholera-infected ports, asis 'often supposed.
Sometimes one finds an effort made to represent ship-traffic as quite
without danger in regard to the introductidn of cholera, it being cal-
culat that; out of a giren number of vessels free from cholera, only
'one6is found on which cholera has broken out. To this calculation it
mint be opposed that, although amongst a thousand vessels only one
has cholera on board, this one ship can, of course, cause as much
mischief as if the whole thousand had been infected with cholera.
But if we- confine' ourselves to calculate the relation betw'een those free
from, and those infected with, 'cholera, amongst transport-ships convey-
inaglrge masses of individuals, 'thezi the result is much less favourable
'thin is generally supposed.
In the Reports of the Sanitary Commissioner of the Government of

India or'the year 1871, there is a very interesting digest on the cholera
oD, board the, coolie ships that left Calcutta. These vessels are not
very large, but nevertheless convey from 300 to 600 Indian workmen,
so-calledtoolies, for the most part to the English colonies in America.
In the cou'rse of ten years, 222 of these vessels sailed, and 33 of them
had choleraoepidemiis, the epidemic lasting on board 16 of them for
'imore than twenty days. One can easily form an idea from this of the
greatness of' the'danger of the introduction' of cholera for Europe,
which is much nearer, if such a transport of workmen were to go from
India to Egypt, for instance, or to any Mediterranean port.

'On one question of cholera-etiology, which is more of theoretical
interest,' I have not yet had an opportunity of saying anything, and
should therefore like to touch upon it. It is, namely, the explanation of
the noteworthy fact, that outside India cholera always dies out after a
comparatively short space of time. ¶this disappearairce of the plague
seems to me to be due to a variety of factors.

In the' first place, I 'consider it establishbd that the individual, as in
maiy other' infectious diseases, affer l.aving once had cholera acquires
a certain immunity. This immunity does not seem to be of very long
dfration,' for we-have examples enough, that a man who was attacked
during an epidemic caught the 'cholera again in -a second epidemic;
but one seldom hears of a man being attacked' tvice during the same
epidemic.' But precisely in cholera several attack's ought to occur,
because a man who has got over the attack, as a rule, returns after a
few days to the same conditions, end exposes himself to the same
dangers and' the same source of infection. Some experiences made in
India, moteover, are in favour of' the 'view that a certain immunity is
obtained after having got over -an attack of cholera. In the same
manner as an individual can obtain immunity, so can whole localities,
as a good deal of experience pro+e-rs, become more or less free from
cholera for a certain period. It is often seen that, when a place has
been attacked by cholera, and been thoroughly infected by it, this
place is often spared the next year, or'it only stffers slightly, when the
cholera returns.
As a second reason for the extinction of a cholera-epidemic, wve

must take the absence of a permanent state, capable of assisting the
infectious material in survving the period of the immunity of the
population that is unfavourable to its development.

Finally, we must tke note of the circumstance that temperatures
under 17° C. (62.60 FShr.) have such an'unfavourable effect on the
growth of the bacilli outside the body, that their multiplication can
no longer take place. When all these factors work together; when
therefore, winter comes on, and only a population remains which is
'more or less non-liable to the ;epidemic, {hen the epidemic m'ust die
ott, as'the infectious matter possesses no permanent state.

Befotb I conclude, I should like to 'add a few words as to how we
can utilise 'the discovery of the comma-bacilli. The cry we commonly
hear is-Yes' but what is the use of this discovery to us? We certainly
kn1ow th:at the cholera is caused by co'tma-bacilli, but, nevertheless,
we are in no better position fo-r curin g 'this disease than before. I re-
metiber that these were often the expressions used aboutthe discovery
Anybod) Wvh6 looks upon these matters from the poitit of view ot

the medical -iail who has to wrfte a presdiption, is ceitiinly tight in
eayin- tlat he has as yet 'no perceptible utility' befr him; blut
these critics ought to consider that rational therapeutics for the

iEf*et. '6, t1k
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inajityjbf -disesses, and despebialky forn Mfedtiouc sq,ifai.tt -1*
olllined dtll ,re'Aave found out their iauea.Jnd, u e ,; B pat,
frm 'this,I imagine we a debaeean verycesise;b)e idte
from the discovery of the comnuba s. ithi0k, firtgiohwQw Ws-,(
-RWle itin a diagnostic direeties. It,is high-y imiprtant tht a vr-
reetdiagnosis- shod:be ttaken of t first e*se whih scour in a couatry'
or Iocality- According to my view, by.shovingthepne oe orabsence,
of chlera-baoi1i, *e can say, with cetainty whether, we ave
cholera before inSor noL This seems to me to be a vbry esential-
advantage,

I further tink that, after having become acquainted with th-e real
cause- of te disease and its qualities, the etiology of cholera can be
constrtcted on definite and fixed lines, and that weshall st length get
rid of many contradictions. We shal now obtain a firm,basis for
an unifoim action -that knows the end at which it is aiming. I antici-
ipate- speciil;advantage from the obeervation that comma-bacilli are
killed by being dried.

- iIt is true 'that the fact that the infectious 'matt8r of cholera is
destroyed by being dried, ought properly to hAve been discovered be-
fore by experience, but experimental supports were wanting, and
people were never certain on this point... Now we can regard this as a
positive property of the infectiousc matter, and-;in .future take this
property into-account. But, above all, we can dedtce this advantage,
that Aii-end will at length be- ptt W the fearful squadering of disin-
fectants' and that millions will nct agin, as in the- -lst epidemicss -be
poure4-isrto tutters and cespools withot-the slightest advantage.
For the rest, I hope that the recognition of the cotima-hacilli be

turned to iebcount therapeutically. We shall be able; in- fiiture, even
in the less severe cases, and in the first stages, to take a diagnosis. In
accokdance with- this, therapeutic experients,alAo, wil have more
certainty when it is known that the patient is really suffering from
cholea. An early diagnosis mnist, however, -be of -all the greater
value; as the chance of therapeutic success i8s precisely greatest in the
first stages. .- --
Profesor VIRCHOW, after thanking Dr. Koch for giving this long

and detailed account of his views, said: ' I say decidedly for myself
that, from the beginning,. I thought it very probabe that the bacillus
was, inded, the enw morbi: but, from what I have her today, my
conceptions on the subject have arrived at a much greater degree of
certainty"

STATISTICS OF EXAMINATIONS.-At the recent pass-examinations for
the diplomas of the Royal CoUege of Sur eons of- ,nland, 352 c di-
4ate presented4 themselv s; 4rpm. St. Bartholoxneiv a Iospital 3;
University Colle,lge, 39; Oly'se HIospitalT 27; St. Gieorge's Hosital
23; King's College, 19; St.- omas's hospital, 15; London Hospital,
15; Charing Cross Hospital, 13; Middlesex Hospital, 13; St. Mary's
Hospital, 12,; and the Westminster Hospital, 11. The provincal
schools were, represented by Manchester, ?4 'Cambridge, 13 Leeds,
11; Birmwigham 8 - Bristol, 8; Liverpool, jN.ew,a-t1e 5; an
Sheffi9d 3 ii4argh and Glasgow -ient respectively 21 and 4;
Dublin, 3-; ias, 2;-.Calcutta and Bm ay ;* iil, Montreal
3; Toronto,. 2; and Amsterdam, 1. Of the 32i candidates, 6fO passed
in surgery, and, when qualified in medicine and midiwifery, will be
admitted yaepnbers of the, college. Of those who failed to a-quitthejrn-
selves to the satisraction of the examiners, 1 was referred for' twelve
months, 6 for, nine months, 108 for six months, ond 46 'for turee
months. The, totai number adted members was i 7, against 120 at,
the correspo4ing period last year.

ST. THoMAn's HOSPITAL.--The, follwing appointments have been
madq,fbr three months, from Se(tember 2nd. Resident House--Physi-
cians: ,G. D. Johnston, M.R.&.S., L.RC.P, . FF.F. Caiger, M.B.,
B.S., R.C.S., L. R. C. P. Non-resident House-Physician: F. W, S.
Stoug,,tM,A.C.S., L.RO..P. (ext.). Assitant H e-Physician: R.
Lawnppo gf.JlA 0.5., L.S.A. House-Surgeons .- Qf?ord, M.R.C.S.,
L.R0C.P>.-, A.; H. B. Robinson, M.R43.S., I4I,L.P.; Asistan
House-Surgeon- C. D. Green, M.R.C.-S., L RXXC,' RJaident Accou-
cheur .: -W. Iull, M.-B., ML UR. 0. S., L. R.O P; Clhlio4 kssistaut in the
Skin ad Eari)epartment:-T. Glover Lyon,, .l C,S, L..C.P (e#)..Clinical Assistant in, the Special Department forDisemo§ ot he,hroa.t:
H. W. G. Mackenzie,-M.A,, M.B.

TH-E MAANUFACTURE oir TuErTIr-It is said that the tooth manu-
facture of the. United States amounts to 10,000,000 teeth prr annum.
The value of these teethis a million dollars. Thems.materjsgia whioh
they are compbsed are-, Wdspar., kaolin, and rockecryste. her iare
twelve manwfactoriesj,but.onen ofthem, -founded in 1864o-makes hpIf
the number. --... - .

I b,ftt,i{' ,M.ED1CALtA','SQCIAfltv-4
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PROCEEDINogS -OF 8RCTO .N& !,

MEt SURGICAL AXD ORTFOPEDIC TREATM3trW
OF INFANTILE PARALYSIS.

Read in the Secio Qf Surger2y.
By BERNARD ROTH, F. R. C. S.

I wisH to refer in this paper to the treahuentm of infantile Ia.
after the acute stage has passc when it is .prssQb1eto recoguiseiAIuh
muscles are likely to recover more or less complete power, and wbliei
will be more or Tess hopelessly destroyed as far as volnntaye r
tion is concerned.

It is during this stage, while't5he -previously paralysed Pus6s
are beginning to recover, their power, various deformities of..4*
trunk and limbs are prone to occur; defo6rtities which frequen4y
oause more grief and hardship than the permnanent paralysis left, an
which yet, with care and prseverance, abe, nearly always preventd.
The two guding principles in the surgical and orthopedic, or aft-
treatment of infantile paralysis, are:.

1. To improve the power of those agected muscles which hpire
still some voluntary power left.

2. To prevent the onset of any deformity,. or, if- this has already
occurred, to reduce it to a minimum.
With reference to the diagnosis of infantile paralysis, th'is presP0s

little difficulty when the chronic stage has -bee4 reached. In all cages
a thorough examination shoiidhbe made of thb trunk and limbs; e
joint in turn should be examined; and the. patient's will isto be strongly
urged to exert voluntary contraction to effiect .a1 the movement.po-
sible in the giyen joint, ix.,:, flexion,. extension, rotation, etc. By,
first doing the movements on the opposite limb, if that be normal,
he-will more readily understand what is.required of.-the partially,
paralysed one. When the patient is unable of himself to exestde.4&
movement, the surgeon should do it passively, and if there bn.-y
contraction or limitation of motion in a joint,-this will *be at. wce
noticed, and errors of diagnosis avoided.

1. To Improwve te Power of those Affected Mu-scles which have sti4l
sonm Voluntary Power Lcft.-The first thing to be done is to correct
the lowering of temperature, neary always present, of thp limib
limbs. If one. leg is affected, the rTet shZould be toldnot to
satisfied unless it is as warm as the healthy one. It will be ge
found that, after a night's rest in bed, the paralysed leg will be per-
fectly warm. The patient should-be quickly sponged all over, on rig,
with tepid water, followed by good rubbing and drying, and sufficie
ox#ra clothing applied to the affected lin4-; Loosely knitted
stockings, thick cloth leggings, or, beAt of all, cloth leg gs,4with cat's skin, or: other' fur, should be constantly worn d .
the day.
Warm baths, temperature 980 to 1000 Falir., for from ten to twenty

minutes every evening, are most Usefil,i For young patients of -f
five to ten, years old, a small, barrel staid4in4 on end answers adin W
as the patient saa stand in it up to the waist, or neck in water- .j
qired, and/ a smaller quantity of hot water is needed. TheU
ouldbeifoilowed by, a rapid.-ponging of the, whol bo4y with l
water, so that no undue sensitiveness to cha41gs of temperature be
induced. If properly applied, the cold sponging produce si-eh a.e-
actien after thebath, that the pale paralysed.limb becomes as. rTd as a
boiled lobster. ,

Next, masge or rubbing is specilly. indicated, and altpg4
many medical men employ, it, it i* seldom practised s ienly Ion
daily, or with enough. force. If-anhour, or an hour, .twiqe 4iya
is often hardly enough. In every ae the rubbing sould, e pra
cally superintended by the-urgeon for the first time or, two. In s<
of, long standing, more -or, lss. 'of the situationw f the wasted m,4?
is frequently taken np,hy tenvious adipose.tissuq,, through whiclh tl
psese~ire of the rubber's hands hs tp be transmitted to reach,tbg
aitin*h}ed mass of the nouscle.
The.rubbing or massage I employ Muy bQ roiighly classed as

ing, -ireular friction with tVhe,thlumb, fuinug, and firm strokingd
"A di4' is a combiaa tofgpngi,d lage pinch' 4pi
snre wit two han4o:psed lerpately, ole.after,tkUe o z 4
whatever is left, of thc wasted muscle. is, thozoqghlyas ue ,a1


