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PROTECTIVE INOCULATION AGAINST ASIATIC CHOLERA,

(AN EXPERIMENTAL STUDY.)

By Ricirarp . Seroxe, M. D., Director Bioloyical Laboratory.

The experimental work which forms the basis of this article was
Tor the greater part perfornied during the spring of 1903 in the
Institut v Infeklionskrankheiten,” Berlin (Prol. R Koch, di-
rector, depariment of Prof. Au Wassermann). I wizh here pub-
licly to express my very grateful thanks to Professor Wassermanm,
under whose direction the rescareh was first undertaken, for many
sugeestions and courtester during the course of my studies. T also
wizh 10 express my gratitude to my colleague, Do Po L Freer, for
having kindly read the manuseript.

INTRODUCTION.

The cpidemic of Asiatic cholera which lhas recently passed
through these Islands has bronght foreibly before us the particular
difficulties encountered in combating and controlling a disease of
this nature in a tropical country and among a partly uneducated
people.  Morcover, its history has demonstrated that il has not
heen possible 1o cradicate or even satisfactorily to control the
malady in this city by ordinary hygienic methods—that is, by
those measures solely directed toward the purilication of the food
and water supply of the infected districts. During the period in
which the number ol infected individuals was the greatest, it was
shown by studies made in ihis Laboratory that in Manila at least
the diseage was not usually transmitted dirvectly by water,® but
probably morve often by food infection. While cholera is not to
be regarded. even in our present acceptation of the term, as a
“contagious malady,” undoubtedly in this epidemic the infection
spread  largely  though as a rule indirectly. it is true. from

1In other portions of the Archipelago the disease was certainly conveyed
and spread by the water supply.
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case to case. Thus, it was shown how, under the conditions exist-
ing here, an individual suffering with cholera or convalescent from
it might frequently infect "the food of scveral or mmany other
healthy persons, and thus serve as the lrue means of continuing
and spreading the disease.  Iowever, even at that period of the
epidemic when general quarantine and isolation of each ecase dis-
covered was carried out, the malady still continued to increase.
While apparently almost every precaution practicable was taken
v the Board ol Health in regard to the fwrnishing of uninfected
water and the prohibition of the =ale of mmany {ruits and other nun-
cooked foods, and while also strenuous efforts were made in the
izolation and treatment of the sick and the dikinfeetion of their
excreta, although the epidemic was partially held in check, never-
theless. as stated above, it =pread, continued for nearly Awo years,
attd cansed the death of 3.566 people in the city ol Manila alone?
Henee, 6 was evident that, at least with a population of this
character. it was not pos=ible to prevent many individuals from
coming into contact with and cven ingesting the cholera organism.
It therefore seemed advisable to immunize artificially and  to
protect by vaceination againzt the disease®as many of this class of
people as possible.

However, a few preliminary trials with [laftkine’s method of
protective inoenlation showed the impracticabilitv of using it in
these Islands. Tirst, because of the severe local and gencral
reaction which it occasions when a good bacterieidal immunity is
obtained. the natives would not voluntarily submit to it; and
second, on account hoth of this violent reaction and of the un-
settled condition of the country, it was impracticable, or at any rate
inadvisable, to make such vaccination compulsory. Tastly, while
this mmoculation gives rise to a bactericidal and agglutinative serum
in the inoculated, the antitovie value of such sernm is probably
very =light.

Because of the great importance of this question to the Govern-
ment of these Islands, an experimental study was undertaken with
the object of obtaining =owme practicable and efficacious form of
protective inoculation against the disease. However, before proceed-
ing directly to these studies, it will be appropriate to review brietly
the invesiigations which have hitherto been made in this divection.

!In the provinces there were 90.745 deaths from Asiatic cholera reported
by Maj. L. C. Carter, Commissioner of Public Health, during the epidemic.
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A REVIEW OF THE METHODS OF PROTECTIVE INOCULA-
TION PREVIOUSLY EMPLOYED.

The methods which bave been employed for hwman protective
inoculation against chiolera are not numerous. Ferran, in 1885 in
an epidemic which raged in Spain during that ycar, was the first
o introduce the vaccination of huwman beings against ihe disease.
e injected guinea pigs with small guantities of bouillon cultures
which were inoenlated directly from human cholera stools, and
found that, in those animals which recovered, a certain immunity
had been acquired, since, atter a zhort time they resisted the injee-
tion of fatal doses of cholera spirilla.  From these observations he
decided to experiment upon hwnan beings. Iis original method
of vaccination was apparently for a time kept secret. [t was sup-
posed that eight drops of a bouillon culture of the cholera or-
eanisms, mixed with hile. were injected subcutancously, and after
an interval of from six to cight dayx, a second inoculation of 0.5
cubic contimeters of the same mixture was given; eight days later
this sccond dose was vepeated.

Subsequently, Ferran stated that his method conzizted in wsing
nothing more than a pure culture of the “comma bacillus™ in
bouillon. of which the dose was 1 cubic centimeter in each arm.
Five davs later revaceination was performed, the same amount being
again injected. The subeutancous introduction of the living
cholera wpirilla in this manuner did not causc a general infection
or give rise as a rule fo alarming symptoms, though fever, malaise,
lassitude. sometimes diarrhea, and always a considerable local re-
action about the point of inoculation became manifest. It is said
that about thirty thousand persons were vaccinated, but apparently
no rveliable statistics were obtained. Several government com-
missions were appointed to investigate Ferran’s method, and their
opinions in regard to its merits were nsually wnfavorable.r In
general, it may be said that the inoculations, as they were carried
on, were considered worthless. According to several of the reports
the cultures employed were often not pure ones, nor was there any
fixed virulence obtained for the organism used, and even the num-
ber of bacteria in a single injection varied greatly, so that an
accurate regulation of the dose was not possible.  The inoculations

lShakespeare’s report spoke more favorably than the others of the results
obtained.
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finally became so disastrous that they had to be discontinued by the
Spanish Government. )

In 1888 Gamaleia reported that he was ahle to inmunize guinea
pigs and pigeons against fatal doses of the cholera spirillum by the
injection of sterilized virulent cultures of this ovganism. IHe
therefore suggested that this method be emploved in human protec-
tive inoculation against the disease, emphasizing the advantages of
such a chemical vaceine on account of the casy regulation of the
dose as well as its sterility.  Taater he pointed out that after the
destruction of the bacilli by heat, they produced only a moederate
local reaction upon subcutancous inoculation.

In spite of the bad results attending Ferran’s work in Spain,
Hattkine decided, as a result of animal experimentation, thatl sue-
cessful active immunization in man could be obfained after Forvan's
method. if it were rightly applied.

HatTkine's method of vaceination was as Tollows: An alten-
uated virus was first prepaved by erowing the cholera organisim in
flacks of houitllon af 39 Cowhile allowing a constant current ol air

to pass over the surface of the media. After this attenuation the
coermE were grown upon agay and earried from tube to {ube. A

virulent virus was prepared by anoculating a guinea pig intraperito-
neally with chotera =pirilla and then inoculating a second pig with
the peritoneal exudate of the first, and so on through numerous
animals until a very virulent culture was obtained. This was
known ag the fixed virus. -

[Taffkine maintained that the inoculation of guinea pigs with
nonlethal doses of this fixed virus protected them not only against
subsequent subcutancous and intraperitoneal injections of cholera
spivilla in lethal doses hut also agains=i the introduction of thesc
organisms into the intestine or stomach after neatralization of the
gastrie juice.

The vaceination of hinman beings was performed in two stages.
In the first 0.1 to 0.05 of a twenty-four hour agar tube of the
attenuated calture suspended in bouillon was injected subceutaneous-
Iy, In the second, performed from three fo ecight davs after the
first, the same amount of the virulent culture or “fixed virus” was
inoculated.  Haftkine states that on the injection of the attenuated
culture only a slight local reaction was obtained. consisting merely
of edema. and that no necrosiz of the tissues took place. This
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preliminary vaccination he also savs modifies the reaction of the
sccond.

Tamanche showed that the addition of carbolic acid, in the
proportion of 0.5 per cent, killed the organisms without, however,
interfering with their immunizing properties.  Liocal reaction and
othier toxic effeets were also diminished, as shown in three Luman
experiments.  Haftkine also recommended carholie acid ina 0.5 per
cont solution for sterilizing the cultures after they have heen grown
Upon agar.

Kolle frst determined accurately that specific protective sub-
dances enter into the serum of human beings inocunlated subcu-
fancously with cholera organisme; for, though Ilemperer in 1892
made the same assertion, his experiments were not entirely con-
clusive.  Nolle maintained that a single injection ol the living
cholera vibrios gave as good an immunity ax when the inoculation
was repeated, and further that the use of dead culiures produced
about the same resulis as that of living ones. e vaceinated human
Beings and found that in Mose  who had received a zingle inoculas
tion of the killed vibrios the serum showed as cood an hmmanity
ax in those which had heen vaceinated coveral times with living
organismz.  Patients whose Blood serum belore inoculation showed
a value of 0.55 and 0.6, ten days afferwards chowed one of 0.003—
that iz, 0.003 grams of their sermum protected guinea pigs against
fen times the fatal dose of the cholera organism. After demon-
strating that neither heat nor chloroform destroved the value of
the virus, he recommiended the following method for human in-
oculation:

A well-grown agar culture containing about 20 milligrams of
growth was suspended in 10 cubic contimeters of physiological salt
<olution and sterilized for a few minutes at 507 (1.1 0.5 per cent
phenol was added to the preparation without apparently interfering
with ihe effectivencss of the virns, In vaccinating. 1 cubic centi-
meter, equal to 2 milligrams of the culture, was injected subeu-
{ancously. Larger amounts, as high as anc-{ifth of a culture (:}
milligrams), were occasionally emploved by Kolle.  Haffkine alzo
cometimes used dead cultures, hut thought that the living organisut
gave a greater degree of immunity and a more prolonged one.

The wumerons  obsgervations  made by Haffkine and others
in India speak decidedly for the elfectiveness of hiz own as well
ax of Kolles vaceine and tor the protection which is afforded
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by them when properly applicd.  However, such methods will
probably never come into general use, owing o the great discomfort
and sometimes even serious vesults to which they give rise in the
inoculated. A few lours after the subcutancous injection of suffi-
cient amounts of the living or killed virulent cholera spirilla into
the human being, the local reaction hecomes manifest. There is
extreme infiltration in the vicinity of the injection and severe pain
on pressure or even on the slighlest movement of the inoculated
extremity.  The temperature rizes to 89° or 107 (!, There is faint-
ness, general malaise, loss of appetite, and often severe headache
and backache.  After from one to three days the general and local
sviptoms usually hegin to subside, although the local reaction may
persist for a considerably longer time and may even go on to sup-
puration.  Indeed, it mayv be zaid that the subeutancous injection
of Tiving or killedd vivulent cholera vibrior produces oven more
marked general svmptoms and local reaction than the i joection of
either Jeilled plague or typhoid hacilli. Therefore, it scems prohable
that, with such a vaceine, the reaction is =0 great thai the method
= not Tikely to be gencerally =ubmitted to woluntarily.

Moreover. while there i no doubt that the subeutanecous in-
oculation of living or kiiled ¢holera spirvilla gives rise to a bacteri-
cidal and agglutinative serum, it is very doubtful whether anyv very
great toxic immunity ix to be obtained by such injections. 1t
must also be stated that when the bacterial hodies of the cholera
organism are injected subcutancously, in order to oblain a good
immunity, a sufficient number to give rise to a severe local reaction
must be introduced.  The sabeutancous injection of small amounts
of avirulent cultures of the cholera organism may be performed
with the production of hut slight discomfort.

The methods recited ahove are the only ones which have been
extensively emploved in the protective inoculation of man against
Asiatic cholera, though a few isolated experiments in which other
methods were used have been performed on human beings.

Thus, Klemperer in 1892 sought to obtain immunity in man and
animals by the subeutancous injection of the milk of goats which
were immunized with the cholera organism. He maintained that
the injection of 5 cubic centimeters of the milk of these animals
produced such an immunity in man that 0.25 cubic centimeters of
the blood serum of the inoculated individual was sufficient to protect
guinea pigs against fatal doses of the cholera organisim.  Ketschner
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also elaimed similar results by the subeutancous injeetion of the
milk of goats, which animals had been immunized with clholera
spirilla, but when the milk was administered through the mouth,
no imumunity was obtained. Later Klemperer inoculated himself
subcutaneously with 3.6 cubic centimeters of a cholera culture
sterilized by heating, and a short time afterwards his blood serum
in doses of 0.23 cubic centimeters protected guinea pigs against
doses of this organism fatal for the normal animalz. Two weeks
later he began to ingest killed bouillon cultures of the cholera
spivilla, feeding himself one-half Hter in divided doses for a period
extending over twelve dayvs, He then found that hix blood serum
in doses of 0.01 protected guinea pigs against lethal amounts of the
cholera organizm. © Ience, it was twenty-five times stronger than
hefore he hegan the feeding,  No unfavorable svmptoms Trom the
ingestion of the spivilla were observed.

Sawtschenko and Sabololny also performed feeding experiments
upon themselves and their faboratory assistantz,  They used agar
cultures in which the organizm= were killed by snecessive hentings
at 607 (L to 102 (L The bacteria were then suspended in normal
saline solution, the liguid evaporated on a water hath and the organ-
istis finally resuspended, sufticient carbolic acid heing added to
make a 0.5 per cent solulion.  After showing that their undiluted
Woad sera did not prolect guinea pigs against a fatal dose of the
cholera organism, they commeneed to Ingest the killed earholized
cultures, the experiment extending over a period of four weeks.
During this tine Sabolotny ingested an amount equal to 1.398
grams and Sawizchenko one equal to 0.8383 gram of the dried
hacteria. They slated that during their experiment slight symptoms
of nervous depression and heaviness in the head were present. At
the end of the time mentioned above their sera were collected and
injocted into guinea pigs in amounts of 1.5, 1.0, 0.5, 0.1, and 0.01
cubic centimeters.  After three davs the animals were all injected
intraperitoneally with a twenty-four hours” agar culture, in amounts
cqual to 0.0006 of dricd bacteria (twice the lethal dose).  All these
animalg recovered, while one control animal without serumn injected
with 0.0003 gram of the dried cholera organisms died. Guinea
pigs injected with 0.005 gram of the serum of Sawlzchenko plus
0.006 gram of the dried bacteria alzo died.  Death oceurred also
when the dose of agar cmulsion was increased to 0.003 gram (ten
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times the lethal dose). when even 0.5 cubic centimeters of the sernm
of cach individual did not save the guinea pig.

In order to imununize themselves more completely, these authors
(()nhnu( dtheir feeding experiments, Saholotny finally ingesting
2.318 grams and Sawtschenko 1.738 grams of the dead hacteris,
‘Then, in order to prove themselves inimune to cholera infeetion, a
few days alter the last dose of the killed organisime, they neutral-
ized their gastrie juice with 160 cubic cenlimeters of a 1 per cent
soda \olutmn, and a little later ingested 0.1 cubic continmeter of s
twenty-four hours”™ houillon culture of the living cholera hl)lll“d
No svmptoms followed, although it was stated that cholera organ-
sins were izolated from the stools in each case. This same culture
injected into two rabbits in dozes of 1 and 0.5 cubic centimeters
caused the death of hoth animals.

While we now recagnize that by fecding colfures of hacteria in
large amounts a certain degree of Immunity may he in some cases
gradually developed. vet the method ix tedious and very uncertain
and hax obtained no practical application. Morcover, in the case
ol 1toxines, with {he exception ol ricin, abrin, and certain snake
poizons, the resalts are <0l wore unfavorable for the production ot
toxic immunity by absorption throngh the normal gastric or intes-
tinal muecosa.

Various other vaceines against the cholera spirillum, some of
them chemically prepared, have also heen dexeribed.

Bricger and Wassermann in 18392 prepared a virus by growing
the cholera spirillum  in bouillon prepared with  the thymus
glands of ealves.  The organisms were then killed by heating for
filteen minutes at 657 L or for ten minutes at 80° (L and placed
in the ice hox for twenty-four hours, By the use of 4 cubic conti-
meters of this prophylactic in divided doses they were able to protect
guinea pigs against three times the fatal dose for normal animals
of the cholera vibrio,

Federoff obtained similar results with doses of 1 cubic centimeter
of cultures grown in thyinus houillon for Irom seven to ten days at
3770 sterilized by heating for fifteen minutes at 653°C., then al-
lowed to stand in ;1' dark voom for twenty-four hours and finally
mixed with an equal volume of glveerine.

In 1893 Wassermann prepared an extract of the ore

following manner: One thousand cubic centimenters of a three to
five dav cholera bowillon culture were evaporated at 10° (', to 80° (.
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to a sirupy consistency.  The residuc was treated with absolute
aleohol and the heavy precipitate then filtered off and dried over
sulphurie acid.  0.02 gram of this substance, when placed in the
peritoneal cavity of a guinea pig, caused the death of the animal;
but when 0.005 gram was injected the animal recovercd and was
found Lo be immune against ordinarily fatal intraperitoneal doses
ol the c¢holera organism.

A dilferent procedure was recommended hy Klebs who, after
sterilizing cultures of the organi=mn, filtered and coneentrated them
on a water bath. By precipitation with abzolute aleohol the toxic
cubstances wore said to be separated out. These were then filtered
and the filtrate used for experiments on immunization.  Klebs called
the preparation “anticholerin™ and demonstrated itz protective
offect upon guinea pigs. e also recommended 1t for treatment
in cases of Asiatie cholera.

Rosmainski in 1804 precipitated sterilized cultures with acetate
of lead, removed the lead with oxalic acid, concentrated the fil-
trate, again precipitated with milk of lime, and finally sterilized
the filtrate.  This fluid was said to contain protective substances.
When the cultures were precipitated with ammoninm sulphate the
precipitate dried and separation from the ammoniwm sulphate ac-
complished, with chloroform. the amorphous powder obtained was
tound also to posscss immunizing propertics.

Recently the Swiss Seram and Vaceine Institute of Berne has
prepared a prophylactic against cholera obtained from the organizm
by the method which Tastig and Galeotti-desceribed for the prepara-
tion of their plague prophylactic.  The agar cultures of the organ-
ism are dissolved in a 1 per cent caustic potazh solution and then
treated with 1 per cent acetic acid.  The resulting precipitate is
filtered off and washed to a neutral reaction and finally dried in a
vacuum. Two milligrams of this nucleo-proteid dissolved in 1
cubic centimeter of a =oda solution are recommended for the in-
oculation.

In 1894 Tssaeff worked along the line of inducing immunity by
increasing the natural resistance of the individual. 1Ie found in
numerous experiments that different substances, such asg tubereulin,
nucleic acid, blood serum, hounillon. urine, and even physiologic salt
solution, when injected intraperitoncally into animals, caused a
transitory protection against infection with cholera spirilla. Al
of these substances possessed in common the faculty of calling forth
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either a local phagocytosis in the peritoncal cavity or a general
lencoeytosis; the resistance declined as the number of leucocytes
returned to normal. In the majority of caseg, after four or five
days this immunity had already begun to disappear. If, however,

microodr
dal substances entered into the blood and were demonstrable aflter
tfrom threc to five months.

Buchner and Hahn sought to obtain immunizing substances
from bacterial cells by special mechanical means.  These authors
triturated masses of the moist cholera bacteria mixed with infu-

ranisms were injected during this period, speeifie bacterici-

sorial carth and line quartz sand.  The organisis were subsequently
subjected to a pressure of from four to five hundred atmospheres.
The extract thus produced (the so-called cholera plasmin), when
injected into guinea pigs in sufficient amounts, gave rise to the
=ame vesults ax the incorporation of the living cholera vibrios,
The animals succumbed in from twelve to twentv-four hours, with
@ marked fall of body temperature. By a single injection of 0.5
cubic centimeters of this cholera plasmin, guinea pigs were pro-
tected against ten times the faral dose of the living cholera argai-
i=ms. This immunity was found to “exist after from three to
four months.  The animals alzo showed an ageglutinating serum.
Lt may be added that ‘typho-plasimin and tuberculo-plasmin were
also prepared, which, it was maintained, also gave good results in
the treatment of typhoid fever and tuberculosis.

Emerich and Loew showed that many bacteria, not only in the
animal body hut alzo in cultures, reerete enzvmes, which in sufficient
concentration are able to dizsolve the organism producing them.
They studied the sedinient of old bouillon pyocvancus cultures and
found that most of the organisms were dissolved. In ecarlier cul-
tures they observed that agelutination preceded this process and
could be traced back to the saturation of the hacterial membrane
with the enzyme. The pyvocvancus enzyme dizsolved not only
Baeillus pyoeyanens. but also cholera spirilla, anthrax, diphtheria
and plague bacilli, as well as Staphylocorens pyogenes aureus and
Ntreptococens pyogenes.  These authors maintained that natural
immunity in man iz based upon the presence of bacteriolviie en-
zymes in the blood, which possibly orviginate from the hacteria of the
intestines.  They designated these ferments as “nukleasen™ and

roposed the terms “proevanaze™ and “cholerase,” respectively.  For
1 pyoc; A

the production of these enzymes, a special culture medinm contain-
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ing asparagin, peptone, dicaleium phosphate, sodium acetate, chlo-
ride of sodium, and magnesium sulphate, was employed.  After
the growth of the bacteria the liguid medium was ncutralized,
fillered and evaporated at 25°C. to 30°C. until reaching onec-tenth
of itz original volume, after which it was dialyzed. By the injec-
tion of the “procvanase” thus obtained animals could be success-
fully immunized against the injection of various bacteria, among
thent, the organisms of cholera, anthrax and plague. Rabbits re-
coived 12 cubic centimeters intravenously and 7 cubie centimeters
subcutancously without any ill effect and were fully profected.

Other authors, including Dictrich, were not able entirely to con-
firm this work by experimental investigation, though the damaging
etfect of “pyocyanase’™ upon anthrax bacilli, both in vitre and in
the animal body, has been confirmed by Pavernari, Krause, and
others.

Behring and Ransom, as woll as Metehnikoff, Roux, and Taurelli-
SQalimbeni. showed the possibility of producing a soluble poison
from a highly virulent cholera culture. Beliving  and  Ransom
obtained a toxine by the filtration of cultures, of which one-fourth
cubic contimeter was said to kill guinca pigs ol 300 grams” weight
in cighteen hours, with all the characleristic appearances of a
cholera infection.  Metehnikoff and Roux found that by growing
the organism in collodion sacs in the ahdominal cavity of guinea
pigs and afterwards upon a special medium containing gelatin
mixed with serum a soluble toxine had been produced, which killed
guinca pigs when administered subeutanconsly in amounts of one-
third cubic centimeter per 100 grams” weight. Experiments in the
immunization of animals, especially of horses, were made.  After
six menths treatment a horse furnished a serum, 1 cubice contimeter
of which had the power of nentralizing four times the fatal dose of
the cholera poizon. It was maintained that this seruin was pro-
tective for animals not only against the cholera toxine but also
against the injection of living vibrios and even against infection
by way of the stomach. Practical use of these toxines for protective
inoculation in man has not as vet been made.

Passive immunization against Asiatic cholera by the use of anti-
toxic or bactericidal sera need not be discussed here, as it is obvious
that from the standpoint alone of the brief immunitv which they
confer, the use of either for a practical prophylactic would not be
satisfactory.
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Finally Besredka performed experiments upon animals and a
single inoculation upon himself with cultures treated in the fol-
lowing manner: The orgahisins were grown upon agar for twenty-
four hours and suspended in normal saline solution, after which
enough immune serum was added to cause complete agglutination.
The mixture was allowed to stand for twelve hours, during which
time the amboceptors and uniceptors of the serum hecame fixed to
the bacteria. The clear fluid was then pourced off and the aggluti-
nated organisms freed from the excess of serum containing unbound
amboceptors by repeated washings with normal saline solution.
The residue, consisting of organisms plus the immune bodies, was
heated to 367 €. for one hour and then injected subeutancously. In
the experitent which Besrekeda performed upon himeelt the plague
bacillus was the organism cmploved, hot similar result= were oh-
tained in animals in which the cholera =pirillum was treated by the
same niethod. e maintained that in this manner immediate im-
munity was conferred. which lasted for al least five to <ix months,
and that no local or general svmptoms followed the injection. e
attributed the Tack of o general reaction in his own case to the non-
toxicity of the vaceipe. and the abs®ice of a local reaction he
thought was probably due to the fact that. when the immune body
was fixed to the hacillic the latter heeame the prey of the phagoevtes
almost instanily.

Ile stated that the carly appearance of the immunity may be
explained in two wayvs, botly according to the theory of Metehnikoft.
He first refers to the idea that the immune hody carried by the bac-
teria becomes free in the animal organism and thus acts as a pre-
ventive seruni, that is to say, favors phagocytosis of the organisms
mtroduced. Thus the immunity of the animal is assured in the
beginning.  He is, however, inclined to discard this explanation,
since in the case of plagne it required a period ol forty-eight hours
bhefore the immune bodyv manifested its preventive action. He
therefore believed the immune body to have no other function than
that of inereasing and stimulating the work of the phagocytes in
such a manner as to enable them to accomplish their action in a
shorter time than would be possible in its absence. In this manncr
the time necessary to give rise to active immunity would be notably
shortened.

It is obvious that another theoretical explanation can be given
for the results of Besredka's experiments.  Thus, it is clear that
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in his prophylactic at the time of injection the haptophore groups
of the bacteria were not all saturated with amboceptors and hence
were capable of exerling certain immunizing power. Lvidently,
however, such power must he reduced below that possessed by the
<ame bacteria (without serum) with no bound haptophore groups.
The amboceptors which were introduced united to  the bac-
torin could of conrse theorctically, after the destruction of the
microbrganisms in the body, exert a passive immunizing effect.
However, the number of amboceptors injected in this manner would
he less than that introduced in a moderate dose of immune seraim
alone.

From ihiz brief review. therefore. we ave appavenily justified
in drawing the conclusion that as vet no satisfactory form ol hhuman
protective inoculation against cholera, effective as well as praetical,
hias heen established, since those prophylacties, which give rize to the
necessary immunity produce too severe a loeal reaction. while no
other. causing only a mild Joeal reaction, has been shown to be
equally or sufliciently prolective.  IHowever, of the methods which
have been ciiploved, those of HalfTkine and Kolle promizc the hest
results.

T shall now refer to my experimental work upon this subject.

DESCRIPTION OF THE CULTURES EMPLOYED.

In my scarch for a practical vaccine, T first studied the local re-
action and other toxic effects produced in animals after the injec-
tion both of a very virulent cholera culture and of one which,
through cultivation on artificial media for a long period of time.
Liad lost most of its virulence. The effeets of the killed as well as
of the living organisms were also studied with each culture.  These
two stems, for the sake of hrevity, will be referred to in this article
az “virulent” and “avirulent.”

The avirulent organism was obtained through the kindness of
Professor Wasscrmann. 11 had been isolated by R. Pfeiffer in the
epidemic of cholera which occurred in Hamburg in 1894, and for
nine vears was prescerved on artificial media in the laboratory and
from time to time passed through animals.  During the past vear,
however, the sirain employed in these experiments had ouly been
grown on artificial media and not inoculated into animals.  Its
vrowth on all enlture media was tyvpical for Spirillum cholere usia-
ficee. including the production of indol in proper peptone solution.

20230——2
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demonstrable by the addition of nitrite-free sulphuric acid.  In
its morphological characteristics it was not tvpical, in that short
commasx were seldom observed, hut instead rather long, thread-like
forms predominated ; also its motility was to a great extent, though
not cntirely, lost.  Iowever, it was agglutinated by a standard
cholera immune serum in even higher dilutions than iz another
genuine cholera strain: and there is no donbt whatever of it re-
presenting a true though attenuated tvpe of Spivillum cholere
asialica.

The virulent organism was isolated by Professor Kolle in Jaffa
during the recent epidemic of c¢holera in that place. 1t reacted in
all media in a perfectly tvpical way, and it morphology and moril-
ity were akso characteristic of the genuine cholera organism. It
i aggtutinated in high dilutions by the same cholera immune scru.
though not in <o great ones as the avirulent strain.

Some time was spent in aceurately standardizing these cultures.
and the minimal lethal dose Tfor guinea pigs of 250 crams=" weight
was carefully determined. After numerons passages of “virakent™
through animal= a lethal dose of 0.1 of a standard (2 my.) oese!
of a twenty-houwr agar culture was reached.  Such a dose of
“virulent,” when suspended in I ocubic centimetor of an 0.8 per
cent =odium chloride solution and injected intraperitoneally iuto a
guinea pig of 230 grams’ weight, regalariv enuzed death within
twentyv-four hours. With “avirulent.” on the othier hand. one and
one-hall standard oesen of o twerrty-hour agar culture, when in-
Jected intraperitoneally. were reqguired {o produce death within the
same thoe insach ananimal. The former strin. therefore, may the
said to possess fifteen times the virulonce of the latter, Through-
out the conrse of the work this relationship between the organisms
has been cavefully preserved and continually tested by animal in-
oculation.  As the virience of ¢holora spiritla grown on laboratory
media changes in a few davs, it i= necessary to make daily animal
inoculations in the case of the virulent strain and always to use the
same generation of the stem. With the avirwdent culture considor
able eare was also necessary to keep ite vivulence fixed.

INOCULATIONS WITH LIVING CHOLERA ORGANISMS.

Tt =0on became evident that the local reaction upon the tissues
after the subcutancous injection of “avirulent” was much  less

! This standard orse was employed throughout the work.
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than after once with the “virulent” cliolera spirillum. 1 therefore
decided to determine the character of the serum which could be
produced with this avirulent organism and to compare it with
that produced by the virulent germ.  Accordingly a scries of six
rabbits of an average weight of 1.300 grams was inoculated intrave-
nously, three each with one-half cese of “virulent” and three cach
with one-half oese of “avirulent.,” the organisins in every instance
being =uspended in 1 cubic centimeter of houillon.  After cight
davs the rabbits were all killed by bleeding and the value of the
serum in each case determdned for agglutinative and bactericidal
properties. Tt then became evident that the rvabbits inoculated
wirth the virulent culture always furnished better serum than those
inoculated with the avirulent one, but (hat the value. in hoth
agelutinative and hactericidal properties, of the serum from the
aninals treated with the former was in no case more than two and
once-half times that of the serum furnished by the animals treated
with the latter stem. The results of the experiments may be seen
in detail in Table T,

TECHNIQUE EMPLOYED.

The technique of the agelutinative and bactericidal  reactions
cmploved throughout the work was as follows:

The reactions Tor agglutination were performed in the test tube,
One aese of the living organism was thoroughly =uspended in 1
cubic centimeter of an 0.85 per cent solution of sodiwm chloride.
The amount of serwm to he tested, suspended in 1 cubic centimeter
ol a =imilar saline solution was then added, the tube well s<haken,
In a complete

YO

and the mixture allowed to stand two hours at 37
agglulination it ix understood that the liquid overlying the precipi-
tated bacteria appears entirely elear. By a weak reaction we under-
stand one in which there is a distinet agglutination with precipita-
tion of numbers of the organisms, vizible to the naked eve, but in
which the supernatant fluid remains more or less cloudy,

The Dbactericidal reactions were performed in the abdominal
cavity of guineca pigs according to the well-known method of R.
Preiffer, a hypodermice syvringe with a blunt-pointed needle being
employved for the injections, care being taken to avold anyv injury
to the intestine during the inoculation.  The dilutions of the serum
were made In normal =aline =olutions,  Onc cubic contimeter of the
diluted gerum was then added to 1 cubic centimeter of Dbouillen
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containing 2 aesen of “virulent™ in suspension, after which 1 eubu.
centimeter of the resulting mixture was injected into the peritoncal
cavity of a guinea pig of 250 grams’ welght (or a little less), the
animal thus receiving ten times the fatal dose of the living organ-
isms. .\ fresh u~1|]]1@(] 1)]0 was of course used for ecach reaction.
The experiment was controlled by microscopic examination of
drop of scrum from the abdominal cavity, made immediately
and again twenty minutes after the inoculation, and obtained by
means ol a capillary tube, and by the inoculation of control aninls
with ten times the fatal dose of “virulent™ but without serum. The
result to the animal after twentv-four hours, whether it was then
living or dead, was regarded as the final test, though the condition
of the organizins in the abdominal cavity after twenty minutes was
always carelully noted.

CONTINUATION OF THE EXPERIMENTS WITH THE INOCU-

LATION OF THE LIVING ORGANISMS.

Asmome outeome such as was obtained in the o xperinents given
in Table 1 was ot entirely unexpected, bhut as the results woere
somewhat at variancee with the ideas of Haltkine and quite different
from what R, Preifler and I ricdberger found upon the intravenons
injection into rabhits of dead cholera spirilla ol different degrees
of virulence, it was dee ulul to repeat them.  Necordinglv, o second .
=eries of animals was inoculated Just oas the first, and on the day
of inoculation. ax in the previous series. the virulence of the injected
organisms was verified as fifteen,to one. The result was practically
the =ame, for at the end of cight days the examination of the sera
showed that the \nul(*nt stem had inoonly one case given a =erum
of more than about two an:d one-fourth times the hactericidal value
of that produced hy the avirulent one. In this one case the
avirulent serum was between one-fourth and one-fifth as =trong.
(Sce Table 1)

We shall not discuss here in detail the iterpretation of these
results or attempt to explain the discrepancy in immunity in
comparizon with the relation of virulence hetween the two stems,
Thiz will be done in another paper. It will be sufticient perhaps
to state here that apparently from the vesults of these oxperiments
with the intravenous mjeclion of living organisms into rabhiix
in amounts of onc-halt cexe we might assume that the mmmunity
produced is not direetly proportional to the virulence of the in-
oculated organisme«.
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In the experiments performed with the subcutaneous injection
of the avirnlent organizm, in both the living and the dead state,
while the local reaction, as alrecady mentioned, was much milder
than with the use of the virulent germ, there was always consider-
able inflammation about the point of inoculation, and it soon became
cvident that it would be highly desirable, if possible, to do away
entirvely with the bacterial cells.

‘Tn this connection it was mnecessary to recall that probably a
catisfactory protective against Asiatic cholera must contain sub-
gtances whieh give rise lo antitoxic as well as bactericidal bodies
in the blood sera of 1he inoculated. 1lence, a consideration of both
these substances was necessary.  Accordingly, the problem of their
extraction from the bodies of the bacteria was next investigated.

It may be said by way of parenthesis that in this conncection, on
reviewing clinical experience with Asiatie c¢holera, T thought of the
conditions under which the toxines arve set free in the human body
in cases ol this discaze.  In epidemic cholera it is very evident that
the symptoms usually develop very rapidly after they have once
begun, and, indced, wsually within a few hours alter their ap-
pearance, cither death or a =evere state of collapse has supervened.
The cholera process can not be satisfactorily explained except as the
effect of an organic poison. wwud it therefore appears not unlikely
that in a veryv ghort space of time a considerable amount of toxie
material iz manufactured and liberated.  Further, if cultures are
prepared from the intestinal material made during the period of
the most acute symptoms and compared with those taken forty-
cight Lours or a longer period after the entrance ol the stage of
collapse, it will be found that in the latter condition there is usually
a remarkable reduction in the number of cholera spirilla and ap-
parently a great increase in the other intestinal bacteria. If this
clinical experience is compared with the observations made in the
laboratory, mamely, that in agar cultures of cholera spirilla the
maximum growth at 37° €. is obtained in from twelve to twenty
hours and that after this time a rapid death of the spirilla takes
place, so that according to Gotschlich and Weigang, after two days
only 10 per cent (at the maximum) and after three days only 1 per
cent (at the maximum) of the organisms which were present at
the end of the first twenty-four hours are still alive; it may be sup-
posed that perhaps the stage of the most violent symptoms in human
cholera may correspond with the period during which the rapid
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dying off of the spirilla oceurs.  This would then correspond to
the facts observed in the laboratory cultures, and it might he
presumed that it is at the time of death of the spirilla that the
largest amount of toxine is set freoe.

It may be difficult to establish the correctness of such an hypo-
thesis: but when one considers the work which has been performed
in the lahoratory in regard to the chemistry of the cholera vibrio,
the facts are certainly sugeestive of such a possibility.  Since,
morcover, this subject has a divect bearing upon the extraction of

the immunizing properties of the organi=m, it will here be appro-
priate briefly to refer to these oxperiments and to examine more
closcly into the chemistey of {his spirillum.

THE CHOLERA TOXINE.

Since the publication of the first article of R. Koch, in which
it was held that the cholera paroxysan. and expecially the algid state,
was to he regarded as a specilic intoxication. due to the absorption
from the intestine of the metabolic products of the cholera or-
ganism, many authors have attempted o produce experimental
proof of the existence and (o isolate this specific toxine.  Hueppe
was one of the first to investigate this question. e and his pupilz
believed the toxine to be Formed in the intestingl tract under nearly
anrobic conditions, and attempted to reproduce experimentall®
the relations which exist in the human intestine. Accordingly,
fresh hen's cggs were inoculated with the cholern vibrio,  This or-
Zanism was said to give vise 16 hydrogen sulphide produced from
the proteid material after using up the oxyvaen present, thus bhring-
ing about anwrobic conditions.  With such relations Hueppe main-
tained that the specific toxine was formed in large amounts,

However, it has been shown subzequently “by several authors
(among them Doenitz and Zenthoffer) that the cholera organism
in sterile egg culture media neither produces sulphuretted hydrogen
nor, indeed, multiplies to any great cxtent under anserobic
conditions; so that one is forced to the conclusion that Hueppe’s
media was not free from other microdrganisms.  The toxine which
he obtained was probably one resulting from putrefaction due to
anmrobic bacteria.  Scholl and Gruber, from cultures on cggaw, also
obtained a similar tovic peptone, which 1lie latler was able to
precipitate with alcohol.  The work of Niecati and Rietsch, Pouchet,
Villiers, (fantani, Kung, Brieger and Fraenkel, Petri, Winter and
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LeSage, Klebs, Gamaleia, Gruber and Sluyt, need only be referred
to hereo To-day it would appear that mone of these authors were
dealing with the specific cholera toxine alone.

RR. Pfeiffer studied the filtration of old and young bouillon cul-
tures of the cholera organism. e found ihat the filtrate of cul-
tures from omne to five davs old possessed no poisonous action after
injection into animals. Only old cultures which had grown for
many weeks or months contained a soluble poison, which, upon
filtration, causced the death of the animals inoculated. These
poisonons materials, however, behaved in a manner entirely similar
to that of the basie alkaloidal hodies, to which the name of pto-
-maines has been given.  Their action beecame manifest in a very
hrief period of time and in a manner entirely different from that
of the cholera poison.  Further investigation, in which immuniza-
tion was attempted with such products, made it certain that these
dizszolved substances which were contained in old cholera cultures
had nothing to do with the primary and secondary cholera toxines.
They are basic bodies which may be found in many old cultures of
hacleria and are without any specifie significance.  However, R.
Pfeiffer was able 1o show that in (resh agar cultures of cholera bac-
teria the bacterial cells contained a powerful loxic substance. 1If
such eultures were carefully killed through short contact with
chloroform vapor. or by heating at 65° (1 for one hour and were
then injected intraperitoneally in =mall quantities into guinea pigs,
death resulted, even though such cultures were sterile. Ten mil-
Hegrams of an cighteen-hour culture, which was exposed for ten
minutes to the action of chloroform vapor, caused the death of
a guinea pig of 200 grams’ welght with all the symptoms of a true
cholera intoxication. This intracellular poison showed considerable
instabilitv.  According to Pfeiffer and Wassermann, through treat-
ment with various chemicals

absolute aleohol, concentrated zolu-
tions of meutral salts, ete.—or by boiling or prolonged heating at
G0° (., a change from the primary io the secondary cholera poison
takes place. Therefore, in cultures which are killed at high tem-
peratures, a less toxic effect mayv be expeeted than in those killed at
lower ones, as the latter contain only the primary poison. The
action of the primary toxine, from a physiological standpoint also,
is different from that of the secondary.

The earlicr work of Pfeiffer was performed with the organism
known as “cholera Massowah,” which is now known not to be a
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genuine cholera spirillun. However, his work has been con-
firmed for the latter organism by numerous authors, among them
Kolle and Wassermann, and at present there is apparently but
little doubt that the true cholera toxine exists as a constituent
clement of the bacterial cell. However, up to the present time
we have not been successful in obtaining it in a pure state. This
poison apparently becomes soluble only through the disintegration
of the bodies of the bacteria. In all fluid enltures the growth of
the vibrios is after a time prevented through plasmolysis, plasmoty-
sis, or digestion, and the bacteria die.  Thus, the soluble toxine is
set free, but in these cultures it seems to be very unstable and is
soon destroyed.

On the other hand, other observers, principally Metehinikolt,
Roux, and Taurclli-Salimbeni, all working together, show that
the living cholera germ produces a soluble diffusible toxine.  Thoese
authors base their claims upon the following experiments:

A small, sterilized collodion sac, of a capacity of three or four
cubic centimeters, was hall filled with peptone solution or nutrient
houaillon, inoculated with the cholera spiritlum, closed and placed
in the abdominal cavity of a guinca pig. Another guinea P2
received asimilar =ace containing an emulsion of one and one-half
gelatin cultures of cholera hacteria suspended in Peptone =olution
and killed by chloroform, while a sac containing only peptone solu-
tion was placed in a third animal.  T'he last animal remained un-
affected.  The one which received the emulsion of dead bacteria
showed a slight clevation of temperature and cmaciation, while the
animals which had received the living organisins died in from ihrec
to five days with all the appearances of cholera intoxication. The
collodion sac in these animals still showed motile spirilla.

In order to produce this soluble toxine in artificial media, a
highly virulent organism was grown in similar sucs in the abdominal
cavity of a guinea pig.  In this way a culture was obtained, onc-
one hundred and sixtieth cubic centimeter of which sufficed to kill
guinea pigs. Thiz organism was then grown in a culture medinm
consisting of 2 per cent gelatine, 2 per cent peptone, and 1 per cent
sodivm chloride with the addition of fresh euinea pig zerum from
another sac.  Cultures {from thix medivm affer three or four davs,
when Afiltered, killed guinea pigs in from sixtcen to twenty-four
hours, on being administered in amounts of one-third cubie cen-
tinmeter per 100 grams of body weight.  The toxine thus obtained




was not materially changed on being boiled, but lost its toxicity
on contact with the air and on exposure to light. With such a
toxine it was maintained ihat a highly coffective antitoxie scrum
could be produced in animalz.  Attempts made by some other com-
petent observers to repeat these experiments have not as yet been
successful.

Tt scems that there are objections to some of the conclusions of
AMetehnikoff and Roux. In the first place results of experiments
made with collodion sacs it would appear arc not entirely confirma-
tory of their ideas.  As has already been intimated, the organisms
confined in a collodion sac, in the abdominal cavily of an animal,
would after twenty-four hours die in large numbers, and through
plazmolyziz and disintegration the toxine would be sct free from the
bacterial eclls.  The living organisms remaining would later give
rize Lo additional foxine in the same wav, and thus the death of the
animal would cventually result.  Tn the case in which the dead
organi=ms= were inoculated in the sacs there was, s stated by these
authors, an clevation of the temperature for several days and ema-
cintion.  The amount of cholera toxine present was obviously not
<ullicient to bring about the death of the animal.

To-day 1o one wounld suppoze that the same virulence is to he
expected from the dead organizins as from the living ones, and par-
ticularly wotld this he true in a closed collodion sac. With the liv-
ing organisms there wonld be nany successive generations [rom
which additional amounts of toxiune would be [lurnished. Tt is
stated that at the conclusion of the experiments made by these
authors living vibrios were still present.  Tlence, the total amount
of toxine set free would be many times larger than that from onec
generation of the killed germ.  JMoreover, it is mot improbable
that with organizms killed by chloroform and placed in collodion
sacs. the intracellular toxine is not likelv to be entirely given up,
unless some further disintegration of the cells takes place. In
other words, such conditions are not favorable to digestion and
plasmolysis, a point which will be referred 1o in a later paper.

Tt is difficult to confront such evidenee as Buchner brings forth
in his work on cholera plasmin, in which the toxine was extracted
by grinding and pressing the bacteria. The following experiments,
which mayv casily be performed, also seem very difficult to explain
on any other assumption than that the toxine exists in the body
of the organism:
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Two, cighteen-hour agar cultures are taken and the growth of
cach suspended in sterile normal raline solution. No. 1 ix filtered
through a Reichel eandle and the filtrate s injected into guinea
pigs in varying amounts. It is then seen that this f{iltrate
possesses very little toxic power. On the other hand, if what re-
maing on the filter be injected, even though the organisms are
killed before injection, the animal dies with all the symptons of
cholera intoxication. Evidently the bacteria contain the toxine.

Tf the seeond culture is carefully killed by heating to 602 (. for
a brief period and the bacteria are allowed to digest themselves by
theit own ferments for two or three days, ground, pressed in a
hydraulie press, and then fillered off, the filtrate obtained from
these killed and digested organisms, when injected into animals,
shows toxic properties.  Regarding the so-called Loxines of Behring
and Ramgzon, it scems likely, as Pleiffer has remarked. that the
cholera toxine which they have written of does not represent the
primary poizon, but rather sceandary toxines and alkaloids which
originate in old cultures and from which, indecd, Bricger has
obtained cadavering In =il older cultures he found putrescin,
cholin, methylguaniding, and other foxic substancos.

In connection with {he subject of toxine production it mayv he
apprapriate to refer fo the investigations of Kraus, This author
performed his work with an organisin designated as Vibeio Nashkin.
It is certain that this organism was not a genuine Spiriflune rhol-
e asialicee. for in a cholera immune serum which agelutinated
several straing of the cholera spivillum in dilations of 1:20.000
ibrio Naskin was not agglutinated in dilutions higher than 1:400,
and furthermore, the serum obtained with Vibrio Naskin agglutin-
ated it in dilvtions of 1:800, Lot did not affect the cholera
organism. Vibrio Naskin also producel a hemolysine which was
not neutralized by a cholera-immune scram. but was by an anti-
Vibrio Naskin serum. Moreover, the precipitines of the two
organisis were not identical.  From this vibrio (Nazkin) Kraus
wax able to obtain a powerful toxic substanco, which caused
death in rabbits, guinca pigs, and other animals. "The filtrates
of the bouillon cultures were also toxie. By heating to 50° (.
the peisonous properties  were destroyed.  This toxine could
not be identified with the one obtained from the cholera spirillum
by Metchnikott. However, it is interesting to note the production
of a soluble toxine in a vibrio of this nature and to call attention
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to the eaution that must be exercised in the recognition of a chol-
era spirillum to be used in experiments relating to toxine formation.
From this review it ix appavent that as yet no substantial cvi-
denee has been brought forili to show that the cholera spirillum
produces, as do the diphtheria and the tetanus bacilli, a powerfual
coluble toxine. Even in fresh cholera bounillon and peptone cul-
tures (two or three davs old) there are found numbers of dead
bacteria, from which, through plasmolysis and digestion, the intra-
cellular toxines are set free.  The most rveliable evidenee points
to the conclusion that this toxine exists as an integral part of the
bacterial cell, and T believe that in the remarks which are to follow
I shall be able to give further proof of this point.

THE FERMENTS OF THE ORGANISM.

The increased attention given to the mportance of ferments in
physiological and pathological processes, for example, in the self-
digestion ol tissues and cells which often results from the activity
of cortain intracellular fermoents, led me to investigate the action
of the enzyvimes of the cholera spivilln upon its own protoplasm,
and the offecets of the digestive prodaets which are formed.  The
¢holera vibrio, under vertain conditions, produces at least four of
these enzymes. ’

Bitter first demonsivated the diastatic action of this organism
and found that it develops an acid in nutrient solutions containing
starch paste.  Fermi suecceded in obtaining this ferment in o pure
condition, not only in the case of the cholera spirillum but also
with sc

sveral other varictios of microorganisms.  Ile demonstrated
that it is formed in culture media free from starch, but that, on the
contrary, in those free from proteid it is not produced. A tem-
perature of 60° C. destroys or markedly decreases the activity of
the ferment.

The inverting ferments, as is known, are not frequently produced
by bacteria: hut Fermi and Montesano succeeded in demonstrating
that the cholera vibrio, in either sugar or proteid-free media, some-
times, though very inconstantly, produces ferments of this class.

The cholera spirillum has been shown by Schoffer to produce a
rennet-like ferment, whiel is similar in its action to the rennin of
the cow’s stomach. Fokker showed that the action of this ferment
was destroyed by a temperature above 609 ('

Tt is, however, with the production of its peptonizing ferment
that we are most concerned at present.  Bitter first showed that
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the liquefying of the gelatin in cultures of this organism is due
to a real ferment action and that it occurs independently of the
living bacterial cell. A cholera culture in which the organisins had
been killed by heating to 60° (. still showed intense peptonizing
action. This author was able to obfain this feriment in a pure con-
dition by the following method:

Sixty-five per cent aleohol was added to gelatin which had been
liquefied by the spirillum.  In this manner the proteid, but not the
ferment, was precipitated. After twenty-four hours the preeipi-
tate was removed by filtration and the ferment was precipitated
from the filtrate by the addition of absolute alcohol. It wuas
found that, when collected on a filter and dried, the ferment could
be dissolved in an aqueous solution of thymol and its peptonizing
propertics demonstrated on gelatin tubes.  Like similar ferments,
it converts an indefinite amount of coagulated albumen into pep-
tone, and it is more active in alkaline than in acid solutions; thus
resembling trypsin more than pep=in. A small amount of aecid
prevents its action.

A noticeable properiy of {these peptonizing ferments in general
is their great resistance to dey heat. Thus, for example, the fer-
ment ol Vibrio Finkler-Prior 3= =aid to vesist heating for ten min-
unies at from 1207 (' to 1407 (. However, they are less resistant
when subjected to moist heat, the same ferment then becoming in-
active at 70% (. Damaging influences, such as light or poisons,
which either kill the bacteria or prevent their growth, also affect the
action of these enzymes, though sometimes they are more resistant
toward certain chemical substances than the bacteria or ceven the
spores of the latter. These ferments can digest and sometimes
peptonize not only gelatin hut also coagulated serum. cgg albumen,
fibrin, and casecin of milk.

We need only mention the work of Sommaruga in regard to the
production of a fat-splitting ferment by the cholera spirillum, since
there seems to be some doubt as to whether such a ferment iz actually
produced by this organizm. It is apparently not formed in ordinary
mediat

1. Oppenheimer (Die Fermente und ihre Wirkungen, 1903, p. 290)

states that Carriére found a lipase in cholera baeilli, but it would appear
that the tubercle bacillus was the organism from whieh Carviére isolated
this forment. (G Carridgre: Sur 1CExistence d'un Ferment Soluble dans
les Cultures de Bacilles de Koch, Comptes Rendus Societe de Biologie,
vol. 53, p. 320, 1901.)
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Tt may alzo be added here that Kraus and Claivmont have re-
cently again called attention to the phenomenon first noticed by
Koch, namely, the hemolytic action of cholera cultures.

The question arose then as to what might be the action of this
peptonizing [erment of the ¢holera spirillum upon cultures of this
organism. [Tere it'is necessary once more to refer to the work of
(Gotschlich and Weigang, who, as mentioned above, Tound that in
agar cultures after forty-cight hours only 7.43 per cent, and after
sixty-cight hours only 0.8 per cent ot the cholera spirilla which were
present at the end of the first twenty-four hours in the same
mediwm, were still alive.  In one of their experiments with an agar
culture kept at 377 C. for from fitteen to twenfy hours, 10,000,000
individual organisms died; at the temperature of the ice box this
rapid death of the bacleria did not result.  Indeed, they noted
that agar eultures which had heen grown at 37° ¢ for twelve hours
and then placed at the temperature of the ice box for twelve hours
Jonger showed a greater number of organisms than did those which
were kept continuously for twenty hours at 377 ¢ Conradi in-
vestigated Ahis question further and  concluded that this rapid
dostruction of the organisms resulted from the action of certain
degenerative products Pormed autolvtically within the cultures of
the hacteria, e demonstrated that, if cultures in which [urther
growth had heen arrested, woere placed in reed sacs. impervious to
bacteria and the autolvtice hadoericidal substances then removed
by dialvais, a new arowth could be obrerved.  He alzo explained
Gotsehlich and Welgang™s results. which ghowed that the death
of organizms kept at the temperature of the ice box is less rapid,
by the demonstration that at this temperature the enzymes of the
organi=m are not capable of exerting any marked chemical action.

PREPARATION OF THE PROPHYLACTIC.

A\fter a consideration of the data given above and acting upon
the supposition (1) that the chelera toxine exists as an integral
part of the hacterial cell, and (2) that it is set free after the death
of the organism and probably partly through the action of its own
proteolytic enzyme, which is not destroved at 60° €., 1 determined
o find out whether the other immunizing substances (agglutinine
and Dbacteriolysine) as well as the toxine could not be separated
from the hodics of the hacteria by a procoess of autolvtie digestion.

Accordingly cholera spirilla Prom stems known to possess good




30

peptonizing powers were pliced in an aqueous solution, carce-
fully killed by heating and digested at 31° . 1t was then found
that the cholera receptors were set free in the fluid in great abun-
dance, a fact which after filtration was casily demonstrable, since
such filtrates possessed the power of hinding uni- and ambo-ceptors
(agglutinines and Dbacteriolysines) in a cholera-immune serun,
as well as the ability, alter injection into rabhits, of giving risc
to the appearatice of toxic symptoms, and in the case of the ultimate
recovery of the animal, to the entrance of antitoxic, bactericidal,
and agglutinative substances in the blood serumn. Therefore, a
filtrate prepared in this manner immediately recommended itself
Tor trial as a prophvlactic.

It wax prepared in large quantitios after the following manner:
The surfaces of large flat-sided Hasks (after the pattern of Kolle)
filled with agar. were spraved with twenty-hour bouillon cultures

of the organism, and the {lasks were then put aside for twenty hours
in the incubator at 35° (7 After this period the growth was sus-
pended in sterile water, removed From the surface of {he agar, and
the suxpension then placed inoa sterile fask at G0 (% for from one
to twenty-Tfour hours.  The mixture was afterwards put aside in

the incubator at 37 (' for from two {o five days.and finally filtered
through a Reichel eandle. :

In certain experiments the milky luid overlying the sediment of
the bacteria at the bottom of the flack was poured off and the latter
erushed and subjected to hydreaualic pressure ol 600 atimospheres.
Later the extracts from {hese pressed organisms and the original
aqueots solution, previously decanted, were together under pressure
passed through a Reichel or Berkefeld filter.

EXPERIMENTS WITH THE PROPHYLACTIC,
INTRAVENOUS INOCULATION.

Since the intravenous inoculation of four rabbits with from 2 to
3 cubic centimeters of a iluid obtained in this manner from the

tCaltures of twenty hours’ duration were always used. on account of the
rapid death of the organisms in older cultures. Fresh beef was employed
in the preparation of the media. The agar at the time of use had an alka-
linity of 1 per cent to phenolphthalein.  This gave a sufficient alkalinity
to the agueous suspensicns of the organisms to bring about a favorable
action of the proteolytie ferment.
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virulent strain, in which, however, the organisms were heated for
only one hour at 60° C., caused the death of all the animals and
chowed the extract to be powerfully toxie, it was thought advisable
to attempt to weaken this toxic action by a more prolonged heating
of the organism, in order that the bactericidal and agglutinative
immunity might be studied in the inoculated animals. Accord-
ingly, for the next scries of rabbits, twenty-hour agar cultures of
the organism were fuspended in sterile water, placed at 60° C. for
twentv-four hours, digested for two days at 37° (., and finally
passed through a Reichel filter.  For the sake of comparison, both
stemns, the virulent and the avirulent, were treated in this way, and
the filirates were labeled respectively “Virnlent Prophylactie I and
“Avirulent Prophylactic 1.7 One cubie eentimeter of each filtrate
represented the number of receptors obrained from 2 oesen of the
living organisins.  The rabbits were of about the same average
weight (1,500 grams) as those used in the experiments ol Table T.
Toach animal was inoculated intravenously with 1 cubie centimeter
of the filtrate (cqual to 2 oesen). After cight days they were all
killed by Dleeding and the hactericidal and agelutinative values of
their Dlood sera were carelully determined.  The results may be
scen in Table TIT.

hus we sce from animals Nog. 38 and 60 that, with the infrave-
nous injection into rabbits of 1 cubie centimeter of virulent prophy-
lactic 1. there were obtained =era showing an agglutinative value
with the virulent stem of about 3.3 and 2.5 milligrams, and with the
avirulent one of about 2.0 and 1.66 milligraws, and a bactericidal
value against the former strain of 0.09 and 0.08 milligram. THow-
ever. in the rabbits inoculated with the avirulent prophylactic the
sora were not of nmearly 2o great a value, showing an agglutinative
worth of only about 10.0 to 3.3 milligrams, and a bactericidal one of
1.1 to 0.5 milligrams.  Tndeed, on comparing the sera of animals
~Nos. 58 and 60 with thoxe of animals Nos. 62 and 63, we sce that
those of the two former possess about thirteen and fourteen times
as great a hactericidal value as those of the two latter (0.09 and
0.08 milligram against 1.1 milligrams.)  However, in the case of
animals Nos. 39 and 61 this proportion was not maintained, the
bactericidal value of animal No. 59 representing only three times
that of animal No. GL.

This series of experiments suggested that by the use of this
method of autolvtic digestion a more favorable result, that is a bet-



-

32

ter bactericidal ipununiiy, was to be obtained with the virulent
organism, and that the immunity acquired was within certain
limits directly dependent upon the virulence of the stem used in
the preparation of the virus.  The value of the sera obtained from
the animals inoculated with the virulent prophylactic also offered
encouragement for a more extensive trial of thig method with cer-
tain modifications.

Lwperincents with prophylalic 11 —Therefore another quantity
of the prophylactic was prepared, some slight changes being
introduced In the method. Twenty-hour agar cullures of the
virulent organizm were suzpended in sterile distilled  water and
the suspension was then divided into three portions, cach being
placed in a separvate sterile Hazk and kept ab 607 L for twenty-
four hours.  The first portion was allowed to digest for two
dayvs, and the second and third for five. Al three were then fil-
tered weparvately, alter which the third was veheated at 667 CL for
two hours. It ix necessary (o stale that with the same amount of
organisms, twice ax mueh distilled water was used in preparing the
suspension of the agar cultures in the caze of prophylactic T as was
employed in that of prophylactic 1. Ilenece, 1 cubie centimelier of
the former fittrate contained only the monber of receptors ohtained
from 1 oese of the living organisms, =0 that il possessed onlyv one-
half the strength of prophyiactic I.

Four rabbits were injected intravenonsly, eaclh with 12 cubic cen-
timeters of thiz prophylactic, animals Nos. 36 and 37 receiving the
portions digested for only iwo dayvs, animal No. 88 that digested
for five days, and animal No. 89 that reheated for two hours at 60°
(. after five days’ digestion; each animal receiving the number of
receptors obtained from the digestion of 12 oesen’ of the living
organismz.  After cight days the animals were, as usual, killed by -
bleeding and the values of their sera carefully estimated, as may be
secn from Table 1V.

The results abtained in this series of experiments gave still
greater encouragement for the method and suggested that by a
digestion of five davs, more receptors were set free from the bacterial
*cells in an aqueous =olution than by one of two davs.!  Animals
Nos. 86 and 87, each receiving inoculations of the portions digested

best results are obtained
with from three to five days’ digestion. No better <era were produced with
filtrates whieh had been subjected to digestion for a Jonger period.

' Further experimentation has shown that the
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for two days, showed an agglutinative value of about 1.25 and 1.43
milligrams, and a bactericidal immunity ot 0.05 milligram ; while
animal No. 88, inoculated with the portion digested for five days,
showed an agglutinative value of 1.1 milligrams, and a bacteri-
cidal value of about 0.04 milligram. Kxperiments with animal No.
30 demonstrated that rveheating at 60° C. for two hours had de-
stroyed to some extent the agglutinative substances of the hacteria
which was made apparent by an evident loss of agglutinine in the
sornm, the latter showing a value of only 1.6 milligrams. The sub-
slances giving rize to the bactericidal qualitics were apparently
but little affected by the sccond heating, since the bactericidal value
of the sernm of animal No. 89 was between 0.0+ and 0.05 milligram,
which was only a little poorer than that of animal No. 88 (0.04 mil-
ligram).

Raperiments with proplylactics T1 and 1V .—TFurther informa-
tion being desired as to whether, with five day#’ digestion, more
receptors are always set free in the fluid than after the action of
this process for two days, two more portions of the prophylactic
were prepared with both strains, one being digested for five and
the ofher for two davs at 37° €. In prophylactic 111 suflicient
sterile water was used for the suspension of the organisis so that
1 cubic centimeler of it contained the number of receptors obtained
from 2 oegen of the living organizms; while in prophylactic 1V,
1 cubic centinieter of the suspension equaled the receptors from
1 oese.. ITenee, in the inoculation of the rabbits in which prophy-
lactic TV was cmployed, double the amount of fluid was injected.
A glance at Tables V oand VI will explain these experiments. The
rabbits which reccived prophylactic I1T, which had been digested
for five days, all furnished better scra than those injected with the
virus of corresponding virulence of prophylactic TV digested for
only two davs. The best serum obtained from the injection of
virulent prophylactic TV was that of animal No. 256, which showed
an agglutinative value of about 1.4 milligrams and a bactericidal
one of 0.06 milligram; while the best obtained with prophylactic
T11 was from animal No. 192, this one showing an agglutinative
limit of 1 milligram and a bactericidal value of 0.04 milligrams.
Comparing the experiments of animals Nos. 192 and 193 of Table
V" with those made with animals Nos. 88 and 89 of Table 1V, it will
be seen that the rabbits cmploved in the former case Murnished a
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slightly better scrum.  The only difference apparent in the virns,
however, was that prophylactic 11 was not so concentrated as viru-
lent prophylactic 1I1.  In other words, cven though, as far as could
be determined, corresponding amounts of the digested organisms
In solution were injected, the animals receiving the more concen-
trated virus furnished a <lightly better serum. IHowever, the dif-
ferences in value of the sera are so slight that unless constant they
might be explained by natural variation in the animals used.

From the experiments of Tables TLI to V1 . it seemed that sufli-
cient data had becen obtained in regard to zccuring a good agglu-
tinative and bactericidal serun by means of a protective prepared
after this method, and that its suceess [or intravenous injections
was assured,

SUBCUTANEOUS INOCULATION.

The next step, then, was to discover what degree of immunity
could be obtained when the prophylactic was injected subcuta-
neously.  Accordingly, with this cnd in view, experiments were
made with both strains, the inoculations heing performed subder-
mally in rabbits.  Such a series of experiments i= recorded in Table
VI from which it may be seen that after the subcutancous injec-
tion of 5 cubic contimeters of the most Tavorable virus, scera were
obtained with an agglutinative value of from 2.5 to 1.6 milligrams
and a bactericidal value of from 0.1F to 0.1 milligram.  T'hese
results were regarded as very favorable,

EXPERITMENTS WITH TH DRIED PROPIIYIsNCTIC.

In several instances the prophylactic was evaporated in a vacuum
at 387 C. and then pulverized. after which it wag redissolved in
normal saline solulion, and injected into rabbits both intravenously
and subeutaneously in va ryving amounts.  While a plain loss in the
potency of the prophyvlactic thus treated is evident from the ox-
periments recorded in able VIII, nevertheloss a very good ag-
glutinative serum and  bactericidal imnnity  were  obtained.
Animal Nos. 167, inocwlated intravenouslv with 10 milligrams of
the powder obtained from virulent prophylactic T1, produced, after
eight days, a serum which agelutinated in dilutions of 10 milli-
grams, and showed a bactericidal reaction in dilutions of 0.23
milligram.  Animal No. 187, inoculated subcutancously with 3
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milligrams of the powder obtained frown viralent prophylactie 11T,

showed after one week u serum of a weak agglutinative value of

10 milligrams and a bactericidal one of 1.6 milligrams.

STUDY OF LOCAL AND GENERAL REACTION FOLLOWING
INOCULATION OF THE PROPHYLACTIC.

Speaking in a general way in regard to the inoculations re-
corded in Tables 1I1 to VIILII, it may be said that the animals
apparently suffered very little from the injection of the prophy-
lactic, even when very large amounts were employed.  Usually they
showed a rise of temperature of 1 or rarely 2 degrees during the
thirty-six hours immediately following the inoculation. A number
of rabbits were treated subcutancously with cach separate lot of the
prophylactic, for the sole purpose of ohserving the loeal reaction.
Only a portion of these were killed subsequently and the value of
their sera determined.  (See Table VI Tn those animals re-
ceiving the injection subceutancously, the =kin was first shaved and
subsequently carvefully examined in the vieinity of the point of
inocutation for any local reaction that might have appeared.  Even
when large amounts of the virulent prophylactic (5 cubic centi-
meters) woere used, no suppuration ever occurred, and, indeed, indu-

ration was very rarely observed.  Usually after twentv-four hours

there was no trace of a loeal reaction vizible to the naked eye, and
upon ]):11].);1ti0n no induration was evident.  These animals also
showed a slight and transitory rise of temperature of 1 or 2 degrees.
Tn regard 1o the retention of the immunity, it may he stated
thai several of the animals were killed from three to six inonths
alter the inoculation and that at this time an examination of their
blood sera still demonstrated a high agglutinative and hactericidal
reaction.
COMPARISON OF THE IMMUNITY PRODUCED BY THE VIR-
ULENT AND THE AVIRULENT PROPHYLACTIC.

In comparing the immunity obtained by the use of the virulent
and the avirulent propbylactic, we see that on the whole the results
recorded in Table 111 (already referred to) are borne out. It will
be recalled that in this table the ratio of bactericidal immunity
between the animals treated with the virulent prophylactic and those
treated with the avirulent one varied between about 3} fo 1 and 12
to 1. In Table V the sera obtained from the animals inoculated
with the virulent prophylactic showed a bactericidal value from
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about five and one-half to twelve times as great as that obtained
from the injection of corresponding amounts of the avirulent. In
Table VI the animals of the “virulent” series showed sera from
six to fifteen times as great as those of the “avirulent” ones. In
Table VII, with subeutaneous inoculation (Nos. 399, 400, 423,
and 184), the proportion is from eight to cleven times as great; and
in Table VIII, with the dry prophylactie, the value is from onec
and one-third to four times as great. 'The resulls obtained with
the dry prophylactic are certainly not so accurate as those with the
fluid, on account of the manipulations to which the powder was
subjected ; and since they arc not in accord with all the other numer-
ous experiments, in which the liquid prophylactic was employed,
they must be disearded in this comparative consideration. With
this exception the results here reported (with the free reeeptors)
are in harmony with those which have heen obtained by other
obzervers who for inoculation have emploved strains of the killed
organizms of different virnlence: namely, that the inomunily ob-
tained is within certain limits proportional to the virulenee of the
moculated strain.

Upon comparing the immunity obtained hy the infravenous injee-
tion of the prophylactic into rabbits with that produced in the same
manner by the inoculation of the living organisms, we sce that by
the injection of 1 cubic contimeter of the virulent prophylactie
(representing the nwinber of receptors obtained from 2 oesen after
two days’ digestion), there is occasionally obtained a serum nearly
equaling in bactericidal and agglutinative properties that produced
by the intravenous injection of onc-halfl oese of the living virulent
organisms. (Comparce the animals comprising Table I with those
of Table I11, particularly animals Nos. 38 and 60.) By a single
intravenous injection of 6 cubic centimeters of the prophvlactic’
(obtained from 12 oesen after five davs”® digestion), a serum of far
greater value was produced, namely, one agglutinating in dilutions
of 1 to 900 to 1 to 1000 (1 milligram) and showing a hactericidal
value as high as 1 to 24,000 (0.04 milligram). (See Table V.)
Therefore by a judicious use of this method of autolvtic digestion a
means is offered us of producing by a single intravenous injection
mto rabbits a serum of greater bactericidal and agglutinative value
than could be produced through the émplovment in the same man-
ner of either the killed or the living organisms. Tt is known that
an agglutinative value of 1 milligram and a bactericidal one of
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0.04 milligram are not to be usually obtained by the single injection
of cultures of cither the killed or the living cholera vibrios, or even
when ihe inoculation is repeated.

EXPERIMENTS ON GUINEA PIGS, SHOWING THE PROTEC-
TION AFFORDED BY THE PROPHYLACTIC, ETC.

TFrom six to twelve guinea pigs were inoculated intraperitoncally
and subcutaneously with varying amounts of each of prophylactics
1,11, 111, and 1V and of dried prophylactics IT and 111, redissolved
in normal saline golution. The dose varied from 1 to 5 cubic centi-
meters.  From seven to ten days after the injection of ihe prophy-
lactic, the animals received intraperitonecally either five or ten
times thie fatal dose of the living viruleni cholera strain. When
the virulent prophylactic was cmployed the animals were invariably
protected ; but when the avirulent one was used in small amounts of
1 to 2 cubic centimeters, the guinea pigs somectimes succumbed to
the =ubsequent injection of the living organisms. A few of the
animals which received large amounts (5 cubie centimeters), of the
virulent prophylactic intraperitoneally succumbed, evidently on
account ol its toxic effects. Upon autopsy no injection of the
vesselg or liemorrhages at the point of inoculation were obscrved,
such as are always found when death occurs from the inoculation
of the liying or the dead organisms. Neoither were there any
hemorrhages in the serous surfaces of the peritoneum.  The most
noticeable lesions in these cases consisted of a marked edema
of the abdominal walls with some flakes of fibrin over the liver.
Microscopically it was observed that an extensive desquamation of
{he epithclial cells liad occurred. The contents of the abdominal
cavity were sterile. .

However, 1 cubic centimeter of the thick material, consisting
of the debris of the bacteria which accumulates at the bottom of
{he flask in the manufacture of the prophylactic, and remains be-
hind on the filter in the form of an emulsion after the prophylactic
is passed through, when injected intraperitoneally, causes the death
of guinea pigs, in which arc found post-mortem the most extensive
reaction locally at the point of inoculation and throughout the ab-
Jdominal cavity, consisting of hemorrhagic areas, injection of the
larger vessels, and corrosion of the subcutaneous tissues. These
offeets evidently arve cansed by toxic substances forming a consti-
rwent of the bacterial membrane not soluble in aqueous solution
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after autolvtic digestion and which have probably little to do with
the production of the true inmmunity against the disease.

The following experiment =hows the comparative value of the
protection furnished hy the virulent prophylactic and that given
by the injection of the living organisms.  Four large guinea pigs
of about the same weight were chosen. Two were inoculated
intraperitoneally with one-fiftecenth ovese of the living virulent organ-
1=ms and two with 3 cubic centimeters of the virulemt prophylactic
IV. One of those which received the living organisms was very sick
for twentyv-four hours following the inoculation.  After six days all
the animals were reinoculated intraperitoneally with 2 vesen of the
living virulent gtrain.  The two which had received the prophylac-
tic previously lived s the other two died. Tvidently the protection
furnished the guinea pigs by the prophylactic was greater than
that furnizhed by the previous injection ol one-fitteenth oesxe of the
living organizms, a suppoxition als=o bhorne out. and in a more =trik-
ing way as previouslv noted. by comparing the mmmunity obtaimed
by the intravenous injection of the prophyiactic into rabbit: with
that obtained by the injection of the living organizms. I'rom the
foregoing it ix evident that the virulent prophylactic forms a
reliable and cerdern means ol profecting guinea pigs against the

~ubzcquent injection of multiple fatal doses of the c¢holera spirvitlum.

A more extensive study and trial of the bacterial extracts. con-
sisting of the free receptors of the organism in the preparation of
prophylactics and =era, would =cem to be advantagenus.  Certain
bacteriad extracts already have heen shown to he ol considerable
vatue.  Thus, R. KNoch, as carly as 1891, prepared his original tu-
herculin by killing, through heating in the steam sterilizer for one
hour, four weeks” glveerin bouillon cultures of the tuberele bacillus,
evaporating the cultures to one-tenth of their volume, and finally
zeparaling the soluble substances from the bacterial cells by filtra-
tion.  Behring and Landmann. by a somewhat similar method,
prepared extracts from the tubercle bacillus, which were said o
possess powerful toxie properties. These authors recommended
their extracts for the treatiment of early caszes of tuberculosiz, and
for the preparation from horses of a curative seruin for the dizease.
Nocard applied a method, somewhat similar io thal emploved by
R. Koch in the preparation of tuberculin, to Baeillus mallei for the
production of mallein.  Still more recently, Conradi. and Neisser
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and Shiga,! have suggested the use of these extracts in the prepara-
tion of a curative serum for typhoid fever and dysentery. How-
ever, Conradi advocates the autolvtic digestion of the organisins
under more natural conditions—i. c., without previous destruction
of the bacilli by heat.

We have already begun in the Biological Laboratory experiments
relating to the production of a more satisfactory plague prophylac-
tie along somewhat similar lines o those we have employed in the
preparation of the cholera prophylactic.

STUDY OF THE TOXIC ACTION OF THE PROPHYLACTIC.

As stated previously, in a few preliminary experiments nade
with the intravenous injection into ralibits of the virulent prophylac-
tic, if the organisms had been killed by only a very brief period of
heating and then allowed to digest themselves, the animals all
cuccumbed 1o the inoculation.  In order to study carefully the
agelutinative and baetericidal value of the sera of the inoculated
animalg, an attempl was made to weaken the toxie action by pro-
longed heating at 602 €. This heating apparently had the desired
effect, as the rabbits then usually survived the inoculations. It
then hecame important o =tudy thix toxic action more closely.
Accordingly, a prophylactic was prepaved by killing the OrgaIlisms
within a vers bricl period, digesting ot 377 ¢, grinding, submitting
them to a pressure of ahout 600 atmospheres, and finally filtering
under pressure through a Reichel or Berkefeld candle. Varying
quantities of the prophylactic were then injected intravenously into
rabhits. A series of such experiments may be scen in Table 1X,
and in the case of the control animals of Tables X, X1, and XTT.

From these experiments we sec that 2 cubie centimeters of viru-
lent prophylactic V. prepared after this manner, when injected
into rabbits, caused the death of these animals within twenty-four
hours. TFour and five cubic centimeters injected in the same way
produced death in a much shorter time. However, the animals
cometimes recovered from the injection of 1 cubie eentimeter and
were afterwards immune.  With virulent prophylactie VI, in which
the filtration was performed under pressure with a coarser Berke-
feld filter and the bacteria subjected to a more thorough crashing

1Qince the above was written Shiga has advocated the use of the free re-
ceptors ag a prophylactic against typhoid fever, and Martin Mayer has obtained
interesting results from autolysis of bacteria following precipitation with weak
ammonium sulphate solutions.
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proeess, even one-hall cubic centimeter caused the death of rabbits.
In the animals which succumbed to the inoculation, it was
found upon post-mortem examination that the kidneys were swollen
and showed other evidences of parenchymatous ncphritis. The
mesenteric vessels were deeply injected and the liver congested and
swollen. The lungs showed patches of congestion, hemorrhages, and
in one or two cases small pneumonic arcag. In a few of the animals
there were hemorrhages in the peritoncal surface of the small
intestine.

Ileating the organism at 60° C. evidently destroys most of the
primary poison, or, ab any rate, converts the toxine into toxoid,
since it is necessary, in order to bring ahout the death of the guinea
pigs, to inject intraperitoneally relatively large amounts (3 to 5
cubic ecntimeters) of the heated prophylactic. It would scem that
the presenee of a toxoid would be more desirable in a human prophy-
lactic than that of the unchanged toxine, the toxoid, through the
presence of its haptophore group (although its toxophore group is
mainly destroyed) still being able fo produce antitoxine in the
inoculated body without unfolding its general poisbnous cftect.
Such a result we are able {o obtain from the injeclion of our cholera
prophylactic, as may be scen from the experiments recorded in
Tables X and X1, which are self-explanatory. From Table X
it is evident that 3 cubic centimeters and even 2 cubie centimeters of
the serum of a rabbit (animal No. 422), which had previously been
inoculated with 2 cubic centimeters of the virnlent Leated prophy-
lactic V, protected other rabbits against two or three times the in-
travenous dose fatal for these animals; while 2 cubic centimeters of
human serum, obfained from & man previously inoculated subeu-
taneously with 3 cubie centimeters of virulent prophylactic V, when
inoculated into rabbits were capable of neutralizing about four
{imes the dose of toxine fatal for these animals. In the experiments
shown in Table XI, it may be scen that one-fifth cubic centi-
meter of the serum of animal No. 423 (previously inoculated
subcutaneously with & cubie centimeters of virulent prophylactic
V) protected a rabbit against about four times the fatal dose of the
toxine. In all of these experiments the prophylactic and the serum
were mixed immediately before inoculation. The control rabbits
without serum died; this being true also in cases in which equal
amounts of normal serum were added to the prophylactie before
injection. The results recorded in Tables X and XI were the best
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that could be obtained. When smaller quantities of the serum
were employed, the death of the animals always resulted. Indeed,
neither would 2 cubic centimeters of the immune serum protect
against any higher doses of the toxine. Tt is admitted that such
antitoxic values of the sera, obtained f{rom animals previously
inoculated with the prophylactic, arc not high; though perhaps
better antitoxie properties can be produced when more improved
methods are employed to extract the intracellular toxine.

In certain experiments recently performed, in which the digested
bacteria before filtration were ground in a mortar with fine quartz
sand and infusorial earth, a greater toxic effect on the guinea
pigs was observed, thesc animals dying from intraperitoneal injec-
tions of ome-half to 1 cubic centimeter of such a fluid. Judging
from my own experience in this respect it would appear that the
most advantageous method for the extraction of the intracellular
toxine of the cholera gpirillum would be the one which Macfadyen
has reccntly applied with the same cnd in view to the typhoid
bacillus. By this method the bacteria are ground at the tempera-
{ure of liquid air, the disintegration having occurred under condi-
tions which precluded the possibility of chemical change. Tt would
scem that a combination of these two methods would perhaps fur-
nish a more ideal prophylactic against Asiatic cholera, namely, the
method of Autolytic digestion which I have described for obtaining
the substances which give rise to the bacterial immunity, and the
method of Macfadyen for the extraction of the toxine, the prophy-
lactic consisting of a mixture of the products of both of these
procedures carefully heated at such a temperature as to change the
larger portion of the toxine into toxoid. In his experiments Mac-
fadyen obtained a toxine from the typhoid bacillus which would
kill guinea pigs in intraperitoneal doses of two-tenths cubic centi-
meter, and which in monkeys gave rise to an immune serum. One-
tenth cubic centimeter of this serum protected guinea pigs against
a Tatal dose of the toxine. My own experiments show that with the
modified and extracted toxine mo local reaction, similar to that
produced by the living or the killed cholera organisms, is obtained,
even when sufficient amounts of the former are injected to cause
death. The problem, thercfore, which confronts us, is the extrac-
tion of the toxine in larger quantities. Trom a few prelimninary
experiments, already performed with crude apparatus, it would
seem that, when the appliances and the methods recommended by
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Macfadyen are emploved its isolation should be more suecessful.
My experiments throw little light on the nature of the structure o
this intraccllular toxine. That the haptophore group is identical
in structure with that of the soluble toxines of diphtheria and
tetanus hacilli would appear doubtful.

The effect of boiling upon the prophylactic—In Table NIT
there is recorded a series of experiments® showing the effect of
boiling upon the toxic action of the prophylactic when injected
into rabbits. Trom these experiments it is seen that the toxie
action was destroyed by a temperature of 100° (., since, after
the prophylactic had heen thoroughly heiled, neither an intravenous
injeetion of 1 cubic centimeter nor one of 2 cubie centimeters caused
the death of the rabbits imoculated with it while control animals
receiving 1 cubic centimeter of the unboiled prophylactic always
died.  Control amimals receiving 2 cubie eentimeters of peptone
solution of the same specific gravity as the prophylactic were unaf-
feeted.  Animals which received the hoiled prophylactie were
apparently but litile disturbed by the inoculation, and their blaod
showed practically no agelutinative action with the virolent strain.

Effect produced wpon toxic aclion of prophylactic by ils proserva-
tion with chewieals—After several weeks” preservation of the
prophvlactic in ehloretone at room femperature, it was found that a
loss of toxie power had resulted, and that evidentlv there had heen a
further change of the toxine into toxeid.  Fron {le experiments
recorded in Table XTI, it is apparent that after preservation of the
prophylactic Tor three months in ehlorctone neither 1 cubie centi-
meter nor even 2 cubie centimeters of if, when injected intravenously
into rahbits, caused the death of these animals; thongh the injection
of the latter amount produced illness with a rise of temperature
of about two degrecs. On comparing these results with those
obtained by the use of the fresh prophylactie, we see from animal
No. 439 in Table IX that formerly § cubic centimeter of this pro-
phrlactic brought about death, and that 1 or 2 cubie centimeters
alwavs produced this effect. (See animals Nos 438, 67, cte.)
Towever, the agglutinable substance of the prophylactic preserved
for three months in chloretone remained apparently unchanged
in hoth its groups; since relatively the same amounts of agelu-

'In connection with the following experiments I wish to express my
thanks to Mr, Charles B. Hare, Assistant Bacteriologist in this Laboratory,
for much aid.
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e, e NaClhsolution. by bleeding after one week; agglutination
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only, 1 to 600, 1 to 800, 1 to 1,000, 1 to
1,200, all negative.

e e of anboiled vivnlent prophylactie V1 - Death within 24 hours,

e e of unbmled vivulent prophylactic V1, plus 1 e e Nad 1 Do.
solution.
e e boiled virntent prophylactic V1, plus 1 e, e. NaClsolution. Apparently unaffected by injection; alive
after one week.
2 ¢.eo peptone solution of same specitic gravity as viralent Do.
prophylactic V1 (for control ).
e e viralent prophyvlactie V1, plus 1 e, e NaCl solution _____| Death within 24 hours.

2 e, hoiled virulent prophylactie VI | Apparently but little affected by injection;

alive after one week.
2 ¢ e virulent prophylaetic VII (1 e e.==8oesen)________. Death within 24 honrs.
2 ¢ ¢ hoiled virnlent prophylactic VIT oo Apparently but little affected by injection;
alive alter one weelk.
2 e . boiledd vimlent prophylactie VII ___________. . _____ Butlittle alfected by inoculation; killed by
i Dbleeding aiter one week; agglutination
experimenty (with virnlent organism
only) 1 to 200, 1 to 300, 1 to 400, 1 to 500
1 to 600, all negative.
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tinine were produced in the sera of the rabbits inoculated with the
old prophylactic as were formed in these of the animals inoculated
with the fresh one, values as high as 1 milligram being obtained.
(See animals Nos. 461 and 509, Table XIIT.) The bactericidal
values of the sera of the animals comprising Table X111 were not
investigated.  There was no reason (o suppose that any loss in bac-
tericidal power would be found in these sera, since it is well known
that the substances giving rise to the bacteriolysines are not zo
unstable as those which produce the agelutinines.

In regard to the preservation of the prophylactic with 0.5 per
cent carbolic acid for a long period of time, practically the same
effect as that produced by ¢hloretone has bheen observed, namely,
that there is a weakening of the foxic action, so that, where for-
merly 1T and 2 cubic centimeters of the freshly prepared prophvlactic
produced death in a rabbit, after a long prescervation in 0.3 per
cent carbolic acid, 3 cubic contimeters were requived to hring about
such a result. (See animals Nos, 121, 422, and 434, Table X))
However, the substances giving vise to the zlg';:h;tinin(\s and the
hacteriolysines are apparently not unfavorably affected by this
process. (See animal Noo 423, Table VIT.)

As already stated, each suceesgive heating of the prophyvlactic
at 60° (. or over, alike unfavorably affects the toxic as well as the
agglutinable substances.  When the prophvlactic ig hoeiled these
are apparently destroved. However, by a careful heating at G0°
C. for fifteen minutes the toxic action apparently does not disappear
entirely.

On account of the unfavorable cffects of 1he substances mentioned
above it has usually heen our practice =0 to handle the prophylactic
in its manufacture that it is received from the filter into the
sterile tubes, thus making unnccessary anvy further sterilization
either by heat or by the addition of chemicals. With the prophy-
lactic preserved in a sterile manner and kept at the temperature
of the ice box, T have obtained very good results five months after
its preparation. Of course, the toxic action lbecomes weaker after
a short period of time, and this process gradually increases, owing
to the still further change of toxine into toxoid.

HUMAN INOCULATIONS.

After studving the effects of the prophvlactic upon animals, it
was also desirable to ascertain its action upon human heings.  With
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this end in view, a number of individuals have been inoculated
from time to time with varying amounts (1 to 3 cubic centimeters)
of the virulent prophylactic. The inoculations lhave been made
deep into the muscles of the arm. In (hese cases the local reaction
was never very marked. There was usually soreness on pressure
in the region of the inoculation, lasting for aboul twenty-four
hours, and occasionally a slight reddening of the overlying skin
was observed.  Nowe of the patients have complained of much
pain.  No suppuration has ever been observed, and in fact it may
be said that the local reaction is very slight. Ifollowing the
inoculation there was generally a rise of temperature of from 1° to
37 (Fahrenheit), which subsided in from twenty-four to forty-
cight hours.  Headache, lasting for a few hours, was occasionally
complained of.  Unfortunately for a further trial of the method,
there has not been sullivient cholera present in the eity or in the
provinees during the past nine months to warrant the introduction
of a general inoculation of the people against this discase; nor
ling there been any opportunity to observe the immunity of the
imoculated from an entirely practical standpoint.  The fact, there-
fore, that no cases of cholera have occurred among those receiving
the prophylactic shows nothing in regard to the value of the
method, since it is doubtful to what extent they have been exposed
to the discase.r  However, it Lias heen demonstrated that the blood
sera of the inoculated individuals, both white and native, acquire
protective substances. The results of a study of a number of these
cascs may be scen in Table X1V ; before the injection ihe serum
of none of them showed any agglutmatlon of the virulent organ-
ism in dilutions of 1 to 20 (50 milligrams), or any bactericidal
action in dilutions of 1 to 50 (20 wmilligrams). The blood was drawn
from one of the veins of the arm one week after the inoculation, and
after the separation of the serum the value of the latter was
determined.  From these experiments it appears that 3 or 4 cubic
centimeters of the prophylactic furnished the best sera, namely,
those bhaving an agglutinative value against the virulent strain
of from 4 to 2.5 milligrams and a bactericidal one of from 0.33
to 0.25 milligram. These sera arc muech more potent than those
ohtamed in human beings by Kolle from the subcutancous injection

‘\ttempts at QHbaequent mfectlon of the inoculated by feedmg 11v1n0
cultures of cholera spirilla have shown themselves so unsatisfactory in the
past that for this reason and other obvious ones they have not been

resorted to.
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of either the living or the killed cholera spirilla.  Kolle’s best sera
showed a bactericidal value of from 3 to 1.5 milligrams. They
also show a higher value than is usually seen in the sera of human
beings who ]m\e recovered from an attack of Asiatic cholera, whiel,
according to the investigations of R. Pfeiffer and of Kolle, may he
10 milligrams. Therelore, we might presume that a good active
immunity had been acquired against the disease by the use of this
prophylactic.  The antitoxic value of the scra has already been dis-
cussed.  In case Number 1, two cubic centimeters of the serum
protected rabbits against four times the intravenous doese, fatal
for these animals.

We have seen that by the subcutaneous injection of the cholera
prophylactic an excellent cholera immune serum can be obtained
in human beings.  However, the question naturally arvises, whether
these individuals are protected against intestinal infection with the
cholera spirillum. In other words, are they really immune to the
disease Asiatic cholera?  Experiments upon animals can 1mt sittin-
factorily answer this query.  The earlier investightions of Bri ieger,
Kitasato, Wassermann, Ilaffkine, and others upon the point ;1t
issue, namely, whether animals could be rendered immune against
mtestinal infection with Asiatic cholera, spoke in the affirmative.
However, the more recent work of Dfleiffer, Wassermann, and
Sobernheim demonstrated that inununity in animals against such
infeetion was not certainly to be obtained by the ordinary methods
of immunization then in vogue. Since animals arve not naturally
susceptible to intestinal infection, and since it is only through
artificial means that such may be produced in them, cvidently
the answer to our question can be given only by a practical ob-
servation of the human beings inoculated with the prophy-
lactic during a scvere and general epidemic of the disease. TFor this
reason it was hoped that a more extensive practical demonstration
of the value of the prophylactic could be given hefore an extended
publication of the work was made.? :

However, since the present report has been delayed nearly ninc
months, and as it appears that there will be no greater opportunity
in the near future for a more practical test of the prophylactic in
these Tslands than has already been experienced, it is thought
inadvisable to dofer for a longer porlod the pubhcatlon of the

The 1eQultﬂ of the e\perunental work were pleqented to the \[anlla
Medical Society at the meeting of September 7, 1903,
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experimental work.  Moreover, it would appear, from the num-
crous statistics of Haffkine in India, and the more recent work of
Murata in Japan, that =imply by the injection of a small amount of
the killed organizms a certain degree of immunity against the
natural mode of infection ix acquired.  Therefore, judging from
what has already heen said, it ix probable that by the use of our
prophylactic, human beings may acquire a good active innnunity
against the dizeaze.
CONCLUSIONS.

(1) By the antolyvtic digestion of carctully killed cholera spirilla
in an aqueous fuid the receptors hecome separated from the bae-
terial cells and mayv be filtered off in solution.

(2) The injection of these free receptors into both man and
animals furnishes a means of  producing high bacterieidal and
agglutinative blood sera. The antitoxic value of these sera s,
however, moderate.

(3) - The subcutancous injection into man of such [ree rece)-
tors ix a process which iz not only free from any danger but one
which produces practically no local disturbance and only a slight
general reaction., _

(1) Hence the method iz o practicable one for producing a
cholesa immune serwun in man.

(5) It ix highly desirable that thix cholera prophvlactic be
given a thorough, practical test.

(63 It would appear hopeful that by the application to the pest
bacillus of a slight modification of thix method a more satisfactory
prophylactic against hbubonic plague could he obtained.

Experiments with this end in view have already been commenced
in the Biologieal Taboratory,

The consideration of the comparative results in immunity oh-
tained with the Inoculation of the virulent and the aviralent living
organisms and with the prophylacticx of different virulence will
be considered in another article.
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