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other ferments by these germs is similarly uncertain. As a rule,
the bacilli grow in milk without causing in it visible alteration ;
yet some strains bring about a rapid coagulation of that medium.
On vegetable substances certain representatives grow luxuriantly,
and others do not grow at all. A few specimens found in patients
were phosphorescent in the dark, but the vast majority do not
manifest this property. The serum of immunized animals and man,
when put in a cultivation vessel in contact with a watery emulsion
of cholera germs, agglutinates these into lumps and causes them to
fall to the bottom of the fluid. Many of these germs are sensitive
to the minutest additions of such serum ; but others remain practi-
cally unaffected. A fairly characteristic feature of a cultivation of
microbes is its ability or otherwise to dissolve the red corpuscles of
the blood. In the case of cholera some apparently true strains
have been observed to produce this effect; but the vast majority

do not do so.

Practically all other properties of the cholera germ show similar
variations; but the most essential are obviously those which concern
its relations with animals and man. Cholera baeilli have generally no
virulence for the lower animals, or are harmful to them only when
inoculated in certain peculiar ways. Even then the morbid symptoms
caused by the inoculation have mno resemblance to human cholera.
Strains have, however, been met with which caused death even to the
resistant species of animals, in whatever way inoculated, while the
character of the disease produced in them was singularly analogous
to the disease in man. The virulence of the germs aleo differs
greatly, for a lethal dose may vary as much as from 1 to 500.
Again, in man, the main seat of the development of these bacilli
is the mucous membrane of the small intestine; they do not
invade the circulating blood, the subcutaneous tissue or the
muscles, and when experimentally introduced into those tissues in
animals, cholera germs, as a rule, rapidly die out; yet specimens
have been found which, in these circumstances, speedily penetrated
into the whole system of the inoculated animal.

Variability of some degree is proper to all germs, as it is to
higher animals and plants ; but the cholera microbe is one of those
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may, after a time of laboratory cultivation, show none of such effects.
(V. and A. Bourovie, “ Particularités biologiques du vibrion
cholérique de 1'épidémie de 1908-1910," Archives des Sciences
biologiques, St. Pétersbourg, 1912, XVII, No. 1.) In the most
important properties—those concerning the pathogenic effects of the
virus—a decrease in strength, in a short time, in the proportion of,
say, 75 to 1, and ultimately the total disappearance of virulence is
of no unusual occurrence. This means that, if, at first, a
given dose of that virus has been prescribed for producing a
certain desired effect, later on any quantity smaller than 75 times
the original one may fail to give the expected result. Instability
of virulence has come to be regarded as a characteristic feature of
the cholera microbe, and where this peculiarity is not sufficiently
pronounced, the fact has been treated as an objection to admitting the
cholera nature of the germ. (Hindel und Woithe, * Vergleichende
Untersuchungen frisch isolirter Cholerastémme mit dlteren Cholera
und El Tor Kulturen,” Arbeiten aus dem Kaiserlichen Gesundheits-
amte, Vol. XXXIV, f. 1., March 1910.) The marked mutability
thus observed in one and the same specimen renders, of course, less
paradoxical the differences which distinguish various specimens of
these bacilli.

VIRULENCE AND IMMUNIZING POWER.

THEIR INTER-RELATION.

Turning now to the main subject of Part I of this Note,
namely, the preparation of a vaccine against cholera, it 18 of
importance to examine into the question as to whether variation of
observable characteristics, such as mentioned above, carries with it
variation in the immunizing faculties of a virus.

In the experiments which I carried out on this subject in
1890-1892, I observed repeatedly that a cholera germ of a low degree
of virulence conferred on animals less immunity than a germ of high
virulence. The special features of the preparation of the cholera
vaccine the effects of which I subsequently studied in India, were
based on this fact. The inter-relation just stated may, I think, be
taken as a basis for a general working rule; but this need
not exclude the possibility of so called “exceptions”. For it is
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circumstance simplifies greatly the work of preparing a prophylactic
from the plague germ. Nevertheless, specimens of that germ of
different virulence are met with in nature and can also be produced
artificially, and so the question as to the relationship between viru-
lence and immunizing power can be tested on this virus also. In all
instances—cholera, typhoid and plague—the above investigators
found that the result of immunization stood in direct connection
with the virulence of the germ used ; that as the virulence rose or
fell, the protection afforded to the inoculated was greater or less.
(Zertschrift  fiir Hygiene, Vols. XX and XXI, 1896 ; Berliner
Klinische Wochenschrift, Vol. XXXIX, 1902.)

In 1908, the point under consideration came again under
discussion. The problem of combating cholera had, at the time,
acquired importance in the new American possessions in the Phi-
lippines, and the matter was submitted to a fresh study in the
Institute in Berlin, this time under the direction of the well-
known German pathologist, Professor Wassermann. The experi-
ments were conducted by the Director of the Government
Biological Laboratory of Manila, Dr. Richard Strong, who publish-
ed, in the subsequent year, detailed accounts of that enquiry.
(R. Strong, ¢ Protective inoculation against Asiatic Cholera,”
Bulletin No. 16, Biological Laboratory, Bureau of Government
Laboratories, Manila, September 1904 ; *“Some questions relating
to virulence of micro-organisms, with particular reference to
their immunizing power,” Bulletin No. 21, October 1904.)
Dr. Strong applied in this study such procedures of measure-
ment and calculation as the subject admitted. In his words,
Pfeiffer and Friedberger's experiments on the relationship of
virulence and immunizing power ‘seemed of such great im-
portance that it was decided to repeat them, and, in addition,
to perform them in as accurate a comparative way, with relation
to the virulence of the stem, as practicable. This seemed
desirable because in Pfeiffer's and Friedberger’s work, as far as can
be ascertained from their article, no attempt was made previously
to determine the exact relationship of virulence of the different
stems to one another.”
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I believe the investigation was undertaken (and very usefully
80) in a spirit of scepticism as regarded the relationship in question ;
but Dr. Strong’s findings were ultimately summarized as appears
below. He experimented with two different specimens of cholera
germs, ‘“virulent” and “avirulent,” the strength of which stood n
the proportion of 15 to 1. The variation in virulence was, therefore,
very far from reaching the limits mentioned on pp. 10 and 12
above ; yet it sufficed to give clear indications of its effects on the
immunizing power. Dr. Strong states :—

“It became evident that the rabbits inoculated with the
virulent culture always furnished better serum than those inoculated
with the avirulent one ; but that the value, in both agglutinative and
bactericidal properties, of the serum from the animals treated with
the former was in no case (?) more than two and one-half times that
of the serum furnished by the animalstreated with the latter stem.”

“By the intravenous injection of the living organisms in
quantities of one-half Oese, the ratio representing the bactericidal
value of the sera of the animals inoculated with the virulent and the
avirulent organisms was never greater than 44 : 1 ; that is, the virulent
organisms never furnished a serum more than four and one-half
times as potent as the avirulent one. Therefore, it cannot be
said that the immunity obtained was directly proportional to the
virulence of the organisms, since the latter was 15 to 1 before
inoculation. However, with the digested extracts of the organism
of different strains and the killed organisms of the different degrees
of virulence this may, within certain limits, be said to be the case.”

““ As the results were somewhat at variance with the ideas of
Haffkine and quite different from what R. Pfeiffer and Friedberger
found upon the intravenous injection into rabbits of dead cholera
spirilla of different degrees of virulence, it was decided to repeat
them. Accordingly, a second series of animals was inoculated just
as the first, and on the day of inoculation, as in the previous series,
the virulence of the injected organisms was verified as 15 to 1.
The result was practically the same, for at the end of eight days
the examination of the sera showed that the virulent stem had in
only one case given a serum of more than about two and one-fourth
times the bactericidal value of that produced by the avirulent one.
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In this one case the avirulent serum was between one-fourth and
one-fifth as strong. £

While thus confirming, as Pfeiffer, Kolle and Friedberger had
done before, the fact that by a stem of higher virulence higher immu-
nization effects were produced, Dr. Strong opposed the view (which,
I must remark, I had not advanced) that there was a simple numeri-
cal proportion between the two values, The divergence, even thus
restricted, is, however, lessened further, inasmuch as in Dr. Strong’s
plan of experiment there appear to be certain features which,
I believe, tended to mask the true proportions—namely, to reduce
part of the numerical values recorded by him ; and as, further, on
devitalizing the virus, or using its extractions, he observed, as
stated in the above quotation, results actually approximating to the
proportions he expected.

In conformity with these findings, in 1907, the same experi-
mentalist emphasized the importance of using, for the preparation
of cholera vaccine, stems of germs of the highest virulence, namely,
in connection with the inoculations which he ecarried out for
the suppression of the cholera outbreak in Manila in 1905
(Philippine Journal of Seience, 11, No. 5, 1907, p. 418).
Similarly, Dr. Pfeiffer, in a communication to the International
Congress of Hygiene and Demography in Berlin, in September
1907, took the opportunity of reiterating his conclusion as to
the importance of using fully virulent stems for the prepara-
tion of typhoid vaccine. On yet another occasion, when testing
the matter in application to plague and examining the immunity of
animals treated with live cultures of different strength, Dr. R.
Strong ascertained, as R. Pfeiffer had done in 1897 in regard
to devitalized cultures, that the wvirulence of the stem was of
decisive importance in this instance also, the immunity conferred
on the inoculated animals rising concurrently with the rise of the
virulence. (Philippine Journal of Science, 11, No. 3, June 1907.)
Accordingly, in some of the laboratories situated in non-infected
centres and having no facilities for regularly renewing their altnc'k of
plague bacilli, special measures are taken for maintaining the virulence
of the germ used in manufacturing the plague prophylactic. (Vide
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Mauro Jatta and Romano Maggiora, on the operations of the
Pianosa Plague Prophylactic Laboratory, in the Proceedings of the
Direzione generale della Sanita Publica, Rome, 1904.)

The necessity of using fully virulent strains of germs for the
preparation of the cholera vaccine has been acknowledged also by
the Japanese bacteriologists. (Vide Mabry and Gemmil, in the
Journal of the American Medical Association, 20th December 1902.)

Similarly, in 1910, Dr. Aaser, in Christiania, laid stress on
the same point in preparing vaccine for the cholera inoculations which
he carried out in that town. (Berliner Klinische Wochenschrift,
22nd August 1910, No. 34.)

I am aware of only one dissentient view formed on the subject
as a conclusion from an original study, namely, that of Meincke,
Joffe and Flemming. Their memoir is, however, not accessible to
me at present. _

Before leaving this subject I should mention that the facts
observed in India in 1894-96 tended to show that a vaccine of higher
virulence produced an immunity not only of & higher degree, but also
of longer duration than a vaccine of lesser virulence, as will be seen
lower down (vide pp. 43, 67 and 70-71).

MicropiaL VIRULENCE AND SOME OF ITS ELEMENTS.

In the present exposition I use the words wvirulence and
pathogenic power as meaning the capacity of a stem or species of
germs to live in an animal and produce in it morbid effects. To this
end a germ requires a variety of properties, some of which enable it to
resist the adverse effects of the animal’s tissues and humours, others
to derive food from the same elements, and others again, to produce
in the animal morbid symptoms. A stem of pathogenic germs
which has lost, or has been artificially deprived of, one or more of
these faculties, loses its virulence for the animal, though the rest of
its characteristics may remain intact.

The actual nature of the properties here referred to varies
with the species of germ and with the nature of the animal
for which the germ is virulent, buta few peculiarities common to
considerable groups of pathogenic microbes have been observed and
some of them minutely studied. Such are, for instance,
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(1) the faculty of resisting various specific substances in the
animal body—* agglutinines,” * bactericidines,” “alexines,” * bac-
teriolysines”—which tend to destroy the germ; or of absorbing
and thus neufralizing these substances; or of producing others—
“aggressines "—which seem to ward off and injure the protective
elements of the body ;

(2) the faculty of calling forth in the system of the animal the
formation of the defensive substances mentioned in the foregoing

paragraph, or of others of similar purpose, such as *stimulines,”
““ bacteriotropines,” ete. ;

(3) the faculty of comparatively rapid growth and multi-
plication ;

(4) the faculty of producing and setting free poisonous
substances or *toxines,” which cause morbid symptoms in the
animal : and so on.

I believe that at present it would not be a safe procedure
to consider a germ pathogenic or virulent if it possesses one or some
of the above properties, singled out above the others ; or to declare
an animal immune, if it resists a germ “virulent ” in that restricted
sense. A true vaccine is perhaps best defined as one which prepares
the individual to face the virus in its most common manifestations

in outbreaks. I shall have oceasion to touch again upon this subject
later.,

GENERAL AND SPECIAL FEATURES OF THE
PROBLEM UNDER CONSIDERATION.

PECULIARITIES DEPENDENT ON THE NATURE OF THE GERM.

The above observations go to show that the immunizing power
of a germ varies with its virulence; and in order to produce a
vaccine of given definite efficacy, a strain of virusis required of
as definite a degree of pathogenic strength. The germ of cholera
being of the varying and unstable nature mentioned above, the
problem of anti-cholera inoculation, as a measure of practical
application, becomes dependent on the possibility of steadying that
virus on an adequate level of potency, namely, on a level sufficient
for conferring on man immunity from epidemic cholera,
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These requirements were overlooked in an experiment of cholera
vaccination which was tried in Spain in 1885 by the Barcelona
physician Dr. J. Ferrdn. In this attempt use was made, for
inoculating man, of different specimens of cholera germs obtained
from patients and employed alive in the condition in which they
were obtained, or which they assumed spontaneously afterwards. The
plan corresponded to that, still prevalent in some parts of the East,
of inoculating man with virus from a patient attacked with a mild
form of small-pox, and is known as variolization, in contradistine-
tion from vaccination. The procedure takes no account of the
peculiarities of the virus found in the patient, that is to say, of the
question as to whether the virus is actually mild and yet possesses
the requisite degree of potency to be immunizing, or whether
the mildness of attack is due to the patient’s individual resistance
which masks the true character of the germ. These circumstances
must have had some part in influencing the outecome of the
‘Barcelona experiment; for, according to the enquiries made at
the time by numerous government commissions deputed to
observe the operations, the trials gave uncertain, in some
instances clearly negative, and on the two special oceasions when
a Spanish government commission, associated with Dr. Ferrdn,
watched the events, directly disadvantageous results. The procedure
was therefore not adopted in other countries and was discontinued
in Spain, Vide reports of the 1st and 2nd French Government
Commissions (Annales d' Hygiéne publique et de Médecine légale,
Vol. XIV, August 1885; Comptes-rendus de U Académie des
Seiences, August 1885 ; Bulletin de I' Académie de Médecine, 1885,
Nos. 28, 29 and 33) ; the reports of the 1st and 2nd Spanish Govern-
ment Commissions (““ La inoculacién preventiva contra el célera
morbo asidtico,” por J. Ferrdin, Valencia, 1886, pp. 194 and 225—229,
Dr. E. Duhourcan’s translation, “L’inoculation préventive contre le
choléra morbus asiatique, par J. Ferrdn,” Paris, 1893, is, on some
points, incomplete) ; the report of the Belgian Commission (Bulletin
de U'dcadémie de Mddecine, Paris, 1885, No. 33, and Deutsche
Meducinische Wochenschrift, 16th July 1885); the report of the
Italian Government delegate (Lo Riforma Medica, 25th July 1885,
and Giornale internaz. d. Sci. Med., Napoli, 1885, fasc. 9 and 10) ;
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the report of the Portuguese Government Commission (Dr. Abreu's
reference in J. Ferrdn’s book, pp. 264-268) ; the report of the Russian
delegate (Vratsch, St. Petersburg, 17th April 1886, p. 287); the
report of the.Royal Academy of Medicine and Surgery of Barcelona
(J. Ferrdn, pp. 178-180); the report of the Royal Academy of
Medicine of Madrid (ibidem, pp. 198-201) ; the report of the delegate
from the State of Massachusetts (L' Union Médicale, Paris, 23rd J uly
1883) ; the information recorded by the Local Government Board,
England (Minute by Sir George Buchanan, Medical Officer of the
Board) and the details of the enquiry made by Dr. Shakespeare,
United States’ Commissioner, who visited Spain after the cessation
of the epidemic and was generally in favour of Dr. Ferrdn’s views.
(Edward O. Shakespeare, “ Report on cholera in Europe and India,”
Washington Government Printing Office, 1890. Vide Dr. Shakes-
peare’s personal results, on page 687 et seq., and the 18 replies
received by him from the localities visited by the cholera, on the
subject of the effects of the operations.)

In 1892 Pasteur offered, on my behalf, to the Russian Govern-
ment, through H. H. the Prince Alexander of Oldenburg, to try
my method of cholera vaccination in the then cholera-stricken
provinces of Russia ; but the offer was not accepted on the ground
of the above results in Spain in 1885. The view adopted on
the matter by most of the authoritative bacteriological schools
is referred to on pp. 35-87,

PECULIARITIES OF THE PRESENT PROBLEM AS CONCERNS ANIMALS.

The problem set forth in the preceding lines, of creating and
preserving in a virus stable and uniform qualities, necessitates as an
essential condition that the germ be maintained in appropriate
uniform circumstances of nutrition and multiplication. When the
particular properties which it is desired to fix in a microbe are those
which concern its relation to the animal body, the plan for achieving
the object is to make the germ live in that definite relation to the
animal selected. Thus, in the classical instance of Jenner's vaccine,
the desired uniform qualities of cow-pox lymph are maintained by
continued cultivation in the skin of the calf. In thisinstance the plan
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offers no complications, as the virus has its natural abode in the

skin of cattle.

In the case of cholera the method which suggests itself for
maintaining the germ on a steady level of virulence is, similarly, that
of cultivating it in the tissues of an animal ; but man is the only
animal known to suffer from the disease: lower animals do not
contract i1t spontaneously, and when the virus is injected into them
artificially, it is, as a rule, rapidly destroyed, as mentioned higher up.

THE VIRUS OF CHOLERA IN ANIMALS AND
ANIMAL HUMOURS.

ExpermMentar CurTivaTioN 1IN THE INTESTINE.

The first attempt at solving this phase of the problem was
made in 1888 by Dr. Gamaleia, a pupil of Pasteur’s, who tried the
plan of introducing the cholera germ into the intestinal canal of the
guinea-pig and transferring it subsequently from the intestine of the
first animal into that of another, and so on, in a continuous series
of cultivations—the obvious reason for the plan being that, in its
development in man, the cholera germ affects the intestinal tract.
The digestive organs are, however, an inconvenient medium for
the artificial cultivation of a germ ; for, among other reasons, these
organs are already inhabited by vast masses of microbes, which,
according to their species, interfere in one way or another with the
development of the new comer. In the case of guinea-pigs and other
lower animals the circumstances are unfavourable to the growth of
the bacillus of cholera ; so, after a certain number of transfers from
animal to animal, the series generally breaks down, and the germ
disappears from the intestinal contents, as was seen repeatedly in
trials made in Paris. A modification of the procedure was then
attempted in which the cholera bacillus, after its eultivation in the
intestine of one animal, and preliminarily to being transferred into
that of another, was freed from extraneous germs, so that it might
get a fresh start in each new host. This plan involved operations
tending partially to counteract the desired effect ; for the technique
of separating the cholera germ from others necessitates its main-
tenance, for some generations, in artificial media, that is, outside
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the tissues of the animal to which it is desired to acclimatize it.
From this or other causes, Pfeiffer and Nocht, who performed many
experiments on the intestinal infection of animals with the germ of
cholera, found it impossible to raise the strength of that
virus to such a degree, for instance, as would make it virulent
to birds. (Zeutschrift fir Hygiene, V11, 1889, Heft 2.)

CurmivaTion IN ANIMALS OUTSIDE THE .[HTEETIHE.

To meet the above difficulties, Gamaleia proposed to cultivate
the cholera virus in the thoracic cavity of animals, namely of
pigeons, the thorax being free from extraneous germs. This plan
proved, indeed, successful in the case of a microbe much akin to
that of cholera and designated by Gamaleia, who discovered it,
Vibrio Metchnikovi ; but when the same procedure was applied to
the strains of cholera germs then available, it was found that such
animals as birds remained immune against infection.

The plan which was tried next was that of Professor Hiippe
of Prague, who suggested the growing of the cholera bacillus in the
peritoneal cavity of animals, between the intestines and the outer walls
of the abdomen, a region ordinarily free from germs. This plan had
failed some time previously in the hands of Dr. L. Vincenzi (Deutsche
Medicinische Wochenschrift, No. 26,1887); but the idea was neverthe-
less taken up by R. Pfeiffer, who found that a fatal form of cholera
peritonitis could, indeed, be induced in an animal in that way, but
that the germ itself perished in the process. 1In cases in which
the virus was still recoverable on the death of the first animal
and was transferred into the peritoneal cavity of another, it
perished in the latter, or in the third animal, and so continuous cul-
tivation was again found to be impossible. (R. Pfeiffer, Zeitschrift
fiir Hygiene, XI, 1891, No. 3). The accuracy of these observations
was verified at the time and on various occasions subsequently by
many observers, including Dr. E. Roux, of the Paris Pasteur
Institute, and myself. (Vide Pfeiffer and Wassermann, Zeitschrift
fiir Hygiene, X1V, Heft I, of 3rd March 1893 ; D. Pane and C.
Lotti, “Nuovi studi sull’ infezione peritonale,” Adwnnali d'Igiene
Sperimentale, 1908, XVII, f. 3.)
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Under these circumstances I tried to modify the nature of
the germ of cholera preliminarily to introducing it into
the animal body; namely, to mithridatize or immunize it first
against the animal. By a series of cultivations in test-tubes, I
gradually accustomed the bacillus to live in meat-broth mixed with
increasing quantities of fresh blood serwm, which ordinarily is
inimical to it; until, after a time, the germ became capable of
growing luxuriantly in blood serum pure. When it reached this
condition, I injected it into the ecirculating blood of an animal.
(Vide E. H. Hankin, “ On Haftkine’s method of protective inocula-
tion against Cholera,” British Medical Jowrnal, 10th September
1892 ; W. M. Haffkine, * Vaccination against Asiatic Cholera,”
Fortnightly Review, 1st March 1893.) Some years previously I had
made similar experiments with the bacillus of typhoid fever, in
regard to which analogous difficulties existed. In" this instance
I had acclimatized the germ, insiead of to blood serum, to the humor
agueus of the anterior chamber of the eye. (Vide W. M. Haffkine,
“ Adaption au milieu chez les Infusoires et les Bactéries,” dnnales
de U'Institut Pasteur, I1I, 1890.) When the bacilus became so
acclimatized, I injected it into the anterior chamber of the animal.

In both cases—cholera and typhoid—the mithridatized
germ, on being introduced into the animal body, instead of rapidly
perishing, as is ordinarily the case with cholera and typhoid baecill,
struggled on successfully and caused the animal an attack of illness
which often ended fatally. The duration of that illness, however,
varied greatly, viz., from a few days to several months; and
oceasionally the animal ultimately resisted. This irregularity
of results rendered it impossible to utilize the plan for practical
purposes.

Identical or analogous facts were observed by investigators who
attacked the subject subsequently, and the significance which was
attributed to them may possibly have been, at least in one direction,
exaggerated. In 1902, E. W. Ainley Walker and, soon after him,
P. Th. Muller, ascertained that the cultivation of typhoid bacilli in
broth mixed with serum of an immunized animal increased their
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resistance to the agglutinating and dissolving effects of the serum and
enhanced their virulence for animals. The same facts were observed
by Edna Steinhardt in 1905. In 1908, K. Tsuda, by cultivating
typhoid bacilli in sera of normal, instead of immunized, animals
obtained similar results. In regard to the cholera microbes, F.
Hamburger, in 1903, found that cultivation in anti-cholera serum
rendered these also capable of resisting the agglutinating effect of
such serum and increased their virulence for animals. Symmers
observed in these ecireumstances a similar rise in virulence, and H. T.
Marshall, in 1908, found that such cultivation imparted to cholera
bacilli the power of dissolving red blood corpuscles. Even germs
not generally endowed with, or possessing only small pathogenic
power, have been seen to acquire virulence by -cultivation in
animal sera. Vide, for instance, Dudley W. Day’s results with
Bacillus prodigious, Bacillus proteus vulgaris and Bacillus
fluorescens non liquefaciens ; Jowrnal of Infectious diseases, 25th
November 1903. '

In 1903, F. Wechsberg observed an analogous phenomenon with
the bacilli of diphtheric: through cultivation in broth mixed with
anti-diphtheritic serum, they became capable of producing more toxine
than before : but in the case of these germs the uncertainty in
results observed by me in 1890 and 1892 became apparent. Indeed,
in another series of experiments, which were made under the same
conditions as Wechsberg's first series, but in which the preliminary
acclimatization had possibly been pushed a few stages further, 1t was
seen that the procedure not only did not increase, but diminis:hed the
toxine production of those germs. Such were, e.g., Edna :?:t-emhardt'a
results in 1905, A similar diminution, instead of increase, of
pathogenic properties was proved by t—}m latter author in the case
of the dysentery bacillus cultivated in immune serum. (Proceedings
of the New York Pathological Society, IV, Ja.nu.a.ry 1905.)

The uncertainty of the mithridatization platn is parha.pa due to
the fact that a germ introduced intﬂ. an animal is faced with many
peculiarities in the tissues and fluids of th'E body, a8 alluded to
previously. These peculiarities are only partially and 1m?aﬂecﬂy
represented in a sample of humor aqueus or serum, placed in a t:aat
tube. By mithridatizing the germ against the action of such fluids
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work of 1896-1898 (vide, e.g., Deutsche Medicinische Wochenschrift,
Ist January 1897). In deseribing the operations performed in
Berlin by Professor Wassermann and himself, in 1903, Dr. Strong
states (/.c., September 1904, p. 18) :—

“Some time was spent in aecurately standardizing these
( ‘virulent’ and ‘avirulent’ ) cultures, and the minimal lethal dose
for guinea-pigs of 250 grams weight was carefully determined.
After numerous passages of ‘virulent’ through amimals a lethal
dose of 0'1 of a standard (2mg.) Oese of a twenty-howr agar
eulture was reached. With ‘avirulent,’ on the other hand, one
and one-half standard Oesen of a twenty-hour agaragar culture, when
injected intraperitoneally, were required to produce death within
the same time in such an animal. Throughout the course of the
work this selationship between the organisms has been carvefully
preserved and continuously tested by animal inoculation. As the
virulence of the cholera spirilla grown on laboratory media changes
i a few doys, it is necessary fo make daily anvmal inoculation in the
case of the virulent strain” (vide p. 39) ““ and always to use the same
generation of the stem. With the avirulent eulture considerable care
was also necessary to keep its virulence fixed.” ZL.c., October 1904,
p. 15 : ¢ The ¢ avirulent’ was next passed successivelythrough the abdo-
minal cavities of twelve guinea-pigs and then examined in regard to
its virulence. This was found to have considerably increased, since
now three-fourth Qese of the organism produced death in a guinea-
pig of 250 grams weight within twenty-four hours.” (The italics
have been inserted in the present quotation.)

H. T. Marshall (“ Studies on Cholera,” Philippine Journal of
Science, IT1, f. 2, 1908) obtained a similar confirmation of the method.

The procedure was tested also in application to the typhoid
bacillus and gave analogous results; vide “Etude expérimentale
sur l'exaltation, l'immunization et la thérapeutique de linfection
typhique,” par MM. Chantemesse et Widal, Annales de I Institut
Pasteur, November 1892, p. 755 ; Rodet et Lagrifoul : *“ Quelques
faits relatifs A la virulence du bacille d'Eberth. Exsudats de
passages et bacilles de passages,” and “ Influence de uerh&i:}&ﬂ
conditions du milieu sur le pouvoir infectant des cultures du bacille
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which have already been referred to. A list of these cases is
given to the Health Officer who periodically visits the cases and
verifies the results,

“ On two oceasions the results have been subjected to a further
serutiny. InJuly 1895, when the number of houses in which obser-
vations had been made was 36, M. Haftkine re-visited with me ten
of the most important, which he had not previously seen, and
satisfied himself that the returns were absolutely accurate. He
would have seen all, but he was not well at the time. And quite
recently, during my absence in England, Surgeon-Captain Robson
Scott, LM.S,, Deputy Sanitary Commissioner of the Presidency
Circle, made a special investigation on the subject, which lasted
several weeks, Dr. Mookerjee and Dr. Chowdry, of the Municipal
Medical Service, were specially deputed to assist him in his enquiry,
and the local Medical Inspectors were asked to give him every
assistance. The enquiry consisted in visiting affected localities and
those in which inoculation had been carried out, and in collecting
information from the members of the households and neighbours,
which, on being brought to the Health Office, was checked by
the inoculation registers and by the cholera death registers.
The result of this investigation confirmed the accuracy of the
previous observations, and Surgeon-Captain Robson Scott has
furnished me with the following note :—

“<In compliance with your request of yesterday, I now send
you a short account of my visits to the bustees in Caleutta during
last May.

«¢Jn the beginning of last May, M. Haffkine asked me to visit
those wards in the town, in which anti-choleraic inoculation has
been performed on the inhabitants, with the view of testing the
accuracy of already recorded observations, and to try and find out
if any observations had been missed.

“¢ During the eleven afternoons or mornings that were devoted
to the work, fourteen wards were visited, and enquiries were made in
164 different bustees and houses. I was either accompanied by a
Medical Inspector or by the Town Inculator (Dr. Chowdry), and
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(3) In statement XLII, referring to Ram Khetra Nath’s
house, at Bara Bagan bustee, Bokul Bagan Road, Ward 22 : the
number of inoculated persons was 9, not 11, as stated originally
(2 of the 11 inoculated members of the family were not staying in
the same, but in a contiguous house) ; and

(4) Similarly, in statement LXXVI, referring to Munshi
Naiamuth Ali's house, at Western Berh, Ward 25 : the number

of inoculated members living with the others was 7, not 8, as
originally stated.

(Vide Health Officer’s report to the Chairman of the Muni-
cipal Corporation, dated 24th August 1896. Reprinted in the
Indian Medical Gazette for October 1896, pp. 363-369.)

Had it appeared at any time that the study was being impaired
by inadequate investigation, by exaggerating the results or by
minimising cases of failure, or by any other manifestation of
carelessness or of bad faith, the progress of the work would
have been at once arrested, as it depended wholly on the confi-
dence which the public and the authorities had in the operators.
(Vide Surgeon-Lieutenant-Colonel A. Crombie, I.M.S,, Dr. Koilas
Chunder Bose Rai Bahadoor, Dr. W, J. Simpson and Surgeon-
Lieutenant-Colonel Joubert, I.M.S., on *“ Anti-choleraic Inoculation,”
in the Indian Medical Gazetie, September 1895, pp. 854-357.)

In examining the above tables, households in which the inocu-
lated escaped the disease, but were present proportionately in such
small numbers as to be little exposed to infection, may be left out
of account. Such were the five households Nos. LV, LXVII,
LXXII, LXXIII and LXXVIII, in each of which the inoculated
numbered less than 1 to 10 non-inoculated, the aggregate popu-
lation of these houses being 161 non-inoculated, among whom 5
attacks of cholera oceurred, and 7 inoculated, who remained free.

In the other 80 houses and on the ship Majestic, the question as
to the number of days which elapsed between the date of inoculation
and the date of the occurrence of cholera in the house and on the
ship should first be examined.
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This table at once reveals the fact that the incidence of cholera
among the inoculated varied according to three periods. During
the first 4 days alter the date of inoculation cases were observed
both among the inoculated and the non-inoculated ; after the first
4 days there was a period of nearly 14 months (412 days) in which
3 attacks occurred among the inoculated, while among the non-
inoculated, in the same houses, cases were taking place at short
intervals throughout the whole of that period ; and from the 417th
day, during the remaining 13 months of observation, cases re-appeared
among the inoculated. As time went on, the field of observation
gradually contracted owing to the usual migration of the occupants
of suburban tenements.

Analysing the tables according to the above three periods,
it appears that—

I.—In the 12 houses and on the ship Majestic where cases of
cholera occurred during the first 4 days after inoculation—a period
in which the protective effect of the vaccine gradually asserted
itself—there lived a total of

123 non-inoculated individuals, who had 6 cholera deaths (488
per cent.) and 4 attacks ending in recovery, and

142 inoculated, who had 5 deaths (3'52 per cent.) and 1 attack
with recovery.

IT.—In the 54 houses where cholera oceurred during the second
period, extending over 14 months, i.e., from the 5th to the 416th
day after inoculation, there lived

539 non-inoeculated, who had 61 deaths (1132 per cent.) and
5 attacks ending in recovery ; and

279 inoculated who had 2 deaths (0°72 per cent.) and 1 attack
with recovery.*

ITI.—Lastly, in the 16 houses where cholera occurred during
the third period, ie., between the 417th and 800th day after
inoenlation, there were

126 non-inoculated, who had 15 deaths (11'90 per cent.) and
2 attacks with recovery, and

* Houssehold No. IT figures both in the I and II periods of ohservation.
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Among 640 non-inoculated officers, non-commissioned officers
and men there occurred 120 cases (18'75 per cent.) with 79 deaths
(1234 per cent.) ; and among the 133 inoculated, 18 cases
(1853 per cent.) with 13 deaths (977 per cent.). The inoculation
had been done with vaccines “T " and “ IT” given in very small doses.

Among the British Troops at Cawnpore, in July and August
1894, 13 months after inoculation, there oceurred, among 797 non-
imoculated, 19 cases with 13 deaths, and among 75 inoculated, no cases.
Inoculation in this Regiment had been done by Mr. E. H. Hankin
of Agra.

In the 2nd Battalion, Manchester Regiment, at Dinapore and

Camp Beta, in July-August 1894, a few cases oceurred 2 to 6 days
after inoeulation, viz. ;—

Among 729 non-inoculated, 6 cases with 3 deaths, and among
193 moculated, no cases.

On the Tea Estates in Lower Assam, viz., Kalacherra, Chargola,
Pollarbund and Lungla, there occurred in the summer of 1895,
during the first few weeks after inoculation,

among 4,747 non-inoculated coolies, 12 cases (025 per cent.)
with 9 deaths (0-19 per cent.), and

among 1,374 inoculated, all with vaecine “I” only, 1 case
(0-07), fatal,

On one Estate only, at Adam Tila, 657 non- -inoculated remained
free from cholera, while among the 318 inoculated, all with the pre-
liminary vaccine only, there occurred 2 cases (0'63 per cent.) with
1 fatal issue (0'31 per cent.).

In the Gy& Jail inoculation—first with vaceine “1,” and ﬁve days
later, with vaceine ““IL,” both in small doses—was applied in July
1894, while an epidemic of cholera was in progress. In the 15 days
during which the epidemic continued, and including the cases
which oceurred during the first days, i.e., while the protective effect
of the vaccines was still asserting itself, there were, -

among a daily average strength of 202 non-inoculated prisoners,®
20 cases (9'91 per cent.) with 10 deaths (4:95 per cent.) ; and

* The daily streogth was 218, 918, 218, 210, 210, 206, 206, 201, 199, 185, 199, 189, 198, 190
and 1984 respeclively,
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among an average strength of 196 inoculated, 4 cases (2'04
per cent.), all fatal.

Two inoculations, with vacecines “I” and “I1,” in increased doses,
were given in this instance. Colonel Hare, in reporting upon this
outbreak and referring to the similarity of conditions under which
the inoculated and the non-inoculated lived until the camp was
broken up, makes the following observations :—

“The results from one group are especially worthy of record.
It consisted of the first 50 men whose names were written consecu-
tively on the general register (Nos. 1 to 50), with Nos. 356 and 357
belonging to the same party; they formed a natural group, living
together in the same sheds. Of these 52 individuals 36 were
imoculated ; among the 36 there was 1 attack and 1 death (2:7 per
cent.), compared with 11 attacks and 11 deaths (6875 per cent.)
among the 16 uninoculated.” (Surgeon-Captain Ch. E. Hare,
IL.M.S., “ Notes on an outhreak of cholera among the Khasia coolies
of the Assam-Burma Connection Railway Survey, and on the effect
of anti-cholera inoculation,” Indian Medical Gazette, December
1895, pp. 503-505.) The coolies belonged to the same Khasia or
Synting caste and shared, at the time, food, drinking water, ete.
The camp was situated away from other habitations and was
guarded by a detachment of military police, so that no occurrence
of disease or death escaped notice. (The police gnards, who formed
a group apart and remained free from cholera, are net included in
the above figures.)

The plan of inoculating strong doses of vaccine “II” in the
hope of extending the period of immunity of the inoculated
was tried on a large scale on coolies of the Cachar Tea Estates,
in 1895-96. The observations upon the inoculated were continued
till the end of 1899, and the following incidence of cholera was
recorded and published by the medical officer then in charge of
the Estates, Dr. Arthur Powell, at present Police Surgeon and
Coroner’s Physician of Bombay :—

among 6,549 non-inoculated coolies there occurred 198 cases
(3:02 per cent.) with 124 deaths (1'89 per cent.); and :

among 5,778 inoculated, 27 cases (0°47 per cent.) with 14




Operations at the Health Office, Calcutta, for keeping
anti-cholera vaccine on a constant level of strength.

Intra-peritoneal Inoculation of a Guinea-pig
by Dr, Sast Buusax Guosk, Assistant Analyst to the Health Officer of Calcutta.
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deaths (0'24 per cent.). (Dr. Arthur Powell, “ Results of Haffkine’s
anti-choleraic inoculations in Cachdr,” Indian Medical Gazetle,
July 1895, pp. 253-259, and May, June and July 1896, pp. 185-188,
226-228 and 267-269 ; The Lancet, 18th July 1896. Idem, ** Further
results of Haftkine’s anti-cholera inoculations,” Journal of Tropical
Medicine, December 1899.) The mode of observation which was
instituted on the Tea Estates may be seen from the tables accom-
panying Dr. Powell's publications in the Indian Medical Guazette.

On these Estates, as in the case of the Regiments,
the inoculated and non-inoculated lived together, in huts belonging
to the Estates. The coolie labourers are registered in the Estate
books and receive wages for each working day. They are,
therefore, supervised at work daily, and all incidence of disease or of
any other cause of absence becomes immediately known.

Valuable material bearing on the effect of inoculation was also
gathered by Surgeon-Captain (now Lieutenant Colonel) J. C.
Vaughan, while in charge of the Purulia Inoculation Station,
in 1896-97 (vide Indian Medical Gazette, 1897, pp. 114-119;
157-158; 194-196). The documents at my disposal are, however,
not complete. Other references to publications on the subjeet
may be found in the bibliography accompanying the “Revue”
in the Bulletin de U'Institut Pastewr, Vol. IV, 1906, entitled
“ Lies vaccinations anticholériques aux Indes, par W. M. Haftkine,”
pp. 697-705 and 737-747.

In the studies described above there is one desideratum
which a bacteriologist might have wished to see fulfilled to a
greater extent than it actually was, and which I would have endea-
voured so to fulfil, had there been at the time the necessary
requirements at my disposal® I refer to a bacteriological
examination of the produects of the cholera patients, so as to have
that method of diagnosis of the disease added to the clinjcal
diagnosis made by the physicians who observed and investigated
the cases. A bacteriological examination was ecarried out on
many patients in his charge by Dr. Arthur Powell of Cachdr, and in
certain cases by the officials of the Calcutta Health Office ; but in most
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other instances such an examination was not practicable and was
not desired by the Regimental or Jail authorities, by the Medical
Officers in charge, by the Tea Kstate managers and their
Medical Ofticers, or by the sanitary authorities of the country.
The reason of this is that the percentage of doubtful cases
in an epidemic of cholera is relatively unimportant, as is known
to those who have ever been in the midst of an outbreak of
this disease and are familiar with its manifestations. As a
safeguard, however, against possible mistakes, the rule was adopted,
on the occurrence of any uncertainty, always to record doubtful
results against the cause of inoculation. Thus, if a doubtful illness
oceurred in an inoculated, it was arranged to record this as a case
of failure,” 7., a case of cholera in an inoculated ; while if it
oceurred in a non-inoculated, the doubtful attack was not to be
taken into account.

The effect of the anti-cholera inoculation was thus established by
carefully studying the history of and comparing inoculated and
non-inoculated members of the same households, the same regi-
ments, the same batches of coolies, or inmates of the same prisons.
In this way sources of error arising out of privileged social position,
sanitary locality, good housing, pure food and water, or any other
adventitious cause of immunity in the inoculated were obviated.
Students of medicine and sanitation will, I believe, find it not easy
to reply, if they are asked to name, in the history of those sciences,
a method, whether preventive or curative, the effect of which has
been established with a greater degree of precision than in the case
of the method under consideration.

VIEWS OF VARIOUS A UTHORITIES.

The question as to the possibility of immunizing man against
cholera has been judged by many authoritative ecritics to have
received, in the experiments detailed above, a definitely affirmative
solution. I might quote a long list of pronouncements on the subject;
but one or two will perhaps suffice. The view taken by English
scientists was enquired into by Lord George Hamilton, when Secre-
tary of State for India, and was stated by him in letters, dated

R NS ANE  R—

I P P



Operations at the Health Office, Calcutta, for keeping
anti-cholera vaccine on a constant level of strength.

Fost-mortese Examination of a Guinea-pig: Collection of Peritoneal Fluid

by Dr. JoGENnra NatH Durt, Analyst to the Health Officer of Calcutta.
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Commission of 1898-1901. It must be mentioned, however, that,
at the time, the Commission did not see their way clear to
acquiesce in the validity of the discovery and in their official report
pronounced themselves against the applicability of inoculation in
the incubation stage of plague. Inoculation as a remedy against
a condition of infection developed beyond the incubation stage has
since been extensively tried, and its effects and degree of actual
utility in such circumstances are studied in many diseases.

Another feature of the anti-cholera inoculation, which was taken
into account in devising the plan of the inoculation against plague,
was that, while the incidence of cases of cholera and—parallel with
this—the incidence of deaths from that disease were powerfully
influenced by the inoculation, no effect of any constancy was observed
upon the recovery rate of the inoculated attacked, a result which,
unfortunately, went against the expectations suggested hy & prior:
consideration of the matter (wide p. 35). In devising the
plan of inoculation against plague endeavours were made to affect
favourably also the recovery rate ; and, apparently in answer to the
measures adopted, the result proved successful.

Subsequent work by various experimenters and by myself
regarding the immunization of man against cholera, typhoid
and plague was a continuation and outcome of the studies of
1890-6. I shall have to make later on some references to
publications on cholera (vide pp. 83-86). As concerns immunization
against typhoid, R. Pfeiffer and W. Kolle, shortly after om
consultation in 1895 (vide p. 13), undertook the first anti-typhoid
vaceine operations in Germany. In their original publication on
the subject (Deutsche Medicinische Wochenschrift, 12th November
1896) the authors quote the Indian researches as opening the way
for further application of the method, and state that “ as the experi-
ments made to realize artificial immunization of man against cholera
gave such an unexpectedly favourable result, the problem which
presented itself next was to enquire how man would react to
inoculation of typhoid bacill.” The examination of the blood
of the persons subjected to such inoculation (¢f. pp. 84 and 93-97)
showed a certain similarity with the blood of individuals who had
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sodium, ete. Such extractions have been prepared with the germs
of cholera, typhoid, bubonic plague, dysentery, chicken cholera,
pig-septiczemia, hamorrhagic septiceemia of cattle, Bacillus colli, ete.

The question as to whether vaccine should be used in extraction
or in its entirety was dealt with, in reference to plague, by the
Indian Plague Commission of 1898-1901 when examining Lustig
and Galeotti’s proposal of applying  nucleoprotein” (alkali ex-
traction) of plague bacilli for anti-plague inoculation. The Com-
mission did not commend the plan, and so far as I am aware, in the
12 years which have elapsed since then, nucleoprotein has not come
into use. I think, this result is not without bearing on the ques-
tion. As I have already intimated, it is not possible at present to
determine accurately the particular constituents of the bacterial body
which create in an animal immunity against natural disease, though
it is already apparent that in different diseases the effective agents
must differ in constitution. For the present, therefore, we place
ourselves on surer ground by transforming into vaccine the whole
of the substances of the germ which the individual has to deal with
in the event of infection. Then, the use of the entire germ, com-
pared with extractions made from it, offers facilities of considerable
importance in the matter of manufacture. For the purpose of
making the extraction, the scale of preparation would need to be
increased to many times its present volume, for only a small amount
of specific matter is obtainable in solution from a given volume of
vaccine. The larger the scale of preparation, the more complicated
are the measures necessary for assuring satisfactory results,
Further, the techinique of effecting the actual extraction, of handling,
with all the requisite care, the additional substances necessary for
this, of applying the various procedures which are suggested for
facilitating the solution, and of filtering off the residual solids, on a
scale required for practical purposes, is a far heavier addition to
the work than is the extended scale of cultivation,

In this connection I may refer also to the plan which Dr.
Besredka, of the Paris Pasteur Institute, has, in a most helpful
spirit, suggested with the object partly of mitigating the reactionary
symptoms caused by the cholera, plague and typhoid vaccines, partly
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It is on account of these circumstances that, inevitably, endea-
vours have always been made to solve questions relating to man by
experiments on small animals—guinea-pigs, rabbits, mice, etc.—which
could be handled in the laboratory. A vast amount of invaluable
information has thus been obtained ; but, unfortunately, differences
of organization and of the conditions of life, both in health and disease,
make it often impossible to conclude from the effect upon lower
animals the effeect on man. Thus, for instance, the fact that
actiwe immunization offers a means of saving individuals who have
contracted a rapidly incubating disease (vide p. 75) would have
remained undiscovered without the studies of cholera and plague in
man ; for experiments on laboratory animals gave diametrically
opposite results and indicated that, during the first succeeding days,
immunization not only did not protect from, but directly predisposed
to and aggravated such a disease, and that when infection had been
contracted previously, an attempt at immunization would render a
fatal issue inevitable. (Vide Calmette and Salimbeni’s detailed
research into the anti-plague inoculation in white mice.) The whole
subject of inoculation against cholera offers, of course, an instance
of a problem which could not be solved by experiments on animals
(vide pp. 35-36; also Richard Strong, on pp. 96-97 below). An
attempt is, therefore, frequently made to arrive at conclusions
concerning the immunization of man, by examining samples of blood
and serum from individuals operated upon, or else by subjecting
inoculated persons to artificial infection, in a manner permissible in
human beings,

The last-mentioned plan of investigation was, perhaps, as well
and as fully exemplified as it could be in the experiment described
by Professor Metchnikoff on the two men inoculated by me in
1892 (vide pp. 36-37). The difficulties in arriving at a reliable
conclusion by that method are due to the wide divergence between
the mode of infection as it takes place in Nature, on the one hand,
and as it is done in the Laboratory, on the other ; to the restricted
number of individuals on whom the experiment can be attempted
and the idiosyncrasies of the patients which, in these circumstances,
affect the results; and to the impossibility of trying on man a
decisive mode of infection. Thus, concerning the last-mentioned
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point, in the case of the two persons referred to by Professor
Metchnikoff, a conclusion had to be formed both from the apparent
mitigation of their choleraic symptoms and from the degree of
general malaise experienced by them, while the interpretation of
the latter symptom was complicated by the fact that it possibly
included some manifestation of defence against intection. Professor
Metechnikoff, therefore, rightly indicated, in the wording of the
conclusions which I have cited above, that he did not view that
experiment, or the experiments made on rabbits, and the & prior:
considerations connected with vaccination against poisoning, as
containing the data for the final solution of the question.

The information obtainable from the other mode of enquiry, that
of examining blood samples, instructive in very many ways as it is,
is equally far from being of a decisive character. In view of the im-
portance of the matter involved and of the weight which, on various

“oceasions, has been attributed to such information, it is perhaps desir-
able to examine with some detail the experience gained in it.

Human blood serum, when injected into a guinea-pig simul-
taneously with, or a day or so prior to, an injection of a lethal dose
of cholera virus, is found in certain cases to have the effect of obviat-
ing the fatal action of such virus. 1In 1892, Lazarus observed this
property in the serum of men who had recovered from an attack of
cholera (Berliner Klinische Wochenschrift, 1892); and in the same
year, Klemperer found it in the serum of men artificially inoculated
with cholera germs. (Ilid.) Drs. R. Pfeiffer and W. Kolle's
observations of 1896, made on the blood of persons inoculated
with cholera vaccine, both in its live and devitalized conditions (vide
p. 84), were on analogous, though not identical, lines. The question
is how far the appearance in the blood of the above-mentioned
property indicates that the individual possesses the necessary
immunity to protect him against cholera. The following facts
bear on the matter :—

(«¢) Of 12 Europeans examined by Metchnikoft' and who were
free from any previous history of cholera, 5 were found to have in
their serum substances which protected guinea-pigs against a fatal
injection of cholera germs, and 7 had no such substances.
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the same magazine, -Vol. LIX, 15th July 1911).  Neisser
and Lubowski, Garbat aud Meyer, Besredka and Broughton-
Alcock, tbtained experimentally anti-typhoid sera which were,
from the first, devoid of any property of agglutinating typhoid
bacilli or rendering them soluble : yet by means of such serum
it was possible to save animals which had been infected with
typhoid a few hours before; on the other hand, ordinary
.anti-tj,rphnid serum, strongly possessed of agglutinating and dissolv-
ing properties, has no such curative effect. Besredka rightly quotes
these experiments as one of the proofs “that there exists no
parallelism between the effects in vitro and in vive, and that neither
agglutination nor alexine fixation (vide p. 18 above) can be used as
indices of immunity.” (A. Besredka, “ De la vaccination par les
virus sensibilisés,” Revwe in Bulletin de !'Institut Pasteur, 30th
June 1912, p. 540.)

In plague, R. Strong, following Kolle and Otto, finds that
live virus has greater immunizing powers than any form of
devitalized vaccine ; yet when he examined the serum of 26 persons
inoculated with such virus, he found that it possessed neither
the power of agglutinating the plague germ, nor that of protecting
an animal against plague infection. (R. Strong, “Studies in Plague
Immunity * Philippine Journal of Science, I, No. 3, June 1907.)

The above instances could be easily multiplied, but those given
should suffice to show that, at present, it is no more possible to infer
from blood examination the existence of immunity in aninoculated
man or animal, than to infer from the natural or conferred immunity
of & lower animal the existence of similar immunity in man. Authors
who have worked on the lines under consideration are not unaware of
the inevitable uncertainty of the conclusions obtainable in that way.
Thus, referring to vaccination against cholera and the effects of the
watery extraction of my devitalized vaccine “IL" Dr. Strong
(Manila Bulletin No. 16, September 1904, pp. 45 and 46) states :—

“We have seen that by the subcutaneous injection of the
cholera prophylactic” (extraction of vaccine “II") “an excellent
cholera immune serum can be obtained in human beings.
However, the question naturally arises, whether these individuals are





















