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TRANSLATION OF AN ADDRESS ON THE GERM TIHEORY,

Delivered at the International Medical Congress, London, August, 1881.
By PROFESSOR PASTEUR.

GexTLEMEN: I had no intention of addressing this admirable Congress,
which brings together the most eminent medical men in the world, and the
great success of which does so much credit to its principal organizer, Mr. Mac
Cormac. The good-will of your esteemed President has decided otherwise. How
could one, in fact, resist the sympathetic words of that eminent man whose good-
ness of heart is nssocinted in no small degree with great oratorical ability 2 T'wo
motives huve brought me to London. The first was to gain instruction, to profit
by your learned discussions; and the second was to ascevtuin the place now ocen-
pied in medicine and surgery by the germ theory, Certainly I shall return to
Paris well sutisfied.  During the past week I have learned much. I earry away
with me the conviction thut the English people ave a grent people, und us for the
influence of the new doctrine, I have been not only struck by the progress it has
made, but by its trivmph. I should be guilty of ingratitude and of false modesty
i I did not accept the weleome 1 have received nmong you and in English society
asa mark of homage paid to my labours during the pust five-and-twenty yenrs
upon the nature of ferments—their life and their nutrition, their preparation in
& pure state by the introduction of organisms (ensemencement) under natural and
artificinl conditions — labours which have established the principles and the
methods of microbie (microbism), if' the expression is allowable. Your cordial
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welcome has revived within me the lively feeling of ratisfuction I experienced
when your great surgeon Lister declared that my publication in 1857 on milk fer-
mentation kd inspired him with his fist idens on his valuablo surgical method.
You have reawakened the pleasure I felt when our eminent physicinn Dr,
Davaine declared that his labours upon charbon (splenic fever or malignant pus.
tule) had been suggested by my atudlies on butyrie fermentation and the vibrion
which is characteristic of it.  Gentlemen, T am happy to be able to thank you by
Dbringing to your notice a new advance in the study of microbie as applied to the
preveution of transmissible disenses—discases which for the most part are fraught
with terrible consequences, both for man and domestic animals,  The subjeet of
my communication is vaceination in relution to chicken cholera and splenic fever,
aud a statement of the method by which we have arvived at these results—a
method the fruitfulness of which inspires me with boundiess anticipations. Be-
fore discussing the question of splenie fever vaceine, which is the most important,
permit me to reeall the results of my investigations of chicken cholera, It i3
through this inguiry that new and highly important principles have been intro.
duced into seience concerning the virus or contagious yuality of transmissible dis-
cases.  More than onee in what T am nbout to say 1 shall employ the expression
virus-culture, as formerly, in my investigations on fermentation, T used the ex-
pressions, the culture of ‘milk ferment, the culture of the butyric vibrion, ete.
Let us take, then, a fowl which isabout to die of ¢hicken cholera, and let us dip
the end of a delieate gluss rod in the blood of the fowl with the usual precautions,
upon which I need not here dwell.  Let us then touch with this charged point
some bouillon de poule, very clear, but first of all rendered sterile under a tempera-
ture of nbout 115° Centigrude, and under conditions in which neither the outer air
nor the vases employed ean introduce exterior germs—those gevms which are in
the air, or on the surfuce of all objeets.  In o short time, if the little culture vase
js placed in a temperature of 250 to 859, you will sce the liquid become turbid,
and full of tiny microbes, shaped like the figure 8, but often so small thut under
a high magnifying power they appear like points. Take from this vase a drop
as small as you please, no niore than cun be carried on the point of a gluss rod
as sharp as o needle, and toueh with this point a fresh quantity of sterilized
bouillon de poule pluced ina second vase, and the same phenomenon is produced.
You deal in the same way with a third culture vase, with a fourth, and soon to s
hundred, or even a thousand, and invarinbly within a few hours the culture liyuitl
becomes turbid and filled with the same minute organisms. At the end of two
or three duys’ exposure to a temperature of nbout 30° C. the thickness of the
liquid disnppears, and a sediment is formed at the bottom of the vase. This sig-
nifies that the development of the winute organism hus ceased—in other words,
all the little points which caused the turbid appearance of the liynid have fullen
to the bottom of the vase, and things will remain in this condition for a longer
or sharter time, for months ¢ven, withont cither the liquid or the deposit under-
going any visible modification, innsmuch as we have tuken care to exclude the
germs of the atmosphere. A little stopper of votton sifts the air which enters or
jusues from the vase through chunges of temperature. Let us take one of our
series of culture preparations—the hundredth or the thousandth, for instance—
and compare it in respect to ita virulence with the blood of a fow] which has died
of cholera; in other words, let us inoculate under the skin ten fowls, for instance,
ench separately with a tiny drop of infections blood, and ten others with a similur
quantity of the liquid in which the deposit has first been shaken up.  Strange 1o
sny, the latter ten fowls will dic ns quickly and with the snme symptoms as the
former ten; the blood of all will be found to contain after death the same mi-
nute infectious orgunisms.  This cquality, so to spenk, in the virulence both of the
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colture preparation and of the blood is due to an apparently futile eircumstance.
I have made & hundred culture preparations—at least, I have understood that
this was done—without lenving nny considerable interval between the impregna-
tions, Well, here we have the cause of the cquality in the virulence. Let us
now repent exactly our successive cultures with this single difierence, that we
pass from one culture to that which follows it—from the hundredth to, say, the
hundred and fivst, at intervals of a fortnight, & month, two months, three months,
or ten months.  If, now, we compare the virulence of the successive eultures, a
great chauge will be observed. It will be readily seen from an inoculation of a
serics of ten fowls thut the virulence of one culture differs from that of the blood
aid from that of a preceding culture when a sufficiently long interval elapses
between the impregnation of one culture with the microbe of the preceding.
More than that, we may recognize by this mode of observation that it is possible
to prepare cultures of varying degrees of virulence. One preparation will kill
eight fowls out of ten, another five out of ten, another one out of ten, another none
at all, although the microbe may still be cultivated. In faet, what is no less
strange, if you tuke each of these cultures of attenuated virulence as a point of
departure in the preparation of successive cultures and without apprecinble inter-
val in the impreguntion, the whole series of these cultures will reproduce the
attenuated virulenee of that which has served as the starting point.  Similarly,
where the virulenve is null it produces no effect. How, then, it may be asked,
are the cffeets of these attenuating virulences revealed in the fowls? They are
revealed by a loeal disorder, by n morbid modification more or less profound in
a muscle, if it is u muscle which has been inoculated with the virus, ‘The mus-
cle is filled with microbes which uve easily recognized because the attennated
mierobes have almost the bulk, the form, and the appearance of the most virulent
microbes, But why is not the local disorder followed by death?  For the mo-
ment let us answer by o statement of facts, They are these: the local disorder
ceazes of itself more or less speedily, the microbe is absorbed and digested, if
one may suy so, and little by little the muscle regains its normal condition. Then
the disease has disappeared.  When wo inoculate with the microbe the virulence
of which is null there is not even local disorder, the nature medicatrix carrics
it off at once, and here, indeed, we see the influence of the resistance of life,
since this microbe, the virulence of which is null, multiplies itsclf. A little
further, and we touch the principle of vaccination, When the fowls have been
rendered sufliciently ill by the attenuated virus which the vital resistance has
arrested in its development, they will, when inoculated with virulent virus, suffer
no cvil cifects, or only cfleets of a passing character. In fact, they no longer
die from the mortal virus, and for a time sufticiently long, which in some cases
may exceed a year, chicken cholera cannot touch them, especially under the
ordinury conditions of contagion which exist in fowl-houses. At this critical
point of our manipulation—that is to say, in this interval of time which we have
placed between two cultures, and which causes the attenuntion—what occurs ?
I shall show you that in this interval the agent which intervenes is the oxygen of
the air. Nothing more eusily ndmits of proof. Let us produce a culture in a
tube containing very little air, and close this tube with an cnumeller's lamp. The
microbe in doveloping itself will speedily take all the oxygen of the tube and of
the liquid, after which it will be quite free from contact with oxygen. In this
case it does not appear that the microbo becomes appreciably attenuated, oven
after o great lupso of time, The oxygen of the air, then, would scem to bo a
possible modifying agent of the virulence of the microbe of chicken cholern—
that is to suy, it may modify more or less the facility of its development in the
body of animals, May wo not be here in presence of a general law applicable
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to all kinds of virus? What benefits may not be the result? Wo may liope to
discover in this way the vaccine of all virulent disenses; and what is more natural
than to begin our investigation of the vaceine of what we in French enll chuvbon,
what you in England c¢all splenic fover, and what in Russia is known ns the
Siberian pest, and in Germany as the Milzbramd, In this new investigation [
have had the assistance of two devoted young sarants—MM. Chamberlund and
Roux. At the outset we were met by a difliculty.  Among the inferior organ-
isms, all do not resolve themselves into those corpuscle germs which I was the
first to point out us one of the forms of their possible development.  Many infee-
tious microbes do not resolve themselves in their cultures into corpusele germs,
Such is equally the case with beer yeast, which we do not see develop itselt’ usu.
ally in breweries, for instance, except by n sort of scissiparity. One cell makes
two or more, which form themselves in wreaths ; the cells become detached, and
the process recommences.  In these cells real germs are not usually seen.  The
microbe of' chicken ¢holera and many others behave in this way, so much so that
the cultures of this microbe, although they may last for months without losing
their power of fresh cultivation, perish finnlly-like beer yenst which has exhausted
all its aliments.  ‘T'he anthracoid microbe in artificial cultures behaves very ditter-
ently. In the blood of animals, as in cultures, it is found in translucid filuments
moroe or less segmented,  This blood or these cultures freely exposed to air, in.
stead of' continuing nccording to the first mode of generation, show at the end of

forty-cight hours corpuscle perms distributed in series more or less regnlar along
the filaments, Al around those corpuscles mutter ia absorbed, ns I have repre-

sented it formerly in one of the plates of my work on the disease of' silkworms,
Little by little all connection between them disappears, and presently they are
reduced to nothing more than germ dust. It you make these corpuseles germi-
nate, the new culture reproduces the virulence peculiar to the thready form which
has produced these corpuscles, and this vesult is scen even after a long exposure
of these germs to contact with air. Recently we stiscovered them in pits in which
animals dead of splenic fever hud been buried for twelve years, and their culture
was as virulent as that from the blood of an animal recently dead. Here I regret
extremely to be obliged to shorten my remarks. I should have had much pleas-
ure in demonstrating that the anthracoid germs in the earth of pits in which ani-
mals have been buried are brought to the surfuce by earthworms, and that in this
fuct we wmuy find the whole etiology of disense, inasmuch us the animals swallow
these germs with their food, A great difficulty presents itself when we attempt
to apply our method of attennation by the oxygen of the uir to the unthracoid
microbes.  The virulence estublishing itself very quickly, often after fom-und-
twenty hours in an anthracoid germ which eseapes the action of the air, it was
impossible to think of discovering the vaccine of splenic fever in the conditions
which had yielded that of chicken cholera. But was there, after all, reason to
be discouraged? Certainly not; in fact, if you observe closely, you will find
that there is no real difference between the mode of the generation of the anthra.
coid germ by seission and that of chicken cholera. We had thercfore reason to
hope that we might overcome the difficulty which stopped us by endeavouring to
prevent the anthracoid microbe from producing corpuscle germs and to keep it
in this condition in contact with oxygen for dnys, and weeks, and months. The
experiment fortunately succeeded.  In the ineffective (neutre) bouillon de poule
the anthracoid microbe is no longer cultivable at 4590 C, Its culture, however,
is easy at 420 or 430, but in these conditions the microbe yiclds no spores. Con-

juently it is possible to maintain in contuct with the pure air at 420 or 43°a
mycélienne culture of bucterin entirely freo of germs, Then appear the very
remurkable results which follow. In a month or six weeks the culture dies—that
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is to say, if one impregnates with it fresh bouillon, the latter is completely sterile,
Up till that time life exists in the vase exposed to air and heat.  If we examine
the virulence of the culture at the end of two days, four days, six duys, eight
days, etc., it. will be found that long before the death of the culture the microbe
has lost all virulence, although still cultivable. Before this period it is found
that the culture presents a series of attenuated virulences.  Everything is similne
to what happens in respect to the microbe in chicken cholera, Besides, each of
these conditions of attenuated virulence may be reproduced by culture; in faet,
since the charbon does not operate a second time (ne récidive pas), each of our
attenuated anthracoid microbes constitutes for the superior microbe u vaceine—
that is to say, a virus capable of producing a milder discase. Here, then, we
have u method of preparing the vaceine of splenic fever.  You will see presently
the practical importance of' this result, but what interests us more particularly is
to observe that we have here a proof that we are in possession of' u general method
of preparing virus vaccine bused upon the action of the oxygen and the air—thut
is to suy, of' a cosmic force existing everywhere on the surtuce of the globe. [
regret to be unable from want of time to show you that all these attenuated forms
of virus may very easily, by a physiological artifice, be made to recover their
original maximum virulence. ‘T'he method I have just expluined of obtaining
the vaccine of splenic fever was no sooner mude known than it was very exten-
sively employed to prevent the splenic affection.  In France we lose every year
by splenic tever animuls of the value of 20,000,000f. 1 wus asked to give a public
demonstration of the results alrendy mentioned. This experiment I may relate
in a few words,  Fitty sheep were placed at my disposition, of which twenty-five
were vaceinuted. A fortnight afterwards the fifty sheep were inoenlated with
the most virulent anthracoid micvobe. ‘The twenty-five vaceinated sheep resisted
the infection; the twenty-five unvaccinated died of splenic fever within firty
hours, Since that time my energies have been taxed to meet the demands of
farmers for supplies of' this vaccine.  In the space of fifteen days we have vacei-
nated in the departments surrounding Paris more thun 20,000 sheep and a large
number of cattle and horses, If I were not pressed for time I should bring te your
notice two other kinds of virus attenuated by similar means.  These experiments
will be communicated by and by to the public. I cannot conclude, gentlemen,
without expressing the great pleasure 1 feel at the thought that it is as a member
of an international medical congress assembled in England that I muake known
the most recent results of’ vaccination upon a disense more terrible, perhaps, for
domestic animals thun smallpox is for man, I have given to vaccinution an ex-
tension which science, I hope, will nceept as homage puid to the merit and to
the immense services tendered by one of the greatest men of Enflland, Jenner.
What a pleasure for me to do honour to this immortal nume in this noble und
hospitable city of London!—LZLancet, Aug, 18, 1831,
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