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1 WOULD LIKE TO REITERATE THE 

following results, which I have pre- 
viously had the honor of presenting to 
the academy: 

1. Fowl cholera is a virulent disease 
of the first order. 

2. The virus * consists of a micro- 
scopic parasite which multiplies read- 
ily in culture away from the animal 
body: From this it IS possible to obtain 
the virus in a state of purity and dem- 
onstrate irrefutably that it is the sole 
cause of the disease and death. 

3. The virus may vary in its viru- 
lence. At times the disease is followed 
by death, while at other times, after 
causing disease symptoms of variable 
intensity, recovery occurs. 

4. These differences in the virulence 
of the virus are not merely the result 
of natural variations, as the experi- 
menter can alter them at his will. 

5. As is generally the case for all 
virulent diseases, fowl cholera does not 
recur, or rather the recurrence is of 
such a degree that it is inverse in in- 
tensity with that of the earlier infec- 
tion, and it is always possible to extend 

*[The causal agent of fowl cholera is not 
a filterable virus, but a bacterium, now 
known as Pasteurella nmltocida.1 

the resistance so far that inoculation 
with the most virulent virus does not 
produce any effect. 

6. Without wishing to make a de& 
nite assertion on the relationship be- 
tween the small pox and the cow pox 
viruses, it seems from the above facts 
that in fowl cholera, there exists a 
state of the virus relative to the most 
virulent virus, which acts in the same 
way as cow pox virus does in relation 
to small pox virus. Cow pox virus 
brings about a benign illness, cow 
pox, which immunizes against a very 
serious illness, small pox. In the same 
way, the fowl cholera virus can occur 
in a state of virulence that is suffi- 
ciently attenuated, so that it induces 
the disease but does not bring about 
death, and in such a way that after 
recovery, the animal can undergo an 
inoculation with the most virulent 
virus. Nevertheless, the difference be- 
tween small pox and fowl cholera is 
considerable, in certain respects, and 
it is not amiss to remark that, with 
respect to an understanding of the 
principles, studies on fowl cholera will 
probably be more helpful. Whereas 
there is still a dispute about the rela- 
tionships between small pox and cow 



pox, we know for certain that the 
attenuated virus of fowl cholera is 
derived directly from the most viru- 
lent virus of this disease, so that their 
natures are fundamentally the same. 
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cholera which is in the most virulent 
state possible. Previously I developed 
a curious method for obtaining a virus 
with this virulence. This was done by 
collecting the virus from a chicken 
which was about to die, not from an 
acute but from a chronic infection. I 
have observed that the cholera exists 
occasionally in this latter form. These 
cases are rare, but a number of these 
were obtained. In these cases, the 
chicken, after becoming very sick, 
grows more and more emaciated but 
does not die for weeks or months. 
When death occurs, it is because the 
parasite, up until this time localized in 
certain organs, passes into the blood 
and reproduces there. One can then 
observe that the virulence of the virus 
cultured from the blood of an animal 
which has taken a long time to die is 
considerably higher than the virulence 
of the virus which was used to inocu- 
late this animal, so that it is able to 
kill all animals that are injected with it. 

I will now demonstrate the truth of 
this main assertion, which is at the 
base of the preceding proposition, 
namely, that there are variable states 
in the virulence of the virus of fowl 
cholera. This result may seem strange 
when one thinks that the virus of this 
disease is a microscopic organism 
which can be handled in a state of 
perfect purity, in the same way as the 
yeast of beer or the mycoderma of 
vinegar. And further, if one considers 
this strange fact of variation in viru- 
lence clearly, one cannot keep from 
recognizing that this phenomenon is 
probably common to diverse species 
of organisms causing infectious dis- 
eases. But where is the common factor 
in these various infectious diseases? 
In order to cite only one example, is 
it not usual1 

E 
considered that the 

variations in t e severity of epidemics 
of variola, sometimes serious, while 
at other times benign, are due to dif- 
ferences in environmental conditions, 
to the climate, or to the resistance of 
the individuals? Is it not equally seen 
that major epidemics gradually die 
out and then reappear and die out 
again? 

Let us now make successive cul- 
tures of this virus, always in a state of 
purity, in a medium of chicken broth, 
by taking the inoculum for each cul- 
ture from the preceding culture, and 
then testing each culture for its viru- 
lence. This observation shows that the 
virulence does not change signifi- 
cantly from one culture to the next. 
In other words, if we admit that two 
virulences are identical when, upon 
injecting the same number of animals 
under the same conditions, and the 

P 
roportion which die in the same 

ength of time is the same, then we 
have established that the virulence of 
our successive cultures is identical. 

The idea of the existence of vari- 
able degrees of virulence of the same 
virus is not made in order to surprise 
the physician or laymen, but because 
it may be of tremendous importance if 
it could be established scientifically. 
In the present case, the mystery is cer- 
tainly connected with the fact that 
the virus, being a microscopic para- 
site, reveals variation in its virulence 
that are at the control of the observer. 
It is this point which I would like to 
establish rigorously. 

Let us begin with a virus of fowl 

I made no statement above about 
the length of time between one cul- 
ture and the next, or the possible in- 
fluence of this duration upon the 
virulence of successive cultures. Let 
us now turn our attention to this 
point, and consider the smallest inter- 
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val which appears to bring about 
changes. An interval from one to eight 
days between cultures does not effect 
the virulence of the successive cul- 
tures. An interval of 15 days shows 
the same results. After an interval of 
one month, six weeks, or two months, 
one does not observe any more 
change. Nevertheless, as the interval 
is increased, it is possible to perceive 
at times certain signs of a decrease 
in virulence, like a weakening of the 
inoculating virus. For example, the 
rapidity of death seems to diminish, 
although the proportion of deaths does 
not. In various series of inoculated ani- 
mals, one sees chickens which lan- 
guish, are very sick, often become 
very lame because the parasite, in its 
progression, has passed into the mus- 
cles and has attacked those of the 
legs. The pericardium may become 
elongated; abscesses appear around the 
eyes; and finally the virus has lost its 
fulminating character. Let us then go 
to longer intervals than these, before 
we transfer the culture again. Intervals 
of three, four, five, eight months, or 
more can be used, before the virus is 
again tested for virulence. Each time 
the picture is changed considerably. 
Differences in virulence are found 
which are considerable, while previ- 
ously the changes were either insig- 
nificant or were only revealed in a 
very equivocal manner. 

When such intervals between cul- 
turing are used, one finds that instead 
of identical virulence, the virulence is 
decreased, so that out of ten chickens 
inoculated, only nine, eight, seven, 
six, five, four, three, two, or one out of 
ten die, and at times not a one dies, 
so that the sickness may develop in all 
of the inoculated chickens, but they 
all recover. In other words, by a sim- 
ple change in the way in which the 
parasite is cultured, merely by length- 
ening the time between transfers, we 
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have obtained a method for decreas- 
ing progressively the virulence of the 
virus, until finally we have a virus 
which is a true vaccine, in that it does 
not kill, but induces a benign illness 
which immunizes against a fatal ill- 
ness. 

It would not be expected that in all 
attempts at attenuation, the procedure 
would occur with a reproducible and 
mathematical regularity. Some cul- 
tures which have not been transferred 
in five or six months show a considera- 
ble virulence, while others of the 
same origin may already be quite at- 
tenuated after three or four months. 
We will later explain this anomaly, 
which is only apparent rather than 
real. Often there is a steep jump from 
a good virulence down to a state in 
which the microscopic parasite has 
died, and this may take place in a very 
short interval. In passing it from one 
culture to the next, one is surprised 
by the absence of growth of the cul- 
ture. The death of the parasite is fur- 
thermore a usual thing if one allows 
the culture to stand a sufficient length 
of time. . . . 

In the course of these changes, what 
happens to the microscopic organism? 
Does it change its form or appearance 
while changing its virulence in such 
a profound way? I would not like to 
insist that there does not exist a cer- 
tain relationship between the morphol- 
ogy of the parasite and its virulence, 
but I must admit that such a relation- 
ship is almost impossible to perceive, 
and if it exists, it is missed even when 
using the microscope, because of the 
very small size of the virus. Cultures 
of all degrees of virulence seem sim- 
ilar. If it seems at times that small 
changes have occurred, it may only 
be accidental, and in later observations 
these changes may disappear or ap- 
pear in an inverse relationship to 
earlier changes. 
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It is possible to say that if one takes 
a number of cultures of varying 
virulences, and starts new cultures 
with them and continues to make 
successive transfers at the same time 
interval for all of the cultures, the 
virulence of each culture is main- 
tained at the same level as it originally 
was. For example, an attenuated virus 
which only kills once out of ten in- 
oculations maintains this virulence in 
successive cultures, if the interval of 
transfer is not too long. Although 
probably in line with the preceding 
observations, it is equally interesting 
that an interval between transfers 
which is sufficient to bring about the 
death of an attenuated virus may not 
necessarily bring about the death of 
a highly virulent virus, although it 
serves to attenuate it. 

We must now consider the im- 
portant question of what is the cause 
of the decrease in virulence. 

The cultures of the parasite are nec- 
essarily kept in contact with air, be- 
cause the virus is an aerobic organism 
and cannot develop when kept in the 
absence of air. It is therefore natural 
to ask initially if it would not be in 
the contact with air that the attenuat- 
ing influence exists. Would it not be 
possible that the tiny organism which 
is the virus, while developing in the 
presence of oxygen in the culture me- 
dium, undergoes several modifications 
which become permanent, and still 
remain when the organism is removed 
from the influence of the oxygen? It is 
also possible to ask if there might not 
be some other principle in the at- 
mosphere, chemical or fluid, which 
might intervene in the accomplish- 
ment of this phenomenon. 

Our first hypothesis that it is oxygen 
in the air which brings about the 
change can easily be put to experi- 
mental test. This can be done by ob- 
serving whether the phenomenon is 

suppressed in the absence of oxygen. 
To this end the following experi- 

ment was performed. A convenient 
quantity of chicken broth was seeded 
with the most virulent virus we have, 
and glass tubes were filled with this 
seeded broth to two-thirds, of their 
volume, three-fourths, and so on, and 
then the tubes were closed under a 
flame. With the small amount of air 
remaining in the tubes, the virus began 
to grow, and this could be determined 
by observing the turbidity of the tube 
develop. During the growth in the 
tube, gradually all of the oxygen in 
the tube was used up. Then the tur- 
bidity fell to the bottom and the virus 
was deposited on the walls of the tube 
and the liquid 6ecame clear. It took 
two or three days for this to occur. 
The tiny organisms are thereafter 
without oxygen and they will remain 
in this state for as long as the tube is 
not opened. What has happened to 
their virulence? In order to avoid mis- 
takes in this study, we prepared a 
large numberof parallel tubes, and at 
the same time an equal number of 
flasks of the same culture, but freely 
exposed to contact with the air. We 
have already stated what will happen 
to cultures that are exposed to air. 
They become progressively less viru- 
lent. This phenomenon was found 
again in this experiment in the cul- 
tures exposed to the air. Let us speak 
only of those cultures in the closed 
tubes, cultures without contact with 
air. Let us open tubes at various in- 
tervals, one month, two months, three 
months, four months, and so on, and 
transfer them into new broth tubes 
and then test their virulence. . . . Re- 
markably, the experiment shows that 
the virulence under these conditions 
is always the same as that which was 
used to inoculate the original closed 
tubes. Meanwhile the cultures which 
have been exposed to air are either 
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dead or possess a very weak virulence. 
Our problem is therefore solved: 

other viruses. In any case, we have 

it is the oxygen which brings about 
here a circumstance worthy of inter- 

the attenuation in virulence. 
est for the possible large generality 

Truly, there is more here than an 
regarding a method for the attenua- 

isolated fact. We are in possession of a 
tion of virulence, which may derive 
from some influence of the cosmic 

general principle. One may hope that order of things. May we not assume 
there may be an action inherent in 
atmospheric oxygen, a natural force 

here that it is perhaps this influence 
which is res 

always present, which will enable us P 
onsible, in the present as 

in the past, or the eventual limitation 
to perform similar attenuations on of the large epidemics? . . . 

Comment 

The problem of virulence is not as not grow and would be lost. However, 
simple as Pasteur visualized. As we have if he carried his parasite in artificial 
said before, a disease results from the 
interaction of a host with a parasite. If 

culture media, the virulent organisms 

either the host or the parasite changes 
would no longer have any selective ad- 
vantage over the nonvirulent ones. 

in some way, this may alter the severity Probably a mixture of virulent and non- 
of the disease. We know that individual 
hosts may vary in their susceptibility to 

virulent cells would be present. If he 
allowed a culture to grow to its maxi- 

a given parasite. Thus when 10 chickens mum extent and then continued to in- 
are inoculated with a standard number 
of parasites and only 5 die, this means 

cubate it, many complex changes would 
take place. Because all of the food in 

that 5 of the chickens were more re- 
sistant than the other 5. This varia- 

the cuhure has been used up, many of 
the cells would die, due to autolytic 

tion in resistance of individual hosts may processes. If the virulent cells had more 
be genetically or environmentally con- tendency to die than the nonvirulent 
trolled. If it is genetically controlled, ones, we would eventually have only 
a surviving host may be able to pass nonvirulent cells left. This is what Pas- 
this resistance on to its offspring, and 
a resistant breed may arise. 

teur found. It is of course not possible to 
know if this is the exact mechanism of 

In the same way, the virulence of a the phenomenon reported by Pasteur, 
parasite may be genetically or environ- but it is a most probable one. His work 
mentally determined. Again, if it is gen- on the effects of oxygen is puzzling. Al- 
etically determined, a lack of virulence though oxygen may play a role in speed- 
may be passed on to the offspring of the ing up autolytic processes, it probably 
parasite, and a nonvirulent strain may does not have as direct an action as 
arise. Pasteur thought. 

Pasteur was not aware of genetic 
concepts in the way we are today. 
We know that the virulence of a para- 
site is to a great extent genetically de- 
termined. Thus we can guess at what 
took place in Pasteur’s experiments. If 
he continued to inoculate chickens with 
cultures freshly isolated from diseased 
chickens, he would continue to select vir- 
ulent mutants or strains, which would be 
the only ones which could grow in 
chickens. Nonvirulent mutants would 

The process of isolating a nonvirulent 
strain from a virulent culture has been 
called attenuation since Pasteur first used 
the word. Now that we know the 
genetic basis of virulence, this word no 
longer has much meaning, since it seems 
to imply some process of continuous 
variation from virulent to nonvirulent. 

The present paper demonstrates the 
highly important concept that the viru- 
lence of a parasite may vary. Since the 
disease Pasteur was studying was one 
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which could be produced in experi- similarity to the smallpox-cowpox story 

mental animals, it was possible to analyze was quite evident to him (see a fSe 
the situation in some detail. It was obvi- 121). The practical applications o P his 
ous to him that attenuation was not an observations also did not escape him and 
isolated incident in fowl cholera but are presented in the next paper. 
probably a general phenomenon. The 

On a vaccine for fowl 

cholera and anthrax 

1881 l Louis Pasteur 
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[h TESTING CULTURES FOR VIRULENCE, 

a number of animals survived after 
injections with a nonvirulent culture.] 

. . . In examining the animals which 
*have not died during this study on 
virulence, it can be seen that they have 
been sick from the same disease which 
has killed the other animals, since one 
can find in their muscles the same 
tiny organism in large numbers. If we 
consider that in general acute diseases 
do not ordinarily recur, it may be 
asked if this disease, which exists with- 
out killing the animals, would not be 
able to hinder the recovery from the 
fatal disease. But, if we inoculate these 
chickens which have not died, with 
a virus which is highly virulent to 
fresh chickens, one which has not been 
in contact with air, and which is able 
to kill 100 times out of 100, we find 

that it no longer kills, and that it never 
is able to develop. Evidently, we have 
discovered a virus-vaccine for fowl 
cholera, and one may even say, we 
have discovered many virus-vaccines, 
since we have a number of degrees of 
attenuation of the virus. Indeed, if one 
studies the virulence of a culture every 
15 days for a number of months, it is 
easy to show that there is a gradual 
diminution in virulence, and each virus 
can be considered as a vaccine for the 
virus above it. Here is therefore the 
idea of a vaccine, well known in 
medicine since Jenner, but which re- 
veals itself in very new conditions, 
in a microscopic organism. In the 
vaccine of Jenner, no organism has 
been recognized so far, so I reserve 
this question until it has been eluci- 
dated. . . . 


