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In the course of an examina t ion of Amer ican refined lead, con­

t a in ing compara t ive ly large quant i t i es of copper and nickel, the bis­

m u t h had been prec ip i ta ted in the o rd inary manner by an excess of 

sodium ca rbona te , from the potassium cyanide solution of the r>tli 

g r o u p of metals (Fresenius) . In the alkal ine filtrate, ILS produced 

a reddish-brown prec ip i ta te , which could not be identified as the 

sulphide of any of t he well known heavy metals . It was readily 

soluble in d i lu te ni t r ic acid. F r o m this solution a basic salt was 

prec ip i ta ted by water . Po tass ium carbona te produces a prec ip i ta te 

which is soluble in an excess of the boil ing prec ip i tant . H y d r o g e n 

sulphide prec ip i ta tes the original sulphide t'rt)m the alkaline solution. 

T h e q u a n t i t y of su lphide was very small, a m o u n t i n g to about 1 

m g r m from 200 g r m s of lead. 

T h e react ions, as far as they could be verified, cons ider ing the 

smallness of the quan t i t y of mater ia l , correspond to the descr ip t ion 

of no rweg ium as g iven by Dahl l . 

T h e refined lead was a m i x t u r e of leads from various sources, but 

it is not improbab le t h a t the re may be a connection between the 

presence of copper, nickel and norwegium. P rope r a t t en t ion given 

to the var ious lead ores, especially those which yield lead contain­

ing la rger quant i t ies of copper and nickel, will undoub ted ly th row 

fur the r l ight upon th is subject . 

T h e results obta ined seemed of sufficient interest for publ ica t ion 

for the benefit of those who may be more favorably s i tuated , both 

wi th regard to t ime and mater ia l , than I am at present . 

X X V I . — O N C H I C K E N C H O L E R A : S T U D Y OP T H E C O N D I T I O N S O F 

N O N - R E C I D I V A T I O N AND OF SOME OTHER CHARACTERISTICS OF 

T H I S D I S E A S E . 
By M. L. PASTEUR.* 

Translated from the Comptes Rendus de rAcademic des Sciences, of April 26th iStfo, page 952, 
by P. Casamajor. 

In t he communica t ion which I had the honor of p resen t ing to the 

A c a d e m y in t he m o n t h of F e b r u a r y last, I announced , a m o n g otl ier 

resul ts , t h a t chicken cholera or ig ina tes in a microscopical paras i te ; 

t h a t there is an a t t e n u a t e d v i rus of this disease, and t h a t one or 

more inocula t ions of th is a t t e n u a t e d virus may preserve chickens 

from dea th when inoculated with the virus of m a x i m u m virulence. 

On account of t he s t r ik ing s imilar i ty t h a t these t w o forms of v i rus 

present wi th t he effects of var iola and vaccine in man, it becomes in-

* The translation of the first paper of this series apppeared in this JOURNAL, 
February, 1880 (2, 79). 
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teresting to ascertain not only if the immunity from the more aggra­
vated form of virus is absolute, for the regions of the body which 
have undergone the preventive inoculation, but also if this immunity 
exists in the system, no matter what portion of the animal may have 
been inoculated, and what may have been the manner of introducing 
the virus.* 

To explain with brevity the results which I have to communi­
cate, I may be allowed to use the word vaccinate, to express the act 
of inoculating a chicken with the attenuated virus. This being ad­
mitted, I may state, as the result of many experiments, that the ef­
fects of vaccination are very variable. Some chickens are little 
affected by the most virulent virus after one inoculation of the at­
tenuated virus ; others require two such inoculations, and even three. 
In every case, the preventive inoculation does some good, because it 
acts in a certain measure. Vaccination, then, may be of several de­
grees ; but we may always succeed in completely vaccinating a 
chicken, which means that we can bring it to such a condition that it 
becomes incapable of being affected by the most virulent virus. 

To make this matter clear, I will now give the results of experi­
ments : I take eighty new chickens (I call new those which never 
suffered before with chicken cholera). On twenty of these, I inocu­
late the most virulent virus—and they all die. Of the sixty that 
remain, I take another lot of twenty, and I inoculate them with that 
quantity of the most attenuated virus which the point of the needle 
will take up f— and not one dies. Are they then vaccinated for the 
aggravated form of virus? Some are and some are not, for if I 
afterwards inoculate these twenty chickens with the most virulent 
virus, six or eight of them will not die, although they may be ill, 
while in the first case every inoculated chicken died. I take again 
from the remaining chickens another lot of twenty, and these are 
vaccinated with the attenuated virus exactly as the preceding lot, 
and, a week afterwards, they are again vaccinated in the same man­
ner. Are they now safe from the virulent virus? We now inoculate 
these twenty chickens with this virulent virus, and, instead of there 
being six or eight which do not die, there are twelve or fifteen. Fi­
nally, I take Ae twenty remaining chickens, and vaccinate them suc-

*Prom all I have seen and read of vaccine in man, and from my experi­
ments on chicken cholera, I infer that vaccine rarely acts as a complete preventive. 
There are cases cited, of vaccinated persons who have had the variola, and there 
are even cases of persons who have had it, afterwards, as much as three times. 

f There are degrees of attenuation as well as of virulence. I will give ex­
planations in a future communication. 
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cessively three or four times. If now I come to inoculate them 
with the most virulent virus, not one will die. In this case, chickens 
are brought to the condition of animals who are incapable of suffer­
ing from chicken cholera. 

As to the cause of non-recidivation, I find it impossible to resist 
the idea that the microscopic germ, which causes the disease, finds 
in the body of the animal conditions suitable to its development, and 
that to satisfy the necessities of its life, the germ alters certain sub­
stances, or destroys them, which comes to the same thing, whether 
it assimilates them, or whether it consumes them with oxygen bor­
rowed from the blood. 

When complete immunity has been reached, the most virulent 
germ may be inoculated into any of the muscles without producing 
any effect. This means that the cultivation of the germ has become 
impossible in these muscles. They no longer contain food for the 
germ. 

It is impossible to convey the impression that one receives from 
observing such phenomena. Here are twenty chickens which never 
had this disease. I inoculate them in their pectoral muscles or, still 
better, in the muscle of the thigh, so as to observe with greater ease the 
effect of the inoculation. The next day all the chickens are lying 
down ; they are very lame and seem overcome by sleep. The in­
oculated muscle becomes of enormous size and is profusely filled 
with the parasites. From time to time, a chicken dies, and, at the 
end of forty-eight hours, they are all dead. We may take also 
twenty chickens, previously vaccinated several times, and inoculate 
them at the same time as the others, with the same virus, in 
equal quantities. The next day and the next, they are all alive 
and in good health ; they eat and cackle as usual ; the cocks crow ; 
the inoculated muscles present nothing abnormal. There is not 
even a sign to show where the skin was punctured. This healthy 
condition remains permanent. 

We may now inquire whether the impossibility of cultivating the 
parasite is not limited to the muscles which have been inoculated. 
This may be answered by introducing the deadly virus in the blood 
vessels and in the digestive organs. I have taken ten chickens, 
never before inoculated, and ten others inoculated several times 
with the mild virus. I have then injected the worst form of virus 
in the jugular vein of all these chickens. The first ten have died 
rapidly ; many of them within twenty-four hours. The ten vaccin­
ated chickens, on the contrary, have only been slightly ill from the 
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incision of the skin and of the jugular vein, and were soon in good 
health. This shows that the blood of these ten chickens was itself 
vaccinated, which means that previous cultivation had deprived it of 
the materials fit for further developments of the germ. 

As to the introduction of the parasite in the digestive organs, I 
have imitated the epidemics which depopulate poultry yards, by intro­
ducing the parasite in the food of the chickens. On the 11th of 
March, I brought together twelve chickens, bought at the market 
that very morning, and twelve others, previously vaccinated several 
times. Every day I gave to these twenty-four chickens a meal of 
the diseased muscles of chickens, who had died from chicken cholera. 
Through the combs of the twelve chickens which had not been vac­
cinated, I passed a platinum wire, so as to distinguish them from 
the other twelve. On the next day, the unvaccinated chickens be­
gan to sicken and die. On the 26th of March, the experiment ter­
minated. Seven of the chickens that had not been vaccinated have 
died, and a post mortem examination reveals the fact, that the disease 
was introduced in the system, either through the first portion of the 
alimentary canal, or more frequently, through the bowels, which were 
highly inflamed, and sometimes ulcerated, in a manner which recalls 
the lesions of typhoid fever.* The five other unvaccinated chickens 
are more or less ill, one seriously so. As to the twelve vaccinated 
chickens, not one has died, and to-day f they are all alive, and in 
good health. We may now sum up the results as follows : 

I t is the life of a parasite, in the interior of the body, which 
causes the disease known as chicken cholera and which causes 
death by this disease. When the cultivation of this parasite 
cannot take place in the body of a chicken, the disease does not show 
itself. The chicken is then in the constitutional condition of animals 
which chicken cholera cannot attack. Animals, in this condition, 
may be said to be born vaccinated for this disease, because the foetal 
evolution has not placed in their bodies the proper food of the para­
site, or because substances, which could serve as such food, have dis­
appeared while they were yet young. We must not wonder that 
there are constitutions more or less apt to receive inoculations of 
certain kinds of virus, for, as was announced in my first note, the 
broth of beer-yeast is entirely incapable of supporting the life of 

*The blood is full of parasites, and the interior organs are frequently 
covered with pus and false membranes, particularly next to the intestinal 
pockets, through which the germ seems to have penetrated. 

t April 26th. 
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the parasite of chicken cholera, while it is well adapted to the culti­
vation of a multitude of microscopical germs, notably of the bacte-
ridia of carbuncular disease. 

The explanation to which we are led by the facts already men­
tioned, of the different degrees of constitutional resistance of some 
animals, as well as of the immunity which chickens acquire by pre­
ventive inoculations, must seem a natural one, if we take into con­
sideration, that every cultivation modifies the medium in which it 
takes place. In the case of ordinary plants, the soil is modified ; 
in the case of parasites, the animals and plants on which they live 
are also modified. The same thing happens with the liquids in which 
they live, in the case of ferments and other microscopical germs. 
The modifications which take place have this character in common, 
that new cultivations of the same species in these media soon become 
difficult or impossible. If chicken-broth is used for cultivating the 
germ of chicken cholera, and if, after three or four days, the liquid 
is filtered, to separate all the germs, and furthermore, if after this, 
fresh quantities of the germs are placed in the filtered liquid, it will 
be found incapable of producing the feeblest development. Per­
fectly limpid at first, the liquid remains indefinitely limpid. 

We are lead to believe that the cultivation of the attenuated 
virus in a chicken, places its body in the same state as that of a liquid 
which can no longer sustain the life of the germ of disease. We may 
extend the comparison still further, for, if we filter the broth on the 
second day of the cultivation, instead of on the fourth, the filtered 
liquid will still permit the cultivation of the germ, but less readily 
than at first. This may enable us to understand that the cultivation 
of the attenuated germ in the body of a chicken may not have re­
moved all the food for the germ. The remainder may allow a fresh 
cultivation of a feebler kind. This is the same as a first vaccination. 
Subsequent inoculations will remove progressively all the materials 
for the cultivation of the parasite. Through the action of the cir­
culation, a time will come when any new cultivation on the animal 
will remain unproductive. Then the disease cannot recidivate, and 
the subject becomes perfectly vaccinated. 

It may seem astonishing that the first cultivation could have 
stopped before all the food of the germ has been destroyed ; but we 
must not forget that the germ is aerobian,* and that, in the body of 
an animal, it does not find the same conditions as in an artificial 

* Pasteur divides germs and other microscopic organisms into aerobians (re­
quiring air to live) and anaerobiae (which do not require uir).— Translator. 
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medium of cultivation, in which there are no obstacles to its propa­
gation. In the body, on the contrary, it finds opposition from the 
cells of the organs, which are also aerobian, and are continually ab­
sorbing oxygen. 

We might also account for the fact of non-recidivation by admit­
ting that the life of the germ, instead of destroying certain sub­
stances in the body of an animal, on the contrary, adds other sub­
stances which act as an obstacle to its further development. The 
history of the life of these inferior beings, of all beings in fact, 
authorizes this supposition. The excretions due to vital functions 
often prevent vital functions of the same nature. In some fermen­
tations, antiseptic products are formed while fermentation is going 
on, and even by the action of ferments, and these products put an end 
to further action, even if there are still substances left capable of 
undergoing fermentation. In the cultivation of our germ, there 
might, in the same way, be substances formed whose presence 
might explain non-recidivation and vaccination. 

Our artificial cultivation of the parasite will enable us to examine 
this hypothesis. If we prepare an artificial cultivation of the germ 
of chicken cholera, we may evaporate the liquid in vacuo while cold, 
then bring it back to its original volume by the addition of chicken 
broth. If the extract contains a poison which destroys the germ, and 
if the presence of this poison is the cause of its non-development, 
the cultivation of the germ cannot take place in this liquid. On the 
contrary, the development does take place without difficulty. We 
cannot then believe that, during the life of the parasite, there are 
substances produced which prevent its further development. This 
is a corroboration of the opinion which we have expressed on the 
cause of non-recidivation in certain virulent diseases. 


