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POLIOMYELITIS (INFANTILE PARALYSIS) 
By Dr. SIMON FLEXNER 

THE ROCKEFELLER INSTITUTE FOR UEDICAL RESEARCH, NEW PORK, N. Y. 

THE essential nature of infantile paralysis has been 
determined within the twenty-year period during 
which the disease, escaping from its endemic home 
i n  Norway and Sweden, has made i ts  epidemic prog- 
ress over the world. Only the tropics, and even they 
not wholly, have been spared its ravages. 

It is probably just because infantile paralysis had 
never before prevailed in  a world-wide epidemic that 
we a re  witnessing the periodical outbreaks which are  
so tragic in  their consequences. On the whole, the 
outbreaks have been larger and more severe i n  North 
America than elsewhere and for  reasons, as will ap- 
pear, which are bound u p  with the nature of the 
disease. 

Infantile paralysis is a disease long known to phy- 
sicians, although its infectious and communicable 
nature was established only about forty years ago 
during an epidemic in Stockholm. Hence it is known 

to be a disease of microbic origin. The microbe or 
microorganism which induces infantile paralysis is so 
minute that it is not certain that it has ever been 
seen under the microscope. Because of its minuteness, 
it can pass through filters of earthenware which hold 
back, and prevent from passing, ordinary micro-
organisms, such as  the bacteria. 

The microbe of infantile paralysis differs in an-
other way from the usual bacteria. M7hile bacteria 
are easily made to grow outside the body, the microbe 
can be made to multiply in  this way only under spe- 
cial conditions. These conditions are  provided by 
growing and multiplying tissue cells taken from warm- 
blooded animals and propagated in tissue cultures. 
When the invisible microbe of infantile paralysis is 
cultivated with tissue cells, both increase together, 
the microbe probably within the cells. 

There a re  many other kinds of invisible microbes 
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which produce diseases of plants and the lower and 
higher animals. The microbe of infantile paralysis 
belongs to this class of ultraminute living bodies. All 
these ultramicroscopic disease-producing microbes 
share the peculiarity that in  order to be made to 
multiply outside the animal o r  plant which they 
attack a s  parasites, and in which they cause disease, 
they must be cultivated with living and growing tissue 
cells. 

Certain pathologists have expressed skepticism 
about the microbe of infantile paralysis because of 
its invisibility and the difficulty of making it  increase 
outside the body. This would be equivalent, let us 
say, to denying the existence of atoms because they 
also are beyond visibility and can not be made to 
increase a t  all by any means known to us a t  present. 
Now, physicists and chemists are  not doubtful about 
the atom because of certain known properties con-
cerning it. These properties enable physicists and 
chemists to experiment with the atom and to learn a 
vast number of things concerning its nature through 
the experiments. They are  in  no essential way hin- 
dered from acquiring this knowledge because of the 
minute size of the atom. I n  a very similar way 
pathologists have dealt and are  dealing successfully 
with the invisible microbes of disease and promi-
nently among them the microbe of infantile paralysis. 
A vast amount of new knowledge of infantile paraly- 
sis has been obtained by experiment since the microbe 
was discovered in 1910 simultaneously a t  the Rocke- 
feller Institute i n  New York and the Pasteur Institute 
i n  Paris. 

The control of any communicable disease is greatly 
promoted by the discovery of the mode of infection 
or the way i n  which the microbe enters and leaves 
the affected body. The epidemic in  Stockholln and 
its environs in  1905 led to the recognition that infan- 
tile paralysis was passed from person to person. But 
just how this passage took place could be conjectured 
but not definitely determined a t  the time. 

With the discovery by Dr. Landsteiner in 1909 of 
the communicability of infantile paralysis to monkeys 
the way was suddenly opened to the detection of this 
essential fact and many other important facts re-
garding the disease which have since been brought 
to light. The first step forward consisted in the dis- 
covery a t  the Rockefeller Institute that  the microbe 
of infantile paralysis escapes from the body in the 
secretions of the nose and throat. I t  is not as  widely 
appreciated a s  it '  should be that a way for  the dis- 
ease-producing microbe to escape alive and undam- 
agedfrom the body is just a s  essential fo r  the spread 
of the disease as a way of effectively entering a 
healthy individual in  whom disease is to be produced. 
Hence the detection of the manner and place of exit 

of the microbe may afford the clue as to its means 
of entrance. And this is actually what happened in 
the instance of poliomyelitis. Finding that the 
microbe escapes by way of the nose and throat led 
almost immediately to the discovery that it  was able 
also to enter the healthy monkey and induce paralysis 
through these organs. This knowledge led in its turn 
to the detection of the microbe in the secretions of 
the nose and mouth of children suffering from infan- 
tile paralysis and also in these secretions of persons- 
parents especially-who have been in intimate con-
tact with the sick children. 

A t  the present time it  is the firm belief of most 
pathologists that the microbe of infantile paralysis 
is carried from person to person, from the infected 
to  the uninfected, through the secretions of the nose 
and throat. The public health measures designed to 
reduce the spread of the disease are  based on this 
belief. All this does not mean that there may not 
be still other ways of communicating the disease yet 
to be discovered. I t  is known, f o r  instance, that the 
microbe of infantile paralysis can be spread by milk. 
Two small, isolated outbreaks of the milk-borne dis- 
ease have been detected in  New York State within a 
few years. These epidemics differ from the usual 
ones in  their restricted extent and almost explosive 
character. The cases tend all to  arise in rapid suc- 
cession, after which there is complete o r  nearly com- 
plete cessation. A few days or a week or two wit- 
ness the entire progress of these outbreaks. 

One attack of infantile paralysis, no matter how 
slight, usually affords protection f o r  life. Associated 
with this state of immunity, and responsible in  part, 
if not wholly, f o r  it, is the presence in the blood of 
a substance which, when inoculated into monkeys, is 
capable of preventing the microbe from producing 
the disease. The serum of the blood, o r  its fluid 
portion separated from the corpuscles, is equally 
effective, and it is capable, not only of rendering the 
microbe inactive when the two are mixed in advance, 
but, also, as was discovered a t  the Rockefeller Insti- 
tute in 1910, of preventing the onset of paralysis 
in  monkeys when the microbe is first introduced and 
the serum from recovered human beings or monkeys 
is injected 24 to 48 ho~xrs later. 

This observation is the experimental foundation f o r  
the convalescent serum treatment of infantile paraly- 
sis which, first applied in man by Professor Netter of 
Paris in  1911, has now come to be widely employed. 
The extent to  which the serum treatment is effective 
has still to be determined with accuracy. It is now 
known not to be of value when paralysis has already 
occurred. On the other hand, i t  is believed that the 
earlier the serum is administered af ter  symptoms 
appear the better the results obtained. 
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Not only are  the protective and curative properties 
present in  the blood of persons who have recovered 
from obvious attacks of infantile paralysis; they are  
present also, in  some amount, in the blood of many 
adult persons who have never suffered from the dis- 
ease. This is not peculiar only to infantile paralysis. 
Many affections of microbic origin exist in  two forms : 
one i n  which disease is frankly present; the other in 
which individuals exposed to the microbe harbor i t  
f o r  a time during which no symptoms of disease occur, 
but immunity to the microbe is secured. This is true 
of such common microbic diseases as diphtheria and 
scarlet fever, which may be cited as examples of a 
larger class. That the blood serum of normal adults 
renders the microbe of infantile paralysis inactive 
was noted by Anderson and Frost, of the U. S. Public 
Health Service, in  1911. Subsequent studies on a 
larger scale, carried out by the Harvard Poliomyelitis 
Commission under Dr. Aycock, have shown that this 
sort of unperceived immunization is  taking place 
widely to-day in the United States. It is to this 
protective process, perhaps, that we have to look 
finally f o r  the eradication of poliomyelitis from this 
country. I t  is probable that  the reason northern 
America has suffered disproportionately from the 
disease in  the past 20 years is that the general popu- 
lation, not having been exposed over a term of years 
a s  have many of the European populations, lacks the 
immunity conferred by the unperceived carriage just 
described of the microbe of infantile paralysis. 

W e  gain a strengthened impression of this kind of 
protective mechanism a t  work in the dark by studying 
the age frequency of the disease and comparing the 
frequency with the ages a t  which the blood protection 
is demonstrable. I n  childhood, up  to the tenth year, 
there is little protection discernible; this is the period 
of greatest frequency of the disease. From ten years 
on the proteotion rises and the frequency of the dis- 
ease diminishes. I n  adults the proteotion reaches 
maximum and the oases minimum figures. The pro- 
portion of protected adults increases with the oppor- 
tunity f o r  exposure to the microbe; hence i t  is higher 
in  urban than in rural communities. The ages of the 
children who are now suffering most in the New York 
epidemic conform to this rule. Indeed, with minor 
exceptions, the victims of the present epidemic have 
been born since 1916; f a r  more children under rather 
than over ten years of age have been stricken. 

The employment of convalescent serum f o r  the 
treatment of early cases of infantile paralysis was 
begun in 1911. I n  1916 Zingher, of the Department 
of Health of New York City, employed the serum 
of normal adults f o r  treatment. The logic of this 
procedure is apparent from what has been stated oon- 
cerning the antimicrobic powers of the blood of many 

adults. Probably the concentration of the curative 
substances is greater in  convalescent serum, but this 
need not always be the case. I n  the absence of sup- 
plies of convalescent serum, normal adult serum may 
be employed for  treatment. It is advisable to  combine 
the serum of a number of individuals, rather than 
to rely on that of a single person, in order to increase 
the probability of administering a n  effective dose. 

The convalescent serum has been shown experimen- 
tally not only to exert ourative (therapeutic) proper- 
ties but to possess preventive powers as  well. Definite 
observations on this point, having as  object a possible 
application to protective serum injection, were made 
a t  the Rockefeller Institute in 1928. At  this time 
attention was directed to the employment of oon-
valescent serum f o r  prevention in a n  emergency. 
Fortunately, the case frequency of infantile paralysis 
is not high, so that resort to this measure will not 
often become necessary. Moreover, so f a r  as  con-
valescent serum is  concerned, in  an emergency the 
available supplies will be required for  the treatment 
of declared cases. On the other hand, abundant sup- 
plies of normal adult blood a re  always procurable. 
I n  view of the high proportion of adult city dwellers 
who are immune, the blood serum of parents or other 
suitable persons can readily be administered to 
younger children who a re  exposed to infection. No 
assurance of absolute protection can, of course, be 
given, but, by analogy with measles, benefit may be 
hoped for  or even expected. Time and  experience 
alone will make it  possible to ascertain the value of 
this procedure. 

The obvious effect of an attack of infantile paraly- 
sis is paralysis of the muscles. The microbe does 
not act on the muscles directly but indirectly through 
nerve oells presiding over the muscular movements 
and located in  the spinal cord chiefly. These cells 
are acted on directly by the microbe and injured; 
sometimes the injury is so severe that the oells a re  
destroyed outright; sometimes the injury is severe 
enough to interrupt function for  a time only. I n  the 
one case the muscular paralysis is permanent; in  the 
other restoration of function occurs. The microbe 
acts also on the cells and tissues about the nerve cells; 
the disturbance thus produced affects indirectly the 
function of the nerve cells. When these indirect 
effects disappear, with recovery from the disease, re- 
newal of function of the nerve cells and muscles takes 
place. Time is often required f o r  the complete rever- 
sal of the general cell and tissue disturbances during 
which restoration of musoular power slowly returns. 
There is a great diversity in  the extent and location 
of the injurious effects of the microbe, and there is 
very great variation in  the intensity of the action 
exerted so that musoular paralysis, when present, may 
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be slight o r  extensive, fleeting or permanent. The 
extent of the paralysis a t  the beginning of the attack 
is no accurate measure of its endurance. Recovery 
from paralysis on a wide scale is not only possible 
but often takes place.. 

The microbe of infantile paralysis is known to 
belong to the class of invisible, filter-passing micro- 
organisms to which the name of viruses is applied. 

This virus has been found in the secretions of the 
nose and throat of persons ill of infantile paralysis 
and of well persons in  intimate contact with the sick. 

When the virus is applied to the nose and throat 
of monkeys it passes along the connecting nerve fibers 
to the brain and spinal cord and induces paralysis 
similar to that  occurring in the human disease. 

That communication of the disease from person to 
person is brought about by personal contact and the 
transfer of the secretions of the nose and throat of 
the sick to the well has been established by observation 
of human epidemics and by experiments on monkeys. 
Whether or not any other common manner of com-
munication of the disease to man exists is not known. 
Present public health measures of control of infantile 
paralysis a re  based on this mode of personal infection. 

An attack of infantile paralysis is protective fo r  
life, irrespective of the intensity of the attack. 

Persons who have had infantile paralysis possess 
in  their blood certain protective or  healing substances 
which can be used effectively to  treat persons sick of 
the disease, and perhaps to prevent the disease in 
other and exposed children. It is the fluid portion 
of the blood that is employed in this way under the 
name of convalescent serum. 

Since many normal adults develop immunity to in- 

fantile paralysis as  a result of exposure to the virus 
under circumstances not leading to obvious disease, 
their blood serum also carries, a t  times, the protective 
and healing substances. The serum of these adult 
persons, which is abundantly available, may sometimes 
be substituted for  the serum of convalescents, which 
is necessarily limited in  quantity. 

There are  strong reasons f o r  believing that  a 
gradual immunization of the population of the United 
States is taking place as  a result of the epidemics of 
infantile paralysis which have prevailed in  different 
parts of the country since the large Swedish-Nor-
wegian outbreak of 1905. 

The virus of infantile paralysis acts upon the ner- 
vous system and especially upon the nerve cells of the 
spinal cord which control muscular movements. The 
muscles themselves are  not directly affected. Since 
the virus injures the nerve cells and adjacent tissues. 
with varying degrees of intensity, the effects on the 
muscles range from very slight to severe paralysis. 
Even when the paralysis is severe, restoration of 
motion takes place in part  or even wholly as the 
injurious consequences of the disease subside. 

Although the n a m e i n f a n t i l e  paralysis-carries the 
implication of actual loss of motion by muscles, yet 
many cases of the disease never show paralysis a t  all. 
Indeed, there are  reasons for  believing that the cases 
of the non-paralytic disease exceed greatly in number 
those in which actual paralysis occurs. 

Infantile paralysis is mainly but not wholly a dis-
ease of childhood. Adults are  affected but infre-
quently. Now that we have learned that young chil- 
dren have rarely and older children and adults have 
often become immunized through unperceived or  sub- 
clinical effects of exposure, we can better understand 
the peculiarities of age and place susceptibilities. 

GENETICS AND EVOLUTION1 
By Professor MAURICE CAULLERY 

UNIVERSITY 

IT seems to me that one of the functions of a 
congress such as  this one, where f o r  the moment many 
zoologists of all nations and all interests are  gath- 
ered, is to examine the situation presented by the 
great problems which change from time to time but 
which are  never completely solved. Such a study is 
particularly useful in  certain phases when our diverse 
doctrines tend to clash or a re  not altogether incom- 
patible. Now this is actually the case a t  the present 

1 Address a t  the opening of the eleventh International 
congress of ~oology, Padora, September 4,193O. Trans-
lated from the author's nlaliuscript by J. C. Green-
way, Jr .  

O F  PARIS 

time with the problem of evolution. Since the peou- 
liar character of my work as a teacher a t  the Uni- 
versity of Paris, devoted as it is to the study of 
evolution, has led me to constant reflection on the 
subject, I thought you might permit me to submit 
some aspects of more timely problems to the consid- 
eration of the congress a t  this reunion of zoologists. 

Indeed the nature of tlie researches most in favor 
a t  the present time compel us to face a situation that 
exists in  other congresses (especially the Genetical) 
where the problem of evolution is brought u p  indi- 
rectly, and where the mass of zoological data is  


