
Interview with Dr. Albert Sabin (Side B--p. 32)

Q: Dr. Sabin, one of the things that I really would like

to go over with you today, is the work that you did on physiological

and structural host factors in the peripheral central nervous

system, influencing the invasiveness of certain neurotropic

viruses, and I am interested not only in the substance of the

work but what the general meaning of the work was.

A: And the methodology--

Q: And the quest of methodology that was used.

A: Actually, I summarize several years work in the light

of knowledge as it existed at the end of 1939, when I left the

Rockefeller Institute to go to Cincinnati in a lecture that I

gave on receiving the Theobald Smith Award, at the American

Association for the Advancement of Science, under the title of

"Constitutional Barriers to Involvement of the Nervous System
by Certain Viruses."

In a sense the way I wrote it and what I did is a

reflection of the way I chose my subjects for research. Which

to me, forty years later now, well thirty-five years later,

still has a special relevance in doing scientific research.

I chose my questions for investigation invariably

In order to elucidate some important natural phenomena, not

just out of context to some specific problem, but in context

to a specific problem. In fulfillment of the dictum of

Immanuel Kant, whose saying I did not know at the time, but in

essence, it's from his Dreams of Agosia, who says, I can quote
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it--would you like me to get the quotation?

Q: No, nOt it doesn't have to be exactly ~correct.

A: Basically, he said that the pursuit of knowledge in a

general way/ for its own sake, is a mark of scholarship that

is highly meritorious, and so on. But out of the innumerable

questions that can be asked of nature in the pursuit of truth,

or knowledge, the selection of those that are of particular

importance to mankind, or the merit of wisdom, or some words

to that-- (sentence incomplete).

So, that is why I always, long before I knew of these

philosophical conceptions of Immanuel Kant, at any rate,

spontaneously I would choose my problems in an attempt to

elucidate problems of importance in human disease as a stepping
stone to ultimate control.

Now, it has been realized for some time--(sentence

incomplete). Then, when I started my work, it had been realized

that in nature, not all who are infected with certain neurotropic

viruses exhibit aigns of central nervous system disease. Indeed,

the numb~r of those who develop paralysis or encephalitis may

constitute a very small proportion of the total number of the

animal, Q~ the human population that is infected. The

hypothesis that exposure to small doses of an unmodified,

virulent neurotropic virus, can immunize without producing

infection is still without experimental basis. Because in the

laboratory, one usually finds that the dose is either large

enough to initiate multiplication of infection or it is too

I
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small to give rise to an immune response. I want to interject

here that this was during the period before the concept of

variations in virulence of viruses as they occur in nature

was forced upon me by studies decades later on polio viruses.

So, you see, this concept that in nature, all viruses are not

the same, that they can spontaneously vary neurovirulence, that

was forced later. But at any rate, at that time, this was--the

concept was that a small dose produces an inapparent infection

with immunity then to a larger dose. This is what influenced

Kolmer. This is what influenced Pasteur. You see, this small

dose--alright.

I said that there was no experimental basis for that.

Why then, was infection apparent in some. And inapparent in

others. Instead of assuming that the major portion of the

population is resistant, because it has somehow acquired a

specific immunity, and I came to that conclusion later, but at

any rate, we may inquire whether it might not be the other way

around. That is, that immunity develops without disease because

of some pre-existing constitutional resistance. Digression.

Again, as subsequent knowledge showed us. It's not a question

of either one or the other. It's a question of both. So, at

any rate, here now, I concentrate on the host.

In the investigations, which I shall describe now, summarize

an attempt of it--start over. The hypothesis being explored here

is that immunity develops without disease because of some pre-

existing constitutional resistance. In the investigations that

- - -- --------------------------------
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Every word here is pregnant with meaning and was chosen,

h . III s all now summarlze, an attempt was made to define some of the

ways In which such constitutional resistance may operate.

Studies with the viruses of vesicular stomatitis, and equine

encephalomyelitis revealed a type of resistance which depends

neither upon specific immunity, resulting from prior exposure

to infection, nor upon the presence of antibodies against the

virus in the blood, but rather upon the condition of some of

its tissues, which the virus must pass, before the nervous

system can become sufficiently involved and give rise to clinically

apparent and fatal disease.~

II~sufficiently involved, in other words, the study showed that

under certain conditions, the nervous system could be involved

a little bit and the virus wouldn't be able to progress. And

that wouldn't produce disease. And ~linically apparentff

disease was dependent upon how much of the nervous system was

involved and whether it was fatal, and others--all of these

things have quantitative aspects.
"In nature, the immunologically distinct New Jersey

and Indiana strains of vesicular stomatitis virus are responsible

for a mild disease of cattle and horses. Without apparent

involvement of the nervous system', but experimentally in mice,

these viruses can give rise to fatal encephalitis or ascending

paralysis."
,I The starting point of these investigations was the

observation that as mice grow older, they acquire a resistance
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to innoculation by intraperitoneal, intramuscular, subbutaneous,

entrocular and intra nasal routes, while the nervous system as

a whole is evidenced by the effect of innoculation directly into

the brain remains equally susceptible in young and old."

"It seemed, therefore, that certain changes associated

with the result of the process of normal growth, could either

modify or complete suppress tlie:effects of peripherally innocu-
lated virus."

May I mention an aside here now?

Q: Please do.

A: This is another example how what came out of these

studies were very exceptionally interesting : natural phenomena,

but they had absolutely ultimately no bearing on the diseases I

was very much interested in. Namely, human encephalitis and

human poliomyelitis, because the situation was totally different

in the field. It goes to show how the studies of model systems

may bring forth interesting information, but ultimately, have

no bearing on the natural disease, unless you, and until you

understand the natural disease better. The choice cf the model

systems to study for the solution of a problem that you are

trying to solve, depends, will influence rather, the kinds of

model systems you should use. It was only years later that I

began to use other model systems. But at that time, it brought

forth an interesting natural phenomenon of importance in the

laboratory, but of no importance in the field. Alright, so what

was the phenomena?

- - - --------------------------------
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"It was clear that in order to obtain some idea of the

nature of this resistance, it was necessary to determine in

considerable detail the pathways by which the virus spread after

innoculation at different parts of the body."

This is a basic--again I am digressing. It's a basic

law, almost, in scientific research. And also in military

operations that if you are trying to find out what your challenge--

we'll call it the enemy to transpose it to military--you've

got to know every detail of wh~t's happening before you can

analyze it. Now, to achieve this knowledge--I am talking about

in considerable detail of the pathways by which the virus spread

from the periphory to the central nervous system, and then within

this nervous system, experimental and histological studies had

to be used. ~These studies revealed that when virus was injected

directly into the brain, it spread through the open ventricular

system and quickly involved the entire brain and cord in both

young and old mice. While after peripheral innoculation, the

evidence pointed to progression in a closed system of neurons

and their processes. At least in the stage preceding neuronal

necrosis. The distribution of virus and lesions, depending

upon the central associations of the primary neurons connected

with the innoculated site."
Now at this point, I may comment on your question of

"what were the techniques that the experimental virologist

engaged in such tasks was using at the time. What was open

to him in the first place?"
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Pathology was as important to the virologist at the time

as the knowledge of biochemistry is to the molecular biologist of

today. If you didn't know pathology, if you couldn't make serial

sections of the nervous systems of an animal, and identify

specific lesions and the footprints of the virus passing by, you

couldn't do this kind of work. So, you had to be a pathologist.

The six months that I spent doing, I think almost 400

autopsies, while I was interning at Bellevue Hospital--not

surgical pathological--stood me in great state. Beyond that,

you have to be a good--you have to have a knowledge--not only

of human neuroanatomy--but of neuroanatomy of the experimental

animal you were studying. So, the neuroanatomy that I had as a

medical student carne good as a primary input, but in order to

be able to do this work, I had to bone up and study the neuro-

anatomy of the mouse, the neuroanatomy of the guinea pig, and

I had to learn all the associations. In other words, where is

the olfactor neuron with processes in the nasal--where does it

connect up? What is the next station, and the next station

after that and the next station after that? Was something that

goes by the parasympathetic system, let's say from the nose,

what are its connection--multiple stations of connections.

I had to use my pathological knowledge and to study

neuroanatomy. I had to study all the time things that had a

bearing on this technique.

Q: Were there any handbooks, let us say, for the neuroanatomy.

A: Yes. There were handbooks of the rat--not so much of the
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mouse--but they were similar. So, you had to study--supplemented

with your own personal anatomical studies.

Secondly, in order to make certain that the pathological

changes that you were tracking, anatomically, actually were

related to passage of virus, you had to test for virus by

system. The only way to test for

virus was to use your most sensitive animal at the time. Tissue

techniques for the virus identification had not been deve~oped

at that time, so it meant the use of a lot of animals. It

also meant very careful dissecti6n of areas,-peripherally in

the brain, in order to be able to determine rates of progression

and places of progression.

In effect, this was a prelude to the studies that I

then made on human beings who died of poliomyelitis in which I

did autopsies with sterile instruments, myself, and taking out

individual pieces of the central nervous system. Because this

prelude which led to the revelation of interesting natural

phenomena, even though these phenomena did not really play a

part ultimately in helping the control of poliomyelitis were

an important prelude to the way I studied the natural history

of human poliomyelitis. When I finally decided to give up the

mixed viruses of the Rockefeller Institute, to leave the monkey,

that they were using the Rhesus monkey, and go to man and find

out what could the neuroanatomical, pathological virulogical

dissection tell us about the human disease.
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Q: At this point, I'd like to ask you something. If one

looks at the papers which were produced in this period, there

are at least seven to eight papers within a period of two years.

The necessity for close meticulous work, because this isn't the

only research. This careful investigation means literally a

concentrated working day that must have been extraordinary. How

does one keep this up? Day after day?

A: Again, I suppose I very early developed the expression

compulsive neurotic. I guess I still am a compulsive neurotic.

Every person has his own ways of working. Having decided that

these were on the one hand, fascinating, questions, questions

that had--that had step by step significance for the solution

of a problem that I looked ahead to. I then just couldn't rest.

I had to keep working all the time, and doing more and more

experiments. Because, as these papers reveal, they were very

careful studies of mechanism. Of experiments designed to

elucidate and throw light on how things were happening and not

just an observation of what was happening.

My predecessors, for example, in Oletsky's department

reported the fact that there was irregularity in the susceptibility

of young and old mice to the vesicular stomatitis virus.period.

I undertook to find out why, how, what was responsible. This lS

as much basic research in my judgement as any other research

that somebody might undertake without wanting to elucidate why

so many people become infected and don't get a disease. I am

not saying that the other work also doesn't bring forth
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tremendously important knowledge, but this is a very specific

way of doing basic research in which the questions you are

asking of nature are influenced by problems that are important

to man, and not only in general.

Q: SO, in a sense, histopathology and general pathology is

a tool for the virologist.

A: And neuroanatomy, in particularly in the studies of these

problems of the nervous system. You couldn't do anything without

knowing neuroanatomy. 'And without being a pathologist. And

without having the procedures of determining the virus concentration.

Those were the tools. Maybe they look simple tools. But my

God, when I look at virologists now, they don't know beans

about pathology. Some of the questions that really have to

be solved in medical virology, the tools that they are using

are not the tools that will get us the answers. It's not a

question of either one or the other. At any rate, those were

the tools that many medical virologists used. There were

people who were doing other~things in medical virology. They

didn't know that. They didn't know any pathology this way.

They were--for example, you could titrate viruses in animals

without knowing at all their anatomy or the pathology. But

if you were interested in tracking the pathways of viruses,

then you have to know that.

What these procedures then, show, was as I said before,

they pointed to the fact that when these particular viruses'-

I am talking now about versicular stomatitis -..."were innocula ted

- - - - - - - -------------------
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peripherally, that the progression from the point of innoculation

was in a closed system of neurons and their processes. At least

in the stage preceding their own necrosis" because once the

neurons had destroyed it, it begins to spill out. The virus

spills out all around. "And the distribution of virus in lesions

depended on the central associations of the primary neurons

connected with the innoculated site." This meant sacrificing

mice at special intervals after innoculation, depending on the

time period between innoculation and, let's say, clinical

manifestations and death. It had to be planned almost in the

same way as a military operation's strategy. Alright, so let's

go on what carne out of this--this for example.

"After nasal installation of virus in young mice, fatal

encephalitis follows invasion of the entire central system through

the olfactory neurones," in the nose "and their connections.

Progression of the virus occurring from cell station to cell

station." By cell station to cell station, I mean from neuronal

nucleus to neuronal nucleus with which those particular cells

are connected in the nervous system, "along specific tracts as

is evident from the distribution of neuronal lesions." Neuronal

lesions actually corne later than the virus progresses because

there is an interval between the time the virus reaches the

station and it destroys the neurons. So, at certain times, you

catch just where the virus has been, and hasn't yet gotten to.

"In resistant mice, however," it means the older ones--

the older mice that were resistant. "the virus was found also

- - - - ----------------------------
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to invade the central nervous system. But its spread was held

up in a silent area somewhere in the anterior olfactory regions,

and the animals showed no signs of disease.1I

This was determined by actually sacrificing animals,

taking out the bulbs, taking out the olfactory region in front

of the optic chiasm, cutting up the brain in different parts,

with separate instruments, and testing them for virus. And you

could show the virus just didn't get beyond that region. But

it was there.

liThe very fact that virus could multiply and remain

localized in this limited area for a period of at least four

days--" and it would have to be done time-wise. This is not

just a sketchy thing. "w i t.hout involving the rest of the brain."

And to prove that it multiplied, you had to have quantitative

data, not merely its presence qualititative data. "suggested that

it had spread in a closed system.1I Now, what does a closed system

mean for the person who's not, who doesn't know neural anatomy

and doesn't realize that a neuron has its extension which is the

axis cylinder, and it may form a tract and that goes to the next

neuronal station and by synaptic junction will move to the next

neuron and the next station. It makes contact with the next neuron.

That neuron is its extension, which is the axon and forms a tract

and it may then even cross over in pathortruis (?) ways.

Q: But it passes along the nerves--

A: It remains within the nerve. There is no other explanation

for those finds--for these particular things. And let me say here
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that all viruses do not behave this way. Alright, now let me

repeat that"the very fact that virus could mUltiply and remain

localized in this limited area for a period of at least four

days without involving the rest of the brain suggested that it

spread in a closed system for after direct intracerebral injection

of even a minimal dose, there are large amounts of it throughout

the central system within one day."

"It also suggested that some barrier must have been

encountered, whichwwas capable of arresting the infection. The

question then came whether this hypothetical barrier exists in

the animal before it is exposed to the virus, or whether it

represents a rapid acquisition of specific tissue immunity."

You say, "how do you keep going?" Each result posed

so many intriguing questions that you just--you are impelled on

you see, because you can't rest until you find an answer and

devise an experiment to answer the question.

Q: Would it be fair to say you become a prisoner of your

own experiments?

A: Well, I would say it's voluntary imprisonment.

Q: Alright, that's fair--

A: "In other words, does the virus fail to progress because

the remainder of the brain has become immune by the time it is

reached or is it the remainder, or is the remainder of the brain

still susceptible (phone interruption) virus being inhibited by

a pre-existing, localized insusceptible zone and the experiment's

undertaken to answer this question."
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"An attempt was made to circumvent such a zone, if one

existed, by direct intracerebral injection of minute amounts of

virus in old mice at intervals of two, three, four days after

nasal installation, when the anterior olfactory regions could be

expected to contain virus. For if the brain had acquired an

immunity in that short time, one would expect these mice to remain

well. Whereas if the brain, as a whole, were still susceptible,

these animals would die, while the uninnoculated controls which

receive virus only by nasal installation would survive."

"Actually, the mice innoculated intracerebrally at the

stated intervals after nasal installation died, and the evidence

was against a rapidly acquired immunity and in favor of some

pre-existing barrier. Whether this barrier is an insusceptible

group of neurons or an impenitrable synapse somewhere in the chain

or something else, it is clear that the halting of virus progression

must also depend on the failure of the neurons which are affected

to disintegrate and liberate virus into the open system. The

course of events after intra ocular injection was investigated

because of the special anatomical conjitions in the eye. appeared

to supply good opportunity for studying further the nature of

virus spread along other pathways and the modifications which

developed with age."

"It was possible to obtain satisfactory evidence by

experimental and histological techniques that after injection

into the vitreous of the eye, vesicular stomatitis virus attacks

the nerve cells of the retina and pursues the decussating optic

- -- -------------------------------------
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pathway into the brain." A parenthetical remark here is that in

mice the proportion of optic nerve fibers which do not decussate

is apparently very small. But let me give an aside here. You can

see the absolute importance of the relationship of neural anatomy

in your experimental animal in this type of study. It's--without
it you could do nothing.

Now, "It could be demonstrated that after injection into

the right eye virus first appeared in the left eye encephalon,

left encephalon and insipital cords. And it was possible to

produce lesions in either the right or the left lateral geniculate

body in superic geniculus, depending on whe~her the left or the

right eye was injected. It was thus apparent that the primary

progression of the virus after intra ocular injection was also in

a closed system. Since the retina and the optic nerves are

actually extracraneal portions of the central nervous systems, it

is interesting to note that minimal amounts of virus produced

encephalitis in IS-day old mice as readily by the intra ocular

as by the intra cerebral route while at least 90% of the old

mice which remained just as susceptible to intra cerebral

injection are completely resistant to virus introduced into the
vitreous"

"In the resistant mice, the virus failed to invade the

brain and the barrier appeared within the eye, if not actually

in the nerve cells of the retina."

Then we take another route with this to investigate

different pathways.
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"After intra muscular injection, a different type of barrier

appeared to be responsible. In young, susceptible mice, the virus

multiplies in the muscle cells, invades the nervous system along

the spinal nerves of the region and the animal die with ascending

paralysis." All of this had to be found out. This was not knowledge

that was on the shelf that I could take down. This is equivalent to

military intelligence in planning a military operation. What

happened? I put virus in the muscle and then the mouse is--what

happens? So, it had to be discovered. It multiplies in the muscle,

then invades, etc. Alright, so now we know. This is what happens

in young mice.

"In old mice, where there is no paralysis, however, there

is no evidence of local multiplication or involvement of the

muscle cells. And in spite of the injection of as much as ten

million minimal cerebral lethal doses, and the local persistence

for days of much of the virus, there is invasion neither of the

regional nerves nor of the central nervous system, and the animals

remain well. But the barrier is not in the spinal nerves is

evident from the fact that the majority of old mice develop fatal

ascending myelitis when the virus is injected directly into the

sciatic nerve.

Q: SO between the muscle and the nerve, there was something.

A: There was something. "That the virus was ~ot forced into

the central nervous system during the course of intra neural

injection was suggested by the observation that it took at least

three days for the virus localized in the nerve ~o become

demonstrable in the spinal cord."
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All of this had to be carefully checked out by dynamic

experiments. lIToidentify the nature and precise location of the

barrier at the site of intra muscular injection, one must have a

clear and better founded conception than is now available of the

mechanism by which a peripheral nerve like the sciatic is invaded

by virus deposited in the muscle." This then led to other studies

later, from this question. "If, as is probable, the virus can

progress to the-~entral nervous only along the axons, it might

first have to penetrate certain specialized nerve endings which

perhaps may not be accessible except through the cells that they

supply." And incidentally, anatomically it's known that as the

fibers, the axons corne down from the nerve cell in the spinal

cord, the motor cell, it comes in and actually spreads out under

the membrane of the muscle fiber, you see. Now,

"If this were the case, one could understand how the mere

presence of a large amount of virus without the simultaneous

capacity to attack the cells might fail to inyolve the nerve

endings. And yet, there is evidence to suggest that the nerve

endings themselves may perhaps constitute the barrier. As will

be pointed out, when the behavior of this virus in guinea pigs

is discussed, before ending our consideration of the behavior

of this virus in mice, it may be interesting to note that just

as different structures apparently function as barriers along

different pathways, so is resistance demonstrable at different

ages, depending upon the route of virus innoculation. With the

inter peritoneal route, it is found as early as the fifteenth

day of life. With inter muscular and inter ocular routes, it
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appeared sometimes during the fourth week, while for nasal

installation, it becomes apparent after the fourth week, and

effects between fifty and ninety percent of the animals in

different groups of mice. Although the central nervous system

of guinea pigs is about as susceptible to vesicular stomatitis

virus as that of mice. Nasal installation of the virus

produces encephalitis only occasionally in very young guinea

pigs, and not at all in older ones."

Let me digress again. The habit of some of my

colleagues then and now to restrict their studies to one animal

species and then making generalizations from it, is something

that I've deplored for years. Because the host factors vary

so much in different species. For example, let me show you why

I'm so concerned in the present era. People have been studying

for decades now the behavior of leukemia viruses in certain

strains of mice and the behavior of spontaneously occurring

leukemia or chemically induced leukemia in rats is a totally

different thing. Or, you take other species. If you are trying

to understand basically what happens in man, and if you limit

yourself to studying things of one species, you are really not

doing a complete job.

Q: How many people work with model systems at that time?

A: Well, many people always worked with model systems

because in order to try to understand basic phenomena, you've

got to work in model systems. You can't go to man.

Q: No, the reason I raised this is when DuBois began work

on tuberculosis, there was a great argument that he was working
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on TB in mice instead of man. And -Opey. and he had terrific

fights over this, and Gpey attacked the validity of the experiments

and DuBois would say IIBut11m not trying to recapitulate what lS

happening in nature, what 11m doing is testing a modelll so it

really is not a common--

A: Yes. The importance--I hope I didn't break your thought.

Q: No, no, that's all right.

A: The importance of model systems is to be careful what you

do with the results you obtain. How you transpose them. Some of

the phenomena that DuBois discovered in mice are important, but

before you try to incorporate them into a system for explanation

for explaining human manifestations, you've got to be very careful.

That's why, when Dr. Leon H. Schmidt began to study tuberculosis

somewhat after DuBois, also concurrently. He used monkeys.

And monkeys provided a model system that was much closer to that

of man,_and from that he was able to derive--that was also a

model system--to be able to obtain a much better picture for

studying let's say, chemotherapy, a much better model of relevance

to man.

When I studied later polio in rhesus monkeys, as others

had done, I quickly discovered that that was one model. That in

cynamalgous monkeys, it was another model, and that when we got

to chimpanzees, it was still behaved another way. And then, when

I able with attenuated strains to compare to make the bridge

between rhesus monkeys, cynamolgous monkeys, chimpanzees and h~.an

volunteers, it then became apparent that along the evolutionary
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tree you had a difference of behavior of the same virus, the same

dose, the same route, but in different species. So this is the

importance. You have to use models systems, but you must be

very careful the way you use, what you do with the results you

obtain.

Q: Alright, so you now go to another species.

A: So now, we go to another species to see what can be

learned. And the point is, as I say here "that nasal installation

of the virus produces encephalitis only occasionally in very

young guinea pigs and not in older ones, unlike that obtaining in

mice. When the nasally instilled virus was traced in young

guinea pigs, it was found that it always invaded the central

nervous system along the olfactory pathways, but it never got

beyond the rhinencephalon diencephalon--" this was in the course

of progression. "in old guinea pigs, it was·possible to demon-

strate a transitory multiplication of the nasal neucosa, but in

at least 90% of them there was no invasion of the brain." So

you see again, it's stopping blockades at different points along

the path, even in guinea pigs, at different ages, even though

the disease was rare in even in the young ones.

"Injection of virus into the skin of the pads, or in

the muscles of very young and old guinea pigs, is followed by

local multiplication, in both the young and old. And the

animals remain well. The fact that direct intra sciatic innoculation

frequently led to fatal ascending myelitis tends to eliminate the

peripheral nerves themselves as the barriers to invasion of the

- - -------------------------------------
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central nervous system and suggests a consideration of the myel-

neuro junctions and other specialized nerve endings through which

is effected the intimate relationship between the access cylinders

and the innoculated tissues. The?stEiking difference between

guinea pigs and mice in relation to this virus is that the guinea

pigs at a very early age possess the barriers which mice acquire

considerably later in life." There's another important thing to

realize. That guinea pigs walk within 24 hours after they are

born, and their eyes are open. They are born--there's a completely

total difference between mice and guinea pigs and their development.

Moreover, the central nervous system of guinea pigs is myelinated

within a few days, and to a large extent, already at birth. That

is why they can walk and do many things shortly after birth. But

mice, they remain blind, and it takes time and time after they

develop. So, again, you see things do not happen, physiological

things anatomical differentiations do not occur at the same time
in different species.

Now, I say here "There are a number of other instances in

nature where a virus may be highly neuroinvasive in one species

and either not at all very virulent in another. As a classical

example, one may cite the virus which causes only herpes simplex

in man. But when transferred to the skin, cornea or mucous

membrane of the rabbit, gives rise not only to local lesions like

those in man, but also clinically apparent and fatal disease of

the central nervous system." Later, we came to learn that not all

strains do that, it is the properties of these strains.
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"It is well established that not all neurotropic viruses

invade the nervous system in the same manner. The barriers

which may come into play with one virus may be entirely without

influence on another."

Let me digress here again.

Q: Sure.
I've always had a special feeling about some of my

colleagues who are one virus virologists. They will study something

only with one virus and their was limited. It's like putting on

blinders on a horse, you see. You cannot investigate basic

problems in virology and limit yourself to studying one virus.

Alright, that's an aside that I've gotten off my chest. Because I

said,
"It's well established that not all neurotropic viruses

invade the nervous system in the same manner, and the barriers

which come into play with one virus may be entirely without

influence on another. In the course of investigations on the

mode of spread of the equine encephalomyelitis viruses, still

another type of resistance that develops with age was encountered.

The change appears to be in the blood vessels which the equine

encephalomyelitis must traverse, or grow through, in most instances

in order to invade the central nervous system.. With the Eastern

strain of equine ence~halomyelitis virus young and old mice are

equally susceptible to infection by the intra cerebral or intra

nasal routes, unlike vesicular stomatitis."
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"After intra muscular or intra peritoneal innoculation,

however, fifteen day old mice are all susceptible, while-at one

month of age, forty to fifty percent are already resistant and

beyond the age of three months, this resistance rises to 95%."

"After intra muscular injection in young mice, this virus

was found to invade the central nervous system along the local

peripheral nerves in only about 5 percent of the animals. While

in most of the others, it appears to be eliminated from the blood

unto the olfactory· neucosa from where it invades the brain along

the olfactory pathways."

Now, this is much detective as any detective work that

may be involved in helping to solve a murder or do military

intelligence.

"Studies on the nature of the resisitance in older mice

revealed that it was bound up with the failure of the virus to

traverse the blood vessels. For the systemic phase of the disease,

the virus circulating in the blood occurs in both young and old

animals. In guinea pigs, there is an indication that-virus in

the blood may pass or grow across the vessels, directly into the

brain, and it is interesting that here too old animals were found

to be resistant, except in overwhelming doses of virus were

injected. "
"That similar factors may playa role in human beings is

suggested by the fact that in the first epidemic of this disease

in man" --that means equine encephalomyelitis-- "the majority of

cases occurred in children, and also by the observation that adult
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laboratory workers may develop antibodies against the virus without

having exhibited any signs of disease of the nervous system."

I think of this still--1 don't know of any data which

disproves that possibility at the present time, although it's

undoubtedly a multi-factorial process. But at least this is one,

where in the case of encephalitis, is likely to apply.

"With the Western strain of the mouse passage virus, the

first evidence that age has produced some change in the animal

is found in that fact, that after injection into the muscles of

the hind leg, 80 to 90 percent of fifteen day old mice developed

signs of encephalitis, "not paralysis

"and the rest" --I should have said the remainder-- "signs of

flaccid paralysis." --So, 80 to 90 percent developed enceFhalitis,

others flaccid paralysis.-- "While at 21 days, the ratios reverse.

The majority developing flaccid paralysis in about 20% resistant

altogether. At one month of age and beyond, 90% or more are

resistant to intra muscular injection." --innoculation--

"Although injection directly into the sciatic nerve again results

in the paralytic disease in a large proportion of the animals.

There are thus at least three phases during the maturation of the

mouse with which the neuroninvasiveness of the Western virus is

differently affected."

"First at fifteen days of age when certain vessels still

permit the virus to traverse and spread into the central nervous

system by some definite patthway. Second, at the age of 21 days,

when the virus can no longer do this in the majority of mice, but

__ - ....1
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now progresses along the nerves supplying the innoculated muscles.

And third, between the 21st and 30th days of life, when the appearance

of some change in the muscles of specialized nerve endings in the

great majority of mice now prevents invasion of the nervous system
altogether."

"Finally, it.sshou Ld be noted that practically all the

animals in whom constitutional resistance operated in one form

or another to arrest and render inapparent infection with vesicular

stomatitis or equine encephalomyelitis viruses ultimately developed

specific immunity of the entire body, including humoral antibodies.

This, at least as regards these neurotropic viruses," --No

generalizations here-- "is an excellent illustration for the

hypothesis that specific immunity without apparent disease is the

result of pre-existent resistance rather than the reverse."

Let me make an aside in the light of subsequent findings.

Because subsequent findings and namely the studies that I carried

out on the many many different strains of polio virus encountered

in nature, it turned out that it was not only the resistance of

the host that played a role, but the genetic differences among

different populations, or strains of the same virus, as regards to

neuro virulence, as I discovered later with polio. Some had little

neuro virulence. Some had intermediate. Some had much, and this

by itself was another important factor. Ultimately, I came to

believe, be comvinced by the data, that as regards human poliomyelitis,

that is as it could be studied experimentally in the chimpanzee--

the genetic status of the virus was much more important than the
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genetic status of the host. Although, there was this interplay.

Q: It's interesting because right next to your laboratory is

a guy who is concerned with the genetic characteristics of the

host, namely Leslie Webster. Did Webster have any impact on your

thought? Did he follow your work at all? He was working with
rabies.

A: Well, it wasn't only rabies. Webster became involved very

early after the epidemic of St. Louis encephalitis in St. Louis in

1933. He became involved with working with the St. Louis encephalitis

virus. Then, also, with breeding of an interbreeding of different

strains of mice, and showing some variations in susceptibility, so

they were the Webster-susceptible, Webster-resistant. But they were

specifically so for St. Louis encephalitis, which comes, which is

something that I had to pick up later on myself.

But during the course of this, I mean, we were almost next

door. We were on the same floor. But there is remarkably little

interchange between Webster and Oletsky. Only to the extent that

some of the people who were working with Webster and I on our own,

you see, like Horace Hodes and Howe Wright, we had sort of good

relations. We would interchange our exciting experiments.
Q: But the leadership wouldn't.

A: The leadership would not. There were--during my five

years at the Institute, I do not remember an instance where a

seminar was set up in the Division of Pathology and Bacteriology

specifically by Webster and Oletsky. They worked entirely separate.

As a matter of fact, if my memory serves me right now, forty years
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later, I was told "Look, St. Louis encephalitis is off bounds.

That belongs to Webster. You can work with vesicular stomatitis

virus and equine encephalomyelitis, but don't get involved with

St. Louis encephalitis." And actually, it was not until after I

got to Cincinnati, and some years later, was forced to study by

serendipity the genetic factors in susceptibility and resistance

of viruses infecting the nervous system of mice that I studied

St. Louis encephalitis, Japanese encephalitis, Denge, El Fiedler,

Western equine, and all the others.

Q: Did you get any reactions from Karl Meyer on this?

At that time he was working with Ivester equine.

A: Those were the early days, but actually, he was interested,

in his own way, very well, of studying the disease in nature in

horses. Obviously, these things were very very peripheral, so

they are not very practical. Of course, at meetings, I then came

to know Karl Meyer, K. F. Meyer, who was very much my senior.

As everybody else I looked up to him, we had a very interesting

associations over the years, both scientific, personal, social.

On trips, we had some extraordinary times, but personal.

No,· let me see what I said in sununary of this. "In summary

it may be said therefore, that as a result of the special mode of

spread of certain viruses." You see, I was very--I'm limiting it.

"Of certain viruses, from the periphery into the central nervous

system, and also within it, the insusceptibility or inavailability

of certain isolated tissues or structures. Rather than resistance

or irrununityof the whole animal." This is a very important concept.
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"Localized foci of resistance"--barriers that the virus would have

to spread and the spread was determined, as I later came to under-

stand even more--by capacity to multiplication. And because the

cells changed, the virus couldn't multiply. And unless it multiplied

to a certain level, it couldn't progress through the next station.
So, this is localized.

"resistance of the whole animal. That that can act as a

barrier to virus progression and prevent the development of apparent

disease of the nervous system. through these model systems. While

this mechanism may be only one among a number of others," --This

I said 35 years ago-- "which operate in protecting the major

portion of animal and human population from disabling or fatal

disease of the nervous system, it is especially interesting because

it lends itself to a kind of experimental manipulation by which

one may attempt to change susceptible individuals into resistant

ones." --That never came to be.-- However. Provided the stranding

which was the pathway to other experiments.

Q: If one looks at this particular work, one finds that almost

from the beginning of your entrance into Oletsky's laboratory, that

this is a continuing problem that you addressed yourself to, right

through 1937, that is from 1935 to 1937, almost 1938.

A: May I make one remark here. Basically, I picked to study

there--not because of my interest in vesicular stomatitis of

horses or Eastern or Western equine encephalitis of horses--but

because these were viruses affecting.the nervous system, and it

went back to the stimulation of my interest in polio in 1931.
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These were steps slowly along the way to understand the basic

phenomena underlying this disease toward which I was applying

myself at the same time. While I was studying these basic

mechanisms under conditions in model systems that I could manipulate,

I was also studying the behavior of polio virus with which I was

working at the time--in monkeys--again by anatomical and experimen-

tal techniques to find the pathway of that virus because I was

convinced that what I learned from this couldn't be directly,

automatically applied to polio.

Q: I want to get to the work on the olfactory bulbs, but

before I do that, when one looks at the other immunity work that

goes on in Oletsky's department at this time, it is almost largely

concerned with problems of chemical blockade.

A: Yes, both.
Q: 'I'ann i.n ,.

A: Both. Although less was published on it, the problem of

active immunization and secondly chemical blockades.

Q: In chemical blockade you literally test out things like

zinc sulphate or alum or what have you.

A: The reason for that is that following Oletsky's original--

Oletsky and Cox's original report--it might have been out in '34--

which was immediately followed by a similar report by Armstrong

who did it independently. Because of the conviction of almost

everybody at the time, that the nose was the portal of entry,

Dr. Armstrong, who was with the public health service, then was

- - ----------------------------------------
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influential in mounting a campaign of a human trial actually, and

was carried over to human beings. So, there was a lot of work

going on--what's the best one?--because it turned out, for example,

that the concentration of tannic acid and alum that Oletsky and

Cox had used originally didn't work in monkeys, for example. You

needed something else.

So, actually, I became also drawn in in doing such

experiments in monkey. It provided a better basis, and then a

search for better compounds. So, this was part of something that

was very much in the air as a practical approach, or quick attempt

to circumvent active immunization. To find a way to block the

entry of polio virus in man. And may I say this, and stop at that

point, that the experiment that Armst~ong--the human experiment

during an epidemic in Alabama--set up with this was very influential

by virtue of the fact that it had absolutely no effect at all on

the incidence of poliomyelitis in man. Of raising doubts, not

whether the effect of the chemical in man was different. Although

you couldn't be sure which was which. But can we be certain that

Q: Now there is one thing that happens in Oletsky's laboratory

the olfactory pathway is the way by which the polio virus gets

into the human central nervous system. You see, there are all

of these peripheral things going on at the same time.

that I find very interesting. Just at this time. That he could

immunize--was it guinea pigs against Eastern equine encephalitis

by using an inactivated.

A: That was nothing new. This was--
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Q: Look, most people at that time believed that you could

only immunize with live virus.

A: It's not quite right. I have to go back, but I don't

know the preliminary literature that led up to it. But the

inactivation of Eastern equ~ne, I think, as was used in guinea

pigs, provided an important observation, I think to this extent.

People were not thinking really in quantitative terms. Eastern

equine encephalitis multiplied, I think, to levels of almost a

billion infective doses per gram. So that when you inactivated

that, you had a tremendous of antigen. At that time, if you took

the spinal cord of a paralyzed monkey, you had only one millionth

as much infectious virus per gram. Then when you tried to transpose

the positive results from equine encephalomyelitis to polio, you

got no where.

But these were important observations. I am not in a

position now to comment except what I just said. That without

realizing it, the experiments on Eastern equine were very

important in showing the role, I think, m?re appreciated it later

than at the time, of the quantity of antigen. Of course it did

lead to practical vaccines for--to help control of the disease in
horses.

Q: I think I have to stop here to change the tape.

END SIDE A.
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Q~ . there were things that I find interesting is at the

time these general reports are made to the Board of Scientific

Directors of work going on in Oletsky's laboratory, there is a

general review by Simon Flexner in 1935 to the Board of Scientific

Directors which, in a sense ,'rei terates the notion of the

olfactory pathway for polio infection. And almost. It appears

to be less for a worker in the laboratory to

undertake work that essentially disproves that notion. Could you

tell me what the origin of your work was on the problem of the

olfactory lobes as a portal of entry.

A: I might say that this report in 1935 by Simon Flexner

represented a judgement that most probably was shared by 99%--if

there were that many workers--in the polio field. And some very

striking additional evidence for that was brought forth by Harold

Favor in California. Now, I was also under the effect of that

because at the time, the evidence that was available from other

sources, from feeding monkeys, and other strains of virus and

other species was done in Europe. The work of Leviditi and others.

It was work that wasn't carried out very well and didn't carry

conviction. Simon Flexner had no difficulty in pointing to flaws.

And I also. So the question really was "How do we decide whether

this really happens in man?"

The work that I was doing with these vesicular stomatitis

Vlruses gave me an opportunity to see that when a virus passed by

the olfactory pathway, it produced certain footprints, pathological

foot?rints, that were clean cut, and that these were not found when

- - -------------------------------
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certain other viruses like let's say pseudo rabies or herpes, when

they invaded by the fifth nerve of the gasserian ganglion, of the

parasympathetic, they left the other footprints. So one of the

first things that I wanted to undertake was to see whether in

monkeys--and this had never been studied--you see, the combination

of histology as a tool was something that I also absorbed during

my year at the Lister Institute. I must digress here.

And pay my homage and really well, influence, of a person

I greatly admired during my presence at the Lister Institute.

That's E. Weston Hurst. E. Weston Hurst was a neuropathologist

par excellence. As soon as I got away from the elementary bodies,

and the vaccinia business, that I'd taken to Rivers at his

request at the Lis~er Institute, I asked immediately to go to

work with Weston Hurst, who just carneback from Princeton at the
time.

I learned a tremendous amount about the use of neuro-

pathological techniques because it was Weston Hurst, with Fair-

brother and for a few years back, who established beautifully for

poliomyelitis how polio virus, innoculated into one leg or into

one sciatic nerve, really went up the nervous pathway and then

crossed over, would get over to the opposite side of the brain.

I mean, this already was a foundation that was layed by Fairbrother

and by Hurst, and I learned a tremendous amount. I was very much

under the influence of that experience to which I must pay tribute
to.
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It was then an extension, really. So, when I found these

footprints, I decided to find out what happened when I was able

to produce with regularity, polio in monkeys, using the MV strain

intra nasally, instilled within sacrificing monkeys of different

kinds--I studied what happened in nasal neucosa. Then, I found

with regularity that monkeys infected by the nasal route had

lesions in the olfactory bulbs which was~not found when monkeys

were infected in other ways.

I'll never forget when I saw the preparations and beautiful

sections of olfactory bulbs, showed it to Simon Flexner. He was

really excited. He said "That's it. Here's the way to prove it."

And the work was published. And then, you must remember how the

dynamic course of events that I mentioned before. These chemical

blockades came along. Then they failed in man, you see. It

became obvious we must now find out, in man, whether or not the

olfactory bulbs show the same kind of lesions as monkeys infected

by the nasal route. In going through the liter~ture, the tremendous

work on pathology of human polio it seemed that few people, if

anybody, ever bothered to take out bulbs. And if they took out

maybe, they took out one, and somebody would take out the brain

and usually leave the bulbs behind and that would be of course--

Q: But there were one or two people who did take out bulbs.

Hutchins took out bulbs and Smith--

A: This is human. I have the thing right here.

Q: Okay.

- -- - -- --- -----------------------------------------
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A: So, it became necessary to do it on a larger scale.

Of course there was no report of lesions, though some were

misleading. They called perivascular infiltration a :lesion,

but I knew from my work in monkeys that you have to look, not

just for perivascular infiltration, which could happen with

anything. You had to look in the role of neurons of the olfactory

bulb. That was where the footprints counted. So then, through

a co-worker. His name was Harmon, if I am not mistaken, in Chicago.

I was able to get a number--I forget the number of patients

now--it was twelve or something like that. Where he specifically

took out the olfactory bulbs, at my request, by dissection. I'll

never forget. I must tell an anecdote here.

Q: Please.

A: Because Dr. Harmon must have just employed a secretary that

came from industry. He dictated a letter which had been proof read

and she sent me a letter that under separate cover, she was

sending me twelve 01d--"01d"--factory bulbs. Well, at any rate--

the point was that towards the end of my stay at the Rockefeller

Institute, I couldn't find any lesions in the olfactory bulbs.

Moreover, prior to that, or perhaps concurrently. I don't remember

the exact timing. I also studied the course of events in monkeys

that were innoculated by the tonsillopharingeal route, putting the

virus directly in there, because I was more concerned with what

happened after you take out the tonsils, in somebody who happens

to have virus in his throat during an epidemic.

-- - --- -- ----------------------------'-------------
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And found that under those conditions, the monkey olfactory

bulbs were completely negative. This was important, not only to

show them, that they were positive after intra-nasal. It was

necessary to show that after a peripheral innoculation by another

pathway, that they were not positive. So, towards the end of my

stay at the Rockefeller Institute, it became apparent that the

footprints of virus growing by way of the nose into the nervous

system, which you could find in monkeys, were not present in human
fatal cases after a month old (?).

This really, was the step that led me on corning to

Cincinnati of reorienting my whole program and to follow the

dictum of hope that the proper study of man as man, if I am

quoting correctly. Or remember it correctly. And to organize

my whole program to study histologically and by detection of

virus, the different parts of the human nervous system in human

beings, dying of the disease, dying of polio. And that's another
chapter.

-I
1

in Australia, 5000 miles away, there is a fellow Swan who also is

Q: What intrigues me, is, at the same time, almost simultaneously,

concerned with this problem. I think Swan publishes in '37.
A: Let me see my quotation on that, because I quoted Swan.

It should be here. II . believe that the nose is the natural

portal of entry of the virus in man. Others maintain that under

certain conditions, the gastrointestinal route is the pathway

for invasion of the virus. Post mortem--that post morten examina-

tion of the olfactory bulbs can supply valuable data regarding

this question is evident from the results presented in this
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communication. Yet, as stated by Faber in his review of work done

on poliomyelitis up to 1933, 'little or no attention appears to

have been devoted to the pathology of the olfactory bulb in

poliomyelitis. It is a familiar fact that unless special care is

observed, the olfactory bulb firmly attached as it is to the

numerous olfactory nerves, is likely to be torn off when the brain

is:removed at necropsy, and so failed to be examined. This is the

only explanation that occurs to me.' This is Faber, I think.

'For the uniform failure to note either the microscopic or microscopic

appearance of the structure of the protocols available in the

literature. Harbitz and Scheel briefly note "in one case that

the olfactory bulb, singular, was normal. The only instance in

which I have found it mentioned."' Then I go on. "Since then,

only the work of L. W. Smith reported in 1934 has come to our

attention. This investigator studied microscopically 56 olfactory

bulbs from about 40 cases of human poliomyelitis, and stated 'that

this examination has shown surprisingly small amount of pathological

changes.' "It doesn't say normal" that has frequently been edema

and congestion harbingers of more extensive damage. But in less

than a fourth of them do the characteristics cellular infiltrated

changes as seen in ganglia and nerve routes appeared. '" Again,

he didn't differentiate between neuron and perivascular infiltration.

"Either any inflamatory reaction in these organs is

extremely short-lived, unlike the lesions of poliomyelitis

elsewhere in the central nervous system, all the virus passes

along these structures without leaving its identifying signature."
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You see, it is because of this possibility that it was

necessary not only to do histology, but also to test for virus.

"A third possibility which strikes us as more logical" and I am

quoting from L. W. Smith. "in view of the essential difference

in the nature of the pathological lesions is that the olfactory

bulb in human beings·~±s not necessary as frequent a pathway for

the virus as is commonly held, and that nerve routes elsewhere

are equally important portals of entray, possibly indirectly by

way of the.bloodstream to their ganglia." Then I go on to say

"Our own investigation shows that an experimental polio-

myelitis the inflamatory reaction is not short-lived, and that

the virus does not pass through the olfactory bulbs without

producing characteristic changes. The third possibility just

quoted should therefore receive careful consideration. And further

studies on human material, particularly in the light of the nature

of the bulb lesions in experimental poliomyelitis and the frequency

of apparently uni-lateral involvement should be of distinct aid in

establishing the portal of entry of poliomyelitis in man.,,7

There's a footnote here. "The authors are at the present

time collecting a series of olfactory bulbs from cases of human

poliomyelitis and would greatly appreciate the cooperation of

pathologists who would send such material to them for study."

NoW, the next report before I get to Cincinnati and

report on it is a general article, and I know that I mentioned

Swan, but I just want to see what I said here because this is an

article that I wrote for an International Bulletin in which I
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summarized now the portal of entry transmission of poliomyelitis

virus, which was really the prelude to further work. This analysis.

Wait a minute. So that actually, he must have been working at the

same time that we were working on the human material. Alright.

Because I did serial sections, etc.

"More than 2000 sections of olfactory bulbs were thus

available for examination. Although the essential results of this

study have already been referred to in several corrununications,"

things that I published before "they have not hitherto been

reported in detail" because it was desirable to integrate the

studies on the olfactory bulbs with observations elsewhere in

the nervous system and with the clinical histories.

"Six olfactory bulbs from three other subjects were

studied less completely. In the meantime, several other reports

appeared on the condition of the olfactory bulbs in human polio-

myelitis.

Groot. Eight. This was a publication in 1938. "Found

no-change in the olfactory bulbs from three patients who died in

the 1937 outbreak at Arkansas. Stillerman and Fischer reported

that the olfactory bulbs were normal in the patient in whom polio-

myelitis developed after removal of the tonsils and adennhoids.

Swan. Ten. Studied serial sections of olfactory bulbs in four

cases which occurred In the 1937-38 epidemic in South Australia.

And Robertson. Eleven. Robertson, this says 1940.

reported on serial sections of the olfactory bulbs from eleven

cases occurring in the 1937 epidemic. But neither of them found

significant lesions.

-- -----------------------------------------
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So, you see, after the original publication of the observa-

tions in monkeys, there were observations then, whenever there was

a chance, by Groot, by Stillerman and Fischer, by Swan, and by
I

I·
I

I

I

I

I

I

I

I

I

Robertson. And all this added together brings us to--.

So let me see what I said in my--comment. "When the

results~of the present study are combined with those of Robertson

and Swan, one finds that 49 olfactory bulbs from 26 cases of human

poliomyelitis occurring in 1937 have been studied in partial or

complete serial sections." This was crucial. "without any pathologic

change being observed comparable to that which may be found in

random sections of the olfactory bulbs of monkeys succumbing after

nasal installation of poliomyelitis virus. The perivascular

infiltration found around an occasional vessel in two of the 49

bulbs unassociated with any evidence of neuronal damage, can not,

in itself, be accepted as evidence of the presence of passage of

virus through these bulbs."

"The question raised by these observations is whether or

not the absence of lesions in the olfactory bulbs indicates the

absence of virus. And therefore definitely rules out the olfactory

route as the portal of entry of virus in man." You see, when you

are still in the unknown, you can't be sure of everything. "The

answer to this question is that the absence of lesions does not

necessarily indicate the absence of virus. Although it is note-

worthy, that in general, practically all the sites in which lesions

have been found In experimental poliomyelitis in the monkey, have

also been found to be involved in man.

Schultz and Gebhardt have shown that in monkeys infected
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by the nasal route, the virus may be present in almost as high a

concentration of some of the higher centers of the brain as in the

spinal cord. With great destruction of nerve cells in the latter,

or little or no damage in the former. Although I have found

evidence of neuronal damage in random sections, of those higher

centers, such as the olfactory bulbs, in the anterior perforated

space, the hypothalmus and thalmus, there is manifestations along

the way in monkeys. succumbing after nasal installation of virus

it is true that the number of cells affected is usually only a

small fraction of those found damaged in the cord. The total

absence of obvious neuronal damage in serial sections of human

olfactory bulbs, however, suggests either that these structures

possess a refractoriness not found elsewhere in the human nervous

system, or that they are not primarily effected by the virus.

You couldn't absolutely decide on the basis of this alone.

It is clear, therefore, that what one needs to know is whether or

not the virus of:poliomyelitis can be demonstrated in the olfactory

bulbs of human subjects, in whom the spinal cord and medulla are

proved to be infected." And then I already have a footnote here.

"In a recent study, the results of which have not been

published, A. B. Sabin and R. Ward found no virus in the olfactory

bulbs from five cases of human poliomyelitis in which the virus

was isolated from other tissue. These findings can be considered

as strong evidence against the theory that the olfactory pathway

is the usual portal of the virus."
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But you see, the olfactory bulb was merely a step along

the way. And then we go on here lithe absence of virus ..

would be strong against the olfactory route as the portal of

entrYi although the presence of the virus could not be accepted

as evidence for it. Although it has been shown in seven of eight

rhesus monkeys infected by:~he tonsillopharingeal route, the

olfactory bulbs contained no virus. One cannot as yet exclude

the possibility that maybe a greater centriffical spread of virus

in man than in the rhesus monkey. It has been found, for example,

that in man rabies virus entering by the nerves supplying the

hand could be demonstrated in appreciable amounts in the olfactory

bulbs at death." I did it with Ruschmann in Cincinnati. One of

my first jobs when I studied rabies that way, because I was

studying the stuff and watched it and at the same time, you see,

did an autopsy on rabies.
"Until more is known of the centrifical spread of

poliomyelitis in man, it is equally difficult to interpret the

significance of the presence of virus in secretions of the upper

part of the respiratory tract, in the nasal mucosa, in the tonsils,

or in the feces. The presence, therefore, is no direct evidence

for or against the belief that any particular site is a portal of

entry of virus in man." This was written before I began the

studies in man.
Q: When you read John Paul, or you talk to John Anders,

Flexner is always presented as standing in the way of progress.

Now, he undoubtedly knew you were undertaking these studies. He

never, for example, interfered and said "This is a waste of time."

- - - - ------------------------
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A: No, he at no time. (sentence incomplete). He said, "These

are giving us new tools. These observations, these studies are

giving us new tools for actually finding out what happens." Although

What Simon Flexner's original conception of the nose being the

portal of entry came long before there was any evidence that came

actually first from the studies of Fairbrother and Hurst that

poliovirus moves along axis cylinders. Simon Flexner's conception

of the nose as the portal of entry merely was that he thought of

cerebral spinal meningitus, which he had studied.

Q: That was his model system.

A: And that was his model, and he thought the model for

polio, maybe it should go onto the record, the model for polio

was the same as meningitis. But he was then overtaken. The

studies of Hurst and Fairbrother and Hurst first indicated axis

cylinders as a mode of progression in polio virus. Then along

came Faber with other studies. Then along came studies in which

the olfactory tracts were cut, and infection via the nose in the

monkey was interrupted. Everything was fine for the olfactory

pathway.

The olfactory pathway was not Flexner's concept. The

nasal route was Flexner's concept along totally different models

which really didn't have anything to do with poliovirus. I

think that might go into the record.

Q: I think that is really important. There is one other

piece of work that you do that you've mentioned in passing that

is interesting. In 1916, during the polio epidemic in New York,

there was a doctor who was very observant by the name of Palmey.



Dr. Sabin 44

Who observed that children who had tonsillectomies had a very

higher proportion of poliomyelitis. SUbsequently, that observation

was taken up by Aycock in 1929. Held written a paper on tonsil-

lectomy, and then you address yourself to the problem in experimental

way, exploring both the route with special reference to the influence

of tonsillectomy on the development of Boulbar polio. I wonder if

you could generally--I have the paper-here--whether you could

generally talk about.

A: The reason I undertook this experimental study was a double

observation by clinicians and epidemiologists in the field. It was

that during the epidemic periods, it was not only that the incidence

of polio was higher among those that happened to have a tonsillectomy

within a certain period prior to onset of the disease. But that the

frequency with which Bulba poliomyelitis occurred in those patients

was very much higher than in the remainder that had had no

tonsillectomy.
Because I was in the midst of studying progression along

neural pathways, I wanted to see the influence in an experimental

situation of the incidence of Bulbar polio when the virus was

innoculated directly, or swabbed directly into a raw area after

removal of the tonsils. I wanted to (sentence incomplete). Then

of course, I was also then interested to see whether involvement

of the olfactory bulbs would occur in such monkeys as it occurs--

as it had occurred in monkeys after intra nasal installation.

That would give an idea of the extent to which centrifical spread

from other parts of the nervous system might also involve the

olfactory bulbs. Now let me refresh my memory a moment.

-- - ----------------------------------------
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A: I've already. indicated why I was prompted to do this.

Then I should like to indicate some of the things that had been

in the literature, :.experimentally, before then. Because one

always builds on preliminary--previous observations by others.

I find it of interest to note that 1911 Lumsteiner, Leviditi,

and Danelesco reported that submucous injection through the

tonsillar area of a monkey resulted in poliomyelitis.

I want to stress here a monkey. It was from a period when

people didn't have too many monkeys. It was difficult to generalize.
showThen Levidi ti and Darie.Le sco, that painting, or rubbing the

tonsils of three monkeys with virus failed to induce the disease.

While application of the same virus to the nasal mucosis followed

by typical poliomyelitis.

So there we have now a divergence. It is a common

observation that when virus was instill intranasally in the

amounts ordinarily used in rhesus monkeys, most of it runs down

into the pharynx and mouth. The almost regular failure of the

disease to develop following nasal installation in monkeys whose

olfactory pathways have been interrupted." These are the experiments

that were reported by Brodie, incidentally, in 1934. Schultz and

Gebhardt in 1934. Lennette and Hudson in 1935. Howe and Decque

in 1937. So, interruption of the olfactory pathways stopped,

prevented the disease which was additional proof that when virus

was put into the nasal mucosa, it went up by the olfactory

pathway. And incidentally, that was not a concept of Flexner's

although Flexner was the protagonist of the nasal portal of entry.
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He based his observations, or conviction mostly on a model that he

thought was similar to spinal meningitis--cerebral spinal meningitis,

caused by menga cocci. But it was the work of these people by

severing the olfactory pathways that really proved this, for the

viruses that were used, that the olfactory pathways were severed,

no polio.
But, I say that in view of the fact that the virus runs

down the posterior pharyngeal wall suggests that contamination of

the intact structures of the pharynx does not supply a suitable

site for the entry of the virus. This of course, is--confirms

the observations of Leviditi and Danelesco. It appeared desirable,

therefore, to investigate one where the presence of an open

wound such as would follow a tonsillectomy operation, might open

a new portal of entry for the virus. And too, to determine the

ease with which poliomyelitis could be induced by injecting the

virus into the tonsillopharyngeal region. And whether or not the

disease so produced would be different from that which follows

other modes of innoculation.
It was clear from the beginning that working with virus

in the pharynx and mouth--it would be very easy to contaminate

the nasal mucosa. That unless some method of barring the olfactory

pathways, such as the portal of entry for the virus, was employed

the results might be confusing, or difficult to interpret.

Since the 1% zinc sulfate nasal spray has proved as

effective in our hands as in those of Schultz and Gebhardt

in preventing poliomyelitis in almost all monkeys receiving

virus by nasal installation, this method was chosen to close
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the olfactory pathway while studying the effect of tonsillectomy

as a possible means of opening a new portal of entry for the virus.

Histological examination of the olfactory bulbs of monkeys

succumbing to the disease provided another means for ascertaining

whether or not the virus had reached the central nervous system

by a pathway other than the olfactory route.

So, the question~then that were addressed, were did

tonsillectomy wounds open a portal of entry for virus administered

by spray, swabbing or nasal installation? Does the deposition

of virus within the tissues of the tonsillopharyngeal "region as

by injection lead to the development of poliomyelitis? And there

are a number of other questions here and the precise answer then

of course the clinical course of the disease following nasal

installation compared with that induced by tonsillopharyngeal

injection. I have in my report a very careful analysis of the

data that were obtained. So, let me read what was found.

Q: I think that would be a--

A: The evidence presented in this communication shows

conclusively that while mere transitory contact between the

normal or injured pharynx or tonsils of monkeys is not enough

to produce poliomyelitis, it is possible to infect these animals

when the virus in quantities from 100 to 1000 minimal cerebral

effective doses is injected into the tonsillopharyngeal region

and that this region is for some reason more sensitive than for

example the abdominal butaneous or sub-butaneous region.

I

I

L
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"The high incidence of the Bulbar type of the disease

among these monkeys, along with the other evidence that the virus

did not produce the infection by invasion along the olfactory

pathway indicates that after tonsillopharyngeal injection, the

virus progresses along the local peripheral nerves. The hi

incidence of the larva form of the disease among the cases of

human post-tonsillectomy poliomyelitis is what one would expect,

therefore, if the infection occurred from the throat. If the

virus in thehuman being behaved as it does in the monkey, there

is no definite evidence that such is the case. One would expect

that for the development of post-tonsillectomy poliomyelitis the

virus would have to be present in the secretions or in the tonsils

during the operation. That's an important point.

And that infection would be facilitated by any procedure

involving injections or post-operative suturing, because that

used to be done. That poliomyelitis virus can occur in the upper

respiratory secretions of tonsils of apparently healthy human

beings is already known. And although it is not yet clear whether

or not the virus is more prevalent during the summer and early

autumn than at other times of the year, that was discovered

later to be the case, it ought to be considered whether or not

the season of high incidence of poliomyelitis is a favorable

period for non-emergency operations about the throat. While

basically what this shows and it is of interest to me now, how

I had to use my surgical experience as an intern for six months

in surgery at Bellevue Hospital to make a study of the throat
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of the rhesus monkey. This preceded my surgical removal of the

tonsils in monkeys by careful study of the anatomy and the way

they were impbedded, and I found that I had no difficulty

extricating the, doing the tonsillectomy on monkeys pretty much

as it's done in man. Well, at any rate, what it proved is that

if virus is present in the tonsular area, and if you then at that

time actually do an operative procedure, that you can make it

localized by preference in the bulbar area and therefore get

bulbar polio. And of course, the other thing that it proved,

as a side issue, which was very interesting is that the olfactory

bulbs were not involved under those conditions.

Q: You know, that in 1911, 1912, tonsillectomies were

electrically done at the Rockefeller Institute hospital to see

if you could find virus in lymphoid tissue. Flexner had found

the virus in mesentary, and he wanted to see if it occurred in

other lymphoid tissue, and they began to do tonsillectomies.

No one has--

A: I didn't know that lymphoid tissues that were studied at

the time were actually by tonsillectomy.

Q: Some of the tissue he tried to do

A: During the course of polio, in other words, they already

had polio.

Q: Yes.

A: Ah, well, then it didn't do them any harm.

Q: It didn't do them any harm, but the notion that you could

do this was, or should do this.

A: Well, actually, you know, there have been many subsequent
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studies on lymphoid tissues as I analyzed them in the '40s in my

work in human beings, and which I studied lymphoid tissues. Many

of those produced results that were interpreted as indicating

the presence of polio virus in them. They were based only on

finding:.perivascular infiltration, which is something that you

find in a certain number of monkeys, and that are sham innoculated

or innoculated not at all. So this work had to be sorted out in
later years.

But at any rate, because of those early difficult to

interpret studies, Dr. Ward and I undertook the systematic study

in all tissues from the patients with fatal poliomyelitis in

certain concentrated on the lymphoid tissue, and I think we had

more definitive data. Particularly since we removed our different

tissues with different sterile instruments. In the old days,

everything was thrown together in glycerin, very often in one

bottle. And the results were absolutely meaningless. That's why

when we went to do an autopsy, we carnealmost with an operating

room of our own, with sterile instruments, I think in the way that

pathologists never did.

Q: Let me go back to something and this is your call while you

are studying the olfactory bulbs, for a cooperative study for

eXhaustive pathological study in human polio, and you calIon

other pathologists to help you.

A: Refresh my memory what year that was in.

Q: That was 1937.

A: 1937. Ah! that's before.
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Q: Yes. But it is almost prologue to other activity that you

take on under, that you take up at this time. For example, trying

to get other people, virologists, to discuss at the Society of

American Bacteriologists problems of polio. Itls a kind of movement

for cooperative study. What I'm really after was, how closely knit

a·community were virologists?at this time?

A: You might say, "And are."

Q: Yes.
A: Now, Well, it may sound very--to say they are commonplace--

to say 11m glad you asked me that question (laughter).

Q: Yes.
A: But it brings back important memories and something which

apparently has been a compulsion that I have had going a way back,

and not just a recent one. Because thirty years later, in 1967,

I testified before a congressional committee investigating research

on the need for collaboration in order to accelerate progress in

medical research. So let me go over this very quickly.

The reason in 1937 that I tried to get together people

who were doing autopsies on fatal cases of polio ~- there sure

were plenty then--was that my experimental studies on the model

systems which I discussed before, showed how a very careful

study of certain nerve centers could give an indication of how

virus entered into the human body. To have anyone person, each

one doing it his own way, getting a piece here or there or elsewhere,

certainly has failed to give us the information. That is why

I remember getting together particularly with Dr. Ralph Lillie,



------1

Dr. Sabin 52

who was then at the early National Institute of Health, before it
really was--

Q: It was the National Institute of Health.

A: Yes, public health service. He was a great pathologist.

To develop a protocol. And now I remember that the protocol was

developed and an attempt was obtained to get pathologists to do

the autopsy in a certain way, and to then examine certain regions

and I think to some extent. I don't know now whether publication

came out of it. But we did succeed. Dr. Lillie was interested

and protocol was developed. But I don't know that it came to

very much, because other events superceded.

Now, the next--not the next, but concurrent attempt to

get together the people who were working on poliomyelitis. And

a number of people who were working on polio in the united States

in 1937 wasn't very big. So when we went to meetings at the

Society of American Bacteriologists, which was attended by most

of these people, a personal relationships. I remember with Dr.

Hudson and Dr. Lennette, Dr. Schultz, Dr. Gebhardt, Dr. Aycock,

Dr. Jungelut~:·you see. We were all together. An attempt was

made to bring the group together. And to develop an agenda of

certain vital issues on which there were differences of opinion.

With an attempt to resolve those differences in a way that the

individual people who were participating. You might call it a

voluntary consortium, might work together more closely to resolve

certain differences and interpretations.

One of the big controversies was "What was the significance

of finding virus in the stools? What was the significance of
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that some monkeys would become infected after, let's say, feeding
them by mouth. And of course, you needed to go back "Oh, for

God's sake. You didn't prevent the regurgitation that infects

the nasal mucosa and then goes in. Have you examined this? Have

you done that? Does it happen? And sure enough, with certain

strains of virus, if the olfactory tract is cut, nothing happened

when it when it was fed by mouth."

So, an attempt was made, not to at least shorten the gap

that--the time gap for resolving certain things when one is

wandering in the forest. There was no formal association. But

I think, again, because the numbers were small, we at least got

together and had round tables. I was one of the people
influential in this. The reason this interests me now is that

in subsequent years I beame more and more confinced as I am

convinced now even more than ever forty years later. That there

are stages in the investigation of certain problems in medical

science when it is necessary for the investigators to get together

in small groups to resolve by experimentation that is discussed

beforehand, critically, to resolve different interpretations.

This is necessary, I think, for accelerating progress in

medical research, to the extent that that is not done, I can cite

now twenty or thirty different fields in which work has gone on

for years without resolution of differences or without attempts

at repetition or to find out why there are differences. And to

that extent, important issues, which have a bearing on practical

problems, whether they be cancer research or other things, are

-- ---------------------------------
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left hanging in the air for ever and ever. The attempt to

achieve that has not been thus far very successful. The lack

of success at the present time, I would personally ascribe to

the extraordinary characteristics of the investigators. Their

supplementation of individual initiative with a willingness to

collaborate for the sake of achieving and elucidation of a

larger problem is something that doesn't cornenaturally.

It's been said that while science may be dispassionate,

scientists are not. And no truer statement has ever been made.

I .don 't know who made, but I've used it for decades. The

question--and I hope I may comment on it now, because you've

hit the nerve on it--to me now is "How can we overcome this?"

There have been remarkable examples of scientists somehow or

other being guided in their work toward a common objective.

The Rockefeller Foundation, in my judgement, has done a beautifully

in directing the work on hook worm disease and resolving the

important role it played in the so-called poor-white trash in

the south. The Rockefeller foundation then played a remarkable

role, in my judgement, in guiding workers to accumulate information

of importance in yellow fever. Without stifling individual

initiative at all. But it seemed to me that there was always

a general staff that kept its eye on the ball and which identified--

we have a gap of information in this area. We cannot progress.

Who can help us provide this gap? So you go out--this man and

that man--and what do they do? They seduced them. They seduced

them with money. They--and with praise. And rightfully.
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I think it's highly justifiable. They said "The work that you

have done shows that you have a special competence in elucidating

this problem. They weren't given a protocol. They were given a

challenge. This is very important. And they said that if you

acc~pt to divert your efforts, not just do it on the side in the

afternoon, we are prepared to provide you with these and these

facilities in your laboratories, and so on."

You're using the carrot. Sometimes they succeeded.

Sometimes they failed. But they kept on. And if somebody

wasn't on the ball. They went out and found somebody else.

To me, this has always been an admirable example of guided basic

and problem-oriented research in which reliance entirely on

motivation was not the only factor. Money played a factor.

And I think that we must continue to find a way out. My opposition

to the so-called contract system, used by the National Institutes

of Health, sterns from the fact that a few people who happen to

be scientists at the National Institute of Health, develop their

own version of a protocol, and then, with money and offers of

money, get people to work on their protocol. The problem that

they have decided on. Instead, it seems to me that what is

necessary is for groups of people to develop challenges, supply

the challenges, and with the use of the power of the dollar, of

money, to get scientists to work together when resolution of

differences are absolutely essential and are holding up progress.

I do not think that this can corne into being spontaneously

without a better organization in the scientific community itself
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without the realization that just allowing for spontaneous

interaction to resolve certain large problems is the way to

do it. So, I'm glad that you called my attention to this

because I see that in 1937, which is almost 40 years ago,

I was working as I am trying to work now, as I've tried to work

during subsequent decades, always trying to resolve.

For example, and this will corne later, but I'll give a

brief example. When I worked on attenuating polio viruses for

an oral vaccine, and I worked entirely differently--many different

strains, and so on. When the team of Cox and Koprowski then

broke up, and actually they were working with the same viruses.

I don't want to go into the details now. It's another problem.

But ultimately, somebody had to make a decision on the claims.

And they were. I am using that word advisedly. But say, if

Koprowski and Cox of what their strains actually did in monkeys

correct. When I said that these strains were more attenuated and

that when I tested the strains of Koprowski under the same

conditions, that they were much more neurovirulent. Obviously,

I had acquired (acquiesce?) you see, I had personal bias.

What then was done, ultimately, under the influence of the Division

of Biologic Standards at the time, was to get my strains, to get

their strains, and to have them done independently. And it was

only then that it turned out that by an independent investigation

and resolution of this problem, did it become evident that these

strains were the most highly attenuated of any that were available.

And it was on that basis that a decision was made. And

if that had not been done, we would have gone on and on and on
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and there would have been only confusion. So that I am glad you

brought this to my mind, because I was already very much invovled

In it back in '36, 37.

Q: As a matter of fact, as a matter of record, in two

subsequent meetings of the Society of American Bacteriologists

in '38 and '39, and '40. There were special meetings held on

problems of polio. The reason I asked you this question. I think

you are entitled to know this reason, is that here is an independent

development of trying to get scientists together before you have

a formal organization of the National Foundation who prides

itself on getting scientists together and to work together. As

a matter of fact, one of the things that I found that absolutely

intrigued me was an early letter from you to Basil O'Conner

asking that meetings be held on the foundation auspices to discuss

pr0blems. This is long before there is a formal.

A: Do you have a copy of the letter?

Q: Yes, I have a copy of the letter.

A: Is it hand written or typewritten?

Q: It's typewritten. letter.

A: What year was it?

Q: It was '41.
A: '41. I was at Cincinnati and already deeply involved.

Q: Yes. This kind cr thing fascinates me. Now there is

another way of scientists cooperating. One of the Institutions

where scientists, in a sense, live together outside of their

horne is Woods Hole. Did you have any occasion to go to Woods Hole
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during summers?

A: I went to Woods Hole, I think, almost every year. I don't

remember. Maybe not in '35. But certainly '36, '37, '38, '39.

Because the Rockefeller Institute had a few laboratories at the

marine biological laboratory. I used to take my hundreds of

serial sections with me. I had a microscope. I would spend the

mornings examining sections. I would write my papers and reports

during the summer in the afternoon. Go out swimming or fishing.

And in the evening listen to music. No, I haven't been back to

Woods Hole since 1939. But during that period, it was a remarkable

opportunity to get together with people interested in different

fields of investigation, mostly biological investigation. Some of

the seminars that they would have I found it to be a very useful

and stimulating experience. But it was one of the many ways in

which let us say, interaction between scientists proved useful.

What I regret is that some people think that that's enough.

In my judgement, it is not enough. That the complexity of the

scientific endeavor and enterprise has become so great that it is

necessary to develop many many su~roups dedicated to certain

pieces of the action that are very specific and that have to be

identified. I hope very much that this will be one of the

important developments of scientific research in the future.

Because I think that the accumulation of highly specialized data

is completely overtaken the mechanisms for feedback, the mechanisms

for integration and to higher levels of let us say, pattern

formation.
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Q: Dr. Sabin, Woods Hold in 1936, 137 is unusual in this sense.

This is a period of intense political activity. Particularly in

Europe in Spain, the rise of Fascism, and I wondered if you have

any memory of the political activity of scientists at this time?
Was there interest?

A: Oh, yes, there was great interest. For example, there was

some refugees from Spain who came to work at the Rockefeller

Institute and they'd come to Woods Hole too. But I remember

especially one form that this took. I forget the name of the

man. He had a wonderful house on Penns Island Bay, and on

Sunday afternoon, those who were interested would gather on the

lawn. And you'd have discussions about multiplicity of problems.

Not only among biologists, scientists, but also there would be

social scientists and philosophers who'd be brought in who would

without any specific agenda, and one thing that I shall never

forget, if I may bring this in here, is one episode on the lawn

when the late Professor Concklin was professor of biology at

Princeton during one of these discussions was challenged by a

political scientist, social scientist. He said to him,

"Professor Concklin, as a biologist, tell me is the

statement in the Declaration of Independence of the united

States, that all men are created equal biologically correct?"

Professor Concklin, I think was seventy at the time.

This was in '36, '37, the period we speak about, said,

"No, of course it's not biologically correct. All men

are not created equal. Very few living things are created equal.
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But," and before he could say anything more the political scientist,

or social scientist, whatever he was, whatever they called them

at the time, jumped in and said, "Ah hah, Professor Concklin,

if all men are not created equal, then what follows that they

are therefore entitled to life, liberty and pursuit of happiness

equally, you see is based on an eroneous premise."

Professor Concklin said, "Wait. I believe that if Mr.

Jefferson, who wrote this had introduced just two little words,

he would have been both biologically and ethically correct.

The two little words that I would use would be as follows:

All men are created equal in that they are entitled to life

liberty, and pursuit of happiness. That would be both biologically
and ethnically correct."

Q: I think we've just about run out of tape. I think at this

point we can stop.


