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GENERAL INTRODUCTION 

T O U N D E R S T A N D  a disease about which little is known, it is some- 
times necessary to theorize f rom a few facts and to postulate axioms 

which become tenable only if they agree with clinical experience. I t  
might be believed that  such thinking may  result  in shrewd guesses, 
especially if the axioms suggested prove plausible and possibly correct. 
Such conclusions may  often be reached w~th a min imum amount  of 
visible effort, a condition anathema to the rabid experimental is t  who may  
repor t  or app laud  work which shows a maximum amount  of experimental  
effort, but  which reveals a min imum amount  of thought.  

There has been a vast amount  of research in poliomyelitis. Most of the 
experiments have been done on M. rhesus monkeys, animals not susceptible 
to this disease. Much of the information obtained has at times been diamet- 
rically opposed to clinical experience and simple logic. This has not 
troubled some experimenters  who at times discard the obvious as un- 
reasonable and enhance the unreasonable because not obvious and be- 
cause suppor ted  by authorities. The only way to test any theory about 
a human disease is to test i t  against  clinical experience. 

PECULIARITIES OF TIIE POLIOMYELITIS VIRUS 

To begin with, it has been suggested that the virus of poliomyelitis 
has almost an obligate affinity for gray fibers of the nervous system. I 
This conception is not novel, since it has been known that poliomyelitis 
virus does not remain long in white fibered or medullated tissue; that it 
is easily absorbed by gray fibered nerves, olfactory, etc., or the gray 
fibered axis-cylinders of medul]ated nerves; and that it is found in 
gray fibered areas. 

It has been stated that the virus does not readily multiply in the 
higher regions of the central nervous system; that the cerebral cortex is 
not a favorable site for development or even of preservation of the 
virus. 2 Levaditi ~ states that the central nervous system, particularly 
the gray matter of the cord, is the principal reservoir of the virus. The 
very term poliomyelitis is significant--polio, gray, and myelitis, an in- 
flammation of the gray matter. 

Virus could not be absorbed in the human being by way of the many 
artificial pathways used to produce the disease in the experimental 
animal. It probably could be absorbed only by peripheral and super- 
fieially placed gray end fibers of somatic or autonomic nerves. Its spread 
would be along the axis-cylinders toward the central nervous system, arid 
it would usually cause damage only when it reached the nerve cell. 

From the Division of Contagious Diseases, City-Hospital, and the Department of 
Pediatrics, Western Reserve University. 
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Virus can be absorbed peripherally from only two places: (1) 
through the skin, or (2) through the gastrointestinal tract. The former 
has sharpened its ability to react to external stimuli. The integument 
has come to serve as a protective covering. It prevents noxious elements 
in the external environment from entering the host. No longer do we 
actually surround ands absorb food as do many animals of the lower 
orders. No longer does the skin act as an organ of absorption. Only to a 
minor degree does it even retain the properties of respiration, excretion, 
and secretion. Biologically, it has become equipped with a specialized 
defense mechanism with epidermis, hair, nails, etc.--the exoskeleton com- 
parable to the protective coverings of the invertebrates. 

It may be asked, "Wha t  has this to do with Doliomyelitis?" The 
connection beeomes obvious if it is conceded that virus has an obligate 
affinity for gray fibers. The somatic peripheral nerves are medullated; 
they possess a myelin sheath and travel thus encased and protected 
through mesodermic tissues until reaching the dermis, where they shed 
their coverings and ramify peripherally in the dermis as gray un- 
medullated end fibers. There they stop. They do not extend through 
the epidermis. It  then becomes obvious why absorption of poliomyelitis 
virus does not easily take place through the epidermis and why sub- 
cutaneous injections are not always successful. ~ Nature has provided 
a nerveless protective coating, a horny covering or epidermis which 
prevents virus from spreading to the dermis where the gray fibers and 
peripheral nerves are found; thus, the spread of the virus through the 
skin under natural circumstances is prevented, and since gray nerve 
fibers and virus do not beeome approximated, the disease is not pro- 
duced. The skin is a poor experimental portal of entry unless virus is 
injected intradermally, thereby theoretically contaeting the naked gray 
fibers; experimentally the disease is easily produced when virus is in- 
jeered here. 5 This confirms the experience and the experiments which 
tend to rule out biting insects as transmitters of the disease. 

The gastrointestinal tract is Mso an external organ, actually and 
embryologieally speaking, although at b i r th  it is contained wholly with- 
in the body. Since it is inside the body, it is not exposed as is the skin 
and its need for protection is less. Since its functions have followed 
other lines, it has no need for a protective covering. 

There is no external layer in the intestine, no epimueosa to prevent 
absorption, and it should occur any place along the intestinal tract but 
more easily and more commonly from the mid-gut and hind-gut. The 
host is protected against a noxious agent by immune, mechanical, or 
chemical methods or means. I f  there is absorption of poliomyelitis 
virus, and the patient remains well, the protection may be immunologic 
or ehemieal in character. If  one should have the disease and recover, 
immunity must have developed. The virus may not be absorbed in some, 
but it may be irritating enough to cause" contractions of the gut, causing 
the contents to be rushed forward by peristaItie waves, to be excreted be- 
fore absorption can occur or before there can be approximation of agent 
and nerve. (This occurs when virus is injected into the gut of a normal 
rabbit or monkey. G) In others, there may be local absorption of material 
from the gut with mobilization or paralysis of the intestines, which, as 
every clinician knows, may occur in human poliomyelitis as evidenced by 
obstinate constipation. In still others, the virus may act as a noxious 
agent that may be neutralized by some chemical found in the contents 
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of the normal  gut, by  the dihydrocholesterols, for  example, common 
detoxifiers, or by enzymes; or, finally, the virus may  not be virulent  per  
se and in certain instances may  become so only when it is combined with 
the toxins produced in a stased gut. Thus, there are many  reasons why 
poliomyelitis virus may  or may  not produce d isease~lack  of virulence, 
immuni ty  of the patient,  excretion of virus before absorption occurs, or 
its neutra l iza t ion in the gas t rointes t inal  t r ac t  chemically or ira- 
munologically. 

Although in the human being, absorption of virus occurs na tura l ly  
only in those places in the body where naked axis-cylinders or g ray  
fibered nerves come in contact with the virus, a " t a k e "  or the successful 
production of the disease depends upon an unbroken connection between 
the per iphera l  absorbing axis-cylinders and the central  nervous system. 

There are innumerable portals  which are employed for  the introduc- 
tion of " t a k e s "  in the experimental  an imal - - the  sciatic nerve, 7, s, 9 the 
cerebrum, the peri toneum, 1~ the spinal  cord, the eye, 11 the tonsilJ  ~ the 
taste buds and the seventh nerve, ~3 the vagus nerve, 1~ etc. No mat te r  
what the avenues, the principle is the same: the virus must  be injected 
some place where it comes in contact with naked g ray  fibers or axis- 
cylinders of medul la ted nerves. I f  this is accomplished, it mat ters  little 
where the injection is made. Therefore, one should not be too astonished 
at the ingenui ty  of the human  mind which thinks up innumerable portals  
of en t ry  through which to introduce the virus if  he b u t  admits the axiom 
that  virus is absorbed anywhere where it may  come in contact with gray  
fibers of per iphera l  nerves. 

I f  this is true, then it is equally t rue  that  the virus could be absorbed 
f rom any pa r t  of the body where disease and abnormal conditions have 
removed the normal  protective covering and have made it possible for  
virus and gray  fibers to meet. This is especially t rue where a break 
occurs in the skin or mucosa or where inflammation is present. Wherever  
skin or mucous membrane  is destroyed, the f rayed  edges of per iphera l  
nerves stand exposed. In  the denuded area, new vessels form, and with 
them, new per iphera l  g ray  fibers. The stage is set for  easy approxima-  
tion of virus and axis-cylinders. I t  is small wonder then that  a tooth 
extraction, a tonsil operation, TM ~6, 17 or a flap cut is in the skin of an ex- 
per imental  animal will provide fields where virus and nerve fibers can 
meet, as a result  of which disease follows. One should remember,  how- 
ever, tha t  al though the virus may  be adsorbed f rom a highly artificial 
por ta l  of entry, the distance between the per iphery  and the central  
nervous system must  not be too great ;  otherwise, the virus may  be 
absorbed, excreted, or destroyed long before it reaches the cord. Thu s , 
r ap id i ty  of absorption, the speed and ease of transmission, the virulence 
o f  the virus, the condition of the nenrones, etc., are factors which modify  
the pathogenesis of the disease. 

PLACES FR01~{ WHICH VIRUS MAY BE ABSORBED 

Since it is now considered that  the blood s t ream and the lymphat ics  are 
not involved in the pathogenesis of the disease, and the intracerebral  
route is entirely unnatural ,  it can be concluded that  the por ta l  of ent ry  
must be somewhere along the gastrointestinal  tract,  the most obvious 
areas being either f rom the uppe r  port ion of the gastrointestinal  tract,  
i.e., the s tomadeum of the fore-gut, or f rom the midport ion of the hind- 
gut. 
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The places where peripheral  axis-cylinders are present, and along 
which absorption could easily occur, are located in the olfactory area, 
about the taste buds in the tongue (tonsi]]opharyngeal region),  from 
vaga] or sympathetic fiber plexus in the gastrointestinal tract, possibly 
from the Madder wall, and the respiratory tract.  

BASIC C L I N I C A L  AND P A T H O L O G I C  F A C T S  

Before proeeding further ,  let us examine some basic clinical and 
pathologic facts. The paralyses which occur in the human being are 
segmental in type and, in the vast major i ty  of cases, they involve the 
peripheral nerves which have their  origin in the lumbar, cervical, and 
bulbar enlargements, in the order named. Pathologic changes to any 
great extent are ordinari ly found in only three places-- in the lumbar and 
cervical enlargements and, to a lesser degree, in the bulbar area. There 
are modifications of this genera] dictum; cranial nerve paralyses may 
appear without paralysis of the lumbar nerves. On the other hand, the 
so-called bulbar symptoms may appear clinically during life and yet no 
evidence of bu]bar involvement will be found at death. ~9 The cord be- 
tween these localized areas, i.e., between the lumbar, cervical and bulbar 
areas, is often free from pathologic reactions, or, if involved, has nothing 
like tha t  extensive involvement seen in the areas just mentioned. One 
should remember these areas in the human being, especially when con- 
sidering experimental paralysis in the monkey (Figs. ] and 2). 

. .  - .  ". ' . . . ' ~  
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Medulla Cervical Thoracic Lumbar Sacral 

Fig.  1 . - - S c h e m a t i c  d r a w i n g  to  i l l u s t r a t e  t h e  l o c a t i o n  of  p a t h o l o g y  in  t h e  h u m a n  being' .  
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Medulla Cervical Thor.acic Lumbar Sacral 

Fig.  2 . - - S c h e m a t i c  d r a w i n g  to  i l l u s t r a t e  t he  l o c a t i o n  of  p a t h o l o g y  in  t h e  e x p e r i m e n t a l  
a n i m a l  (M. rhes~bs) a f t e r  i n t r a c e r e b r a l ,  i n t r a n a s a l ,  i n t r a s c i a t i c ,  etc. ,  i n j ec t i ons .  

P O R T A L S  OF E N T R Y  OF POLIOMYELITIS  VIRUS 

There are two schools of thought regarding the portal  of entry. Some 
believe that (1) the disease enters by way of the nose and others claim 
that (2) it ordinarily enters by way of the mid-gut or along isolated 
cranial nerves. The former dictum has been held nearly universally;  
the latter, until  recently, had few remaining advocates save the writer  in 
America ~~ and Kling ~1 and Lepine ~ in Europe.  

A. The Olfactory Portal of Entry  : 
What evidence is there to support  the contention that  the olfactory 

area is the portal of ent ry  ? First,  let us examine the anatomy of this 
a r e a .  

The olfactory nerves have from twenty to th i r ty  unmyelinated gray 
fiber olfactory filaments in the region of the cribriform plate. But  here 
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also is the nervus terminalis  (cranial  nerve X I I I )  "pe r iphe ra l l y  hyper-  
trophied in man as compared to the known development in other 
mammal s "  (Brookover2S). The olfactory area contains approximate ly  
1,500 cells of the lat ter  nerve, which with their  processes make a vast 
interlacing network of unmednlla ted tissue whose fibers end in the 
gangZion terminale on the oZfactory bulb. Significant indeed is the as- 
sertion made by Brookover that  the " g r o u p i n g  of cells and f ibers"  is 
" such  as might  be found in the myenter ic  or submueous intestinal 
sympathe t ic . "  Most significant is the similari ty of the per ipheral  
nervus terminalis  to an enteric plexus. The gray  end fibers of both the 
first and thir teenth nerves eou!d take up the virus and absorotion could 
and does take place f rom here in the experimental  animal. One wonders 
why stress is placed on the olfactory fibers and why the other types of 
fibers which so closely resemble these found in the mid-gut  are ignored 
and forgotten. But, aside f rom this, F lexner  2~ has stated that  the  
" sma l l  olfactory f i laments"  of the nasal area " a r e  advantageously placed 
to act as the means of t ranspor ta t ion  of the v i rus . "  The unbroken con- 
nection of the olfactory nerve to the central  nervous system has been 
stressed. F lexner  and Lewis ~5 and others have shown experimentally 
that absorption may  take place f rom the nasal area, since they repro- 
dueed the disease by  packing the nasal passages of monkeys with gauze 
that  had been soaked in poliomyelitis virus. All of these conclusions 
have been confirmed m a n y  times, but  they merely p r o v e  that  it is easy 
to produce poliomyelitis in the experimental  animal in this way;  such 
facts do not constitute even p r ima  facie evidence that  virus enters the 
human being by way of this portal.  The na tura l  disease never acts 
like an upper  respi ra tory  infection in the experimental  animal for  no 
animal  gets the disease f rom another, no mat te r  how int imately exposed. 

I t  is believed tha t  because virus is detected in the nasal washings the 
nose must  be the portal  of entry. I f  such logic is accurate, then the 
gut must  also be a por ta l  of ent ry  because virus is easily detected in the 
feces. 26-a~ I t  may be said that  in the lat ter  ease the virus has been 
swallowed. This, however, does not explain why it is easier to isolate 
the virus f rom the gastrointestinal  t rac t  than  f rom the nose. as 

When virus is injected intravenously,  it may  be found excreted onto 
the nasal mueosa. I t  is asserted that  it might  then be absorbed f rom 
this area along olfactory fibers to the central  nervous system causing the 
disease to be produced, as Although it  is just  as logical to suppose tha t  
the virus injected intravenously could, like any  noxious material ,  be 
excreted anywhere along the upper  or lower par t  of the gastrointestinal 
t ract  than  excreted onto the nasal mucosa only, tlie dictum can easily be 
disproved. When  the first and thi r teenth  nerves have been disconnected 
f rom the brain  and the animals all given virus intravenously,  they still 
get the disease, a>a9 proving that  an intact  olfactory area is not neces- 
sary for  the product ion of the disease when the virus is introduced in 
this manner.  

One would expect to find some pathology in the human olfactory bulb 
if the disease s tar ted here. Smithr  ~ however, was the first to stress the 
fact  tha t  there was no evidence of bulb involvement in human  autopsy 
material.  This observation was ignored for a while, chiefly because 
pathology was so easily demonstrated in this area af ter  the virus was 
introduced int ranasal ly  in the experimental-animal .  Some years later, 
Sabin ~ examined twenty-five olfactory bulbs f rom thir teen eases of 
human poliomyelitis and confirmed Smith ' s  reSults when he found that  
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these patients did not reveal the pathologic changes which have been 
observed in the olfactory bulbs of monkeys succumbing after  nasal in- 
stillation of poliomyelitis virus. Swan's ~2 results as regards the olfactory 
area were somewhat similar. Sabin and Ward  ~3 suggested that  the re- 
sults of t he i r " ' p r e sen t  s tudy [1941] did not support  the concept that  
the olfactory pathway i~. the portal  of entry or exit of the v i rus ."  They 
now feel that the alimentary t ract  is not only " t h e  probable area. of in- 
vasion, but also the chief site f rom which the virus is e l iminated."  

When the experimental animal is given virulent  virus either intra- 
nasally or intracerebrally, or even intrasciatically, quadr ip le~a  usually 
results and usually death. Poliomyelitis is thus produced, but  
even though this is poliomyelitis, it' is' not  the k in~ of pol~.omyelitis~ that  @ 
seen in the human being'. I f  the objective is to produce the disease as it 
appears clinically, then such portals of entry can be excluded. 

I t  is illogical to infer  that  because the disease is easily produced in an 
animal by way of the olfactory route this is the probable portal  of entry.  
The ease with which poliomyelitis is produced experimentally in an 
animal that is natural ly  immune is no proof that  the portal  of en t ry  
used must be the natural  portal  of ent ry  in man. 

Since the thalamus is the center for  effective tone, the area involved 
in emotions, and the place where effective experiences are intensified, 44 
and since a great deal of pathology is found here in the human being 
and in the experimental animal, and since the olfactory thalamic relay is 
found in the mesial thalamus, and the formatio reticularis is intimately 
connected with centers in the hypothalamus and midbrain, and since this 
in turn is adjacent to or in the direct pa thway of the olfactory tracts 
and there is a direct connection between cord and thalamus via the 
spinothalamic tract, etc., it has been suggested that  most of the early 
symptoms of the disease--vomiting, drowsiness, restlessness, irritability, 
fever, generalized hyperesthesia, diarrhea, constipation, anorexia, reten- 
tion of urine, e tc . - -probably represent a reaction to i r r i ta t ion as the 
virus passes by way of the olfactory bulb ~ to the respective centers' 
governing these actions. I t  is reasonable to assume that  if  the disease 
starts in the olfactory area, the areas mentioned previously are involved 
as the virus passes through the brain stem, and, as a result, the symptoms 
of the disease should appear  here first. 

I f  in the average patient this severe reaction were present in the bulb, 
there should be more persistent clinical evidence of involvement. Can 
one imagine that  if the severe pathologic lesions seen in human beings 
at autopsy were present in the early stages of the disease, they would not 
cause more marked early symptoms~. Can one imagine such lesions 
clearing as quickly as they would have to do in the average pat ient  who 
recovers? I f  there is so much or even any pathology present  in the 
bulbar areas in the average ease, why do not the symptoms persist ? One 
may say that such a pathologic reaction would appear only in those 
patients who died. Then the Opposite would likewise be true, i.e.. that  
they would not appear  in those that  live. Curiously enough, ~t is found 
at autopsy that they do not even appear in all those who die with bulbar 
symptoms. 

Another objection to the concept that  virus passes from the o l f a c t o r y  
area to bulb, etc., rises f rom the fact that  serial sections of these very 
areas in the experimental animal, taken the first few d ~ s  after  the virus 
is given intranasally or intracerebrally,  show nothing=more than a pos- 
sible, slight capillary dilatation even though virus can be recovered from 
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the areas sectioned. The reactions described in the human being occur 
relatively late, often long after the early symptoms are forgotten. Noth- 
ing that resembles the later pathologic picture is present until symptoms 
begin to show about the fourth day after injection, at a time when the 
virus has reaehed the lumbar area. How can it be explained why the 
virus, although present, would cause so little damage or clinical reactions 
on its way through the bulb .~ 

Onee virus approximates gray fibers in the nasal area, the hypothetical 
spread toward the eentral nervous system can best be appreciated by 
examining Fig. 3. The virus goes along the olfactory pathways, skips 
over the synapses to get on a new track, and after passing medulla, pons, 
and cervical areas of the cord, finally reaches the lumbar enlargement. 
Speeifieally, it is thought to pass through the hypothalamus, thalamus, 
midbrain, and medulla, and then to travel down the spinothalamie tract 
by single neurones to the posterior column, finally reaching the anterior 
horn cell area in the lumbar area of the eord.** . A connection to the 
dorsal root ganglion by way of Lissauer's tract is thought to bring in- 
flammation to this point. Thus, involvement of either the posterior 
portion of the cord or dorsal root ganglia might lead to disturbance of 
pain and temperature sense. 
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~ig. 3.--Schematic drawing" showing possible spread f rom the o l factory  nerve. 

If  this is the method of spread, then the spinothalamic tract should 
be involved in every ease of poliomyelitis. Immediately it ean be asked: 
" W h y  don't patients with poliomyelitis have more definite symptoms 
of spinothalamic involvement ?"  

The spinothalamic tract carries pain and temperature sense fibers 
in the lateral column, and toueh and pressure in the ventral braneh. 
If the lateral pathway is involved, why n6t the ventral also ? Must we 
assume an area of anatomic susceptibility and speeifieity limited only 

to the lateral branch? It is known that the ventral fibers are not in- 
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volved in this disease, since touch and pressure are normal. As both fiber 
tracts run together in the spinal lemniseus and both connect with the 
thalamus, an almost anatomic predilection for the lateral tract would 
have to be presupposed to explain the absence of involvement of the 
ventral fibers, an illogical supposition. 

The pain that  noliomyelitis patients feel can best be .explained by 
assuming that there is i r r i ta t ion of the somatic nerves prior to the time 
that the i r r i tant  has reached the cord. On clinical examination, it is 
found that  the pain present is not in the skin but  occurs in response to 
deep pressure and is usually limited to those muscles and tendons of 
muscles that later may become paralyzed. Stimulating the skin by 
stroking it l ightly only occasionally elicits pain. In  other words, al- 
though the muscle tendons may be painful ly  hyperesthetie on manipula- 
tion, the skin areas that  have their  nerve supply from the same segment 
are not hyperesthetie. There is nothing wrong with the apprecia.tio~ of 
pMn in the skin on the par t  of the average patient.  I t  may well  be that  
pain is caused by the virus as it irr i tates the sensory neurone of the 
somatic nerve on its way to the cord, as a result  of which occur eoni;rac- 
tion of the vessels in the muscles and a decrease in the oxygen supply, 
with anoxemia and pain. 

The spinothalamic t raet  also carries temperature  sense fibers. Are 
there temperature changes which would confirm the impression of spino- 
thalamie involvementS. In  my clinical experience, the at)preciation of 
temperature has always been normal, although the skin of the ]e~, or arm 
that is paralyzed may be colder than that  of the nonparalyzed member. 
This, however, is an objective finding and may be easily explained on the 
basis of vasomotor phenomena Secondary to a nerve irritation, such as is 
seen in many other  types of paralyses. Although the skins of the 
patients whom I have examined were often colder than normal, all of 
those who were old enough to cooperate could easily tell the difference 
between heat and cold, even though they felt that the paralyzed areas 
were cold, an unlikely finding if the lateral spinothalamih t ract  were con- 
sistently involved. 

The fact that no plausible reason is given as to why the disease is 
localized in the lumbar area also casts some doubt on the theory of virus 
spread from tile olfactory area in the human being. 

I t  could be said that  ataxia might be the result of i rr i tat ion of Clarke's 
column as the virus passes f rom posterior to anterior horn ceils from the 
spinothalamic tract.  Were  this the pathogenesis, the virus must aIwa~is 
pass from the posterior to the anterior  column, and one wonders why 
ataxia is not more eommon. Certainly, Clarke's column must Mways be 
in the way. But  none of our patients ever had acro- or proximoataxia. 
They always appreciated their  position in space. Only an occasional 
patient had asynergy of movements, somewhat athetoid in type, and 
sometimes one might even have fibrillary twitchings. The most im- 
portant point, however, is that  these twitehings and tremors, although the 
rule in the experimental paralyses, were the exception in human beings. 
This difference may suggest that  the pathogenesis of the disease in man 
and in monkey is different because o f  the different portMs of ent ry  in- 
volved. 

Why are nerves from the cervical enlargement involved af ter  lumbar ~ 
paralysis has appeared ? Or, still more curious, why is the bulb solely in- 
volved at times .~ Must we deduce that  in patients with only bulbar  in- 
volvement or only seventh nerve palsy, the lumbar motor areas are not 
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especially sensitive and that  the involved motor cells are ? Can one ex- 
plain how the cervical area becomes involved af ter  the virus has already 
passed through it to reach the lumbar area without doing any damage 
on its way through the cervical enlargement ? 

In  the major i ty  of human beings and monkeys, paralysis first develops 
in muscles which receive nerve supply from the lumbar enlargement and 
only secondarily in those whose nerve supply comes f rom the cervical 
area. This is a clinical fact. Those who believe in the olfactory portal  
of ent ry  have never explained why the virus, in its travels down the 
spinothalamic t ract  in the cord, skips the cervical enlargement and, in 
most instances, involves first  the lumbar enlargement and paralyzes first 
the muscles of the legs. Because (1) af ter  intranasal instillation, the 
virus passes through the brain stem and spinal cord from above down- 
ward and because (2) the virus is found present in all levels of the 
cord just  before paralysis appears, it cannot be concluded that  this is the 
route the virus takes in the human being. This is only the route taken 
after  intranasal instillation in the experimental animal, the route taken 
by a virus which will travel along any axis-cylinder. Must we accept the 
doctrine of especially sensitive cells .~ Even this fails us when it is seen 
that if the virus is injected directly into the lumbar enlargement, there 
is a delay before the disease is produced. 45 

Must the virus pass all the ~vay through the central nervous system 
to get to the  lumbar area and then trek back to the cervical and pontine 
areas to involve them later .~ Or does damage done stay latent every- 
where and only reveal itself sooner in the lumbar area ? The latter is a 
possibility; but  if it were true, we would expect subsequent or simul- 
taneous involvement of all these areas in every ease, which,  of course, 
does not happen clinically. 

Recently, Bodian and Howe 46 have stated that  the problems involving 
the portal  of ent ry  in poliomyelitis could be approached by methods of 
experimental neurology and experimental  neuropathology, especially 
since there is no clear-cut evidence oi the mode of entrance and dis- 
semination in the central nervous system in man. They believe that  
their experimental studies have shown that  there is a sufficiently close 
correspondence between the distribution of lesions in the nervous sys- 
tern and the distribution of virus to permit, by histologic examination, 
a reasonably accurate analysis of the paths of dissemination of the virus. 
In some of their experiments, the portal  of ent ry  employed was the o1- 
factory nerve and, in others, the peripheral  nerves. They noted a pre- 
dominance of lesions in the midbrain as a charaeteristic phenomenon. 
When the virus was introduced intranasally, the pathology was present 
all the way down to the lumbar area. The most important  thing to re- 
member is that  practically all of the motor cells in the anterior horns 
were involved from the bulb down to the lumbar area (see Fig. 2). They 
felt that when the virus was injected intrasciatieally, intraperitoneally, 
etc., it entered the spinal cord before it entered the brain; in other 
words, the virus went up the spinal cord and in its passage destroyed all 
the motor cells on the way to the bulb, a reversM of the previous process. 
It is obvious that a definite pathologic picture is produced" by the methods 
used and that the experimenters could tell from the findings at autopsy 
at which end of the central nervous system the virus had been introduced. 
But are these facts relevant ? Would such findings be the same as those 
that would be obtained if the virus entered the human being by way of 
the gastrointestinal tract ? Another important point is that the patho- 
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logic picture seen in the experimental animal where the virus starts 
from the cerebrum, nose, and peripheral nerves does not have that dis- 
tribution seen in the human. In the latter instance, the pathology is 
spotty as noted previously. The thoracic area is usually exempt. The 
pathologic studies , although demonstrating neuronal spread, give no 
idea as to the method of the propagation of the virus in man. In fact, 
they demonstrate clearly how the virus could not spread. Nor can con- 
clusions drawn from these experiments be applicable to man, since the 
localization of pathologic reactions in the experimental animal is totally 
different (Fig. 3). The thoracic area usually uninvolved in man is the 
area supplied by thoracic I to lumbar I and from sacral I down. In the 
experimental animal, the entire spinal cord is involved. 

It is stated 46 that the total pathologic picture, including system 
selectivity, is determined by the differential susceptibility of certain 
centers based on metabolic or chemical peculiarities, accessibility of 
virus, and portals of entry. One could agree that the spotty distribution 
of the pathologic reactions in the human being depends for its existence 
on the portal of entry; and if the portal is through the gastrointestinal 
tract, a " t ake"  would depend upon accessibility of gray fibers to virus. 
But, if one assumes that a virus has an obligate affinity for gray fibers of 
the sympathetic and parasympathetic nervous systems, the situation be- 
comes clear. One need but know that the virus can be absorbed by gray 
fibers and can spread from the  gut along the sympathetic and para- 
sympathetic nerves to the lumbar, cervical, and bulbar enlargements. 

In brief, there is no clinical or even. pathologic evidence which demon- 
strates that the portal of entry in the human being is along the olfactory 
fibers to the brain. 

B. The GastrointestinaZ Portal of Entry: 
Since 1922, I have taught that on anatomic evidence alone no other 

logical explanation of the pathogenesis of the disease in moan could be 
made than to consider the portal of entry as being by way of the gastro- 
intestinal tract. For nearly that length of time in the Department of 
Contagious Diseases, City Hospital, the stools of patients ill with polio- 
myelitis have been disposed of as are typhoid stools. 

In most cases of human poliomyelitis the lower extremities are first 
affected. Because of this, Wiekman and even tIarbitz and Scheel first 
thought that the disease must have its entry through and spread from 
the gastrointestinal tract. Sieard ~ suggested that the spread to the 
cord might be by way of the sympathetic nervous system. 

l~[ost of those who object to the gastrointestinal traet as the portal 
of entry mention the studies of Clark, Roberts, and Preston, 4s although 
the facts presented by them did not rule out this area as a possible 
entrance of the disease. These workers put virus into the intestines of 
monkeys that are not naturally susceptible to poliomyelitis, and the dis- 
ease did not develop. When one realizes that poliomyelitis virus acts 
like an enzymic catalyst with almost an obligate affinity for gray fibers 
and that the natural disease can be produced only after the axis- 
cylinders of the gray fibers have contacted and absorbed the virus, it is 
easy to understand why these authors did not produce the disease. 
The axis-cylinders were never contacted; the virus had been swept 
through the irritated intestinal tract by a succession of peristaltic rushes. 
However, when the gut becomes atonie and peristalsis is prevented by 
mechanically dilating the intestines, the virus is brought in eontaet 
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with the g ray  fibers and the experimental  disease is easily p r o d u c e d - -  
and it is like that  paralysis  seen in man. 4~ 

I f  the virus involves the autonomic nervous system f rom the gastro- 
intestinal tract,  it might  be stated that  pat ients  have a per ipheral  
neurit is  of the sympathet ic  and parasympathe t ic  systems, a condition 
of the autonomic nervous system analogous to per ipheral  neurit is  of 
the somatic nervous system. 

To unders tand  the na tu ra l  position of gray  fibers in the nervous sys- 
tem, some facts must  be reviewed. The simplest k ind of nervous system 
consists of afferent and efferent neurones with their  axis-cylinders con- 
nected with each other by  an intercalated, integrated, or connector 
neurone nerve fiber. In  the simple spinal arc of the human being, the 
fibers tha t  make up the somatic nerves are protected unti l  they reach the 
periphery,  where they lose their  myel in sheath and r ami fy  as naked g ray  
fibers in the dermis. I n  this reflex arc, there is a long sensory nerve 
component  connecting the skin with the posterior  horn in the cord; 
the motor component arises in a cell in the anter ior  horn and sends its 
long axis-cylinders f rom the cord to the per iphery.  I t  is impor tan t  
to remember  tha t  the connector neurone lies protected in the cord be- 
tween the anter ior  and posterior horns (Fig. 4). 

~ense 
Or~r 

,Simple ,.S pi ncI 
,.% rn~;~ic ~rc 51~el~tM 

/~uscle 

Fig-. 4 . - -Sp ina l  are components. 

3ympathetic Arc 

Fig .  5 . - - S y m p a t h e t i c  a r e  componen t s .  

In  the sympathet ic  nervous system, the axis-cylinder of the sensory 
neurone (should there be one, and there is for  the vascular network)  
travels f rom the per iphery  to the intermediolateral  cell column area in 
the cord where its end connects with the connector neurone, the fibers 
of which arise in the cord and emerge as medullated nerves, as white 
rami  communicantes. In  most instances, except as indicated later, the 
axis-cylinder travels protected to the sympathet ic  ganglia, a long dis- 
tance outside the spinal  cord. Thus, at a distance f rom the cord, arising 
in the sympathet ic  ganglia, is the lower motor  neurone of the sympathet ic  
nervous system, the analogue of the spinal motor  nerve, which in this 
case is an unmedulla ted type of nerve which supplies the viscera. I t  
should be stressed tha t  the lower motor  neurone of the sympathet ic  
systen~ is unmedul]ated and  its cell of origin is not in the cord, but  fa r  
distant  in the sympathet ic  ganglia. The str iking difference between the 
two nerve arcs, the simple spinal and the sympathetic,  is tha t  the con- 
nector neurone is found inside the cord in the one and al though it arises 
in the cord in the other, it emerges from the cord and runs all the way 
to the sympathet ic  ganglion as a medullated connection, except in cer- 
tain spots (Fig. 5). 
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The third type of are is found in the parasympathe t ic  system. Here  
the sensory neurone runs all the way to the nucleus of origin and the 
vagus nerve emerges well myelinated. This nerve is actual ly nothing 
more than a bundle of connector neurones arising in the central  nervous 
system, the axis-eylinders~ of which run  all the way to the internal  
organs they supply. The lower motor neurone of this system is but  a 
mesh of plexuses in the walls of the various organs. The connecting 
neurone here is longer than that  of the sympathet ic  system. In  fact, it is 
almost as long as the lower motor neurone of the simple somatic spinal 
are. I t  should be noted that  the per iphera l  port ion of this system, tile 
lower motor neurones of the parasympathe t ic  system, consists mostly 
of plexuses in the walls of the organs, and these nerves are unmedullated 
(Fig. 6). 

GQ@io. 

Fig .  6 . - - ! P a r a s y m p a t h e t i e  a r e  c ompo n en t s .  

I f  virus would attack only unmedulla ted nerve fibers and if the por ta l  
of entry is the gastrointestinal tract,  then it would involve the per iphera l  
fibers of both sympathetic and parasympathe t ic  systems. 

I f  one remembers that  the virus of' poliomyelitis may  have an affinity 
for gray fibers, he is at once struck with the anatomic fact  tha t  the dis- 
ease usually attacks the nerves which come f rom those areas lacking 
white rami communieantes or medullated connections of myelinated 
fibers, areas located only in the eervieM and lumbar  enlargements,  in 
those segments f rom which come the nerves tha t  supply  the muscles of 
the arms and legs. In  other words, the somatic nerves to the body 
musculature possess no direct white nerve fiber connections' with the 
sympathetic nervous system in the areas f rom the second lumbar  down 
and none upward  f rom the first thoracic segment. Here  there are only 
gray fiber connections and it is in these segments of the cord tha t  in- 
volvement occurs. There are medullated connector fibers of the para-  
sympathetic coming from. S. I I  to S. IV. Exper imenta l ly  the disease can 
spread by way of the sympathet ic  nerve supply  f rom the gut  to the 
cord. 49 The spotty spread of the disease can be understood easily if  one 
presages a spread of the virus f rom the gastrointestinal  t rac t  to the 
lumbar area in the cord by  way of the sympathet ic  g ray  fibers and 
somatic nerves of those segments lacking, white rami  eommunieantes. 
With a greater Susceptibility or a more vi rulent  virus the spread would 
be up along the sympathet ic  collateral chain to the other segments 
that lack white rami eommunicantes, i.e., the cervical  area (Fig. 7). 

That this is not unlikely anatomically is seen f rom the fact  tha t  there 
is direct unbroken connection f rom the wall of the intestine to the 
intermediolateral cell column area in the cord along the sensory 
sympathetic blood vessel fibers. 5~ 

Recently, Sabin and W a r d  have repor ted their  results on human 
autopsy material.  4s They tested the superior  cervical and abdominal 
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sympathetic ganglia for the presence of poliomyelitis virus in seven 
patients (five bulbar, two spinobulbar) in whom the virus had been 
demonstrated elsewhere in the body. They demonstrated that  the virus 
was present in the abdominal sympathetic ganglia of one patient,  a 
patient who died of bulbar poliomyelitis. No virus was demonstrated 
in any of the others. We have isolated the virus f rom the sympathetic 
ganglia of two patients who had spinobulbar involvement. The epidemic 
last year (1940) was severe in that  the virus was potent enough to 
bridge the synaptie gap of the vagus and produce more than the usual 
number of eases of bulbar palsy. The presence of virus in the vagus 
has been demonstrated, for  the first'time, by us in the nerves of a patient  
dying with bulbar palsy? 1 

lWig. 7 . - - S c h e m a t i c  d r a w i n g  to i l l u s t r a t e  pos i t ion  of u n d e f e n d e d  spaces  a b o v e  T. I 
a n d  be low L. I I .  

Physiologically, the early reflex changes in this disease could be best 
explained by assuming an early involvement of the sympathetic nervous 
system2 2 They are similar to the early reflex changes in typhoid fever2 3 
The loss of the abdominal reflex response, followed by hyperactive knee 
jerks with or without weakness of the quadriceps muscle and succeeded 
by the loss of the knee jerk reflexes, has its eounterpart  in physiologic 
experiments. I f  sympathetic stimulation increases tone, how would it 
be affected by thoraeolumbar disconnection ? The muscles of sympathec- 
tomized animals are soon fatigued. Such muscles t ire easily when ac- 
tivated; although they may be wholly under  voluntary control and still 
have a simple somatic spinal arc intact. I t  is reasonable to suggest that  
the stability of the reflex are and its ability to withstand fatigue depend, 
to some extent at least, upon the presence of an integrated sympathetic 
nervous system. Af ter  virus hits the somatic nerve, it irri tates i t ;  and 
when any nerve is continually irritated, it becomes hyperactive and the 
observer finds hyperactive reflexes. Often, it is impossible to demon- 
strate these changes because the spread oeeurs so rapidly.  As the  virus 
passes centripetally it reaches the sensory spinal ganglion and produces 
that  curious segmental type of pain that  precedes somatic nerve in- 
volvement from the same segment. The other type of pain elicited when 
deep pressure is applied to muscle does not seem to be of central origin. 
Its presence could easily be explained on the basis of peripheral  vaso- 
motor spasm, with decreased blood flow to the muscles and pain on 
activation. 
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The virus spread might be compared to the progress of a r iver flood. 
The virus spreads along axis-cylinders and spills over in unprotected 
areas, the greatest damage being done at any break in the defense, in 
this ease, the areas lacking.white fibers. Once the virus breaks through, 
its force is dissipated as ig spreads. This may explain the tendency to 
become spent, and why it does not spread to the lower segments of the 
eord; or it might be stated that  an extensive paralysis of those muscles 
whieh have their innervation from the second sacral segment and below 
will not be seen because the preganglionic medullated fibers arise here. 
Usually, even the most severely paralyzed pat ient  should be able to 
move the big toes, and the levator .ant, eoeeygeus, and other perineal 
muscles should not be affected in the ordinary ease. The fingers could 
likewise be flexed even though the arm muscles should be involved. This 
is exactly what is seen in- the  average clinical ease. Only when the 
disease is massive would it involve those segments which have connector 
fibers (white nerve fibers), the thoracic and abdominal somatic nerves. 

This manner of spread would explain the involvement of the lumbar 
and cervical enlargements, but  not bu lbar  paralysis. The anatomic 
distinction, but at the same time the connection, is obvious. Virus 
is absorbed by any gray fibers, whether sympathetic, parasympathetic,  
sensory, or motor. The unmedullated, gray, and postgangl~onated 
fibers of the parasympathetic vagus nerves are located only in the wall 
of the gut. The vagus nerve itself is chiefly a set of medullated pre- 
ganglionic connector nerve fibers. Since we have seen that  medullated 
nerves are not too easy to affect, it is understood why all persons with 
poliomyelitis do not get spreads aiong both vagi and die because of 
bulbar palsies. In most instances, the virus is not potent  enough to 
bridge the synaptie gap, but  occasionally with a toxic virus it should and 
does. As the virus reaches the bulb, it would eventually affect the cells 
of origin. The isolated palsies of the seventh nerve and the bulbar types 
of involvements are easily understood if  one can picture a spread along 
the ehordae tympani, glossopharyngeal fibers, or along local branches 
of the vagus nerves. 

In most instances the initial involvement is in the vagus nerve alone, 
and it is often incorrectly stated that  patients die of bulbar poliomyelitis. 
A close study of these individuals with so-called bulbar palsies reveals 
that true bulbar symptoms come on only late in the course of the infec- 
tion. Occasionally, patients will have an involvement of the vagus nerve 
nuclei with possible local extension or involvement of some other isolated 
cranial nerves; or there may be an isolated involvement of the seventh 
nerve. Long before the clinical evidence of vagal nuclei involvement de- 
velops, these patients have a vagus neurit is with dysar thr ia  and dys- 
phagia. They will also have many of the vague symptoms ascribed as 
being due to involvement of the bulb. 

Years ago, Harbi tz  and Scheel found no evidence of bulbar involve- 
ment in eases where symptoms of bulbar poliomyelitis had been noted 
before necropsy. 19 This becomes clear if it  is realized that  these pa- 
tients have a vagus neuritis first and often coincident involvement of the 
cervical area and are either drowned in their  own secretions because they 
can't  cough or expectorate or they are suffocated long before the virus 
has been able to reach the nerve nuclei in the medulla, and this despite 
the fact that they have what are termed classical signs of bulbar polio- 
myelitis. 
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I t  matters  little to the pat ient  whether he has a peripheral  vagal in- 
volvement and drowns or suffocates, or has a vagal nuclei involvement 
and drowns or suffocates. However, the patient  with the latter condition 
rarely lives, while one with the former may survive. This result only 
confirms the impression of a p r imary  neuritis followed later by nerve 
nuclei involvement. 

There is an orderly progression of signs found in these pa t ien ts - -a  
curious feeling of tightness in the chest, perhops associated with cardiac 
irregularities, followed by thickness of speech and a slight inability to 
swallow, especially heavy foods. Later  fluids cannot be swallowed. As 
the virus extends up the vagus nerve, the pharyngeal  reflexes become 
lost, mucus and secretions collect in the throat,  and the pat ient  cannot 
cough or expectorate. These individuals often die at this stage, the secre- 
tions entering the bronchi and drowning them; or virus may extend to 
and involve the cervical area, and the patient  suffocates because the 
respiratory muscles" are involved. I f  the virus extends up farther ,  it 
finally reaches the vagal nuclei and a typical  response appears. There 
are a marked tachycardia and a decrease of the respiratory rate, with 
deepening and sometimes irregulari ty.  The pat ient  evinces all the 
signs of vagus escapement. When this condition exists, the patient  has 
an involvement of the dorsal vagal nuclei and the probabilities are that  
he will die. In  these instances pathology will ahvays be found in the 
bulb. 

Were the virus to have a central effect on the bulb from the beginning 
of the disease, vagus escapement should be commonly found when the ill- 
ness ,starts, but  since it is found only toward the end of a typical  vagus 
involvement, it is safe to conclude that  the condition could not have been 
present at t he  onset. I t  is also logical to believe that  practically all 
deaths due to so-called bulbar involvement are the end result of a dis- 
ease which started out as a vagus neuritis and that  often patienYs may 
die of the effects of their  vagus neurit is long before they have developed 
involvement of the vagal nuclei. 

The isolated seventh nerve palsies can easily be explained on the same 
basis. Such paralyses are not uncommon and since these patients rare ly  
die, little pathologic material  is available. However, there occasionally 
may be a concomitant vagal and seventh nerve involvement at times 
with sixth nerve involvement and paralysis of accommodation as well. 

Ordinarily, somatic motor paralyses are thought of in connection 
with poliomyelitis. We forget the autonomic nervous system. What  
would happen if the lower motor neurones of both sympathetic and 
parasympathetic nervous systems became involved? There are local or 
general paralyses of the gut; gas pockets form as a result and intractable 
constipation may occur long before any somatic spinal paralysis pain 
appears, a condition often diagnosed as intestinal flu. In  the occa- 
sional case, the local stimulus increases peristalsis and causes diarrhea. 
How can one explain the intestinal involvement which appears before 
somatic paralyses on the basis of central  nerve involvement ? 

I f  the lower motor neurone of the sympathetic is involved, the thora- 
columbar outflow may be disturbed. Since these nerves supply the sweat 
glands, experimental  evidence may be secured of their  involvement ex- 
perimentally.  When pilocarpine is injected into a patient  who has one- 
sided paralyses, there is sweating of the skin over both the paralyzed 
and nonparalyzed sides2 ~ When the specific thoracolumbar stimulant 
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adrenaline is given later, the sweating ceases on the normal side and 
still continues over the paralyzed area, demonstrating that  the sympa- 
thetic fibers are out of order. A similar condition sometimes exists in 
these patients olinieally in that sweating antonomieally appears even 
without the aid of stimul,ants, and the sweating may be long, profuse, 
and intractable. 

The urinary bladder is often found to be paralyzed and involved 
before any symptoms of somatic paralysis have appeared anywhere. 
The urinary paralysis eould not be central or cord in origin, since in 
most instanees there is no paralysis of the muscles innervated from the 
same segment. 55 This paralysis of the bladder usually disappears within 
from seven to ten days, irrespective of the massiveness of the somatic 
lesion remaining. Such ready recovery would be impossible were the 
origin of the lesion in the cord. 

The superficial abdominal reflexes are modified. This is not due to 
an upper motor neurone lesion. 52 The reflex eondition oeeurs even before 
somatic paralysis comes on. They are also found modified in another 
gastrointestinal disease, typhoid fever. 58 Like typhoid fever, these re- 
flexes return when the poliomyelitis pat ient  is better. 

Is there any evidenee that  the virus .can spread along sympathetie 
nerve fibers? Monkeys with the spinal cord removed from T. X to 
L. III, inclusive, leaving the sympathetic as the only connection between 
the upper and lower parts of the cord, still get the disease, the arms 
becoming paralyzed if the sciatie nerve is injected, demonstrating that  
virus can probably spread over the sympathetic nerve fibers. Other 
animals in which the cords had been similarly exeised got the disease 
when the virus was injected intraeerebrally.  The virus was found not 
only in the cord central to the cut, but  also in areas caudad, in places 
where the eirculation had not been disturbed, and where the area was 
still viable. 56 

Other points may be mentioned. When the innervation of the gastro- 
intestinal tract is disturbed, a paralysis occurs mueh sooner af ter  the 
intraeerebral injection of virus. 67 The disease given experimentally by 
way of the gastrointestinal t ract  progresses as quickly in the animal as 
i t  does in the human being and is recognizable within twenty-four hours 
in the spinosomatie nerves when the peripheral  nerves are studied be- 
tween Nieol's prisms. Involvement of the somatic nerves oceurs about 
three to four days af ter  intraeerebral  injection. 7 After  gastrointestinal 
injection, they are found to be involved within twenty-four hours. TM 59 

Most of the information about this disease has been deduced by 
observing animals injected either intraeerebrally or intranasally. We 
have conditioned our minds in terms of these portals of entry.  Obviously, 
speeifie conclusions regarding pathogenesis, drawn from the results of 
experiments in which the intraeerebral  portal  was used, can be discarded. 
The eonelusions about pathogenesis made following intranasal injec- 
tions are questionable. Certainly the explanation of the possible an- 
atomic spread by this portal  does not stand critical examination. 

The M. rhesus monkey is not susceptible to poliomyelitis. I t  has nor- 
mal resistance in the gastrointestinal area. However, if this t ract  were 
put out of commission or made abnormal, so that  the virus could be ab- 
sorbed and approximate the gray fibers, the disease might be produced 
naturally. This can be done by making the monkeys rachitie, af ter  which 
the disease is easily produced by way of the gastrointestinal t ract2 ~ I f  
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raehitic animals are to be made more susceptible, all that  is necessary is 
to inject them with enteric organisms or toxins. One would deduce tha t  
the most vulnerable species of animals to be used would be one that  would 
grow most actively af ter  birth,  one presenting an enormous percentage 
of growth dur ing the first few weeks of life; and it is this very  type  of 
animal, the Eas te rn  .cotton rat,  tha t  has lately been discovered as a 
proper  medium for  the product ion of this disease21 

The fact  that  the glands of the mesentery are enlarged does not imply  
a generM infection, but  merely indicates that  the area of t he  intestines 
'which they drain is involved, as would be expected in a stased gut, a 
loeal reaction like in .typhoid fever. 

There are a. lymphocytic  reaction and a response in the glandular  ele- 
ments that  are typical ly of a typhocoli nature.  A distinct leucopenia 
and a relative lymphoeytosis would be the expected result  f rom an 
infection caused by such a elose generic relative of the typhoid  organism 
as the colon or the para typhoid  bacillus. Such a blood picture  in polio- 
myelitis has been described b: /Mii l ler ,  6~ Taylor,  6a and G'ay and Lueas, ~ 
although the figures of the la t ter  have not been completely accepted by 
Peabody, Draper ,  and Doehez. a~ The most complete and accurate ob- 
servations on the blood count in experimental  poliomyelitis have been 
made by Harmon,  Shaughnessy, and Gordon. 66 They reported that  in 
the stage of prostra t ion there is always a marked drop in the white blood 
cell count to a point fa r  below the normal  for a given animal, a leuco- 
penia with both lymphoeytes and polymorphonuelear  neutrophil ie leuco- 
cytes part icipat ing.  They could not confirm the opinion that  a change 
in lymphocytes with a leucopenia was a characteristic experience in the 
stage pr ior  to the appearance of paralysis.  In  most of their  experi- 
mental  animalsl there was a prepara ly t ic  increase in neutrophil ie leuco- 
cytes coincident with a rise in body tempera ture  and a corresponding 
drop in circulat ing lymphoeytes,  a drop f requent ly  of sufficient mag- 
nitude to mask the leueoes, Tt,tosis when 6nly the total  number  of white blood 
cells was observed. An initial t ransient  leueoeytosis was noted by  these 
authors within a few days af ter  the injection of the virus. These findings 
were confirmed in duplicate studies. 67 Dur ing  the la t ter  stages of the 
disease, the lymphocytes seem to be wi thdrawn f rom circulation. This 
would fit in well with the advent  of local intestinal stasis and the 
accumulation of intestinal toxins. 

Osler 's  observations that  a state of poliomyelitis occurred in typhoid 
fever  with the symptoms of acute ascending paralysis  are per t inent  to 
our thesis2 8 Recently, when enteric toxic filtrates were added to old 
acclimated monkey virus strain, the disease was produced in the cotton 
rat.~9-72 

Other things suggest the gastrointestinal  t rac t  to be the area pre- 
viously involved in- this  disease. When morbidi ty  curves of infantile 
paralysis  are considered in relation to the season, it is found tha t  they 
may  be pract ical ly superimposed on dysentery curvesJ  3 Ayeoek and 
Eaton TM have described a spring and summer peak of poliomyelitis 
morbidi ty  and have noted that  the curves occur about the same time as 
do those for  the spring and fall  epidemics of typhoid fever. Like 
typhoid  fever, infantile paralysis  disappears with the onset of cold 
weather. 

The disease occurs dur ing the typhoid ~6ver season and Kling ~ has 
claimed to have demonstrated the presence of virus in water. Virus has 
been found in urban  sewage ~-Ts (Kling quoted by Paul  and Trask~) ,  
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and infected water might be swallowed in swimming. In  this connection, 
Caverly's TM and Murphy's  s~ observations are interesting. A history of 
swimming and swallowed water is f requent ly  given to us. As Paul  and 
Trask state, the. virus has never been isolated from " r u n n i n g  wa te r , "  
but their experiments demonstrate that  it can be isolated from "running 
sewage." In incorporated places in Louisiana with water supply and 
no sewage disposal, the disease incidence was greater than in those 
places with good water supply and proper  sewage disposal, sl 

The disease has been produced experimentally by way of the gastro- 
intestinal tract. When peristalsis was prevented in the M. muMtta 
monkey by mechanically dilating the intestine and the virus brought in 
contact with gray nerve fibers by injecting a suspension directly into 
the gut, the disease was produced. ~9 When the virus was introduced 
into the intestinal wall and contact made with subserosal nerve fibers, 
the disease was easily produced. 49, sly, slb When monkeys were made 
rachitie and the virus merely introduced by stomach tube, the disease 
developed. The important  point is that  the clinical disease produced 
was similar to that which appeared in man, i.e., monoplegia, paraplegia, 
etc., were found. In the few animals examined by us, the pathologic 
picture was likewise similar to that  Which appears in man in that  the 
lesions of the experimental disease were limited to the lumbar and 
cervical enlargements and in one instance to the medullary area. 

Trask and Paul  s2 were able to infect the green Afr ican monkey after  
feeding food artificially contaminated with virus. The disease has been 
noticed in nature in a chimpanzee, 82~ and has been produced by way 
of the gastrointestinal t ract  m the chimpanzee by Howe and Bodian. s2b 

Sabin and Ward 82~ caused the production of poliomyelitis in Cy'no- 
mo.lgus monkeys by feeding them contaminated bananas as well as 2 to 4 
c.c. of a heavy suspension of virus. Burne t  and Jackson s2d also de- 
scribed similar reactions in Cynomolgus monkeys following oral injec- 
tions. They felt that the spread to the central nervous system was by 
way of the autonomic nervous system. 

T H E  ROLE OF MEDULLA.TIOI~ AS A BAR TO SPREAD OF T t I E  VIRUS 

Myelin seems to be a bar  to the spread of the virus. Since the virus 
does not seem to spread wetl along medul]ated nerves, it is plausible 
to suppose that it may be stopped by the factor which constitutes the 
only marked difference between gray and white nerve fibers, namely, the 
myelin. 

Conversely, one could deduce that  if the myelin is unheal thy the 
spread of the virus may not be stopped. Theoretically, one might state 
that the myelin of a normal nerve fiber functions as a colloidal chemical 
and adsorbs or repels the virus of poliomyelitis. Were this true, a factor 
in natural protection against the disease would also depend to some ex- 
tent upon the state of the myelin in the nerves and natural  inherent im- 
munity would be part ia l ly  a question of colloidal balance, with protection 
in the average case depending on the presence of a sufficient amount of 
something, perhaps phospho]ipids, in the myelin, as well as antibodies, 
etc. 

Goodpasture s~ inoculated an encephalitogenic strain of herpes virus 
into the area supplied by the fifth sensory division. He found that  there 
might be no nervous lesions unti l  a point is reached immediately eentrad 
to the planes where the sheath of Schwann disappears, Where the myelin 
sheath is not sufficiently developed to prevent  the escape of virus into 
the susceptible neuroglial tissue. When the masseter muscle was injected 
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with the virus it was taken up by the motor branch which has a sub- 
stantial myelin sheath and the first intracerebral  lesions were in the 
motor ganglion cells of the fifth nerve nucleus, even though the medul- 
lated fibers pass through a wide zone of susceptible tissue without evi- 
dence of neuroglial involvement. Such a virus spreads like water  
through a tunnel. 

Virus adsorbed or repelled by healthy myelin in normal persons could 
be in a state of colloidal equilibrium and give little or no symptoms of 
its presence af ter  injection via the gastrointestinal tract.  Certainly, it 
is difficult to give a monkey the disease by this route if the animal has 
previously been fed adequate amounts of vitamin D, 84 which produces 
good myelin. When the myelin is insufficient, the nerves may not be pro- 
teeted. 

White fibered or medullated nerve tissue contains about 5 per cent of 
cholesterol. Gray fibered tissue, which has an affinity for  poliomyelitis 
virus, contains 6nly 0.7 per cent. 85 Could cholesterol act like a colloid 
and adsorb or in some way inactivate the virus in vitro ? 

In  a few experiments, inconclusive it is true, it would seem that  choles- 
terol, ergosterol, and crystalline vitamin D inactivate suspensions of 
purified poliomyelitis acclimated monkey virus, although ergosterol, like 
cholesterol, did not inactivate unpnrified poliomyelitis. *~, s7 

In  the adrenals, the postganglionic unmednllated fibers are limited 
to the organ, while practically all of the preganglionic fibers are well 
medullated up to the capsule of this "abdominal  b ra in . "  Normal 
vitamin-D-fed monkeys resist the disease even when the gland is injected, 
the preganglionic medullated fibers presumably preventing a spread of 
the virus. However, when the myelin of these medullated nerves was 
rendered deficient by withholding vitamin D to where the phosphorus 
content was from 1.2 to 1.5 rag. per 100 ml. of blood, the disease was 
easily produced when the virus was injected into the organ. Deficient 
medullation, if such it is, therefore permits a spread of poliomyelitis 
v i r u s ,  as 

When monkeys are made rachitic and their  peripheral  nerves are 
ground with virus, the virus is absorbed since the supernate is not in- 
fective; on the other hand, when nonrachitic nerves from vitamin-D- 
fed animals are ground with virus, the virus is not absorbed and the 
supernate is infective, ss I t  may be suggested, therefore, that  the spread 
of poliomyelitis virus to the central nervous system might be stopped by 
the myelin contained in the sheath which covers the gray fibers. 

IS T H E  VIRUS T H E  SOLE CAUSE OF T H E  EXPERIMEI~TTAL OR H U M A N  DISEASE OR 

MERELY T H E  E X C I T I N G  C A U S E ?  

After  intraseiatic, intranasal, or intracerebral  introduction of a 
virulent poliomyelitis virus in monkeys, the disease comes on within 
four  to seven days. When the virus was injected directly into the 
lumbar cord itself, the animals did not become paralyzed at once, two and 
one-half days elapsing before this condition was noted. W h y  should 
there be such a delay? I t  is strange indeed that  the virus can be ab- 
sorbed a n d  be present in doses lethal for monkeys in the tissue of the 
cord, medulla, and even brain long before the production of somatic 
paralysis in this animal. I t  argues for the fact that  the acclimated 
monkey virus, although easily absorbed by gray fibers and transmit ted 
to the brain and cord along axonic pathways, does not, in its passage, 
immediately produce pathologic changes of sufficient intensity to result 
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in clinical evidence of disease. The virus does not cause demonstrable 
destruction a]ong its axonal pathway.  

Although the virus initiates the disease, there are some clinical and 
experimental findings which make one wonder whether  the virus alone, 
as it is carried in the laboratories, is the sole cause of infantile paralysis.  
Other diseases, such as swine influenza 89 and oroya fever, 9~ are produced 
by a combination of factors. Perhaps  poliomyelitis also is such an in- 
fection. 

An accelerated product ion of the disease may  result  in the experi- 
mental animal when stool or sewage containing the virus is used to s tar t  
a strain. Once a virus is acclimated, however, its behavior becomes some- 
what fixed. This leads one to ask whether  there is something lost on 
acclimation. 

More attention was paid to stools, and it was found  that  those obtained 
from patients ill with poliomyelitis dur ing the acute stage of polio- 
myelitis were much more toxic to guinea pigs than  those obtained 
from the same patients  dur ing convalescence. 91 Obviously, some- 
thing' had been produced in the stools dur ing the course of the 
disease that  was more toxic to guinea pigs, something that  was not 
present in normal human  stools ; and yet  it was equally obvious that  
this something was not the virus of poliomyelitis, '91 al though it had been 
neutralized by convalescent poliomyelitis serum. 

Stools collected f rom young normal  monkeys were emulsified and 
injected subcutaneously into guinea pigs;  there were but  slight local 
reactions. The stools obtained f rom the same monkeys a f te r  they had 
had an attack of experimental  poliomyelitis were much more toxic to 
guinea pigs, in some of which the abdominal  areas sloughed and some of 
which died. 92 

I t  occurred to me that  a secondary factor  must  be present  in some pa- 
tients before the clinical condition of infanti le paralysis  could be pro- 
duced. The colon bacillus was considered in this light. The agglutinin 
titers contained in the blood sera of poliomyelitis patients,  taken at the 
height of the disease and later  during convalescence, were compared. I t  
was found that  there was a marked difference, since the agglutinin t i ters 
of the sera taken at the height of the disease were much less for  the 
enteric group of organisms than they were for  those taken dur ing con- 
valescence? 3 

I t  was not possible to say at first Whether the agglutinat ion t i ter  
values were lowered with disease and re turned  to normal  with_ reeovery, 
or whether the ti ters were lowered before the disease occurred and in- 
creased with recovery. 

This information had to be supplied experimentally.  The young 
Maoacus mut~tta monkey is very susceptible to poliomyelitis when the 
virus is injected intracerebral ly  and has little or no agglutinins in its 
blood serum against  the colon bacillus. As the animal gets older, its 
serum agglutinin t i ter  for colon organisms becomes higher. Young 
monkeys were injected intracerebral ly  with potent  poliomyelitis virus. 
When they contracted the disease the agglutinin ti ters of their  blood 
sera were found decreased, and immediately before their  death the ag- 
glutinin t i ter values were praet ieal ly nil. F rom the results found in 
the human and f rom those obtained experimental ly  in monkeys, it may  
be inferred that  the agglutinin t i ter  for  the colon group is depressed 
during the acute stage of poliomyelitis. 
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The idea that  the enteric organisms have some par t  to play in the 
production of this disease was  fur ther  bolstered by the fact that t h e  
monkeys which had been actively immunized with enteric organism vac- 
eine had a definite, although incomplete, nonspeeifie protection, sinee 
a longer time interval  elapsed before the protected animals contracted 
the disease. 9~ 

When enteric organism filtrates are injected into monkeys intra- 
cerebrally, there is no effect; virus injected the same way causes the 
disease to appear  within seven days; the injection of virus and enteric 
organism filtrate into the motor area of the brain causes immediate 
paralysis of the heterolateral  side2 5 Add to this the fact that  we have 
acclimated the Flexner  M. V ,  Philadelphia, and the Toomey strains to 
the cotton rat  by the use of enteric organism filtrate as menstruum, 
and one must admit that  there might be some connection between virus 
and resident enteric organism filtrates. 

Toxins produced in the intestines might be absorbed by and travel 
over the sympathetic and parasympathetic  nerves as far  as their  cells 
of origin, conditioning them as it were. Later,  in the experimental 
animal, when the virus would enter the gastrointestinal tract, it might 
spread direct ly f rom the intestines, over the conditioned autonomic 
nerves to the spinal cord or bulbar areas. 

I t  has occurred to us that  the difference in virus strains might be 
due to the added character supplied by a secondary factor ; in this case, 
the type of organism and its toxin found in the gastrointestinal tract,  
leaving the pure virus when purified a n d  experimentally acclimated 
always the same. 

THE P~THOLOGY OF POLIOMYE~,ITIS 

There has been a great deal of dispute about the pathology of the 
disease (see discussion~). For  a long while, it was believed by Flexner  
and Amoss 9~' ~7  that  the specific causative factor  entered the system 
through the upper  respira tory mucous membranes to the olfactory lobes 
of the brain, from which, by means of the cerebrospinal fluid, it was dis- 
t r ibuted throughout  the substance of the nervous organs. These authors 
also state that  the virus might reach the brain by any nerve channel 
and with great difficulty f rom the blood. This theory was supplemented 
by the one of neuronal  spread, first definitely demonstrated by Fair-  
brother and t turst .  7, s, 9s Ih  itself, this was not a new theory, but  it was 
the first definite demonstrat ion of this theory. 

For  a long while, it was believed that  the interstit ial  reaction and 
edema occurred first and cell destruction later. The march of events may 
occur so rapidly  in man that  the processes will overlap and distinctions 
are not clear. This probably is the reason why an earlier school thought 
that  edema, etc., caused the death of ceils. Schreiber 's opinion (quoted 
by Hurs t ) ,  expressed in 1911, that  there is a direct action on the nerve 
cell has been borne out by la ter  experience. In any event, the toxic 
material  injures or destroys motor cells, an action which immediately 
is followed by leucocytosis and neuronophagia. Af te r  this the vascular 
phenomenon may occur: dilatation of pre-existing capillaries; rupture  
of some local loci of red cells; edema; and finally perivaseular infiltra- 
tion with round cells. Any  cell of the cord may be destroyed, including 
the neuroglia]. 



124 THE JOURNAL OF PEDIATRICS 

SECOND ATTACKS OF THE DISEASE 

I t  has been demonstrated that  animals receiving injections of virus 
either by way of the gastrointestinal t rac t  or intraeerebrally may  con- 
tract the disease again when subsequently given injections of homologous 
or heterologous virus intracerebrally2 9 Flexner  has also called atten- 
tion to the fact that' monkeys might again get the disease. 1~176 ml Al- 
though later experiments confirmed previous experiences 1~176 in the ex- 
perimental animal, it is nevertheless believed that once immuni ty  is 
established in the human being, it is fair ly permanent.  

TABLE I 

POSSIBLE METI~0D OF VIRUS SPREAD IN INFANTILE PAI~ALYSIS 

PHASE 
I 

I I  

--IIl 

i~ ~ 

V 

VI 

VII 

VIII 

I X  

X 

POSITION OF VIRUS SYMPTOIViS 
A t  first the  vi rus  is f ree  in  the  gas- There  are  none ;  or poss ibly  some wi th  

t ro in tes t ina l  t rac t ,  d i a r rhea  and  pain .  
The vi rus  becomes fixed in  the  un- 

medul la ted  pos tgang l ion ic  fibers of  
the  t ho raeo lumbar  outflow and  
p a r a s y m p a t h e t i c  nervous  sys t em 
and spreads  a long  the  sympa the t i c  
nerve fibers to the  gangl ia .  

The virus  spreads  f rom the  sympa-  
thet ic  nervous  sys tem and  reaches 
the  somat ic  segmenta l  nerve.  

The virus,  sp read ing  backward  over 
the  s o m a t i c  s e g m e n t a l  n e r v e  
reaches the  spinal  gangl ia .  

S imul taneously ,  the  v i rus  is absorbed  
and  excre ted;  enough  m a y  accumu-  
la te  a t  one t ime in  the  u r i n a r y  
b ladder  to involve the  de t rusor  and  
sphincter .  

The vi rus  reaches  the  cord and  in- 
volves the  an te r ior  ho rn  cell. 

The vi rus  t ravels  up the  sympa the t i c  
nerve  chain  to involve the  cervical 
area. 

The vi rus  m a y  be v i ru len t  enough  to 
be absorbed  direct ly  by the  vagus  
nerve (i.e., the  connector  fibers in 
the  gas t ro in t e s t i na l  t r a c t ) .  

The vi rus  m a y  be absorbed  direct ly  
over the  ehorda  t ympan i ,  f r om the  
pha rynx ,  etc., d i rect ly  to the  nucle- 
us  of  or igin  of the  crania l  nerve  in  
the  bulb.  

I n  the  rare  ins tance ,  the  virus  m a y  
t ravel  a long  the g r a y  nerve  fibers 
of  the  au tonomic  nervous  sy s t em to 
the  bulb,  the  i n t e rna l  capsu la r  and  
the  cortical  areas.  

The  abdomina l  reflexes are absen t  or 
modified. There  m a y  be const ipa-  
tion~ indefinite pa in  in the  belly, 
and  pa in  over the  back. 

I n  add i t ion  to  t h e  symp toms  de- 
scr ibed in  phase  I I ,  there  is ~hyper- 
ac t iv i ty  of  the  reflexes wi th  t i r i ng  
on repea ted  s t imula t ion .  

I n  addi t ion  to the s y m p t o m s  de- 
scr ibed in  phases  I I  and  I I I ,  there  
is s egmenta l  pa in  in  the  muscles  
and  t endons  suppl ied  by  nerves  of  
the  s egmen t s  involved. 

& per iphera l  t ype  of u r i n a r y  b ladder  
pa ra lys i s  wi th  overf low d r i b b l i n g  
m a y  now appea r  when the  vi rus  
f ac to r s  p re sen t  are absorbed by  the  
t e rmina l  g r a y  nerve  fibers of  the  
b ladder  and  i ts  neck, whe the r  of  
the  sympa the t i c  or p a r a s y m p a t h e t i c  
nervous  sys tem.  

I n  addi t ion  to the  s y m p t o m s  de- 
scr ibed previously,  the  reflex reac- 
t ions  now become d iminished  or 
lost.  Muscle pares i s  or para lys i s  
beg ins  to appear .  

Here  the  t r a i n  of  events  is the  same 
as  out l ined in phases  I I I  and  VI.  

A_ condition simulating bulbar palsy 
appears. There is dysphagia, dys- 
arthria, etc. 

The resul ts  are  the  s a m e  as in phase  
V I I I .  

The s y m p t o m s  here would depend up- 
on the  local izat ion of the  virus,  
wi th  bu lba r  palsy,  hemiplegic  and  
encephal i t ic  react ions.  
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All second attaeks of poliomyelitis reported in the literature have 
been analyzed. Many cases cannot be considered bona fide second at- 
tacks of poliomyelitis. It  is probable that if the gastrointestinal tract 
is considered the portal of entry, this area would be sufficiently im- 
munized after one attack so that subsequent attacks would hardly ever 
o c c u r .  1~ 

T H E  EPIDEMIOLOGY OF POLIOMYELITIS  

The epidemio]ogy of the disease is interesting. It  appears in our 
district between July 15 and November 1. These dates coincide with 
the time when perishable fruits and vegetables begin to ripen. In 
southern and midsouthern states, epidemics appear earlier than in the 
Lake border states. Occasionally cases may be seen just before or after 
the dates mentioned, but the majority of epidemics in our locality start 
in late summer and early fall, a time which corresponds to the same 
seasons in which it appears in the other half of the equator--in the 
south temperate zone, in Australia, New Zealand, and the Argentine 
Republic. 

The histories of these patients have always been interesting. Many 
date their attacks to a dietary indiscretion such as eating unripe fruit  
or vegetables, such as apples, pears, peaches, plums, corn, and especially 
grapes. The handling of infected fruit  or vegetables by infected peo- 
ple, the eating of infected fruits and vegetables by cattle, with subse- 
quent infection of milk, and the spreading of the infection from fruit  
to fruit  by flies--all of which occur at the season of greatest plenitude 
of fruits and vegetables--could serve to explain the spread of the dis- 
ease and the incidence at this time of the year. If  we add this to 
Kling's conception of water as a possible source of infection, all the 
factors of the epidemiology of the disease could be explained. One 
should not believe that the fruits, etc., cause the disease, but they may 
carry the infection. Thus, contaminated food and milk may provide the 
greatest source of infection. 

POSSIBLE METHOD OF VIRUS SPREAD I N  I N F A N T I L E  PARALYSIS 

What is present objectively in patients ill with poliomyelitis? There 
is segmental paralysis of muscles, the nerve supply of which comes from 
the lumbar enlargement; to a lesser extent of the muscles that receive 
their nerve supply from the cervical enlargement; sometimes of the 
muscles supplied by the vagus and the seventh nerves; and if the ex- 
posure is massive, occasionally of the muscles supplied by the third and 
sixth nerves or intercostal and abdominal wall nerves. One might con- 
struct a chart of pathogenesis (Table I) as well as Fig. 8. 

P R O P H Y L A X I S  

Considering prophylaxis in a broad aspect and with the epidemio]ogic 
facts in mind and with the idea that the portal of entry is by way of 
the gastrointestinal tract, it is believed that (1) children should be 
taught to wash their hands before eating anything, not before every 
meal, but before eating anything; (2) no milk should be drunk which 
has not been pasteurized, especially milk obtained during the smnmer 
months; (3) no water should be taken unless obtained from an ap- 
proved source; (4) no unripe fruits or vegetables should be eaten with- 
out first having them washed; (5) children should avoid dirty swim- 
ruing holes and, if possible, should not swallow water while swimming; 
(6) the bowels should be kept open, especially during the summertime. 
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3. One person may be exposed to an extremely virulent combination 
of factors, i.e., virus and enteric toxins as in sewage, which when swal- 
lowed would produce the disease at once. 

4. One may ingest virus which may be nearer the purified state of 
a fixed laboratory strain. I f  there is no protection, it would first cause 
stasis and symptoms; later, it would combine with the enteric toxins of 
a stased gut and spread over the autonomic nervous system to produce 
the disease (two-humped; incorrectly termed dromedary). 

5. Or the virus in its laboratory phase may enter the gut of an in- 
dividual whose sympathetic system to the cells of origin has been pre- 
viously conditioned to gastrointestinal toxins, and when the virus reaches 
the axis-cylinders, it immediately spreads to the cord. 

C O N C L U S I O N S  

I might conclude by stating that it is my belief that poliomyelitis is 
a peripheral neuritis of the autonomic nervous system, and that the 
virus enters by way of the gastrointestinal tract. It  is a disease prob- 
ably caused by nonliving entity in the nature of an enzymic catalyst 
with an almost obligate affinity for the axis-cylinders of gray nerve 
fibers; a disease, the causative factor of which is a combination of virus 
and intestinal toxins; a disease possibly checked by normal healthy 
medullated nerves, as well as by immunologic means; a disease, the hap- 
pening of which might be termed an accident occurring during the 
course of mass exposure. 

EPOCHAL EVENTS IN POLIOMYELITIS RESEARCH 

If one should attempt to estimate the progress of poliomyelitis re- 
search, it could be concluded that the epochal events in the past forty 
years have been: (I) the isolation of the virus from the human being 
and its transference to monkeys; (2) the demonstration of virus- 
neutralizing antibodies in the blood sera of convalescent poliomyelitis 
patients; (3) the evaluation of the pathology of the disease and the ac- 
ceptance of the conception that nerve cells are destroyed first and that 
other phenomena follow: (4) the demonstration that the virus spreads 
along neurones to the central nervous system; (5) the discovery that 
the virus can be acclimated to some smaller laboratory animals; (6) the 
fact that the virus can be easily isolated from the stools of patients who 
have had the disease. 

We have conditioned our minds along certain lines for the past 
forty years. Most of the experiments described during this period have 
been made in animals given the disease by injecting virus intranasally, 
intratheeally, intrasciatically, or by some other artificial avenue of ap- 
proach. I f  the virus enters the human being by way of the gastroin- 
testinal tract, practically all  except the broader conclusions, especially 
those that have to do with pathogenesis and the explanation of syrup- 
toms, have to be discarded in toto. 

I t  is important to ascertain if the smaller laboratory animals, such 
as eastern cotton rats, mice, etc., can be acclimated to poliomyelitis 
virus and used wholesale in experiments. W e  still need the monkey, 
however; or, we would still need an animal whose susceptibility can be 
demonstrated by way of the gastrointestinal tract nearly 100 per cent. 
When this is accomplished, we may really be able to evaluate convales- 
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cent serum, for instance, and the various factors pertaining to the 
gastrointestinal tract which protect certain individuals from contracting 
the disease. 

All of the experiments done during the last thirty years, in which the 
olfactory, the intraeerebral, and othe~' areas were used as the portals 
of entry, will have to be repeated, using the gastrointestinal tract as the 
portal of entry. 
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