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Editorial Note

The present volume contains wll the papers delivered by the
participants at the Conference, arranged in the order of their
presentaiion, by session, together with the discussions on each
puper or group of papers. The transcripts of the discussions
have been edited for the sake of brevity and consistency of style;
all statements related to the vpening or closing of sessions, and
other non-substantive remarks, have been deleted in order to
condense the presentation as far as possible.

The texts of the papers have been reproduced as submitted
by the authors, with « minimum of editorial changes. For the
most part, tables and tllustrations have been reproduced from
the originel marerial submitted by the authors, either in slides
or prints. This made possible an early publication of the pro-
ceedings but precluded the possibility of standurdizing format
for tables and nemenclature in all the papers.



Preface

The accumulation of information on the nse of attenunated live polioviruses as inununizing
agents against poliomyelitis has progressed at such a rapid pace since the PAHO/WHO Con-
ference on this subject in June 1959 that the need for further evaluation of the data became
evident.

The Pan American Health Organization and the World Health Organization, again with
the cooperation of the Sister Elizabeth Kenny Foundation of Minneapolis, Minncsota, therefore
agreed to convene a Second International Conference on Live Poliovirus Vaccines, which was
held in Washingion, D. C., 6-10 June 1960. The new information presented at this meeting,
through formal papers and discussions, by 85 distinguished scientists from 20 nations, is
recorded in the following pages.

We wish to express our thanks to all concerned with the preparation of this volume—
especially to the participants for promptly correcting the transcripts of their rem-rks—for
their efforts in making possible its early publication. The collaboration of Georgetown Uni-
versity in making available the excellent facilities of its Edmund A. Walsh School of Foreign
Service is also gratefully acknowledged.

ABRAHAM HoRWITZ
Director
Pan American Sanitary Bureau
g Regional Office, World Health Organization
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INTRODUCTORY REMARKS

Dr. Asranam Horwirz (Director, Par Ameri-
can Sanitary Bureau, and Regional Director for
the Americas, World Health Organization): A
year has passed since we met in this room at the
First International Conference on Live Polio-
virus Vaccines to analyze what was known about
them, to see what still remained to be learned,
and to determine the course which must be fol-
lowed to reach our chjectives. A year is a short
time in scientific endeavor, and usually one could
not expect very much to have happened in that
period. However, there comes a time when
mounting experience demands that crucial de-
cigions be taken, a moment when it seems that
even though we may recognize that many prob-
lems remain unsolved, enough may be known
for a major step forward in the application of a
new procedure to be seriously considersed. We
have, 1 believe, reached that mmoment in the
story of live poliovirus vaccines.

The story began quietly 10 vears ago, and for
several years It was overshadowed by news of
the progress in the development of the inacti-
vated vaccine. That thalt vaccine has proved
very useful when properly administered is gener-
ally accepted. But it is also widely felt that it
has disadvantages arising from its high cost and
the need for repeated injections for maximum
effectiveness, which preclude its application in
many parts of the world. The live vaccine seemed
to offer hope of overcoming these disadvantages,
and also to raise the possibility of a great re-
doetion in the circulation of fully virulent
viruses. During the last three or four years,
therefore, interest in the development of the
vaccine inercased greatly, and this has culmi-
naled, during the past year, in studics on a scale
undreamt of a few vears ago. However, aside
from their magnitude, one of the most siriking
{eatures of these studies has heen their interna-
tional nature. As an example of international
cooperation, this is indeed difficult to beiter, and,
as Director of the Pan American Sanitary
Bureau, and on behalf of the Director-General
of the World Health Organization, T should like

to pay tribute to this spirit which is 20 close to
the heart of our Organizations. Political differ-
cnces which cause us so much anxiety take on a
less gloomy tint when viewed in the light of this
spirit.  These are no empty words, but are based
on an impressive array of facts of which we shall
hear the details this week.

As yvou all know, the development of this vac-
cine has nol always been plain sailing. We have
had stormy passages, and it is natural to expect
more in a subject on which such strong views are
held. T believe that the First Conference last
year did much to clear the air by providing an
opportunity for frank and open discussion in an
atmosphere conditioned by the freshness of
scientific observations. [ am confident that this
week will bring further improvement because of
the mass of new information which will be placed
before you. The history of the development of
medical science is filled with examples from
which we can draw confidence. New procedures
oi which data are scanty are at first criticized on
the basis of pre-existing knowledge—that is
right and inevitable. As fresh information ae-
cumulates, preconceived ideas need to be re-
vised, and judgments can he made on the basis
of directly observed facts, and not on exirapola-
tions from observations in other fields. Further-
more, the real meaning of laboratory tests in
terms of the effect of the product in man—which
is, of course, what these tests are intended to
estimate—may only become clear after rather
extensive experience in man itself. The fallacies
that may atise in applying to man the resulis
obtained in mice or monkeys are well known.
However, these field tests are very much more
difficult than laboratory experimentation. Only
too often in the past, field studies have not heen
conducted in accordance with scientific prin-
ciples, with the result that there may be little
confidence in the validity or reproducibility of
the findings. If we are to base our public
health policies on field studies, we need to ex-
amine them meticulously in this respect. Mere
numbers alone mean nothing,
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When estimating the efficacy of a new pro-
cedure, the incidence of the disease in question
must he compared with that in some other group.
When such a group does not exist, the incidence
may he compared with that in other areas in the
same year, or in the same area in other years,
but in a disease with such an extremely variable
incidence as poliomyelitis our confidence in an
estimatc of cfficzcy obtained in this way is low.
There are too many other possible explanations
of the observed differences. Several years of
careful observations may be needed hefore firm
conclusions can be drawn,

On the other hand, answers to scientific ques-
tions are not enough. The achievements of
sclence must be translated into practice if they
are to have their full effect in mankind. Small-
pox has not been eradicated, although we have
had a highly effective vaccine for 150 years—a
good expression of human indifference when risk
of death and disease diminish because of an out-
standing scientific achievement. When we are
sure that we have an effective live poliomyelitis
vaceine, we must not rest until its full potential
benefits are given to the whole population. But
to reach this end, the population must under-
stand #nd demand vaccination.

I shall not attempt to detail all the many other
problems which will certainly be discussed at
this Conference, nor will I try to forecast the
answers which will be brought forward. We
certainly have a mass of new data to help us.
Over 40 papers will be delivered, and many
valuable opinions and further information will
come from the discussions. As was done last
yeur, a drafting group has been selected and will
follow the proceedings with special care, so as
to draw up the Summary of the Conference for
your consideration and approval on Friday. As
last year, we will publish the proceedings as
quickly as possible. -

This year, however, the Conference fills an
addirional role. The World Health Organiza-
tion is convening an Fxpert Committee on Polio-
myelitis immediately after the Conference, and
all members of the Committee are with us. Thus,
they will have the rarc advantage of hearing all
the latest data and opinions immediately prior
to their deliberations, and this can only be of
incalculable value to them in coming to their
conclusions and making their recommendations.

As last year, the Pan American Health Organ-

ization and the World Health Organization are
indebted to the Sister Elizabeth Kenny Founda-
tion for the generous financial assistance which
has made this Conference possible. I wish o
express, on behal{ of Dr. Candau and myself,
our deep appreciation. Qur sincere thanks are
also due to Georgetown University for making
thiz excellent accommodation available. T would
also like to thank the scientists present today for
coming to this meeting, many from long distances
and at considerable inconvenience.

1 am sure that all of us look forward to an
instructive and rewarding week.

Dg. Raymono D. Rirres (Department of Micro-
biology and Tropical Medicine, School of Medi-
cine, Georgetown University): As Chairman of
Microbiology at Georgetown University, T have
fallen heir to many strange administrative duties,
and this year, because Dean Hussey is ill—
frtingly, with a viral infection—on this occasion
he has asked me to express the welcome of
CGeorgetown University to the Second Interna-
tional Conference on Live Poliovirus Vaccines.

I do not have any Palladian te deliver to you.
T am usuvally impressed, when 1 have attended
or participated in international meetings of this
kind, that the gentleman who delivers the words
of welcome usually has a series of truisms that
are better known to the participants than to
the person who delivers the welcome.

So it is with honor that the Pan American
Health Organization and Georgetown hid you
welcome,

Di. Horwrrz: 1 shall turn the chair over to Dr.
Gaylord Anderson, who will preside at our meet-
ing this morning.

CrarMAN Anperson: Thank you very much,
Nr. Horwitz.

1 appreciate the honor of serving as your
Chairman for this opening session,

The first paper this morning is under the head-
ing of General Considerations: The Tin Anni-
versary of the Development of Live Poliovirus
Vaccine, by Dr. Hilary Koprowski of The Wistar
Institute in Philadelphia. This will be followed
by the first paper under Topic 11: Safety, Labo-
ratory Evidence of Attenuation and Safety, to be
presented by Dr. Melnick of Baylor University,
Houston, Texas. The title of that paper is “Prob-
lems Associated with Live Poliovirus Vaccine and
Tts Progeny after Multiplication in Man.”



TOPIC 1. GENERAL CONSIDERATIONS

THE TIN ANNIVERSARY OF THE DEVELOPMENT OF LIVE
POLIOVIRUS VACCINE

Dr. Hirary Koprowskl

The Wistar Institute
Philadelphia, Pennsylvania

Dr. Korrowskr: Ten years ago we found that
the oral administration of live attenuated polio-
virus to a small group of now-immune children
gave rise to an asymptomatic intestinal infection,
followed by the appearance of antibodies in the
blood.! The reports to he given at this Sccond
International Conference on Live Poliovirus Vac-
cines will show that over 60 million people
throughout the world have been fed live at-
tenuated poliovirus for immunization purpeses,

These two events frame a decade of progress
in research extending from a small and hopeful
beginning to undertakings of this magnitude.
The purpose of this paper is to examine the can-
vas within this frame——the background sketched
in 1950 and the figures now occupying the fore-
ground, painted in during the rest of the decade.
I shasll he guided in this task by Salvador Dali,
who said: “I do not paint a portrait io lock like
the subject, rather does the subject grow to look
like the portrait.”

Development of Attenuated Strains of Polio-
virus. Looking first at the background, we see
that the devclopment of the attenuated polio-
virus was a kind of game in which you tried to
get something you did not have to begin with.
After Armstrong'’s success in propagating Lans-
ing virus in a non-primate host,®> we adapted a
poliovirus to mice and cotton rats, not knowing
what would come out, and ended up with a com-
paratively non-virulent virus. This was the TN
Type 2 strain, the first fed to man. But while
this was a game of chance, it was not entirely
haphazard, and the development of new strains
became increasingly purposeful. The introduc-

tion of tissue-culture methods by Enders and his
colleagues 8 advanced the development of at-
tenuated strains and led te Sahin’s cfforts 1o
select attenuated viruses by rapid passage in
tissue-culture cells.* Another innovation, Dul-
beceo’s plaquing technique,® made possible a
more precise selection of progeny of single-virus
particles. More recently it has been possible to
single out an attenuated virus by a purposeful
manipulation of the physiclogical conditions of
cultivation, such as the choice of particular
tissne-culture systems, changes in pH (Li;*®
Gard 7}, and, especially, cultivation at different
temperatures of incubation (Dubes and Wen-
ner &; Lwoflf #). Today we have advanced to the
point where it may be possible to achieve outright
mutation of polivvirus particles by changing the
composition of nucleic acid bases with nitrous
acid.'?

“Es steht doch alles im Faust” (Hans Zinsser
quoting his father). Before events rush on, let
us go back to 1952, to the first paper on the
subject.! Some questions were raised in that
paper and some problems pnsed—and, already,
some of the answers werc furnished. Let us see
if we recognize them,

The first questions were whether feeding at-
tenuated poliovirus led to true infection of the
intestinal tract, whether infection was followed
by serologic evidence of immunity, and whether
the procedure of feeding living poliovirus could
be asymptomatic. The results of this first series
of abservations provided affirmative answers to
these queries. Another question was then raised:
Does live virus induce a state of local intestinal
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immunity and thus prevent the carrier state in
poliomyelitis? Resistance of 10 out of the 32
vaccinated children to reinfection provided an
affirmative answer. It was suggested then and
later confirmed that immune children occasion-
ally became infected, and then only transiently.

Yet another question was raised in 1950:
would the administration of one type of vaccine
provide protection against poliomyelitis of an-
other type? At last year's Conference vyou
heard about the amhiguous results of a trial in
Singapore based on this speculation.’”

The vaccine strain iried in 1950 was chusen
on the basis of its relatively low pathogenicity
for monkeys when inoculated intracerebraily., At
the same time, however, it was recognized that
it was “impossible to draw a definite . . . paral-
lel” hetween “innncuousness” for monkeys and
safety for human beings.

Sahin’s introduction of intraspinal testing,?
and Melnick’s refinement of the technigue '3—
still in monkeys—provided a more sensitive in-
dex of pathogenicity for monkeys, but the signif-
icance and relevance of this increased scnsitivity
were not clear. The results of intraspinal test
ing in the hands of different investigators are
still eontradictory, and the importance—indeed,
the necessity-—of acquiring comparative data
which would define attenualed and naturally oc-
curring polioviruses in terms of monkey neuro-
pathogenicity, has been increasingly recognized.

A further question noted then has concerned
many workers since: How stable is the vaccine
strain  after passage through the human ali-
mentary canal? The initial observations on this
point indicated that the virus excreted in the
feces “retained ahout the same degree of viru-
lence for monkeys” as did the original vaccine
strain.

Finally, it was pointed out in the 1952 paper
that the establishment of attenuated poliovirus
as an immunizing agent hinged on larger trials,
in which safety could be evaluated with statisti-
cal validity, allowing for the chance probability
of unrelated illnesses in vaccinaled persons.

Thus, as you can see, although attenuated live
vaceine research has progressed to a stately
round of international conferences, the guestions
and problems raised at them are not new
concerns.

Choice of subjects. With the important excep-

tion of certain cases I shall mention, the

multiplication of vaceine virus in the intestinal
tract is regularly associated with antibody pre-
duction. Moreover, the presence of circulating
antibodies, except those produced by infcetion
with living poliovirus, do not interfere with im-
munization.

Of practical and theoretical importance
within this context were the observations by
Lipson et al.’* by Horstmann et o' and by
¥ox and Gelfand,'® that previous vaccination
with inactivaled virus neither interferes with sub-
scquent immunization by live virus nor has any
substantial effect in preventing subsequent in-
testinal infection with natural poliovirus. Perhaps
even more important for the future were our re-
lated obsarvations, made in 1955 and 1956 and
since confirmed by Martins da Silva and otherst?
that homotypic maternal antibodies in the cir-
culation of newhorn infants do not interfere with
the establishment of intestinal infection by live
attenuated poliovirus.

Whether or not it will be possible to take the
ultimate step of routinely immunizing children
on the first or second day of life is an unsettled
matter, for we will show later in this Conference
that infants in the first few wecks of 1ifc are
relatively deficlent in their ability to produce
antibodies in response to the stimulus of in-
infection  with  attenuated polio vac-
cine.’$, 19 The situation in newborn infants rep-
resents the only case in which we have found a
dissocjation between infection with attenuated
virus and antibody response. And while increas-
ing the dosage of the virus may overcome the
relative resistance of infants less than three
months old to intestinal infection with polio-
virus, it is doubtful that the intrinsic relative
immunologic incompetence of the newhorn infant

testinal

can he overcome easily.

The subject of infectiousness brings us to
another crucial area of investigation. On the
basis of the evidence at hand, immunization with
attenuated poliovirus may be accomplished with-
out viremia. However, thiz area of research in-
vites further study from the theoretical point of
view, now that more sensitive metbods for de-
tecting circulating virns are available. Since
some aspects of the pathogenesis of poliomyelitis
infection in man are invelved in an enigma, we
are exploring the problem of viremia and patho-
genesis by plotting the pathway of infection with
attenuated strains in man by following the ap-
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pearance of the virug in the feces, in the white
blood cells of the thoracic duct, and in the
Ilymph and serum.

Transmission, Transmission of attenuated virus
from person to person was first demonstrated in
studies at an institution for retarded children in
California.*® This aspect of the vaccine’s action
was later reinvestizated by Martins da Silva et
a,” Horstmamn and Paul,” Dick and Dane
Gelfand and Fox,” and by Plotkin et al.** The
extent of virus spread o susceptible persons in
contact with vaccinated persons depends on the
strain employed, the age of the vaccinated por-
son, and the prevailing social and economic con-
ditions. The route of transmission is apparently
fecal-oral rather than by way of pharyngeasl
secretions, but this point is still disputed by some
workers.
50 per cent of susceptible family contacts will
become asymptomatically infected. What evi-
dence there is suggesis that the attenuated viras,
although relatively easily spread in instilutions,
is not widely disseminated through a community
into which it has been introduced. In any case,
there is no evidence supporting the contention
that immunization of part of a community will
eventually bring about immunization of all of the
community, and the contention that the viruses
stay permanently in the community.

Stability. Two methods were emploved at first
to gauge the stability of transmitted viruses. One
was the measurement of the intraneural patho-
genicity of strains isolated from contacts. The
other was the deliberate serial transfer of virus
from one child to ancther, so as to duplicate
artificially—Dbut with proper safeguards, of course
—what might happen in nature. Six serial
passages in man were carried out with the SM
strain,?t and 10-12 similar passages of the LSc
strains, P-712 and Leon KP-34, were made by
Smorodintsev.2® These passages failed to show
evidence of significantly altered pathogenicity
for man or monkey. Obviously, an cnormous
number of serial passages have occurred in the
course of field trials, vet there has been no evi-
dence of an increase in the number of paralytic
vases amonyg the contacts of the vaccinated sub-
jects.

The discovery hy Vogt and co-workers 28 of the
differential growth of attenunated and virulent
polioviruses in acid media was the first marker
employed {for characterization of attenuated

In general, one can expect that up lo

strains. We now possess a whole series of tech-
niques for the more or less precise appreciation
of the stability or instability of transmitted
strains. Differential growth of viruses on stable-
line cells and on fresh monkey-kidney tissue cal-
ture, deseribed by Kanda and Melnick?? is
another genctic marker, but the most practical
virus label in wse today is the lemperature
marker developed by Lwoff.® Another marker
under invesligation is differential growth of at-
tenuated viruses in a human tissue-culture sys-
tem, as compared to monkey tissne.” The most
promising advance in the identification of virus
strains is the intratypic serodifferentiation test
investigated by MeBride,*® Gard,?® and Wecker.?"
Since biology is an integrative science-—in
which Chargaff's dictum that we have to look
at both sides of the street at the same time is
always applicable—absolute stability of a rep-
licating agent is a contradiction in terms. The
requirement that a product remain absolutely
stable after passing through the alimentary canal
can be applied to magnesinm sulfate or other
chemical laxatives, but not to a self-multiplying
agent such as poliovirus. We shonld therefore
he clear in our minds what we mean when we
apply the term “stability” to poliovirus strains.
The two essential characteristics are non-patho-
genicity for man and immunizing capacity for
man, and we must not forget that the laboratory
markers currently available characierize the end-
product of attenuation, and nrot virulence, So it
is a hazardous presumption to select one or more
out of the many possible markers as being a
sentinel for either human pathogenicity or im-
munizing potential. Change in these markers
eonceivably occur  without concomitant
change in the two characters of paramount im
portance: safety and efficacy. :
Extrancous Viruses. Protagonisis of live virus
vaccination often search in vaccine preparations
for viruses other than polio and usually find them
in the products of their colleagues but not in
their own, thus subscrihing to the dictum of the
fourth Earl of Chesterfield that “mest people
enjoy the inferiority of their friends.” They
often tend to forget Benjamin Franklin’s advice:
“Clean your finger before you point at my spots.”
I, indeed, somekody were to poke his nose
into the live virus vaccine, he might find a non-
polio virus in all the preparations currently
available; but this should hardly deter anyhody

an
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from accepting the product. The idea of dis-
qualifying a live vaceine because it contains an
extraneous virus not known to be a human patho-
gen immediately suggests the following con-
siderations+

1. Almost every attempt to isolate a viral agent
from the living tissues of any organism has
succeeded, and we see no end to this interminable
path.

2. Smallpox vaccine has heen used success-
fully for almoest 200 years. Yet extraneous viral
agents could doubtless be found if searched for
in calf lymph. Do we call a halt to vaccination
on this account?

3. Live vaccines prepared from chick-embryo
tissue could very well contain a chicken-cancer
virus. The existence of an agent of this type has
already been demonsirated by Rubin 3! in cul-
tures of presumahly normal fertile hen’s eggs.
How, therefore, does the question of the inject-
able 17D vaccine or chick embryo smallpox virus
enter into this picture?

The polio vaccine is administered orally, and
many viruszes find their way into the human body
through the mouth. If one wishes to be a purist
in this entire matter, then the Food and Drug
Administration should be requiring that all food
iterns which are eaten uncooked be tested for the
presence of viral agents.

As a scientist, T support continued investiga-
tions into the meaning of the viral agents that lie
dormant in the cells of all living organisms and
which can emerge when such cells are cultivated
under conditions freeing them from the restrain-
ing influence exerted hy the organism as a whole,
If anyone is looking for a self-perpetuating proj-
ect, here is a good one for the next thousand
years. Moreover, the particular non-polio viral
agents that may have been uncovered from live
polic vaccine have perhaps undergone more
rigorous safety tests than any other biological
agent through its extensive use in millions of
individuals throughout the world. T an adequate
number of persons exposed to these agents has
been shown to develop specific antibodies with-
out any clinical disease, the evidence should he
regarded as overwhelmingly in favor of the harm-
lessness of these agents.

Interference. Early in our studies, we observed
that the simultaneous administration of two types
of attenuated virus led to interference hetwecn
the types.”2 '

These observations indicated that simultaneous
immunization with sl three types of polioviras
might not be feasible. Cox and his associates 32
later reported that the difficulty presented by
simultaneous feedings had been overcome by the
use of larger doses of virus. However, our recent
obscrvations and the large-scale observations of
Smorodintsev with other strains ¥ support the
carlier findings that strains of virus administered
simultanecusly interfere with each other. The
phenomenon of interference between strains also

Tasir 1. PERSISTENCE OF ANTIBODIES TO PoLio
10 Yrs. AFTER VACCINATION

SURIECT Tyre 2 Trrer Post-Vace,
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13 16 64
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foreshadowed one of the problems of immuniza-
tion with attenuated virus, namely, interference
against poliovirus caused hy pre-existing infec-
tion of the intestinal tract with other enteric
Whether the adverse action of
interference can be changed into a benehcial one
through the use of homotypic attenuated virus
during a polio epidemic remains to be seen, al-
though those who would approach such a projeet
with enthusiasm should be warned that the an-
taponists of live virus vaccination have two pat
commients on any outcome of such a trial: If the
epidemic is substantially abated, the vaccine
failed to stop it completely; if the epidemic ends
following vaccination, it would have stopped any-
way, even without the use of vaccine. Tertizvm
non datur,

Perseverance or Obstinacy. Table 1 should
hear the caption provided 200 years ago by
Laurence Sterne; “'Tis known by the name of
perseverance in a good cause, and obstinacy in
a bad one.” Here you see the Type 2 antibody
levels in the sera of children who were fed the
TN virus 10 years ago. TDoes the remarkable
persistence of immunity classify this as “per-
severance”?

virnses, % 86, 27
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Envoi. Finally, a parable, which we commend
to the attention of the adherents of all schools,
live or dead. The greatest detective of them all,
Sherlock Holmes, was less impressed by the
mysterious siranger on the premises than by the
failure of the dog to bark in the night. Per-
haps in “The Case of the Spiked Potion,” too,
the mysterious sgents encountered in our Jabo-
ratories are less significant than all those healthy
children who never complain! As Holmes him-
self remarked: “In solving a problem of this sort,
the grand thing is to be able to reason back-
wards. That is a very useful accemplishment,
and a very easy one, but people do not practice it
much.” Reasoning backwards from the success-
ful culmination of this first decade of experience
with live vaccines, we can, I think, look forward
beyond our tin anniversary to years of continuing
success and safety, and to anniversarics even
more deserving of celebration.
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TOPIC II. SAFETY. (A) LABORATORY EVIDENCE
OF ATTENUATION AND SAFETY

1.

PROBLEMS ASSOCIATED WITH LIVE POLIOVIRUS VACCINE

AND ITS PROGENY AFTER MULTIPLICATION IN MAN *

JosepH L. MELNICK AND MaTiLpa BEnyEsu-MeLNicK

Department of Virology and Epidemiology, Baylor University
College of Medicine, Houston, Texas

Dr. Mewnick (presenting the paper): The
ultimate safety of live poliavirus vaccine rests
on the longderm results of its use in the feld.
Safety must be evaluated on the basis of the
vaccine heing used in fully susceptible persons
—-those who have lost maternal antibodies, and
who have never been infected naturally or who
have never received inactivated vaccine.

However, regardless of the field experience,
the laboratory serves an essential function in
supplying information on the properties of the
virus in the vaceine, particularly whether these
properties remain constant in successive manu-
facturing lots, and whether they remain constant

after multiplication in vaccinated human beings.

To be of value, the laboratory methods should
allow us to discriminate among strains according
to their degree of attenuation for monkeys. As
minimal monkey neurovirulence was the only
criterion of safety on which the vaccine strains
were selected for use in man, this property
should not now be glossed aver by saying that
it has little or no significance for evaluating the
safety of a polio vaccine. We have no other bone
fide way of measuring the degree of virus at-
tennation. Strains which show more neuroviru-
lence than the most highly attenuated vaccine
strains must be regarded as possessing a some-
what more dangerous potential for human be-
ings. This holds if we compare one strain with
another as candidates for incorporation in the
vaceine, or if we compare the vaccine virus

* Aided by a grant from The National Foundation,
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with its progeny after muliiplication in the
intestinal tract of a vaccinated child. Just how
much of a departure, or reversion, from the
highest degree of attenuation can be safely toler-
ated in man remains an unanswered question,
but by using strains of the highest degree of
attenuation and by using strains which are also
stable genetically, 1 hope that we shall never
have to answer the guestion.

Comparison of Candidate Strains for Monkey
Neurovirulence. Two impartial laboratories have
carried out extensive comparative tests with
the Lederle-Cox and the Sabin strains® ® and
their results were reported at the Conference
which met here in Washington last vear. The
results are of importance for several reasons.
First, despite many allegations to the contrary,
they show a relatively high degree of reproduci-
hility of neurovirulence tests in the two lahora-
tories. Second, the tests in these two laboratories
are more sensitive than those reported by Sabin
and by Cox. Third, they discriminate between
strains possessing different degrees of attenua-
tion. It is readily apparent that the Sabin strains
are more highly attenuated, for after intra-
cerebral inoculation they are virtually without
neurotropic activity, and after intraspinal inocu-
lation they yield less than 10 per cent of the
clinical disease produced by the Lederle-Cox
strains at the same doses.

Other analyses of the neurovirulence data
bear this out. When the intensity of the cord
lesions are graded by our scoring method,! the
lower scores of Sabin strains again show them
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Tapre 1. ComparaTive HistorocicaL Lesions or CANDIDATE STRAINS
INTRACEREBRAL INTRASPINAL
INocULATION INGCULATION
\ ‘ _
MonNkEY
Tyrr STRAIN KipbNEY Porio Lesron ScoRes Povrto LEsioN SCORES
TCDyso 1w SriNaL CoRrp* IN SPINAL CoRp*
Crrvicar LuMBaR (CERVICAL LuMBan

1 Lederle 1072 o4 78 101 191
Sabin 1072 0 3 15 100
2 Lederle 108 58 84 121 212
Sabin 1072 0 0 5 41
3 Lederle 1072 21 28 70 150
Sabin 1078 0 1] 42 101

* Undiluted through 1072 used for calculation of polio lesion scores for monkeys inoculated intrucershrally,
and undiluted through 10°* for those inoculated intraspinally,
Seore for lumbar cord with Sabin’s Type 1 strain inoculated intraspinally is arbitrarily designated 100

units, and the other scores computed accordingly.

to be more attenuated than the Lederle strains.
In the results shown in Table 1, the polio
lesions produced in the lumbar cord by the
intraspinal injection of Sabin’s Type 1 virus
are graded arbitrarily as 100 units. The scor-
ing of lesions supplies additional information
allowing us to discriminate further among
strains which are virtually avirulent by Intra-
cerebral injection. Thus Sabin’s Type 2 strain
offers advantages over his Type 3 strain even
theugh both are intracerebrally avirulent. The
Type 2 strain not only produces less activity
in the spinal cord near the lumbar site of in-
jection, but it hardly spreads to involve the
cervical areas of the spinal cord. The Type 3
strain which shows a higher degree of activity
in the lumbar area—and perhaps more im-
portant, a higher degree of spread to the cervical
area—is the Sabin strain which seems to be
least desirable in the field. Thus there is an
association of this measurable laboratory prop-
erty with the ability of the virus to become
more monkey neurovirulent in the field after it
multiplies in vaccinated persons.

Comparison of Vaccine Virus and Its Progeny

[

after Multiplication in Human Beings. Perhaps
the most important question to be answered in
regard to the public health acceptance of live
poliovirus vaccine in this country hinges on
the genetic stahility of the virus strains in the
vaccine. Our approach te this problem has been
dependent upon the newly described in wvitro
tissue culture markers. We have determined
whether the vaccine viruses have changed with
regard to these markers after multiplication in
man, and have selected the altered viruses
for the expensive neurovirulence tests.

Recently, several markers of poliovirus have
been described which can be lollowed by tissue
culture methods and which tend to diseriminate
between neurovirunlent and attenuated strains.
Virulent wild strains usually possess d--, MS5--,
and T+ markers and thus differ from highly
attenvated strains which are d—, MS—, and
T.,_.|3"ﬁ

Two newly described markers which have had
little application as vet include the ¥ marker
and the antigenic marker. The E marker iz
dependent upon the differential adsorption and
elution of virulent and attenuated strains on
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cellulose columns.” ¥  The antigenic marker
recognizes that even within the same poliovirus
type, sirains difler in the rate at which they are
newtralized by homologous and heierclogous
antisera.” In our lahoratory the test has been
modified by incorporating the serum in the agar
overlay and then adding the virus in the form
of a filter paper dise containing 1000 PFU
(plague-forming units). Heterologous strains
hreak threugh at higher concentrations of seram
and produce confluent plaques around the disc.
Figure 1 Mustrates the difference between the
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stable than the other markers, and might well
prove useful in being able to identify a strain
as the progeny of a vaceine virus regardless of
whether or not the exercted virus shows changes
in other markers, thus discriminating beiween
it and wild viruses of the same type but with
different antigenic markers. Much more work
is needed in this area to see il such a generaliza-
tion holds true.

The next part of this presentation will be con-
cerned chiefly with the d and T markers of
Sabin’s attenuated Type I, 2, and 3 poliovirnses

12800 < ;

R A e S [P

Fic. 1. Anligenic differences between attenualed LSc and Houston virulent Type 1 polioviruses
as determined by the degree of neutralization with LSe guinea pig antiserum. LSc antiserum
was incorporated in the agar overlay in five-fold dilution steps; discs containing 1000 plaque-
forming units of each virus were then placed on top of the agar. At each serum dilution, the
degree of neutralization was measured hy the presence and size of the plague area formed by the

virng around the disc.

LSc vaccine sirain and a virulent Type 1 Hounston
strain recovered from a fatal case. It has been
soggested that the antigenic marker is more

alter multiplication in children, and the correla-
tion of these markers with monkey neuroviru-
lence. We reported on this in preliminary
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fashion at last year's Conference. Homotypic
strains isolated from test children at different
periods after vaccination were subjected to the
d and T tests and the resnlts obtained are illus-
trated in Table 2,

When a strain reveried from d— — d-, it
was not always associated with a T— - T-+
reversion. However, a T— — T-}- reversion was
usually linked with a d— = d+orad— — d=
reversion. An illustration of the degree of alter-
ation in the homotypic polioviruses excreted by
orally vaccinated children is shown in Table 2.
Homotypic virus indicates poliovirus of the same
type as that in the vaccine fed, and excreted
after the feeding. The table includes the code
numbers of the children, the types of virus
isolated in their pre- and post-feeding specimens,
and the 4 and T characters of the homotypic
polioviruses excreted. The squares around some
of the poliovirus isolates indicate those which
were tested in monkeys,

It can be seen thai the first two children in
this table, who excreted poliovirus for several
weeks, revealed a change from d to d+ character
in their third and second isolates, respectively,
with no change in the T character. On the other
hand, children Nos. 8372, 376, and 126 excreled
d-+-T— viruses in the first week afier feeding,
thus indicating an early alteration of the vaccine
virug in at least one character, during multi-
plication in the intestinal tract. The majority
of the Type 3 isolates were of the d--T— char-
acter, and some underwent further reversion to
d-+T-}-, while the frequency of change in the
Type 2 isolates was similar to that of the Type 1
strains isolated.

Summarized below in Table 3, are the re-
sults on 85 strains recovered from vaccinated
children. In 23 strains, there was no detectable
alteration in the virus, in 46 others, the recovered
virus changed in the 4 but not in the T marker,
and in 16, changes occurred in both markers.

Thus in 19 per cent of the specimens isolated
from children infected with d—7T— strains, the
virus had changed in at least two properties.

As indicated at last year’s Conference, we
selected strains with different degrees of altera-
tion in these two markers for monkey neurovir-
ulence tests. The strains had all been isolated
in monkey kidney cultures maintained at pH 7.4.
However, to insure that we were not selectively
enhancing the proportion of monkey paralyto-
genic strains by passage of the human virus in
tissue culture, a number of rectal swabs obtained
from the vaccinated children were inoculated
directly into monkeys by the intraspinal route,
The dose of virus in such material which could
be inoculated was very small indeed, varying
from only 10 te 60 TCDg,, so that selection of
virulent viruses from a tremendous excess of
thousands or millions of avirulent virus particles
by the monkey CNS does not play a role in these
results.

A summary of the monkey tests to date on
strains of the 3 types is shown in Table 4. Tt is
apparent that excreted strains which retain the
d—T— markers of the vaccine virus are not
significantly more virulent for monkeys than
the vaccines themselves, about 10,000 TCD,,
being required to paralyze 50 per cent of the
monkeys inoculated intraspinally, and no illness
being produced by undiluted tissue culture fluid
inoculated intracerebrally. The d--T— strains
show increased activity, both intraspinally and
intracerebrally, when compared to the d—T—
vaceine virus. Thus only 10 TCD,, of the
cultured virus produced paralysis and lesions
in 6 of the 16 monkeys inoculated intraspinally,
and some of the strains were also active after
intracerebral inoculation. Furthermore, 10 to
60 TCD;, of virus in the rectal swabs them-
selves produced paralysis in a significant num-
ber of test monkeys inoculated intraspinally. The
d1-T+ strains showed even greater increases

TapLE 3. Cuaracregr oF HomoTyric Portovirus Excrerep BY VACCINATED CHILDREN

Virus

Typre d—T— d4T—~ d+T— d+T d+T+ ToTAL
Polio—1 19 9 9 0 0 37
Polio—2 3 3 17 2 0 25
Polio-—3 1 0 8 2 12 23
Total 23 12 34 4 12 25
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TapLe 5. Hisrory oF Mexico anp CivciNNATL ISOLATES SELECTED Fok CHIMPANZEE NEUROVIRULENCE
Test
MzxI1co CINCINNATI
CHILD #372 Cunp KF
(2 months old) (11 years old)
TyprE, CHARACTER R
or Vacoing Frn
Day AvTER Tvpr, CHARACTER 1}AY AFEER Tyre, CHARACTER
TFeEEnING or VirUs EXCRETED FEEDING oF VirRUg EXCRETED
7 Poliol d+T-— 5 Poliol d-T-
Poliol d-T-— 14 Yoin1l d4+T-— 17 Poliol d4T-—
21 Negative
7 Policd d4+T-— f Poliod d4T+
[Polios d—T-} 14 Polio 3 d+4T+ 0 Polio3 d+T4+
21 Polio 3 d+4+T+ Bpec, 5-33
Spec. 2578
Polic2 d-T-— 7 Negative 10 Polio 2 d4T-—
14 Negatbive 20 Polic 2 d4T-—

[ 1 Indicates strains tested in chimpanzees.

in  newrovirulence, especially in  the intra-
cerchrally inoculated monkeys.

Cytopathogenic virus was recovered {rom the
spinal cords of almest all monkeys sacrificed
soon after the onset of paralysis, indicating that
no selection of strictly neurotropie virus had
taken place in the CNS of the monkeys.

Two Type 3 d4+T-- strains shown in Table 5
(one recovered from a two-month-old vaccinated
child in Mexico City, and one from an 1l-year-
old child vaccinated in the winter in Cinecinnati
by Sahin) were selected for inoculation not only
in monkeys, but also into chimpanzees, as mem-
bers of this species are known to be much less
sensitive to intraspinal administration of at-
tenuated poliovirns than monkeys. As shown
in Table 6, we confirmed Sahin’s results with
the vaccine, in that the d—7— vaccine itsell
was negalive when undiluted material was in-
jeeted intraspinally into the chimpanzee. The
d-+-T—- isolates, however, produced paralysis and
severe cord lesions,

Figure 2 is a diagrammatie expression of the
intraspinal virulence of the vaccine strains and
the isolates which were studied. The per cent
of monkeys with polio is expressed as a func-
tion of the virus dose used. One can observe

that the curve for the d—7— isolates dnes not
differ much {rom the curve obtained with the
vaceine strains. On the other hand, there is a

‘minimal difference hetween the d-+T— isolates

and those which underwent change in the d
character only (d-|-T— isolates}. Both types of
isolates underwent a shift of about three logs
towards increased nenrovirulence, ie., they are
one thousand times more virulent for the monkey
spinal cord than the vaccines which were ad-
ministered. Data of this type bring up the ques-
tion of whether the CNS of the monkey could
act as a4 medium to encourage further changes
in modified strains of the d+7T— type and only
completely altered d--T-} particles would then
continue to multiply and produce paralysis in
the mnoculated animals. If such were the case
one would expect the spinal cords of such
animals to yield only T-+ progeny. If nit, a
fuestion remains as to the correlation between
the T marker and monkey neurovirulence.
Pussage of T— Virus in Monkey Spinal Cord.
To elucidate this question we undertook to study
the character of isolates possessing a T—
marker linked to a d-}- marker and pathogenic
for monkeys, after propagation in the monkoy
spinal cord. Such T— isolates were inoculated
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Fig. 2. Intraspinal inonkey neuroviru-

lence of poliovirus Type 1, 2, and 3 vaccine
strains hefore and after multiplication in
children. Horizontal coordinate represents
log TCD,, dose administered; vertical co-
ordinate indicates the per cent of the mon-
keys which developed poliomyelitis.

intraspinally in monkeys and then it was de-
termined whether the virus which could be
isolated from the cord of the paralyzed monkey
was T'— or had changed to T in the course
of its multiplication in the central nervous sys-
tem.
of 2 Type 2 virus obtained from a vaecinated
child. The initiating virus in this series was
actually that present in the rcctal swab of the
child. As shown at the left of the table, the
virns had an initial titer of 1.8 logs at 37° C. but
< 1 at 40° C. This titer was too low to allow
one to assess its I character. However, the first
kidney eulture passage, designated as K;, had a
titer of 6 logs at 37° C. and < 1 at 40°, the pal-
tern of a T— virus.

When the rectal swab was inoculated at a dose
level of only 60 tissue culture deoses intraspinally
into Cynomolgus No. 502, the monkey became
paralyzed on the fifth day, and developed severe
lesions not only in the lumbar cord, but also in
the cervical! cord. The letters C and L refer
to the cervical and lumbar regions of the cord;
the number refers to the intensity of the lesion
with the scale being 0 to 80 (for maximum
lestons possible in 10 sections).! As one can
see, the cord material had a titer of 2.9, and was
T—, as was the kidney tissue culiure passage,

In Table 7, we can follow the passage

there being an inhibition of over 6.5 logs when
the virus was litrated al 40°. Subsequent
passage with only 10 Lissue culture dovses into
Rhesus No. 726 produced paralysis in this animal
on the sixth day, again with severe lesions in
both the cervical and the lumbar parts of the
cord. Again, the virus isolated was T'—., A
further passage with only 30 tissue culture doses
into Cynomolgus No. 706 again produced paral-
ysis in this animal and the virus isolated from
the cord retained its T— character.

Thus we have here a virus which has been
passed from spinal cord to spinal cord through
three serial transfers, and after the three pas-
sages the virus still retains the T— character,
the character which is vsually associated with a
virus that is not supposed to grow in the central
nervons system.®  Obviously this is a virus
marker, whatever its usefulness may he, that
does not always indicate whether or not a virus
has a capacity to grow and destroy cells of the
central nervous system.

Table 8 is concerned with a Type 1 virus, again
a T'— strain, As shown in the top part of the
table, this virus was passed serially by direct
spinal cord to spinal cord passage at very low
tissuc culture doses, between 30 and 100. For
the first two passages the virus was completely
T—; at the end of the third passage, a T—
virus was isolated from the spinal cord, bhut
thiz apparently was already a mixed population
ol particles for the virus was T= in the first
kidney culture passage.

After the second passage, the virus in the
cord of Rhesus No. 722 was passcd to Rhesus
Na. 728 by the intramuscular route, again pro-
ducing paralysis. Here again a T— virus was
isolated from the spinal cord. The first kidney
culture passage yielded a 7'7- virus.

Subsequent inoculation  in
Cynomolgus No. 839 again produced paralysis,
this time with the virus reverting to a fully
active T-]- state both in the cord and in its
kidney culture passage.

Similarly, when the virus from the third
nervous system passage was further passed, as
shown in the right-hand part of the table, to
annther monkey by the intraspinal route, it
vielded at 77 virus. But when the T tissue
culture K, material was passed (see Rhesus No.
867), it yielded at T+ virus. So here we have
evidence that the T-— character of a virus may be

intramuscular
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stable for a certain number of passages in the
CNS but under eertain conditions may change
to the 71 state, that is, the virus now isolated
has the property of multiplying at 40°, as do
most wild viruses recovered from patients
paralyzed in nature.

It is evident from these data that viruses
neurovirulent for monkeys, may either retain
their 7— character as they are passed serially
in monkeys, or they may after a number of pas-
sages change to the 7 state. The data also
show that a virus after multiplication in man
may possess a marked inerease in monkey neuro-
virulenee without an alteration of its T— charac-
ter. Furthermore, we have performed 7 tests
with wild polioviruses isolated in Houston from
o4 paralytic- and 10 aseptic meningitis patients.
As seen in Table 9, of the 43 Type 1 strains iso-
lated from the paralytic cases, 33 were T-L, 4
T+ and 6 T—; on the other hand, of the 10
Type 1 siraing isolated from the aszeptic menin-
zitis cases, 9 were T+ and only one was T—,
thus showing again that the 7— marker is not
necessarily linked with lack of neurovirulence.
Similar results were recently presented by
Sabin.??

Monkey Neurowirulence and Viremia after In-
rramusculer Inoculation. We have recently car-
ried out studies on another aspect of nenroviru-
tence. By inoculation of virus inlo the muscle,
we avoid any needle trauma to the brain or
spinal cord, so that the total clinical response
in the monkey can be attributed only to virus
multiplication.

Furthermore, these studies measure two other
properties of poliovirus: first, its capacity to
multiply outside the central nervous system and
produce viremia; and second, the capacity of
the virus to gain entrance Into the susceptible
spinal cord from the peripherally-located muscle.

Table 10 shows a comparison of 4 viralent
strains from nature; 3 attenuated strains (these
heing the Sabin strains used in the live polio-
vaccine}; and 24 strains designated “isolates.”
The latter are strains isolated from children whao
had received the Sabin material; they include 3
Type 1, 2 Type 2, and 19 Tvype 3 strains. The
d and T markers are indicated in the second
column, the virulent strains being d+F--, and
the attenuated strains heing d—7T —. The isolates
selected for tests in monkeys were those which
had changed afier multiplication in children,
from the d— state of the vaccine to the d--
state. Also, 21 of the 24 isolates had changed in
the T marker, from negalive to positive. The
next column on the table indicates the dosage
which was used. All the attenuated viruses
and the isolates were lested at a dosage of at
least seven logs of virus; the virulent strains
were tested in two dose ranges as indicated in
the table.

With the virulent strains, of 36 monkeys in-
oculated with undiluted tissue-culture material,
35 showed clinical responses (34 with paralysis,
and 1 with only weakness); all 35 developed
polin lesions. With the lower dose of virulent
virus, 11 of the 16 animals developed disease,
and this wuas also associated with lesions. As

TaBLe 9. Resurrs or I Tests WiTH Porlovikus Tyre 1 AND 3 STRAINS FROM PARALYTIC AND
Asertic MenivcrTs Patients v Howsrow 1w 1958-59
NUMEEK 1% Viriio CHARACTER
aFr VIRUS e -
DisEase SrRAING Tyre Teorrar,
TesTED T+ T+ T—
Paralytic 54 P-1 33 4 6 43
FoPeg i1} 1 1 11
R i _ _— e —||———— — -
Ascptic Meningitis 1 10 i -1 X ] a 1 10
| i
Total 51 A 8 64
I
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Taste 10. NEUROVIRULENCE AND VIREM1A AFTFR INTRAMUSCULAR INOCULATION oF MONKEYS WITH
VIRULENT AND ATTENUATED PoLioviruses ANp PorLiovirus [soLaTes FrRoM VacciNeks aND CONTACTS

INTRAMUSCULAR NEUROVIRULENCE VIREMIA
iﬁ?ﬁqj d, T Dose B No. Pos/Torss
p— Margxrrs | Log TCDso No. or No. wiTh No. wirs AT Days

M Dispask CNS Lesions
ONELYS oy i 9 5 4
Virulent
4 d+T+ 7.8-8.8 36 34 1 35 (1 mild) 20/22 18/24
3.86.5 16 10 1 11 10/12 12/16 9/16
Attenuated
3 d-T- 7.8-8.56 64 0 0 5 (all mild) } 12/33% 0/8 0/12
Tsolates
3t d+T— 7.4-8.5 3] 2 3 6 (4 mild) 0/2 0/2
A1+ d+4-T+ 7.0-8.5 62 17 ? 26 (2 mild) 33/50 7/46

* Par, —: paralysis.
Wk, = weakness,

1 All 12 mounkeys with viremia received Type 2 Pn: vaccine virus.

13 Polio-1.
** 2 Polio-2 and 19 Polie-3.

shown in the last three columns of the lable,
viremin was present on days 2, 3, and 4, being
a relatively common finding when a virulent
strain was inoculated intramuscularly inte
monkeys.

The attenvated strains yielded an entirely
different picture. Of 64 monkeys in these tests,
none developed diseaze, and only 5 showed
lesions, all of these being mild. The pattern of
viremia was also different. Of 36 animals
studied on the second day, 12 were positive; all
12 positives were Type 2. The chicl importance
of thesc data reside in the bottom two rows
of the talhle-—the data pertaining to the isolates.
For the three d4+-T— isolates, 5 of 6 monkeys
developéd diseaze, and all 6 animals showed
lesions in the spinal cord. For the 21 44T+
strains, 52 monkeys were used. Scventeen de-
veloped flagrant paralysis, 5 developed weak-
ness, and 26 of the animals developed lesions—
an attack rate of 50 per cemt. As repards
viremia, this was a common fnding on the sec-
ond day, when 33 of 50 animals were positive,
but tapered ofl on the fourth day, when only
7 out of 46 animals were positive.

The data on the isolates are shown in greater

detail in Table 11. In general, the pattern
was the same for the different areas—for chil-
dren fed during the winter in Houston and
Cincinnati, or from children fed in warmer
climates in Mexico. Paralysis securred in many
of the monkeys reeeiving strains with changed
markers. Howcver, a number of d1-T-i- Type 3
isolates failed to paralyze the injected monkeys,
although they did produce viremia and in this
way differed from the d--T—~ Type 3 vaccine.
Thus, genetic change as measured by reversion
in the d—T— markers to d-+-T- is not always
associated with full intramuoseular newroviru-
lence. Other factors, as yet unknown, are ap-
parently also involved. This is further illus-
trated in the data in Table 12, which represents
two families fed Type 3 vaccine virus in the
Fox-Gelfand study in New Orlcans. The vac-
cinated children in two families exereted a T—
virus on the first day and a T= virus on the
secand day after the feeding, but later samples
were d-}-T-}-. The d4{-T-} specimens from the
vaccinated children failed to produce lesions
or disease in four monkeys although all four
animals developed viremia on day 2, and three on
day 4. In contrast, d--T-} specimens from three
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Taptr 11. NEUROVIRULENCE AND VIREMI1A AFTER INTRAMUSCULAR INOCULATION OF [SOLATES rFROM
VaccINEES AND CONTACTS
INTRAMUSCULAK NEUROVIRULENCE
o Viremia
Srrains Dosx NUMBER oF MoOKKEYS NUMBER
AND dT (log 3
N M . TOD - PosiTive/ToTaL
UMBER AREERS Do) AT Davs:
Tesrep Wit
Toran Wirea DISEASE )
CHNB 2 4
Tursren | ParaLysis WEARKNESS
LEsions
Cincinnali
vagcinecs:
5 Polio—-3 d+T+ 7.0 20 5 3 10 11/20 1/20
Houston
vaccinees:
6 Polio-3 d-+T- 7.4 12 0 1 2 6/12 2/8
(mild) :
New Orleans
vaccinees:
2 Polio-3 d+T+ 7.4 4 0 0 0 4/4 3/4
contaets;
2 Polio-2 d4+T+ 7.4 4 3 4 4/4 0/4
5 Polio—-3 d+T+ 7.4 10 7 1 8 &/10 1/10
1 Polio-1 d-+T~ 7.4 2 1 Q 2 0/2 0/2
(1 mild}
Mexico
vaceinees:
2 Polio—1 d+71— 8.5 4 1 3 4
{3 mild}
1 Polio—3 d+4 T+ 8.5 2 2 0 2

family contacts were virulent for the six monkeys
used in the tests, Thus here we have an ex-
ample of a2 virus which had an initial change
in itz d7 character in the vaccinated child, but
which underwent a further increase in neuro-
virulence upon serial human passage of the
virus.

Summary. The material presented above has
been collected in an attempt to elucidate the
following problems:

1. The correlation of the d and T characters
of polioviruses and their newrovirulence for
monkeys and man. It is evident from the data
presented, that we do not possess as yet a

clear in witro method for discriminating among
strains according to their degree of attenuation
for monkeys. The relationship between the d4-
character and increased neurovirulence appears
suggestive, As regards the significance of the
T character the interpretation of the data is
difficult. Many strains isolated from vaccinated
children were T—, but heing d--, they still pro-
duced extensive damage in the CNS of monkeys.
In addition, some T— strains isolated from para-
Iytic patients were also found to be paralyto-
genic for monkeys,

It is obvious that there is a need to search for
additional genetic markers of polioviruses. With
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TagrLe 12.

CHANGES IN d AND T CHARACTER AND INTRAMUSCULAR MoNKEY NEUROVIRULENCE or

Typr 3 VacciNE VIRUS AFTER MULTIPLICATION IN VAcciNkes ant CONTACTS

InmTrRaMUscULAR MONEEY NEUROVIRULEKCE:

NEV{;»OR[.'EANS STATUS ;)A: dand T Numser oF  NUMBER o
AMILY TATUS FIRR CHARACTER NUMBER OF MoNKEYS MoNKEYS
NuMBER FEEDING M
ONEEYS WITH WITH
InocuLaTED ParaLysiz TLusions
147 Vaceinated 1 T—
18 T+
75 TH4d+ 2 0 0
Contact A 18 T4
54 T A 2 2 2
1214 Vaccinated 2 T
26 T
52 TH-d+4 2 0 0
Contact A 29 T+d+ 2 2 2
Contact B 29 T4+d+ 2 2 2

a better understanding of virus markers and
their ‘'mode of linkage in different strains, the
task of discriminating between virulent and at-
tenuated poliovirus strains may become simpli-
fied.

Nevertheless, the use of only itwo markers in
the present study has proved of value in screen-
ing viruses isolated irom vaccinated children, so
that we were able to conserve our monkeys for
neurovirulence tests only on altered strains, and
not on strains selecled at random.

2, The genetic stability of attenuated polio-
viruses after multiplication in man, A significant
proportion of vaccinated children were found
to excrete vaccine viral progeny possessing in-
creased neurovirulence for monkeys inoculated
by the intraspinal and intracerebral routes. Data
obtained by tests using the intruspinal route
have bheen severely criticized on the basis of
associated traumatic damage in the cords,
which has been said to explain the high rate
of paralysis observed in our intraspinally in-
oculated monkeys. The new intramuscular data
indicate clearly that viruses which are recov-
ered {rom vaccinated children and which show
changes in certain of their gengtic characters

show concomitant increases in their neurovir-
ulence for the monkey, even when inoculated by
a peripheral route which deposits the virus far
{rom the sitc of the lesion in the central nervous
system. Thus the vaccines used cannol be said
to be genetically stable.

Therc is an important question which still
remains to be answered: Do these changes in the
in vitro markers and the associated increase in
maonkey neurovirulence have any significance as
regards the nse of these vaccines in man? This
question is probably of greater importance for
the contacts than for the vaccinees. Under cer-
tain epidemiologic settings, will the altered
straing excreted hy the vaccinees undergo pro-
gressive changes after several passages in the
community and eventually reach a degree of
virulence comparable to that of wild epidemic
polioviruses?
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DISCUSSION

Cuamman AWDERson: There are two more
papers this morning dealing with markers, and
one the first thing this afternoon, so I am
certain there will be discussion that revolves
around all four of these papers.

Are there any comments at this time? This
does not preclude coming back later {or further
discussion, after the other papers have also
been presented.

Dr. Sasin: The data that Dr. Melnick has
presented are not new data. We have known
for several years—and many people have demon-
strated it before—of the changes in the viral
population that oceur after multiplication in the
intestinal tract.

As regards these changes with the strains that
I developed, it has previously been reported by
myself and others that they are greater for
Type 3 than they are for Type 1 and Type 2.
This Dr. Melnick has again very nicely shown
by indicating, for example, that he had in his
studies no ref/ 40t cultures of excreted virus
after administration of Type 1 and Type 2, but
a considerable numhber of such cultures of
Type 3.

I have previously reported similar findings,
although I did find, in testing a larger number
of specimens, that occasionally alsa in the case
of Type 2, after a long period of multiplication,
one may get a culture that has increased ca-
pacity to multiply at 40° C.

The most important thing that has come out
in our studies on Type 3 is that this change
in the capacity to multiply at 40° C. seems to be
acquired rather rapidly alter multiplication in
the intestinal tract, within a few days.

Furthermore, this property may not be present
at all in the original stonl, but may come out
after a single propagation at 36° C. in monkey-
kidney tissue culture.

T think that, in speaking of changes in viral
progeny, it is important to keep in mind not only
the changes that one finds in the culture, but
also quantitative aspects. I believe that any-
one who thinks in terms of viral genetics must
think in terms of quantitative aspccts of the
property in the population of virus particles.

It is evident that the whole population of virus
particles does not undergo a change. There-
fore one must pay attention to the proportion
of viral progeny that changes, which may then
be selected either in the tissue culture or the
monkey.

When studies are carried out on the original
stool specimens, one can show that only 1 per

‘cent or less of the viral particles may be in-

volved in a given change. Therefore, even
when one inoculates 60 tissue-culture doses
intraspinally, a very sensitive place, it is po-

“tentially possible to give advantage to those few
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viral particles that have a greater capacity for
multiplication in these neurons.

The new data that Dr. Melnick has presented
on intramuscuolar inncnlations, T think, again are
not a reflection of anything more than has been
observed hefore.

When you have a viral culture that has an
increased capacity for producing paralysis by
spinal inoculation, and one inoculates, as he
has donc, 10 million to 100 million tissuc-culture
doses intramuscularly, I know from previous
experience that that will lead to greater invasion
of the axis cylinders of the neurons which are
present in the muscles, The muscles contain
the processes of the anterior horns in the spinal
cord.

No one has ever criticized the results pre-
sented lry De. Melnick last year on the basis
of the traumatic changes produced in the spinal
cord, It was merely pointed out that if the virus
inoculum is artificially spread out over a larger
portion of the spinal cord, the incidence of
paralysis can he greater.

Now, with regard to the data on contacts of
children fed the Type 3 vacecine that Dr. Melnick
has presented, T have also tcsted those same
specimens, and the results may be seen in the
proceedings of last year’s Conference. Dr. Mel-
nick has presented rtesults only with one large
dose of virus, and I presented duta with several
doses.

When the thing is done qguantitatively, one
can show that the virus is still atienuated, he-
cause with 100,000 TCD,, you get no effect.

There was a time when Dr. Melnick worked
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with 100,000 T(D,, Now he is doing all his
tests with larger doses intraccrebrally and disre-
gards the quantilative aspects. The significance
of the observed changes which werc first re-
ported by myself and others—and only being
mentioned again by Melnick—must be based
upon the epidemiologic eobservations that have
been made in the field, when these particular
viruses were used, and the abundant epidemi-
ologic ohservations now available indicate that
these changes which have beer shown in
monkeys and in tissue culture are not associated
with harmful effects in human heings.

Dr. Zupanov (throwgh an interpreter): Al
this moment we are dealing with an important
mafter, the stability or nonstability of the strains.
This is the point being discussed.

When we use the vaccine of the active virus,
I think we could have understood apropos that
the viruz progeny cannot be stable. I will re-
peat what Dr. Koprowski said, that the virus
not only is not stable, but develops in several
directions, including the partial return to the
previous virnlence.

Of course, this is 2 very important fact, but it
seems to me that however intcresting it may be
from the point of view of the genesis of viruses,
and the question of the safety of live antipolio
vaceine, we must take into consideration ecologi-
cal considerations. I replace epidemiology by
ecology, because I think epidemiology is better
defined by the ecology.

From this point of view it will of course be
exceedingly interesting, in connection with the
fact that many countries al present are conduct-
ing serivus campaigns against poliomyelitis with
live vaccines, to follow the fate of these viruses.
But if one takes the ecological approach—which,
of course, is perhaps the more difficult one, but
which should be taken into consideration—it
seems to me that the live virus of poliomyclitis,
attenualed and taken as a vaccine, does not have
any chances, not any chanees whatever, to com-
pete with wild viruses.

That is why, with all the interest in the im-
portance of this research, T do not think that
this concerns the question of the safety of apply-
ing vaccine as a mass vaccination.

1 will bring vou an example from another
field, which shows how difficult it is to circulate
a virus among the population I am speaking

here of the influenza virus. You know that it is
sufficient for a new antigenic variety of in-
fluenza to appear, for its spread to begin among
the population. And at the same time the old
viruses, the very energetic wild viruses that live
very well in the human organism, do not survive
any competition with this new virus. They very
quickly decrease and completely disappear and
remain only in laboratories or in animals.

It is not so easy for a ncw virus to take its
place among the population. Therefore, it seems
to me that from this point of view, taking the
question from the viewpoint of the safety of
live vaccine, we must take into account this
ecological consideration; the 10-year expericnce
of which Dr. Koprowski spoke here confirms the
thought that, even in the most massive immuniza-
tion, live attenuated viruses have no chance to
compete with wild viruses.

There is a condition of immunity which kills
hoth types of viruses. These are the remarks 1
wish to add to what has been advanced here.

Dr. MeLniek: I would like to say that I am
glad to see first Dr. Koprowski in his talk, and
Dr. Sabin later, emphasizing the fact that the
viruses in the vaccines do change after multipli-
cation in man. DBecause this emphasis was not
clearly expressed by them a year ago, I feel
that it is all to the good to have agreement on
this point. The guestion on which we now agree
is: Just how much change in the virus can be
tolerated by a child who has received the oral
polio vaccines, or their progeny? Last year we
argued about whether the virus changes or not
in the course of multiplication in man.
#lad to see we are all agreed now.

[ would also like to point out that the change
ohserved is considerable. Dr. Sabin indicated
that when we inoculated rectal swahs, some of
them contained 60 tissue-culture doses, but
many of these contained only 10 tissue-culture
doses. This is as small a dose as we can give to
a monkey with viralent virus and expect a take.
When 10 tissue-culture doses are able to pro-
duce paralysis in the monkey, whereas it takes
10,000 doses of the original vacecine, this fact,
to me, represents a considerable change in the
virus and does not represent a selection of
virulent virus by the central nervous system of
the monkey.

I am
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0 . . S,
CHAIRMAN ANDERSON: The nexi paper will be  of Correlation between Cenlain in witre Polio-
presented by Dr. Cabasso of the Lederle Labora-  virus Markers and Monkey Neurovirulence.”
tories, Pearl River, New York, on “Assessment



2. ASSESSMENT OF CORRELATION BETWEEN CERTAIN IN VITRO
POLIOVIRUS MARKERS AND MONKEY NEUROVIRULENCE

V. J. Casasso, E. L. JuNcHERR, S. LEVINE, A. W. MOYER,
M. Roca-Garcia, anp H. R. Cox

Viral and Rickettsial Research, Lederle Laboratories,
American Cyanamid Co., Pearl River, N. Y.

Dr. Casasso (presenting the paper): The
availability of proved and stable laboratory
assays other than the monkey test for determin-
ing the degree of virulence of polioviruses would
indeed be of great value. Search for such assays
has uncovered in recent years certain in wifre
characleristies, the so-called d, ¢ and MS
“markers,” which have been proposed as criteria
of acceptability of peliovirus strains intended as
live oral vaccines.! But already evidence sug-
gests that at least the d marker is not as well
correlated with monkey neurovirulence as was
originally thought and information accumulated
about the MS characler is as yet insufficient.
Consequently, until the valuc of these markers is
definitely established, the residual neurovirulence
of a poliovirna strain for monkeys remains iis
most reliable marker and the most acceptable
measure of its attenuation.

It iz the purpose of this communication Lo
present results of monkey tests on ‘recent lots
of Lederle oral poliovirus vaccine, to examine
the desree of correlation between the findings
and the marker pattern of the vaccine strains
and to discuss the relative validity of these in
viiro characters.

Results of recent monkey tests on Lederle oral
poliovirus vaccine. As all known poliovirus vac-
cine strains have some degrec of neuroactivity
in monkeys when inoculated intraspinally, the
present discussion of Lederle virus strains will
be limited to results of intracerebral moculation.
Detailed monkey test results have been re-
ported 2 on B Type 1, 1L Type 2, and 11 Type
3 vaccine lots. The histologicul examination,
however, was limited in these tests to the cervical
and lumbar enlargements of the cord, as brains
were not removed from inoculated animals.

With recent vaccine lots, the animals were sub-
mitted to a more complete histelogical scrutiny.
The brain stem was dissected into three portions
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at approximate levels of the red nucleus, and
the abducens and hypoglossal nerves, and the
thalamus was examined for inoculation trauma.
Only animals with a definite track in the thala-
wus were considered valid, The three portions
of the brain stem, the thalamus and pre- and
post-central gyri, as well as the upper, middle,
and lower segments of the cervical and lumbar
enlargements, were embedded in paraffin, orien-
tation being mainlained by ink marks.

A total of 41 sections per monkey were stained
hy the gallocyanin method and examined, Lesions
were estimated according to Melnick’s system ®
on a seale of 4 to +4—-+. Although this sys-
tem permitted immediate appraisal of lesions as
to location, distribution, severity, and relation
to needle track, a formula was still required
to evaluate relative neurovirulence among vac-
cine lots. Such a formula would allow detection
of any undue changes when successive lots of
vaccing are produced from the same or differcnt
seed virus. Accordingly, criteria were estab-
lished which were based primarily upon spread
or extension of lesions from site of inoculation.
These were expressed in grades 1 to 4 as shown
in Table 1. Grade 0 was assigned to no lesiong
or to track lesions with local inflammatery re-
actions; one to significant inflammatory and
neuronal changes homolateral to the Lrack; two
to lesions in brain stem; three to spread to
cervical or lambar cord; and grade four to
spread to all portions of the CNS.

In the final evaluation of resuits, grades 1 and
2, which symbolized little or no spread from the
gite of inoculation, were considered not sig-
nificant, and the relative neurovirulence of a
vaccine lot was expressed as the sum of per
cent of animals showing grades 3 and 4. DBy this
grading system it was found that, in consecu-
tive lots involving the examination of a total of
574 monkeys, the average incidence of combined
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TaprLe 1. ForMura ror EvaLodrion ofF ReLative MoNkrEY NEUROVIRULENCE, OR DEGRELS THEREOY,
AFTER INTRACERERRAL INocULATION

GRADE CRITERIA

0 NO LESIONS OR TRACK LESION W/LOCAL
INFLAMMATORY REACTION

1 SIGNIFICANT INFLAMMATORY & NEURONAL
CHANGES HOMOLATERAL TC TRACK

2 LESIONS 1IN BRAIN STEM

3 LESIONS IN BRAIN STEM & SPREAD TO
CERVICAL OR LUMBAR CORD

4 SPREAD TO ALL PORTIONS OF THE CNS

grades 3 and 4 was 21 per cent for Type 1, 57
percent for Type 2, and 16 per cent for Type 3.
Thus, a base line of normally expected neurovir-
ulenee for cach type of Lederle polioviruses was
established as a reference for recognizing a
vaceine lot with increased activity in monkeys.
As summarized in Table 2, 4 of 12 tests per-
formed on 10 Type 1 lots of vaccines, 3 of 7 tests
on 6 Type 2 lots, and 5 of 10 tests on 5 Type 3
lots were above average. Tt must be emphasized,
however, that the animals were inoculated with
very large doses of virus ({rom over 10° to over
107 TCD,,) ; that most reactions occurred at 107

and 108 levels except for Type 2 virus; and that
the paralyses or weaknesses obzerved were non-
progressive and non-fatal. In contrast, with much
smaller doses of virulent polioviruses, sometimes
only a few TCDy,, close to 100 per cent of ani-
mals showed not only severe histo-pathalogical
changes but also developed prugressive paralysis
and died of the disease 5 to 10 days {ollowing
noculation.

Some variation was ohserved belween two con-
secutive tests with the same lot of vaccine (Table
2}. For example, Type 1 tests Nos. 2 and 3 were
obtained at twe different times on the same lot

TasLe 2. Paravyrmic Bares anp Deecners or HisroLocic LesioNs of LEDERLE STRAINS oF [POL1O-
virus Vaccing 18 Succrssive Lors

TEST NQ,

1 2 3 4 5 & 7 8 9 10 11 12 Av.
TYPE 1
PARALYTIC RATE (%) | 13 { ¢ 13 0o o o0 |44 o 0o 0o o0 15 8
HISTOL.LESIONS (%) |32 | 5 21 ©0 10 10 |50 10| & 13 26 50 21
TYPE II
PARALYTIC RATE (%) 0 0o 0 0 1l0o 5| 13 2
HISTOL.LESIONS (%) | 45 54 30 70 |52 85| 65 57
TYPE III
PARALYTIC RATE (%} || 0 ©] 0 ©0 27 0 10 0 20 O 6
HISTOL.LESIONS (%) 5 30] 0O 0 36 16 25 20 20 O 16

Underlined figures denote pools showing above average neurovirulence.
Brackets indicute results of duplicate tests on the same vaccine lot,
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of virus, as were tests Nos. 7 and 8 on another
loi.  Similarly, Type 2, Nos. 5 and 6, and Type
3, Nos. 1 and 2, results were also obtained in
duplicate tests on the same materials. Nou ready
explanation can be advanced for these seeming
discrepancies except that the physical condition
of the monkeys in the different tests varied sub-
stantially.

 The Type 2 Lederle vaccine strain has always
shown greater intracerebral aectivity in maonkeys
than the other two types. 1t must be cmpha-
sized again, however, that this activity manifests
itself only in histo-pathologic changes and not in
paralysis or other clinical signs in the unimals.
Tt may well he that this particular Type 2 strain
owes its neuronophilic characteristie to its long
intracerchral passage history in mice and suck-
ling hamsters #7, and ihat, in this respect, it may
be compared to the 17D yellow fever vaccine
strain,?

Paradoxically, however, this same Type 2 virus
scems Lo possess most of the other laboratory
characteristics currently attributed to avirulent
polioviruses as well as the lowest inlectivity lor
the human intestinal tract. Of the three Lederle
vaccine strains, it is, as will be indicated later,
Lthe one with the most faverable “marker™ picture.
It is also the one which resulls in the lowest con-
version rates from seronegative to seropositive
(65 1o 75 per cenl in most instances as compared
to 85 to 95 per cent for Types 1 and 3). Further-
more, it has consistently shown the least spread
from vaccinees Lo either contact siblings or the
community and, unlike Tederle Types 1 and 3
strains, Type 2 virus recovered from either vac-
cinees or their contacls has caused no paralysis
in monkeys after intracercbral inoculation of

stool suspensions containing wup to 10%3
TCD,,/ml.

In vitre Marker Characterization of Lederle
Poliovirus Vaccine Strains. The d, ¢t and MS
characters of Lederle poliovirus strains in rela-
tion to their residual monkey neurovirulence are
shown in Table 3. The MS character was oh-
tained by the tube titration method rather than
by efficiency of plating, and ratings of the three
markers were made by criteria described by Mel-
nick and co-workers ? and Kanda and Melnick.'®
All three viruses possessed the ¢—character, but
they differed in their d and M5 markers; these
were d-- MS™ for Type 1, 4= MS— for Type 2
and d+ M5+ for Type 3. Type 2 virus, which
has consistently produced the most histologic
change in monkeys, has a marker pattern most
like that suggested for avirnlent pelioviruses.

Pertinent queslions at this time are how truly
representative of avirulence these markers are,
and how stable they may be in relation to monkey
neurovirulence. Correlation between these char-
acters and monkey neurovirulence was initially
established by the use of known attenuated and
virulent poliovirus strains, but whether these
characteristics were inevitahle accessories of
avirulence in all polioviruses, or only character-
istic of the particular attenuated strains siudied,
with incidental or no relation to avirulence, re-
mains to be determined. Qbviously this aspect
of markers can be evaluated only through ex-
tensive investigation of a whole range of natural
and laboratory induced peliovirus variants.

A discrepancy connected with the d marker
was already apparent in the original published
report on this character 1'; Type 1 SM 90 strain,
which was judged attenuated by the neuro-

TapLe 3. “Markrr” CHARACTERIZATION OF LEpERLE PoLiovirus VAcCINE StraINS 1IN RELATION TO
THER RESIDUTAL MONKEY NEUROVIRULENCE
DEGREE OF
MARKER INTRACEREBRAL
VIRUS TYPE d t MS* NEUROVIRULENCE (%)
I + - + 21
II + - - 57
IT1 + - + 16

* MS values were obtained by tube titration method rather than efficiency of plating.
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virulence test, possessed the d-}- characier asso-
ciated with the more virulent strains used in the
same study. Similarly, Hsiong and Melnick 22,
working with natural poliovirus iselates, or with
viruses recovered from persons fed avirulent
virus, found several d-4 strains which werc classi-
fied as attenuated by the monkey test. Further-
more, Sabin has reported ¥* that a laboratory
induced d-} variant of his Type 1 vaccine strain
remained as avirulent for monkeys as was the
original d variant. Morc recently Yoshioka and
co-workers,’® in a study of polioviruses excreted
by children fed Sabin’s Type 1 vaccine strain, or
those isolated from flies trapped in the trial area,
found that the d marker was not always In agree-
ment with results of the monkey virulence tests.

A systematic study of the effect that induced
variation of the d and z characters may have on
the monkey virulence of an attenuated d—t—
poliovirus was undertaken in our laboratory
with the original LSc Type 1 virus, for which we
are indebted to Dr. Morris Schaefler. The his.
tory of the virus sample received is summarized
in Tahle 4.

In Dr. Schaefler’s laboratory the virulent Ma-
honey strain was successively passed 14 times
intracerebrally in monkey, twice in monkey testis
tissue culture, six times in monkey skin graft in
chicken embryos, 34 limes in monkey testis, 11
times in monkey skin and, finally, 13 times mn
monkey kidney-tissue culture. Upon receipt in
our laboratory, the 13th monkey kidney-tissuc
culture passage was plaqued four consecutive
times on monkey kidney monolayers by the Dul-
beceo method 1°; pool 410 LSe, used in this

study, represented the progeny of the fourth
plaquing. This pool clearly possessed the d—e—
characlers, Starting with pool 410, variants of
various marker combinations were induced as in-
dicated in Fig. 1. A d-H— pool was obtained
afier three plaquings in monkey-kidney tissue
culture under low bicarbonate overlay. Three
terminal dilution passages in monkey-kidney tuhe
cultures at 39° C., followed by three similar
passages at 40° C., yielded a d-{-t-} variant from
the d—+t-— pool. Finally, the d—:-+ variant came
directly {rom the d—i— pocl, after successive
passages, twice at 39° C. and twice more at 40°
C. by the terminal dilation method.

Table 5 summarizes the results obtained by
virulence tests in monkeys with the four pools of
virus as well as the effect which variation of the
d and ¢ markers had on the MS marker. Tt can
be observed that as long as the t— marker re-
mained unchanged, varying d— to d-} did not
induce any change in the virulence of the virus
for monkeys; no paralysis followed intra.
muscular or intracerebral inoculation of either
d—t— or d--t— variants, and histologic lesions
were only of grades 1 and 2 as defined earlier.

In contrast, changing the t— character to |-
was accompanied by reappearance of morkey
virulence by both intramuscular and intracere-
bral routes. Similarly histologic lesions were
more intense,

Yariation of either the d or ¢ characters had no
effect on the MS marker, which remained un-
changed in all three induced variants.

Thus, in confirmation of the findings of others,
it appears that presence of a d-- marker in a

TaerLe 4. Hrstory oF Tyre 1 LSc Virus OpraiNegp FrROM DR, SCHAEFFER

MAHONEY STRAIN (VIR) —> 14 MONKEY PASSAGES (IC) 4

N
2 MONKEY TESTIS PASSAGES 4
&

SCHAEFFER'S

6 MONKEY SKIN GRAFT IN CHICK EMBRYQS -

LAB |

A
34 MONEKEY TESTIS PASSAGES——11 MONKEY SKIN PASSAGES,
T

13 MONKEY KIDNEY PASSAGES

€
4 CONSECUTIVE PLAQUINGS IN MONKEY KIDNEY MONOLAYERS~

LEDERLE
LAB

sl
POOL 410 Ls-¢ PROGENY OF 4th PLAQUING USED IN
PRESENT STUDY (d-t-)
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Fic. 1. Induction of variants of various marker combinations from d-—t— Schaeffer’s LSc Type 1

poliovirus.

3
plaquings
MK monclayer
Acid overloy,

poliovirus strain is not neccessarily synonymous
with virulence for monkeys.

As regards the ¢ marker, however, the finding
by Lwoff and co-workers 16 that selection of -
varianis from an originally :— strain was ac-
companied by reappearance of monkey virulence
implied a closer correlation between the + marker
and neurcvirulence than is the case for the d
character. Our results support this implication.
It may be, as intimated by Lwofi, that this cor-
relation is due to the relative multiplication rates
of “eold” or “hot™ virus variants within the cen-
tral nervous system of the monkey whose normal
body temperature varies between 3%° C. and 40°
C. In this regard, it may be interesting Lo specu-
late on what the results might be if Pasteur’s
classic experimental method with anthrax in
chickens were applied to an avirulent {— polio-
virus strain in menkeys. Would the bhehavior of

passages
ot 40'C,

the virus remain the same in an animal whose
body temperature was lowered to that optimal

for virus maultiplication? Be that as it may, as
vet insufficient investigation of field isolates has
been reported to be sure that a ¢+ character is
invariably associated with neurovirulence, and
some exceptions have already been pointed out.
For example, a mouse-selected derivative of Type
2 MEF, virus which lost its neurovirulence for
monkeys was shown by Sabin to be still capahle
of growing readily at 39° and 40" C., perhaps
even better than a fully virulent Type 1 Mahoney
slrain.®  Also, in at least one instance a d-j~t-}-
Type 1 isolate from children led Sabin’s L3¢
strain was found by Yoshioka and others !* to
be still avirulent for monkeys by the intracere-
bral route. On the other hand, Melnick et al.,7
studying viruses excreted by children vaccinated
with Sabin’s strain of virus, obtained evidence
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TasLe 5. Mownkey TestT Resurts anp M5 CHARACTER OF VARIOUS d AND £ VARIANTS OF SCHAEFFER's
d—t—LSc¢ Tyre 1 Poriovikus

VARIANT
a-t- d+t- d-t+ d+ t+
TCDg /ML 7.5 7.5 6.5 7.5.
MS CHARACTER MS- MS- MS- MS-
PARALYTIC RATIO:
I.M., UND, 0/4 0/4 3/4 5/5
I.C., UND. 0/4 0/4 2/4 3/3
I.C. 10- 0/4 0/4 2/4 4/4
HISTOL. RATIO:
I.M., UND, 3/4% 1/4% 3/4 5/5
1.C., UND. 0/4 2/4% 4/4 3/3
I.C. 10 0/4 3/4%* 4/4 4/4

* LUMBAR LESIONS ONLY

that exereted virus which became of increased
neurgvirulence for monkeys could still retain
the ¢— character.

Information available on the M8 marker is
based primarily upon laboratory studies with a
limited number of strains and Iitile can be said
at this time about its correlation with monkey
virulence. However, it should bhe poinied out
that in the original study by Kanda and Mel-
nick,!® the correlation did not hold for a virnlent
Type 3 strain (Saukelt) which possessed an
MS— instead of an MS+ character.

1t would be of interest to study induced MS--
variants from known attenunated MS-— strains to
determine whether associated changes occur in
their monkey virulence or other markers. Such
an attempt is now in progress.

DISCUSSION

No one questions the necessity for thorough
laboratory testing of poliovirus strains intended
for use in human immunization, by methods
which genuinely portray the safety of these
sirains. But it should be stresscd at this point
that, in consideting the acceptance of a vaccine
strain, the laboratory criteria employed must be
consonatit with the behavior of the strain in the
ultimate host, and that laboratory and held

findings supplement one another in the character-
ization of the agent. For example, 17D yellow
fever virus has a long history of proved safety
in man although stll capable of paralyzing and
killing up to 20 per cent of monkeys inaculated
intracerebrally, and of provoking central nervous
system changes in the rest.

No doubt the 4, ¢ and MS markers do represent
useful investigational tools of polioviruses. But
it is important to recognizc our ignorance con-
cerning the basic mechanisms involved in neuro-
virulence and the degrec 1o which these various
markers rcflect this mechanism. The correlation
of these markers with neurcactivity is imperfect,
indicating that other and unknown factors alse
play a role in neurovirulence. This is in all
probability 1o be expected, since the growth of
a virus within a cell is dependent not only upon
the environmental conditions ouiside the cell, as
pH and temperature, but also upon the prescnce
of proper receptors on the cell surface and por-
haps an entire baltery of as yet unknown enzymes
necessary for initiating and carrying out the com-
plex operation of virus synthesis and release. It
scems therefore, that at this stage of knowledge
one is hardly justified in considering as in-
dicators of avirulence unstable secondary char-
acteristics of as vet unproved significance, when
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the direct method of assay in monkeys is readily
available and accords well with the field behavior
of the strains in the human host,

SUMMARY

Base lines of normally expected neuroactivity
for each type of Lederle attenuated polioviruses
in consecutive lots of vaccine were established
by grading on a scale of 1 to 4 the spread of
lesions from the site of inoculation in 574 mon-
keys inoculated intracerebrally with consecutive
lots of vaccine. Relative neuroactivity of a
vaccine lol was expressed as the sum of per cent
of animals showing grades 3 and 4.

The average incidence of combined grades 3
and 4 was 21 per cent for Type 1, 57 per cent for
Type 2, and 16 per cent for Type 3 virus. The
greater intracerchral activity of Type 2 virus,
which expresses itself in histopathologic lesions
and not in paralysis, is in marked contrast to its
clinical behavior in man, where it shows the
least “aggressiveness” of the three poliovirus
strains, and to its marker pattern which con-
forms most closely to the one proposed for
avirulence.

All three Lederle poliovirus strains possess
the t— character, which appears to have the
best correlation with monkey avirulence, but
differ in their d and MS markers; Type 1 was
lound to be d-+ MS=E; Type 2, d= MS—; and
Type 3, d-+ M5 Some of the discrepancies in
the correlation between markers and monkey
virulence are discussed.

Since the value of d, £, and MS markers as cri-
teria of attenuation for polio vaccine viruses has
not heen definitely established, residual meuro-
virulence for monkeys remains the most ac-
ceptable measure of strain attenuation.
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DISCUSSION

CHamrMAN AwoersoN: Thesc papers are now
open for discussion.

Dr. ArmstRonG: The virus of which I speak
is not a poliovirus, but is a neurotropic virus.
The mouse Is its natural hest, and these obser-
vations, I think, may have some bearing on some
of the unknown factors which play a part in
susceptibility following feeding.

I had an isolate of lymphocytic choriomenin-
gitis from 1933. It had been carried through
ahout 2000 mouse-brain-to-mouse-brain passages,
and had been stored in the deep freezer. So [
took that out and thought I would try feeding it,
as we have had so little experience with vac-
cines administered by feeding.

I found that thiz virus, when fed to mice, or
given by stomach tube, failed to give any symp-
toms whatever. But when I tried it intraceve-
brally it was lethal in about three hundredths
of a ce. of one to a million dilution. When fed,
it produced high immunity. Here, then, was a
virus which was harmless when fed, but which
was lethal in one to one million of a ce. dose
when given intracerebrally.

Now, 1 think it would mean more to me if
these viruses which were tested and found to
change iheir virulent markers, had been found
outside the intestinal tract—if it is more viru-
lent, it should invade the inteslinal tract. But
these viruscs were isolated from the intestinal
tract. One cannot be sure it was the same virus.

T think that search should be made for these
viruses of changed character, not in the in-
testine, but after invasion from the intestine.

What enables it to penetrate the intestine may
be an entirely different thing than what enables
it to affect the brain.

Now, when we give a virus into the brain, we
do several things. We break the meninges, in-
jure nerve tissue, rupture capillaries and blood
vessels, and put the virus on high concentration,
under pressure, in contact with injured cclls
which have had no experience at all in dealing
with infection by this routc.

In the intestinal tract, bowever, we are dealing
with @ tissue that has been for ages the first

line of delense against the infection invasion
from that route.

Dw. Sapin: I would like to ask Dr. Armsirong
to tell us whetlier or not the LCM vitus he fed
to mice showed any evidence of multiplication
in the intestinal tract, and then 1 shall be able
to digest his interesting data a litile hetter,

Dr. ArmstRONG: T cannot absolutely say as
lo multiplication, but 1 was able to recover it
from the intestinal tract, after considerable time.

Dx. Cox: 1 wish to ask whether they become
immune.

Dr. ArmsTionG: In seven or eight days they
heeome immune, completely immune.

CrralrMAN ANpersoN: He said was there an
immunity in the mice.

Are there any further comments?
shilova.

Dr. Voro-

De. Vorosumova (through an interpreter):
The: experiences and ohservations regarding
these questions concern the immunizations which
were conducted in Moscow.

We had to choose children of more advanced
age, because the virus was not influenced by
preceding immunity. Here we took eight strains
which had been excreted by four children, triple-
positive, from Karaganda 3-10 days after their
feeding, and after four and five weeks, respec-
tively.

In another research, which we Condu\ctcd in
the Estonian Republic, the strains of Type 3
were excreted by small children who had no
antibodies.

In the third research, we had strains 7= from
children up to three years of age who had been
in contact with immunized children.

Among these strains we noted multiple varia-
tions; the strains which were excreted in Kara-
ganda from the older children, in general, had
T — marker,
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Of the 22 monkeys inlected intraspinally there no changes had occurred in children. All those
was paralysis only in one on the 28th day. who had bheen vaccinated were absolutely

Perhaps these results are interesting in the healthy. Therefore, the differences of strains
sense that they were conducted during field re- practically showed no influence in the final re-
search work, on a large scale, and showed that sults of the vaccination.



3. A PHYSICAL PROPERTY AS A VIRUS MARKER: DIFFERENCE IN
AVIDITY OF CELLULOSE RESIN FOR VIRULENT (MAHONEY) AND
ATTENUATED (LSc, 2ab) STRAIN OF TYPE 1 POLIOVIRUS

Horace L. Hopes, HELEN D. Zeprp, anp EUGENE A. AINBENDER
The Mount Sinai Hospital, New York, New York

Dr. HopEs (presenting the paper): The work
which I am about to describe came about as a
result of studies we were making with radio-
active poliovirus. We had grown polioviruses
in the presence of radioactive phosphorus. In
attempling to separate the virus from othcr ma-
terials, we made use of cellulose resin columns.
The one we finally came to use was the diethyl-
aminoethy! cellulose resin ion-exchange column
which had been used by Hover and his associ-
ates.

In working with the viruses it became clear
that the manner in which the viruses were eluted

from this column was quite regnlar and quite
reproducible.

This gave us the idea that perhaps the pattern
of elution of a virus sirain from the DEAE
column was a constant characteristic, and that
if this were so, we might have a physical marker
which could conceivably be correlated with
neurovirulence or lack of it.

We showed very soon that the Type 1 Ma-
heney strain came off the column in a very regu-
lar and reproducible way. We obtained from
Dr. Sabin a number of attenuated strains.

The first one we worked with was the LSe,
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2ah strain, which had not been through human
beings. The elution pattern of this virus of
strain was quite diflerent from that of the Ma-
honey strain.

Dr. Sabin then sent us two additional strains,
obtained from a child which he had fed the LSe,
2ab strain. He recovered the first strain seven
days after the child had been fed the vaceine
virus, and the second strain he sent us had heen
recovered 19 days after feeding of the strain of
the vaccine material.

The seven-day strain proved to have uxactly
the same elution pattern as that of the vaccine
strain, but the 19-day pattern had an intermedi-
ate sort of pattern.

At thiz point, I would Iike to explain the
method we used in more detail.

Your attention is called to the left-hand part
of Figure 1. The method we follow is to grow
virus in tissue culture. With this work the mon-
key-kidney tissue cultures are used, 30 ec. o
virus are obtained, and centrifuged at 100,000
G. This centrifugate is made up in 2 ml. of
0.02 M phosphate buffcr.  This malerial is
Isaded onto a cellulose ion-exchange column, the
column being 8 centimeters long and 2 centi-
melers in diameter.

Before the virus is put on, this column has
been equilibrated with the 0.02 M phosphate
buffer., In other words, the virus pellet is sus-
pended in 2 ml. of the buffer, then put on the
column and eluted off with 2 cc. amounts of
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the phosphate buffer, and the corresponding
eluates are collected.

Figure 2 shows the results obtained with Ma-
honey virus and LSe, 2ab strain.  Along the x
axis are plotted the various eluates, each eluate
being 2 ml. Along the v axis is plotted a frac.
tion which represents the ratio of the virus
recovered to the total virus input. In the fifth
and sixth cluates, almost all the Mahoney virus
put on the column is recovered. The LSc, 2ah
strain gives a recovery, in this instance, of under
half of 1 per ecnt.

In all the tests we have run with the L3¢, 2ab,
less than 3 per cent of virus put on the column
is recovered. The maximum we have recovered
ig under 3 per cent.

From these data it may seem that the column
actually inactivates the L.S¢. But this is not the
case, because if one at this point adds te the
column sodium chloride in a concentration of
.85 per cent, the LSc strain comes off the column
and is recovered in the eluates. It then can he
shown by tissue culure that its cytopathogenicity
is still present.

Therefore, this is not an inactivation. What
has occurred here is that the DEAE column per-
mits the passage of the Mahoney strain and holds
on very avidly to the LSec, 2ab strain.

The seven-day excreted material which Dr.
Sabin sent us behaved like the LSc, 2ab strain
in the Sabin vaccine,

The 19-day material was eluted in about 10
per cent of the amount which we put in. That
1s, it is somewhat less avidly held by the DEAE
column than is the original L3¢, 2ab strain.
But it is much more strongly held than is the
Mahoney strain.

We found, by checking with Dr. Sabin, that
this particular strain had shown a partial rever-
sion to neurovirulence in the monkey, As I
recall, two out of five monkeys inoculated showed
clinical evidence of disease.

Dr. Koprowski’s Type 1 vaccine was also
tested, and about 10 per cent of this strain comes
off the column.

Some other interesting data have come out of
this, and 1 shall mention them very hriefly. Al-
together, we have tested 24 Type 1 strains, ob-
tained from various sources, of which 14 have
been virulent.

For instance, from five children who had
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paralytic poliomyelitis due to Type 1 poliovirus,
the isolates obtained from Dr. Paul’s lahoratory
all behaved in the way Mahoney does when
tested by the DEAE column. We also have
from Dr. Paul’s laboratory five other strains
obtained from the experiment which was re-
ferred to earlier, I believe, by Dr. Melnick.
These behaved as follows: Four of the five were
eluted in exactly the same way as iz the Ma-
honey strain, and published data from Dr. Paul’s
laboratery indicate that the results of monkey
inoculation go along with this.

The fifth strain is again an intermediate strain.
It was one obtained from a child fed LSe, 2ab
strain some days earlier, and it did not produce
clinical disease in either of the two monkeys
inoculated, although it did produce lesions in
one of the two.

One other point might he mentioned: If one
takes the Mahoney eluate and puots it into a
capillary tube with hyper-immune rabbit serum,
a floceulation occurs either after an hour in the
incubator or eovernight. This does not happen
when the LSc, 2ab eluate is tested. Tt may he
merely a difference in concentration of virus.

Another paint of difference T should mention
is this: If we take the LSe, 2ab virus which
does come off the column, or the LSe, Zab

which we can elute off the column by adding
saline, grow them in tissue culture, and then
put them through the column, they behave again
as does the original LSe, 2ab strain. The diffi-
culty of elution, therefore, appears to be a
characteristic of the strain and does not indi-
cate that there is a mixture. It seems to be a
characteristic which, through at least several
lissue-culture passages, is a constant one.

We have done a little work with the Type 2
strains, using the strain which Dr. Sabin has
his vaccine. Using the buffer system, which I
have described, one cannot deteet a difference
between the virulent and nonvirulent. The two
strains come out very much in the manner as
the Mahoney shown here.

However, if we use a diflerent bhuffer system
with a low concentration sodium chloride, .05
molar in this bufler, then the same result occurs;
the virulent strain comes off the way the Ma-
honey does. The vaccine strain behaves like
the LSe, 2ab strain in that it is held avidly by
the column,

To summarize, this marker we call the £, or
clution marker, appears to be a characteristic of
a particular strain. In other words, it has been
correlated with virulence or lack of #t, as judged
by monkey inoculations.
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Crnammar ANpERsoN: Thank you very much,
Dr. Hodes. The papers which have been pre-
sented are now open for discussion.

Dr. Lépine.

Dr, LEpINE: 1 was very much interested in
Dr. Hodes® paper because in Paris we have been
carrying out g similar piece of work, the results
of which are about to he published.

More than one year ago, in the purification
of poliovirus, we started using cellulose columns
of the DEAE type, on which the virus was passed
and then eluted with solutions of NaCl of in-
eteasing molarity. Fractions were collected by
an automatic collector. We started by using the
virulent Mahoney strain and we obtained a pat-
tern in which most of the virus, more than 95
per cent, was eluted in one of the first fractions.

Next, we tried an atienuvated strain, the strain
1342 which is included in the French inacti-
vated vaccine, and to our great surprise we
obtained quite a different pattern of elution of
the strain. Most of it was eluted in the fraction
which we call fraction 30; then we wondered
whether there was a correlation between the
different patterns with attenuation, or whether
it was only a characteristic of a given strain.

It s0 happened that we had in store the 1342
strain, which, since its isolation from samples,
was kept in the deep freeze at differcnt stages
of attenuation.

Starting {from the non-attenuated original
strain, we found that it gave a pattern which is
almost similar to the Mabhoncy strain. Grad-
ually, as the different degrees of attenuation
were used, we obtained a shift 1o the right, that
is, a shift from fraction 1 to fraction 50,

The same was done with the Type 3 strain
which we have and we obtained an almost simi-
lar evolution of the pattern.

Tn connection with the Type 2 sirain, the
work is at present in progress.

Surprising as it may be, we were expecting
to obtain fractions which would give a good
complement fixation, but so far we have failed.
It seems that the complement-fixing fraction is
lost on the column, or is not eluted; in our tests,

the virulence was evaluated by inoculation into
the monkey and the titrations were made using
the tissue culture and CPE technique.

Thus we can characterize a strain by its spe-
cific pattern of elution from the cellulose
colurn, and there seems to be a great degree of
correlation between the shape of the elution pat-
tern and the degree of attenuation of the strain.

In the present stage of our research, we think
that such elution patterns are significant mark-
ers which could be used for the selection or the
characterization of strains, As an example of
selcetion, we have grown in tissue culture the
fraction number 50, which is present only in
small amounts in virulent strains; then we col-
lected the tissue-culture fluid and passed it again
on the cellulose column. Repeating this three
times, after three passages, we were able to
obtain a substrain which had the same elution
pattern as the attenuated strain obtained after
40 to 50 passages in tissue culture with our
maximal dilution technique. We therefore he-
lieve that the elution pattern technique may he
a help in selecting the attenualed component of
the strain, as well as m characterizing the strain
itself.

Prorrssor CouwmarRov (through an inter-
preter) : My remarks with reference to the prob-
lem of markers, under discussion, eoncern only
the methodological aspects. They are related io
a recent announcement by our colleagues at the
Institute of Poliomyelitis in Moscow, Drs. V. L.
Agol and M, Ya. Chumakova, on the mechanisms
of reaction of the so-called d marker.

Until now it has been generally accepted that
the ability of cell cultures to fully differentiate
attenuated strains from the virulent strains of
poliovirus is due to the differences in multiplica-
tion of viruscs in culture media with variable
concentration of  hicarhonate  (Na,HCO,).
Therelore, not infrequently the d marker is also
referred to as the bicarbonate marker.

However, in 1960, Agel and Chumakaova, while
studying fractions of infectious RNA derived
from attenuated and virulent strains of polio-
viruses, unexpectedly discovered that the d—
marker can be completely reduplicated if, n-
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stead of variahle bicarbonate concentration, vari-
ations in the concentration of sodium chloride in
the medium arc substituted. Agol and Chuma-
kova conciuded that the active factor was not
the bicarbonate (Na,HCO,), hut merely the
Na-- cation. An appropriate communication
giving the experimental evidence will appear in
a forthcoming issue of the Russian journal Prob-
lems of Virology. Of course, onc cannot com-
pletely rule out the possibility of a coincidence
of the d marker and the &icarbonate marker, but
such a coincidence would be so remarkahle that
one has to consider first a modification of our
views regarding the mechanism of the d marker,
used so widely in the studies on poliovirns
genetics.

Dr. Rorevs: In the course of our studies of
newborn infants, we thought that perhaps the
high acidity of their stomachs might have some-
thing to do with the lower rate of intcstinal in-
fection in these children. Therefore, in conver-
sation with Dr. Sabin, it occurred to us that per-
haps we could adsorb the virus to aluminom
hydroxide, a technigque he described many years
ago, along with other people.

You will recall that the virus adsorbs at an
acid pH and elutes at an alkaline pH. This
seemed made to order for our purpose, since
the virus presumably would remain adsorbed
in the stomach and elute in the intestine.

However, in testing this in #itro, we found
that the Type 1, LSc,ab vaccine strain behaved
quite differently from the Mahoney strain. The
pattern of behavior is quite similar to that
described by Dr. Hodes in that the more attenu-
ated virus fails to elute, whereas the Mahoney
virus elutes very readily, as expected.

In Table 1, data from a series of experiments
with Mahoney virus arc presented. These ex-
periments were done very simply by suspending
virus with the aluminum gel at pH 5.5 to 6.
The suspension is centrifuged and the adsorp-
tion determined by titration of the supecrnate.
The gel is then washed with the acid buffer and
resuspended in a buffer of pH 7.5. The sus-
pension is centrifuged again and the eluate
tested for viral content. The recovery of the
Mahoney virus is almost quantitative, whereas
with the Sahin LSc strain a very small propor-
tion of the virus was eluted.

We have tested one Type 1 virus isolated from

ADSCRFPTION AND ELUTION OF TYPE 1 POLIOVIRUSES
TO AL (CH)3 GEL SUSPENSIONS

TITER (LOG TCIDsg /0.1 ML.)
VIRUS ORIGINAL T.C.F., | AFTER ADSORPTION | ELUATE
7.5 3,8 7.4
MAHONEY 7.6 3.8 7.6
4,5 0,5 4.0
Tu T 4,0 2,0
SABIN {LSG) 7.0 4.5 4,0
4,5 0 <20
TYPE 1 {(FROM
PARALY TIC CASE} 4,0 0 3,0
SABIN (LSC)
2 DAYS POST-
FEEDING 7.0 5.0 <10
32 DAYS POST-
FEEDING 7.0 4,2 2.5

Tasre 1
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a paralytic case. This behaves like the Ma-
honey virus. _

Two isolates from a child fed the Type I
vaccine virus were examined. Thesc were iso-
lated two days and 32 days after feeding. Both
behaved in a similar manner and resembled the
virus fed.

Figure 1 illustrates the behavior of the Ma-
honey and LSec,ab viruses when eluted from
columns of aluminum hydroxide, The pH of
the buffer added is recorded along the hottom
and the pH of the eluted fractions is illustrated
by the curve with open circles, This is a rather
smooth curve. The {fractions collected were
approximately 10 cc. in amount.

The Mahoney virus, as shown in Fig. 1, is
eluted sharply and almost completely when the
pH reaches 6.5, whercas very small amounts of
the LSc,ab viras are found in any of the frac-
tions.

We have not yet done any cxperiments with
the other tvpes of vaccine virus.

Dwr. SmoromnTsev {through an interpreter):

I would like to comment on the evaluation of
different markers for the estimation of vaccine
safety. Among these markers, the pathogenic
behavior in monkeys are the most interesting.

A year ago I reported the results obtained on
prolonged passages of Dr. Sabin’s attenuated
strains through children.

We have now finished 12 consecutive passages
for all three strains of viruses. We have noted
the periodic increase in the neurovirulence of
thesc virnses with cerebral, or with spinal intro-
duction in monkeys,

Neurovitulence in monkeys sometimes reached
quite a high level corresponding to two and a
half logs of virus concentration for the minimal
paralytic intraspinal dose for monkeys, but in
subsequent passages these strains gave normal
non-pathogenic viruses again, ‘

We have now returned to the strains which
were kept in a deep freeze and have confirmed
the fact that after a six-month or year-and-a-half
ohservation, they bring about the same results
in monkeys. We have studied the very impor-
tant question of whether these viruses are capa-
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ble, by introduction into children, of producing
viremia which is not usually observed with origi-
nal strains.

We therefore took monolayer cullures and
conducted Dbleod tests on children at various
periods after the introduction of such strains to
test the possible appearance of viremia and the
increase of neurgvirulence.

The results are now in progress, but we have
preliminary data with Type 3 strain which show
that this meore neurovirulent strain does not cause
viremia in children. I helieve that these results
are more important for the evaluation of safety
of these viruses than are the various laboratory
markers, which are so intcresting in theorctical
investigations ol different variants, Viremia,
after all, is the first stage which can be a men-
ace to the generalization of such viruses into the
ceniral nervous system and its evaluation, among
other markers, seems to be an especially impor-
tant task.

Dr. DuLsecco: The question of relationship
hetween various markers and neurovirulence is
actually a part of the general problem of corre-
lation in variation of markers of any kind thar
occurs in poliovirus.

In the work carried out in our laboratory by
Dr. McBride, Dr. Vogt, and myself, we have
obtained the information which is summarized
in Table 1. We have markers which show ex-
treme cystine requirement, the inhibition by
cystine, the temperature resistance for inactiva-
tion, the d character, the 30 and 40 centigrade
growth, the MS marker, the resistance to inhib-
itors, and neurovirulence.

Now, there are many pluses and many minuses.
The plus indicates, in a qualitative way, that
the coexistence of the markers in the same virus
is possible and frequent.
that very frequentily we have exclusion betwecen
these markers.

Now there are exceptions as we very well
know. You will note that there are quite a
number of minuses, meaning that if mutation
occurs, let us say, from the d plos to the 4, then
it is very likely that at the same time the tem-
perature resistance marker will also change
simultaneously.

A close look at the minuses shown in Table 1
will reveal that these concern essentially a group
of markers which include the temperature re-

The minus indicates

sistance, the 30 and 40 degree growth, the MS
character, the 4 character, cystine requirement,
and neurovirulence.

The bovine and equine inhibitor markers are
completely out of the group. This means that
whenever a marker in this group changes, the
bovine or equine inhihitor markers are not af-
fected, and vice versa. Therefore, all the mark-
ers constitute two groups. In one there is an
extensive degree of covariation, mcaning that a
variation of one marker may involve a variation
of another one, or variation of one marker may
cause exclusion of another marker.

I believe that, in general, the use of markers
serves a dual purpose in the study of vaccines.
One of these would he, as cmphasized very
frequently at this session, to have markers that
can be used as in vitro markers for neuroviru-
lence. The other would be to have a marker
which can be used to trace a certain strain
introduced in the population, in order to deter-
mine, for instance, whether the strain recovered
is identical to the strain which was introduced.

Markers of the first group may be useful for
the first purpose. For the second purpose, it is
obvious that none of the markers in this group is
useful bhecause if a mutation arises, it may in-
volve the marker employed. Only the bovine
and equine markers are suitable for the second
purpose, Perhaps the marker of antigenicity
referred to earlier could be considered.

As for the covariation of markers of the first
group, many exceptions have already been
pointed out. None of these markers truly re-
flecis the behavior of neurovirulence.

This also raises further questions: the direc-
tion that research will have to take in this field
and the significance of all these findings.

I should like to call attention to a theoretical
point, namely, the fact that we have so many
different markers for poliovirus does not imply
that we have many genes in the poliovirus.

The hypothesis of many genes, which may
scem to be the simplest explanation, does not
take into account two facts: one, the constrye-
tion of the virus; the other, the cxtent of co-
variation. 1{ there were ‘different senes, one
would not expect this extensive covariation.

The structure of the virus is against the hypo-
thesis of many genes because we know that the
RNA of poliovirus, the genetic material, is very
small, of a size equivalent to that censidered as
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belonging to one gene, or approximately so.

We also know of only one protein and it is
not likely that therc are many more, owing to
the structurc and the compactness of the virus.

In work done recently at our Institute in
Pasadena, it was found that in bacterial viruses
covariatton of markcers occurs only when the
genetic markers are very closely situated in the
gene. Markers that are a few tenths of 1 per
cent apart can show an exlensive degree of
covariation in the form of suppression.

Therefore, if we can extend these results, it
is likely that the markers of the first group, the
temperature, lthe d, the growth requirement, the
MS and neuravirulence, and probably also the
adsorption marker, discussed earlier, helong to
a very small fragment of the genetic material
of the virus.

If so, one would explain covariation as fol-
lows: If we have a protein containing a certain
mumber of active groups, each one of thesc
markers could reflect the function of one inde-
pendent group. When there is 2 mutation in
one of these groups, the functionality of the
neighboring group would be affected, as we
know [rom protein chemistry, and covariation
would be produced.

Thus, lots of covariations we sce are nol due
to the fact that markers are mixed, i.e., have a
common identical genetical determinant. The
covariation of many characters with neuroviru-
lence can be explained as follows. These mark-
ers would correspond to functional groups near
One
would be inclined to predict that there does exist
a special group responsible for neurovirulence.
To proceed in this kind of work, one should
try to find possible markers reflecting the funec-
tion of this group, which can be tested in witro.

From what I have heard this mormning, T must
say that the results mentioned by Dr. Hodes, Dr.
Robbins, and Dr. Lépine give the impression
that perhaps their marker has to do more di-
rectly with the neurovirulence than any other
character. Because it i5 very possible that the
neurovirulence is essentially an cxpression of a
surface property of the virus, related to the at-
tachment of the virus to special receptors or
special types of cell, namely, the neurons, or
maybe another cell, which could be {rom what
Dr. Sinoroedintsev has just stated, perhaps a cell
involved In allowing viremia.

the group responsible for neurovirulence.

CHAmRMAN ANDERSON: Are there any com-
ments on Dr. Dulbeceo’s statements? Dr. Sabin.

Dx, Sapin: I believe that when we have spoken
of correlations of these findings, we have neg-
lected to mention one preperty which T described
several years age, namely, the property of
combining with the neuron receptor substance.

I showed that virulent Type 1 poliovirus com-
bined readily with suspensions of gray matter
from monkey, chimpanzee, and human spinal
cord, but did not combine with ihai derived
irom rabbit or dog spinal cords. At that time,
I also showed that the Type 1 vaccine strain
combined very poorly with the receptor sub-
stance of monkey, chimpanzee, and buman mate-
rial,

Now the question is whether the specific re-
ceptor substance derived from susccptible ncrve
cells possesses physical properties which are the
reverse of the colloids described this morning,
which haye greater avidity for the a‘tenuated
than the virulent virus. ’

There is one other point T would likz to add
to what Dr. Hodes has presented. When 1 am
asked for certain viruses, I am given a prescrip-
tion and I try to fill that prescription. When I
sent him the fwo strains of virus excreled by a
child that had been fed Type 1 vaccine, I se.
lected the one child that showed the maximum
change in the monkey tests observed with Type
1 excreted virus., That maximum change was
ohserved only after inoculation of 10 million
tissue-cullure Infective doses
With smallcr doses there was no effect, so we
were still dealing with a highly attenuated virus.

intracerebrally.

Dr. Bootan: 1 would like to ask Professor
Smorodintsev whether he has coniinued 1o sub-
culture his {ecal isolates in his consecutive hu-
man passages before monkey inoculation, and
whether he feels that the use of tissue-culture
passage fluids instead of fecal suspensions may
influence the picture of reversion of neuro-
virulence,

Dn. SmoropiNtsEv (through an interpreter):
I should like io say that, as we have already
published in our works, we have c¢hserved a
rather well-defined process of periodical increase
of neuwrovirulence, particularly with strains of
Type 3; we did not usc additienal in vitro pas-
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sages of neurovirulent strains which we got from
the inteslinal tract of children.

Fven if we observed an increase ol neuro-
virulence for monkeys, we continued to feed
this material to triple-negalive children so as
1o follow the fate of this neurvvirulenee.

As I rmentioned previonsly, as a rule, this
neurovirulence of virus disappeared in the fol-
lowing passages, so that the intestinal tract of
other children did not continue to support these
There is no indication of
This

neurovirulent viruses.
a progressive increase of neurovirnlence.
quality appears and then disappears.

We did not conduct lengthy sub-passages of
this strain on cell eultures becanse our aim was
1o get quantitative information on the changes
in neurovirulence, to which T am referring at
the moment.

At the present.time, we are trying to cstab-
lish the correlation between these neurovirulent
viruses and their pathogenic meaning. Can they
be more invasive through the intestinal tract and
Viremia,
so common in naturally infected children, is not
found in vaccinated children.

produce more pronounced viremia?

Dr. DuLeecco: T should like to make a com-
ment on what Dr. Smorodintsev has just said,
namely, the failure of passing f{urther the patho-

genic, neuropathogenic characters for monkeys -

with the virus obtained from those children in
which the passage of the vaccine virus was
shown 1o be increased in neurovirulence, T think
that this failure of continuing the passage of
neurovirulence may be interpreted in a different
way: it could be duc simply 1o a statistical sam-
pling problem.

In fact, 10° tissue-culture doses are an ade-
quate dose to cause infection with the vaccine,
but if much less than that is inoculated one will
not have a positive result all the time. This
means that 10° tissue-culture doses are essen-
tially equivalent to probably a few effective
doscs, which, by the oral route, can give rise 1o

extensive intestinal multiplication and cause anti-
hody production.

We may therefore consider that 10° tissge-
culture doses probably correspond to a few
infectious doses for the child.

Now, the virus which comes from the feces
contains a small proportion of neurovirulent
virus; of this you inject a large dose intra-
cerebrally in monkeys, where the minority viru-
lent Lype can be thus detected; but in testing the
child voun inject a few infectious doses (for the
child} and therefore you discriminate against
any minority type. The failure of passing fur-
ther the character of neurovirulence for monkeys
could simply be due to this sampling process
and may not imply that neurovirulence is actu-
ally lost in subsequent passages.

DR. SmorontnTsey (through an interpreter):
In connection with the comments just made, I
should like to say that we intreduced not 100,
000 doses but rather one and a half logs more.
The average concentration fed to children was
6.5 logs of 10. These were studied guantitatively.
Only those children whe gave a high multipli-
cation of virus introduced into the intestinal tract
were considered by us to bhe interesting and we
conducted observalions on monkeys 1o titrate
the level of neurovirulence,

Of course, here there can be significant varia-
tion in results for different children, but this
was usual during 12 passages of cach of the
three attenuated strains: neurovirulence either
appears or, what occurs more [frequently, com-
pletely disappears during subscquent passages.

The same results are observed during the nat-
ural passage of neurovirulent pathegenic strains
which do not select out strains of the greatest
virulence. Rather, there is a distinct predomi-
nance of strains of moderate or low meuroviru-
lence.

CaarMAN ANDERSON: ‘Lhe presentation of
papers under Topic IT will be continued during
the second session.
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TOPIC II. SAFETY. (A) LABORATORY EVIDENCE
OF ATTENUATION AND SAFETY (continuation)

4. THE APPLICATION OF GENETIC MARKERS TO THE
DEVELOPMENT AND CONTROL OF LIVE POLIOVIRUS VACCINE

Hiary Korrowski, M.D., Ricuarp Carp, M.D.,
T. W. Norron, M.D., Barsara Comen, M.D.,
AND StaniLey Prorxin, M.D.

Dr. Korrowski (presenting the paper): To-
day, when over 60 million people in many parts
of the world have been vaccinated against polio-
myelitis with various attenuated viruses, the
study of markers of poliovirus strains assumes
an enormously important role. In addition to
thorough clinical surveillance, the protagonist of
live virus vaccination must maintain a close check
on the fate of the vaccine strains fed to the popu-
lation, if he is to stave ofl antagonists who see
the somewhat imaginary instability of live viruses
as a menace to the population of this globe,
rather than as its salvation.

The high cost of monkeys and the relative
crudity of the so-called monkey virulence tests
once presented serious obstacles to the develop-
ment of live attenvated virus vaccines since no
other markers were available. Today, however,
the lahoratory can use several types of genetlic
markers to characterize a given strain of polio-
virus, and particularly striking differences are
apparent as hetween virulent and attenuated
strains. In addition, McBride,! Wenner,2 8 Gard,*
and Wecker 5 have provided laboratory workers
with a teol which permits serologic differentia-
tion between strains of the same type.

Serologic Differences of Poliovirus Sirains
within the Same Type: Intratypic Serodifferenti-
ation. Test (IST). Although several methods
have been provided for this type of test, the
procedures used in our laboratory are based
chiefly on tcchniques developed by Gard and
Wecker. A brief description of the procedures
is as follows: Not less than 10 guinea pigs are
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immunized against the respective strains of
poliovirus through parenteral administration of
at least two and not more than three injections of
undiluted tissue-culture fluid infected with a
cloned progeny of the virus to be tested. The
animals are bled individually, one week after the
last injection, and each serum is tested either by
the technique of Gard (immuno-inactivation
test) or the method described by Wecker, in
which the serum is incorporaled in the overlay
and a monkey-kidney monolayer is infected with
the virus. Individual variations are found among
the guinea pigs, since only a fraction of sera will
show the desired distinetness of effect, when
tested in appropriate dilutions, between different
strains of the same type. Such sera may be
pooled and used for the intratypic serodifferenti-
ation test (IST).

In most of the results to be described the tech-
nique of Wecker has been employed. Mono-
layers of monkey kidneys were infected with a
certain number of plaque-forming units of virus,
and respective dilutions of serum were incor-
porated in the overlay, After 4-5 days of incuba-
tion, the plates were stained and the number and
diameter of the plaques determined. Table 1
shows examples of IST applied to strains repre-
senting three types of virus. In each case, serum
prepared against the attenuated strain was
placed in the overlay and the homologous and
heterclogous virulent strains of the same type
were tested onder the same overlay. The results
clearly indicate a marked decrease in the number
of plagues produced by the homologous strain
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TapLk 1. SEROLOGICAL IDENTIFICATION OF STRAINS oF Pontovirus WitHin THE Sami Tyeg
NuuTraLizarioN TEst Wira Sgka PREPARED AGAINST THE
VACCINE STRAINs*
TYyrPE STRAIN - ‘
NuMBER oF PLaqurs** AVERAGE 1DIAMETER***
) CoNTROL SEruM CoNrrOL SERUM
1 CHAT 13 1 5.0 <1.0
Mahoney 8 5.3 0.0 4.0
2 Jackson 10 0 3.0 0
MEF, 6 4 7.0 2.0
3 Fox 8 0 5.0 0
H24 5 4 7.0 3.0

* Anti-CHAT, anti-Jackson, and anti-Fox immunc sera used in the test,

#** Average,
EEE T mm,

under its own serum overlay. This decrease was
much less striking with heterslogous virus of the
same type. These findings arc consistent and ap-
plicable to all three types. When the results
were presented as the difference in the average
diameter of plagques produced by homologous
and heterologous virus, the data oblained are
perhaps even more significant. Thus, the results
of the intratypic serodifferentiation test are best
expressed as the relationship of the size of the
plaque produced by different viruses under
serum prepared against one atlenuated strajn.
Markers as Detective Agents. In the mass vac-
cination campaign: conducted throughout the
world, avtenuated strains have heen and will he
administered to subjects during a period of in-
cubation of poliomyelitis caused by a virulent
virus. If such subjccts hecome paralyzed, the
burden of proof that their condition is caused by
a wild virulent virus and not by the vaccine virus
administered rests with those responsible for the
vaceination, Thorough investigalion of poliovirus
strains isolated {rom non-vaccinated persons who
live in the area of vaccination is also indicated, to
prove that the strain causing paralysis is not a
vaccine strain disseminated through the com-
munity after scveral passages through the human
gut. An opportunity to use markers as detective

agents arose during a vaccination campaign in

Leopoldville, Belgian Congo. The epidemiclogic

and clinical observations in connection with this
campaign were presented at this meeting last
vear by Drs, LeBrun, Conrteis, and Plotkin and
the progress report will be presented by the
same team. As you will recall, the program of
vaccination with Type' 1 CHAT virus coincided
with an epidemic of Type 1 policmyelitis in the
non-vaceinated areas of the cilty, As Dr. Plotkin
will show, several infants were apparently fed
the virus during the incubation period of a wild
strain infection, and tweo of these children be-
came paralyzed 6 and 20 days after they were
fed the CHAT strain. Viruses isolated [rom
the feces of these children, and from the stools
of other paralyzed, non-vaccinated infantis, were
subjected to thorough lahoratory investigatioms.
Strains isolated from children vaccinated in Leo-
poldville who did not exhibit any signs of illness
were included as controls.

In order 1o oblain more conclusive data on the
serologic stability of the CHAT virus aiter pas-
sage through man, strainz isolated from human
subjects who were esposed to the CHAT virus
during an immunization campaign in Moores-
town, N. J. were employed in the test. Repre-
sentative results from this stndy, which has been
published elsewhere, are shown in Table 2. It
will be observed that the diameter of the plaques
ohserved under anti-CHAT serum overlay did not
exceed 10 per cent the diameter of control
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TARrLE 2. INTRATYPIC SERODIFFERENTIATION TEST WITH VIRUSES REPRESENTING Passace or CHAT
Straty TuroucH Human InteEsTiNaL TracT
VIRUS HUMAN % CONTROL PLAQUE DIAMETER UNDER ANTI-CHAT SERUM
PASSAGE
CHAT 0
B 117 1 10
Q-2 3 0

plaques without serum overlay. No differences
were ohbserved between the first and third human
passage of the CHAT virus.

The actual results of the intratypic serodiffer-
entiation test applied 1o virus isolated in Leopold-
ville are shown on Table 3, Virus isolated from
two healthy vaccinated infanis showed serologic

TarLe 3. MARKFERS AS DETECTIVE AGENTS. INTRA-
TYPIC SERODIFFERENTIATION TEsT oF Tvee 1
Povrioviruses ISOLATED FROM INHARITANTS OF
LroroLpviLLE DurinG VAccNATION CAMPAICN
Wite CHAT Tyee 1 Vikus

%5 ControL PLAQUE*
DiameTER [JNDER
Anp-CHAT
SERUM OVERLAY

SUBIEOTS

CGrour CoNDITION

Healthy 0
Vacrinated 10

Sick 32
36
38

Sick 32
36
40
Non- 43
Vaccinated 45

* Positive conirol results {CHAT virns) —0%%.
Negative control results (Mahoney virus) —40%

identity with the CHAT virus. In contrast, virus
1solated from three infants who became sick after
vaccination and from eight non-vaccinated para-
lytic cases, seem to he unrelated serologically to
the CHAT virus, since the reduction in plaque
diameter under anti-CHAT serum overlay did
not ¢xceed, in general, that observed with the
heterologous Mahoney virus.

Anolher opportunity to investigate strains iso-
lated during a vaccination campaign arose in
Poland. Preliminary clinical and epidemiologic
observations of this mass vaccination campaign,
during which the entire country was immunized
with the CHAT and Fox viruses, will be pre-
sented by Dr. Przesmycki. Strains isolated from
six non-vaceinated children and three vacecinated
children, all of whom who showed symptoms of
disease, were submitted to our labhoratory for
identification, following preliminary typing in
the Warsaw Laboratory. The results of the in-
tratypic serodifferentiation test against anti-
CHAT serum are shown in Table 4. They in-
dicate clearly that all nine strains are as unre-
lated to the CHAT virus as was the Mahoney
virus which was employed as the negative con-
trol in this test.

A summary of intratypic serodiffercntiation
tests with Type 1 poliovirus isclated during vac-
cination programs in Moorestown, Leopoldville,
and Poland is given in Table 5. All seven strains
isolated from subjects who were either fed the
CHAT ~virus or were in familial contact with
those fed the virus in Moorestown showed sero-
logic identity with the CHAT virus. Similarly,
Type 1 virus isolated from two individuals in
Leopoldville who exhibited no symptoms follow-
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TADLE 4. MARKERS AS DETECTIVE AGENTS, INTRA-
TYPIC SERODIFFERENTIATION TrsT oF Tyre 1
PoLIOVIRUSES [SOLATED IN PoLAND DMIRING THE
VacciNaTioN CAMPAIGN

SUBJECTS % CoNTROL PLAQUE*
Diamerer UNDER

Grour Corprrion | Awer-CHAT Serum
Sick 58
Vaccinated 61
55

V

Bick 30
44
Non- 50
Vascinated 71
54
¥ 75

* Positive control results (CHAT virus) —<10%
Negative control resnlts (Mahoney virus) —44%

ing vaccination were serologically identical with
the CHAT strain. In contrast, the remaining 11
strains isolated from vaccinated and non-vacci-
nated suhjects who exhibited signs of poliomye-
litis in Leopoldville and from nine subjects under

TarLg 5.

similar clinical conditions in Poland were found
to he serologicaliy different from the CHAT
Virus.

The study of temperature markers is a valu-
able adjunct to IST. All the strains employed
in our laboratory [or vaccination purposes are
cold variants—that is, they have much greater
reproductive capacity at 35°.37° C. than at
higher temperatures. Nomne of the viruses was
found to grow in monkey-kidney tissue cultare
maintained at 40° C . Some time ago a study was
initiated to investigate the properties of strains
isolated from the stools of healthy children and
infants exposed to the CHAT strain by feeding
or familial ¢ontact. As shown on Table 6, 18
strains were isolated from fccal material, and a
first tissue-cullure passage of these sirains was
inoculated in monkey-kidney tubes, TFach set
of the tissue cultures was divided for incubation
at two different temperatures—37° and 40° C.
The diflerence in the TCD ,, was used to classify
the strain as a cold or hot variant. Growth of 17
of the 18 strains, including nine isolated from
prematurc infanis fed CHAT virus, was inhibited
at 40° C,, indicating that the temperaturc marker
of the original CHAT strain had been retained.
The reproduclive capacity of one of the strains
was less markedly inhibited by the temperature

SUMMARY OF RESULTS oF INTeaTYPIC SERODIFFERENTIATION TEST oF Tyre 1 PoLlovikusks

ISOLATED FROM EITHER HEALTHY OR ParaLyzep, E1vHER Vacetwaten ok Non-Vaccivatep Sus-
JECTS 1N MOORESTOWN, LEOPOLDVILLE, AND PoLanp

LOCATION HUMAN SUBJECTS RATIO®* OF VIRUSES IDENTIFIED &S
CHAT STRAIN
mr OR “N® + CONDITION

MOORESTOWN v HEALTHY 7/7

v HEALTHY 2/2
LEOPOLDVILLE v SI1CK 0/3

N SICK 0/3
POLAND v SICK 0/3

N SICK 0/6

#* ¥V == Vaccinated.
N = Non-Vaecinated.,
** Denominator —= Number of strains tested.

Numeratior = Number ol sirains completely neutvalized by anti-CHAT zerum.
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TapLk 6. Markers as DETECTIVE ACENTS.

TEMPERATURE MARKERS oF TYPE 1 Strains [SOLATED

FROM Hravtay Invants awp CipreN Vacoinatep witHE CHAT Virus 1n New JERSEY AND

PHILADELPIHTA
LOCATION NUMBER OF PASSAGES MARKER
THROUGH MAN
TOTAL COLD  HOT
TESTED
MOORESTOWN 1 6 6
2 2 1 1{?)
3 1 1 0
PGH * 1 9 9 0
TOTAL 18 17 1(7)

* Premature infanls in Philadelphia General Hospital.

of 40° C. and the results were therefore classified
as intermediate.

In view of this remarkable stability of the
CHAT strain in relation to the temperature
marker, similar studies were undertaken with
Type 1 strains isolated in Leopoldville and
Paland during large-scale vaccination campaigns
with CHAT virus. The results of these investi-
gations are shown in Table 7. Type 1 virus iso-
lated from two symptom-free, vaccinated children
in the Leopoldville area reiained the cold char-
acter. In contrast, none of the remaining 11

TarLE 7. MARKERS As DETECTIVE ACENTS.

strains isolated from vaccinated and non-vacci-
nated infants in Leopoldville, and none of the
eight strains isolated from similar subjects in
Poland, showed the cald character. Except for
one Leopoldville strain, the reproductive capacity
of these viruses was not inhibited by the temper-
ature of 40° C. Results obtained with one
strain seemed to classify its character as inter-
mediate.

Development of New Attenuated Strains
through Cultivation at Low Temperature. The at-
tenuated strains of poliovirus now available can

TEMrERATURE MARKER or Type 1 Strains IsoLATED

FroM Humaw SusJects Durmineg Vacciwarion Camracy with CHAT Virus v LEoroLpviLLe

AND PoLAnD

LOCATICN SUBJECTS MARKER OF STRAINS
Vor N CONDITION TOTAL NUMBER NUMBER
TESTED COLD HOT

LEOPOLDVILLE v HEALTHY 2 2 0

v SICK 3 0 3

N SICK 8 0 g*
POLAND v SICK 3 0 3

N SICK 5 0] S

* One strain showed moere intermediate characteristic.
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be divided into two groups according to their
genetic stability after passage through the human
intestinal tract. One group comprises the rela-
tively stable Types 1 and 2 strains. Of this
group, the CHAT strain scems to show the high-
est degree of stability of characters after human
passage, although it must be admitted that com-
parative studics with the LSc, 2ab strain, which
showed a lesser degree of stability, have not
been carricd out in the same laboratory. To the
second group belong all attenuated Type 3
viruses, none of which is stable after passage
through the buman intestinal tract. This may
best be illustrated by the results shown in Table
8, where comparison is made of two markers—the
temperature and M5 markers—applied to the
Type 1 CHAT virus and the Type 3 Wistar-Fox
Tt will be ohserved that 19 out of 20
strains of Type 1 virus isolated from individuals
exposed 1o CHAT vaccine retained the original

strain,

temperature marker, and nine of the same strains
retained the MS marker—tliat is, reproduced
poorly on an established line of monkey-kidncy
cells as compared to fresh monkey-kidney cells.
Tolally different results were ohserved with the
Type 3 virus isolated from subjects exposed to the
Wistar-Fox slrain. Only a small fraction of in-
dividuals excreted virus resembling the original
vaccine strain in its characters. The remaining
strains changed their character. In addition, one
of the strains—Lecon 12a,b—has shown a lower
degree of immunizing capacity than the strains
representing the other two types of attenuated
virus. A search for an attenuated Type 3 virus

Safeiy—-Laboratory Evidence of Attenuation and Safety

with characteristics better than those presemly
available therefore seems to be indicated. Pas-
sage of virus in tissue cultures maintained at
low incubation temperatures seems to be the
method of choice, and this procedure was ex-
tended to investigations of possible attennation of
strains representing Type 1 and Type 2 virus as
well.  This work is now in progress and only pre-
liminary results can be presented.

The Type 1 virus employed in this study was
isolated by Fox and Gelfand from the stool of
an asymptomatic case in Louisiana (W-1 strain),
Following one passage in monkey-kidney cultures
at 37° C. the virus was transferred serially
through the same tissne-culture system kept ini-
tially at 25° C. and later at 23° C. Following
15 passages at low lemperatures, the virus was
plagued at 23° C., and progeny ol one plague
were subjeeted to further scrial passages at 23°
C.  Alithough the original strain grew equally
well on an established monkey-kidney cell linc
and on fresh monkey kidney, srowth of the
resulting cold variants on an established monkey-
kidney line was inhibited after 13 passages at low
temyperature, and the virus thus assumed the M5
character.

The eold strain called W-1 has been tested for
neuropathogenicity for Rhesus monkeys at three
different passage levels; the results are shown
in Table 9. Groups of monkeys were injected
intraspinally with undiluted tissue culiure
medium following the technique deseribed by
Melnick, and their central nervous system tissue

TarLe 8. ComraraTive STupy oF Two Markrrs or CHAT (Tyee 1) anp Wisrar-I'ox (Typr 3)
STRAINS EXCRETED BY VACCINATED SUBIECTS

VIRUS MARKER RATIO OF STRAINS* RETAINING ORIGINAL
MARKER OF VACCINE STRAIN
CHAT TEMPERATURE 19/20
MS 5/9
WISTAR-FOX TEMPERATURE 2/12
MS 1/12

* Denominutor = Number of strains tested.

Numecrator = Number of strains showing the same marker as strain fed.
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TarLe 9. Srtupy oF ParTnogeniciry ror REEsus MONKEYS INJECTED INTRASPINALLY witTH Tyee 1
Vikus (W.1 Strain} a1 Various Passace Livers ot Low TEMPERATURES

TEMPERATURE PASSAGE TCDy RATIO OF MONKEYS SHOWING LzSIONS
OF TISSUE CULTURE INJ. L c B.S.
25° C 10 7.2 5/5 4/5 2/5
23° ¢ 10 + 5 6.2 3/4 3/4 3/a
10+ 5
PLAQUED* | 6.7 1/4 1/4 0/4
= AL 23° C

was examined for histopathologic lesions after
they were sacrificed 18-20 days after inoculation.
Tt will be observed that the results obtained with
the W-1 strain after 10 passages at 25° C., fol-
lowed by five passages at 23° C., did not seem
to distinguish this strain from other attenuated
strains. Progeny of a plaque isolated after 15
passages at low lemperature (23° C.} have
proved remarkahly less neurovirulent than other
available attenuated strains.

The original W-1 virus and the plagued cold
variant werc suhmitted to the intraiypiec serndif-
ferentiation test using serum overlay prepared
against the original strain. Results of this test,
shown on Table 10, indicate serologic identity of

the plagued cold variant with the original virus.

The TN Type 2 strain—the first strain ever lo
be fed to a human being—was chosen to initiate
passages of Type 2 strains at low temperatures.
Two Type 3 strains were employed to initiate a
series of passages at low temperalures. One was
isolated by Gelfand and Fox from the feces of
an asymptomatic child in Louisiana (W-3), and
the other represents the first human passage of
the Fox Type 3 strain which retained the cold
character of the original virus. Following serial
passages at low temperatures and change in the
temperature and MS markers of the strains
similar to those observed with the W-1 virus,
neurgpathogenicity tests were carried out in in-

TapLe 10. INTRATYPIC SEROBIFFERENTIATION TrST BETwreN THE W-1 Oricivar VIRUS AND ITS
“CoLp” VARIANT
PASSAGE AVERAGE NUMBER OF PLAQUES
AT 23-25°C
CONTROL OVERLAY ANTI-W-TI SERUM®™ CNWCRLAY

0 14 3
8 6 <1

MAHONEY CONTROL 4 3

* Sernm prepared against original W-1 virus before its adapiation to cold.
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traspinally injected monkeys, The data shown
in Table 11 seem to indicate that the resulting
cold variants show a low degrce of neuropatho-
genicity as compared to the original strains, al-
though the low concentration of virus in a
preparation of the W-3 strain may account for
some of the favorable results. After these pre-
liminary Investigations, the cold variants of the
W-1 and TN sirains were fed to non-immune
infants and Although a relatively
small number of subjects was involved, the
results shown in Table 12 seem to indicate that
after 13 passages at low temperature, the cold
variant of the W.1 strain was as infectious for
the human intestinal tract as any other Type 1
strain currently in use. On the other hand, the
infectivity of the Type 2 TN virus after 19 pas-
sages at low temperature was not as high as that
of other Type 2 strains available, since no intes-
tinal infection was produced with virns doses
below }0° TCD;,.

children.

Type 1 strains isolated from three children
fed the cold variant of the W-1 strain were
passaged once in monkey-kidney tissue culture
and studied for their temperature marker. A
more elaborate procedure, similar to the one
described by Lwofl, was employed. This in-
volved one-cycle growth curves of intracellular
virus at two different temperatures—37° and 40°
C.—and the results are shown on Figure 1. It
will be observed that the growth curves obtained
at 40° C, with the vaccine strains CHAT and
WI1-P and the three strains isolated from human
subjects fed WI1.P—207, 210, and 21l—are
similar and show marked differences from the
pattern of the Mahoney strain grown at the same
temperature. As expected, there is little differ-
ence hetween the growth curves obtained when
cultures were kept at 37" C. Growth-curve pat.
terns established for virus R-1 isolated from a
child fed the CHAT strain, as shown in Fignre
2, resembled those obtained with W1-P virus and

TapLE 11. Stupy oF Patnocenicity For RitEsus MoNEEYS INJECTED INTRASPINALLY wWITH TyPES 2
AND 3 Viruses (THE TN awn W-3 Stratws) AT Vartous Passace LEVELS aT Low
TEMPERATURES
Yirus TEMPERATURE OF PAsSSAGE TCD g Rario ov Mongrys SrowiNg TRHSIONS

Tissue CULTURE Ini. L ! C B3
TN 25° C 15 8.2 2/4 \ 2/4 2/4
W=3 25° C 5 5.7 1/4 2/4 2/4
23° C 5 5.0 1/4 1/4 0/4
Tarue 12, Rrsurrs oF OrAL ApMiINiSTRATION Te CINLDREN oF W-1 anp TN STraINS AFTER 13
AND 14 Passacrs AT Low TEMPERATURES
Virus TCT g Fen Ramio o IntESTINATL INFRCTIONS
wW-1 7.7 i/l
5.5 1/
4.5 3/3
TN 57 5/7
4.7 0/2
3.7 0/2

* Failure oceurred in a child with pyrexia at the time of virus feeding.
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its first human passage strains, These prelimi-
nary data seem to indicate that the cold variant
of the W1-P strain retains its infectivity for the
human intestinal tract, as do other atienuated
Type 1 slrains, and does not undergo marked
changes in ils growth characteristics under differ-
ent temperatures after one passage through the
human intestinal tract. It must be emphasized
that these are very preliminary results, obtained
on a small number of individuals and subject to
possible revision when more extensive data are
obtained. Similar data are now being sought for
the Type 3 virus, where development of a new
and improved attenuated strain is much more
imperative than in the case of the two other
types of poliovirus.

Inguiry into the Nature of MS and Tempera-
ture Markers. Although genetic markers for
poliovirus and other viruses have been employed
in laboratory investigations for some time, the
nature of these markers seems to be somewhat
illusive. As shown in Table 13, the M5 cell
monolayer infected with CHAT virus will yield

Log.j0
PFU /ml.

—8—

much smaller quantities of virus than parallel
infection of fresh monkey-kidney culture. How-
ever, if, instead of intact virus, infectious nueleic
acid isolated from the CHAT sirain is used as the
inoculum, the yield from MS cells will be greater
than Ifrom monkey-kidney cells and similar to
that obtained with either intact virus of the
virnlent Mahoney strain or infectious nueleic
acid isolated from this strain. These resulls
seem Lo indicale that in the process of attenuation
the protein coat loses some of its ability to at-
tach itself to the receptors and pcnetrate the
cells of the established monkey-kidney line. In
contrast, the nucleic acid part of the atlennated
straing, which does not seem to need receptors to
penetrate the cells, infects the MS cells at the
same rate as a virulent intact virus. Thus results
ohtained with the CHAT strain and the MS cells
are somewhat similar to those of llolland et &l.®
for cell systems which are resistant to poliovirus.
Obviously, the parallel cannet be drawn too
closely, since ultimately the attenuated poliovirus
can be propagated in the MS line, in contrast io

B210

|
1 ] LI T i | 1 ¥
2 6 10 Hrs,

Fic. 1
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Log. 10
PFU/ml.

6 10 Hrs.

. 2

Taptr 13. Comparative INrFEcTIVITY OF INTACT ViRUs anp INFEcTIOUS RIBONUCLEIC ACID FOR
TiiE MS anp MK CeLrs

VIRUS INOCULUM RATIO OF TCD5O CF MS TO MK
CHAT INTACT VIRUS 1:6
RNA 3.3: 1
MAHONEY INTACT VIRUS 3:1
RNA 3.7+ 1

|

the system used by Holland, where infectious
nueleic acid will yield intact virus non-infectious
for the cell system into which it was introduced.
Similar results were ohtained when intact CHAT
virus was used to infect MS eclls in the presence
of deuterium oxide (heavy water) in the me-
dium. Substitution of hydrogen by deuterium in
living systems has heen studied for some time in

various lahoratories and has heen found to have
distinctive hiclogic effects. In the field of virus
infections, the burst size of T7 bacteriophage
was increased when the phase was permitied to
multiply in E. coli grown in D,0 medium in-
stead of H,0 medium. The data presented in
Table 14 seem to indicate that the plating ef-
ficiency of CHAT virus on MS cells grown in
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TaBLE 14, Errect or D0 1v Mepiom on Pramine Evriciency oF CHAT Virus on MS CELLs
EXp. MEDIUM NG, OF PLAQUES PRODUCZD ON CELL MONOLAYERS
MS MK
H
1 50 0 14
*
020 14 N. T.
2 H20 1 33
920* 20 N. T.

N.T. =Not tested. *40-50% IO in mediom,

D,0 medium is markedly increased and similar
Lo that observed in fresh monkey-kidney cells
grown in H,0 medium. Thus, the substitution
of H, ions by deuterium in the tissue culture
system seems to increase the plating efficiency
of MS cells to between 50 and 100 per cent.
As mentioned before, the cold CHAT strain
cunnot be grown at 40° C. However, it seemed
to be of interest to verifly whether infectious
nucleic acid is produced in cultures kept at these
temperatures shortly after infection with the
CHAT strain. In this cxperiment monkey-kid-
ney tissue-culture monolayers were infected re-
spectively with CHAT and Mahoney virus and in-
cubated for 6-8 hours at 37° and 40° C. Follow-
ing this period of incubation cultures were har-
vested and RNA extracted. The inlectivity of

TapLe 14a.

the extracted RNA is shown in Table 14a. Tt
may be observed that although the vield of in-
fections RNA {rom the virulent Mahoney virus
was similar regardless of the temperature at
which cultures were incubated, the yield of
CHAT RNA from cultures kept at 40° C. was
very small compared to that obtained from cul-
tures kept at 37° C. These results seem to in-
dicate that a cold variant, when kept at high
temperatures, appears to lose the capacity to
produce even an infectious nucleic acid.

As shown in Table 15, incorporation of DO
into growth medium and agar overlay ol monkey-
kidney monolayers infected with the CHAT virus
and kept at 40° C. resulted in formation of
plaques in numbers representing 10 to 63 per
cent of those observed at 37° C. Progeny of the

InrectiviTY 0 RNA Extracrep rrom “Hor” Magonev anp “Coup” CHAT Vikus

Grown ror 8 Hours AT Two DirrErENT TEMrERaTURES 1IN MONKEY-T185UE CULTURE

VIRUS TEMPERATURE NO. OF PLAQUES PRODUCED BY THZ cXTRACTZD RNA
MAHONEY 37° ¢ 39

40° ¢ 39
CHAT 7%c 43

40° ¢ 4
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TasLr 15. Errect or D,0 ox Geowrir o CHAT Viros 1n Mowkey-KioNey CeLs ar 40° .
EXP. MEDIWM NUMBER OF PLAQUES PRODUCED IN CULTURES KEPT AT:
NO. 37% C, 40° C,
1 Hy0 32, 48 0, 0
Ds0 30, 33 3,5
2 Hy0 24, 29 0, 0
D50 19, 21 11, 14

deuterated CHAT virus grown at 40° C. seemed
to show greater replication of 40° in standard
mediem than progeny of the same virus grown
in denterated medinm at 37° C.,, where no differ-
ence in plating efficiency hetween the two systems
was observed.

Experiments are now in progress to determine
the mechanism of deuterium use mediated
through the increased burst size. The results
may perhaps elucidate the nature of some of the
factors vesponsible for the genetic markers of
the virus. The data should cerlainly indicate
which part of the virus molecule plays a prom-
inent part in the determination of one or another
marker.

Finally, since tests for temperature markers
have become important tools for the study of
polioviruses, Dr. Richard 1. Carp, of our lahera-

tory, has been developing a temperaturc marker
test which would be more sensilive than the
comparative tube titration tests and less cumber-
some and elaborate than the one-cycle growth
curve test. In this test, monolayers of monkey-
kidney cells are exposed to various concentra-
tions of test viruses, and a certain number of
plague-forming units of the viruses to be tested
are incubated for different time intervals at 40°
C. The plates are then removed from the 40° C.
incubator and placed in a 37° C. incubator. The
number of plaques is read after an incubation
period of 3-4 days and compared with the num-
her of plaques developed on the same systems
kept throughout at 37° C. Tahle 16 shows data
related to four slrains investigated in this man-
ner. You may ohserve that only six plaques
were {formed by CHAT virus in monolayers kept

Tarre 16. A Momriep TesT For TEMPERATURE MARKER

STRAIN HUMAN - NUMBER OF PLAQUES ON PLATES KEPT AT 40° C.*FCR  HOURS:
PASSAGE 0 18 30 42

CHAT 23 & o 0

CHAT Q-1 1 4 0 1 o

SICKLE 18 48 55 49

MAHONEY 18 71 a2

* And then incubated at 37° C for 3-4 days.
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for 18 hours at 40° C., and none when cultures
were kept at 30 and 42 hours ar 40°, as compared
to 23 plaques formed by the same virus when
cultures were incubated at only 37° C. Similar
results were obtained with the CHAT Q-1 virus,
representing first human passage of the CHAT
sirain, In contrast, the yield of virulent Ma-
honey virus seemed Lo increase in parallel with
the time the plates were kept at 40° C,, and the
results obtained with the Sickle strain lie some-
where in between. Once the conditions of the
test become stabilized in relation Lo other mark-
ers, it may hecome a valuable 100l for simplifying
the laboratory procedures related to temperature
markers,
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DISCUSSION '

CaHammaN Bourner: The paper presented by
Dr. Koprowski is now apen for discussion. Dr.
Dick.

Dr. Dicx: I would lLike to request some in.
formation. In using this intratypic serological
marker, how can one determine that the virus
has not undergone an antigenic change in mul-
tiplication in the gm?

The other question concerns the T marker:
Generally, what experience have people had in
finding T mnegative viruses in wild paralytic
strains? We have not done very much of this
vel, but we do have some evidence that some wild
paralytic strains are T minus, Therelore, if you
find T— wild paralytic strains, and if you get an
antigenic change neither the T marker nor the
intratypic serologic marker is of much use in
sorting things out.

Dr. Korrowski: The number of wild strains
studied in our laboratery for the T marker is
relatively small, and of all strains examined one
showed intermediate T characters and the re-
maining straing werc all “hot.”

As far as antigenic stability of CHAT strain
is concerned, viruses isolated from the healthy
infants and children fed CHAT wvirus either in
the Belgian Congo or in the U.5.A. were identi-
cal sernlogically {in the intratypic serodifferen-
tiation test) with the CHAT virus, We found no
exception to this observation. This obviously
refers to a study in which anti-CIIAT serum was
employed in the test. We have not as vet ex-
plored the use of a serum prepared against a
wild strain in a test with CHAT-virus-derived
human passage strains. However, results pub-
lished by McBride suggest that a specific reac-
tion may also he encountered.

Dr. MeLnick: T would like to refer Dr. Dick
to Table 9 of our paper.® In it 1 have indicated
the results of such T tests on wild viruscs. We
found that, of 64 wild viruses tested, 8 were
negative for the T characteristic; 5 were plus-
minus, and 51 were positive. Dr, Sabin has also
carried oul such tests,

* See p. 23,

06

I should like to address a question o Dr.
Koprowski in connection with the antigenic typ-
ing of viruses. Would he say a word about the
nurmber of bottles or plates which he used per
diletion? In order Lo get significant differences,
it is important to know the total number of
plaques counted, and one could not determine
this from the averages which Dr. Koprowski
showed in his paper.

I should also like to know the number of
plaques thal were counted in order to detcrmine
the average size, and how these plagues were
followed the period.  If
plagues are counted only on day 5, then some
plaques are three or four days old and others
arc perhaps only one day old. This will greatly
influence the resulls.

during incubation

Dr. Korrowski: We used three to five plates
with a predetermined dilution of serum. The
number of plaques counted varies, Jet us say
from 440 to about 60 or 70, and from this we ob-
tain an average value.

Dr. Wecker, who originally developed the use
of serum in the overlay, has counted plagues at
different days after infeclion of monolayers and
found little difference In plague counts betwecn

the third and fifth day,

Dr. Sapin: Since the question of the reproduc-
tive capacity of naturally occuring poliovirus at
higher temperatures has been raised several
times, T sheald Tike to call attention to the results
of a rather extensive study shown in Table 1.

These are results of lests on a total of about
260 strainz derived from patients with disease,
without disease, and under various other circum-
stances,

To summarize, while the majority of naturally
occurring polioviruses do possess the capacity for
multiplying at 40° C., therc are exceptions to the
rule, aven in the central nervous system of the
fatal cases. 1 should point out that T went back
and studied the original central nervous system
tissue suspensions—thinking that the virus might
have undergone a change after one passage in
monkey-kidney tissue culture—and found that
the virus in the original central nervous system
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TanLe 1. Incmence oF StraiNsg wita CapaciTy To Provacate at 40° C (1/404-) amone
NartorALLy Occurring Porioviruses o Diverse ORIGIN AND AMoONG ViRusks EXCRETED BY
PErsons AFTER INcESTION oF ATTENUATED PoLloviRus VACCINES

NO. TESTEPR NO, t/ 40
SO0URCE OF STRAINS TYPE TYPE TYPE TOTAL TYPE + + _
1 2 3 L
CLINIGAL POLIOMYELITIS

STOOLS - EARLY AFTER ONSET 29 3 ! 36 All 36 0 0
CN5 - FATAL GCASES 15 - 1 14 All 13 3 [4]
STOOLS OF HEALTHY CHILDREN 20 17 21 58 1 17 2 1
DURING NON-EPIDEMIC FERIODS 2 11 4 o
NO KNOWN CONTACT WITH GASES 3 12 7 2
STOOLS OF YAGGINATED 44 38 42 124 3 1] [ a4
z 1 1 W,
3 1 20 7
STOOLS OF VACCINE CONTACTS 3 - 27 32 1 v 4 5
k| 28 i u

| B S

tissue would mot multply at 40° C. and vet was
neurovirulent for the monkey. On the other
hand, there were rct/40- strains of very low
virulence for the monkey,

Dr. Vorosnirova: We have studied the tem-

perature marker of the strains which
isolated from the patients in Karaganda (40 of
Type 1, 12 of Type 2, and 5 of Type 3.) Thirty-
four strains of Type 1 were isolated {rom chil-
dren that had not been vaccinated. Thirty-one
of them possessed a T-L marker and three, a
T-- marker. There was none of the T— strains.

Of 12 strains of Type 2, all had marker ¥+
Cf five strains of Type 3, one was T4 and four
were T-—. In ane of those cases the child had
no conlact with vaceinees because this rook place
before the vaccination campaign. Perhaps in
three cases alone there might have been some
contagion from children who had been vacei-
nated.

Of the six strains of the Type 1 isolated from
vaccinated children, three had T, one 7'+, and

were

two had a T— marker.

On the two strains of the Type 2 isolated from
vaccinated children, both belonged to the 7—
type.

On the four strains of the Type 3, one had
Tl two T2, and one a T'— marker.

In this way, of all the sirains isolated from
non-vaccinated children, only one had definitely
the T'— marker. Most of the others had T4
and three strains of the Type 1 '+ marker.

Thus, it is obvious that this is the exception
which has heen mentioned by Dr. Sabin.

CrawnvaN BurneT: The next paper will be
presented by Dr. Pette on “Experimental Studies
on Animals with Attenuated Poliovirus (Cex and
Sahin Strains). This is to be followed by Dr.
Sweet’s and Dr. Hilleman’s paper on “Detection
of a ‘Non-Detectable’ Simian Virus (Vacuolating
Agent) Present in Rhesus and Cynomolgus
Monkey-Kidney Cell Culture Material.” The
discussion on these papers will take place after
these presentations.



5. EXPERIMENTAL STUDIES ON ANIMALS WITH ATTENUATED
POLIOVIRUS (COX AND SABIN STRAINS)

H. PeTTE, H. LENNARTZ, G. Maass, L. VALENCIANO, AND K. MANNWEILER

Institute for the Research of Poliomyelitis and Muliiple Sclerosis,
Hamburg, Germany

Dg. PeTTE (presenting the paper): Conflicting
reports on the extent of pathogenicity of atten-
uated strains of poliovirus suggested this in-
vestigalion on the results of the experimental
infection of monkeys with such strains. The
polio strains of Sabin® and Cox* were used;
external circumstances did not permit the inclu-
sion of Koprowski's strains in this study.

Material  and methods. Rhesus monkeys
weighing 1500 to 3000 g. were divided into
groups of 4 to 5 animals and subjected to.in-
traspinal and intracerebral inoculation with virus
strains  {undiluted and dilutions 1:10 and
1:100). At the beginning of the experiments the
animals reecived aureomyein daily for 10 days
(in the examination of Type 1 strain of Cox ter-
ramycin was used} lo prevent enteritis,

Technique of inoculation. The technigque de-
scribed by Murray was employed, i, the in-
lraspinal injection of 0.2 ml. between the first
and second lumbar vertebra into the lumbar in-
tumescence, or the bilateral intrathalamic in-
jection of 0.5 ml. The injeclions were made
under ether anesthesia.

The strains used including the virus concen-
trations {found by us, are rccorded helow.

* We ure grateful to Prof. Verlinde of the Univer-
eity of Leiden, for supplying us with the virus strains
of Sahin, and to Dr. Cox of Lederle Laboratories,
Pearl River, N.Y., for the Cox strains.

For the dilution of the virus strains examined
TCM 199 was used. Following a 21-day period
of observation the monkeys were sacrificed.
Virus isolation.

(a) From feces: Before the beginning of the
experiment and thercafter weekly stools
were taken by rectal swabs, prepared in
usual manner and inoculated into cultures
of monkey-kidney tissue.

(b) Central nervous system: At autopsy ma-
terial was taken from the lumbar and
cervical cord, brain stem and precentral
gvrus. A 10 per cent suspension was
examined for poliovirus in monkey-kid-
ney tissue cultures,

Virus titration. Tenfold dilution series, inoc-
ulation dose per tube 0.1 ml; in general five
test tubes per dilution were used. Caleulations
of virus titer were made according to Reed and
Muench. The determination of plaque-forming
units was carried out in bottles according to the
technique of Hsiung and Melnick.

Antibody determination. Blood was drawn for
serological cxamination at the beginning and
thereafter once weekly during the experiment.
Neutralizing antibodies were determined with
the color test according to the method of Salk
et al.

Observation of the animals. The animals

Tyre STRAIN PFU/10 TCIT}50/1.0
Sabin 1 L Se, 2 ab 1067 1083
2 P 712, Ch, 2 ab 1070 1070
3 Teon 12 asb 1097 1083
Cox 1 7 — 1231 — 166 1098 1082
2 7 — 1222 — 243 1Q¢-2 1080
3 7 — 1233 — 344 Qe 107
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were examined daily with special care regarding
motor functiot and reflex behavior, particularly
the patellar reflexes.

Histological rechniques. PBrain and spinal
cord were removed and fixed in 10 per cent
formalin solution for histological examination.
Paraffine blocks, staining according to Nissl, van
Gicson, Heidenhain and with hematoxylin-eosin.
The lumbar and cervical intumescence were im-
bedded in six hlocks, from each block one section
plane was examined. In the same manner three
levels of the thoracic cord were examined, from
the brain stem the upper and lower portion,
Both sides of the precentral gyrus (apieal por-
tion} were examined. Grading of lesions from
1 — 44 and determination of the extent of
lesions in the spinal cord were carried out ac-
cording to the method of Memick.

Findings.

{a) Observation of the animals: Following in-
tracerebral inoculation traumatic disturbances
occutred in three cases. During the further
period of observation weakness of the extremities
was found in none of the animals inoculated in-
tracerebrally. Following intraspinal inoculation
all of the animals, in which regular injections
had been made inio the lumbar cord, developed
paralyses immediately after the inoculation, with
an increase during the following 1-2 days in some

cases. FEssentially, these traumatic paralyses

consisted in motor weakness of the flexor of feet
and toes, more rarely of the legs. It proved
difficult to distinguish these traumatic paralyses
from those caused by the poliovirus. For this
Teason, motor weakness appearing within 48
hours after injection was considered as being of
traumatic origin, whereas paralyses developing
subsequently were attributed to virus action.
The latter lesions also consisted in motor weak-
ness of the leg and foot musculature, more sel-
dom of the upper leg and thigh; all degrees from
slight paresis to complete paralysis were cn-
countered. Slight paresis of the upper extremi-
ties were seen in four cases following LS. inoc-
ulation with Type 1 Cox’s strain.

In general the motor weakness deseribed
reached maximum development about the 10th
day after injection; the general condition of the
animals remained good in all cases. The arrest
of the process was occasionally manifesied by a
return of the patellar reflex. In one monkey
(No. 99), inoculated with Type 2 Cox’s strain,
an ascending paralysis of Landry type (ollowed
LS. injection of virus. The animal was sacrificed
in moribund condition six days after inoculation.

(b) Pathological anatomy: The quality of
histologic
found in not too severe poliomyelitis with a de-
struction of nerve cells and inflammatory reac-
tion. The slight extent of active neuronophagia
may be attributed to the duration of the process.

alterations  corresponded to  those

TapLe 1,
Tyre 1
Cox (6.6PFU/1.0) Saen {6.7PFU/1.0)
I.. C. B.S. C.A. L., C. B.8. C.A.
L8, Inoculation
10° 3/3 3 3 0 5/6 0 0 0
10 4/4 3 2 1 4/4 0 0 0
10— 5/5 5 1 1 3/3 2 1 0
1.C. Inoculation
10° 0/5 0 0 0 0/4 4 0 0
101 0/5 0 0 0 0/5 0 0 0
1072 0/5 ] 0 0 0/5 0] 0 0

No. of monkeys with polio lesions / No. of inoculated monkeys
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In the animais that died intercurrently nuerono-
phagia as well as acutely damaped ganglian
cells were found, The neuronophagia was
of leucocytic and microglial nature. In the
course of the inflammatory reactions pronounced
diffuse and nodular proliferations of microglia
as well as perivascylar infiltrations of lympho-
cytes and plasma cells were seen,

The topography of alterations, partly extend-
ing up to the precentrsl gyrus, was characteristic
of peliomyelitis. In cases in which the lumbar
and cervical cord were involved, the thoracic
cord usnally alse contained lesions, even though
less pronounced.
alterations thus corresponded to the typical dis-
tribution in poliomyelitis, The animals in which
the virus had net been injected into the spinal
cord grey maller showed no lesions of polio-
myelitis. Histologically the following differences
in meurcpathogenicity of the strains examined
were found:

Type 1 LS. inocularion. All of the animals
showed alterations in the lumbar section which
obviously were not mercly of traumatic nature.
The alterations found with the Sabin strain werc
not as extensive and severe as with Cox’s strain.
Here the alterations reached up to the brain
stem in six cases, in two animals up to the pre-
central gyrus. With the Sabin strain the proe-
ess extended up to the cervical cord twice and
otice up to the brain stem. Following 1.C. inoc-

The distribution of specific’

ulation, alterations were missing in both groups.

Type 2 LS. inoculotion. In all animals the
alterations of the lumbar region already de.
scribed were found.  With the Sabin strain an
extension of the process up to the brain stem
was seen in Lwo animals. With the Cox strain
the process almost invariably extended up to the
brain stem, partly up to the precentral gyrus.
Clinically a slight paralysis of the arms was seen
in four cases. Following 1.C. inoculation there
were no histological alterations with the Sabhin
strain. With Cox’s strain alterations were found
in most of the animals at the predilection sites of
poliomyelitis. Tntensity and extent of the lesions
showed no significant relationship to the virus
concentrations administered. Histological find-
ings were as described above, motor weakness of
extremities could not be observed with certainty.

Type 3 LS. inveulation. In the lumbar area
all of the animals had the usual lesions. With
the Sabin strain the process in three animals
extended up inte the cervical cord, in two others
lesionz of the central gyrus were found.

With Cox’s strain 5 of the 13 animals inocu-
lated showed alterations characteristic of polio
up to the precentral gyrus.

following L.C. inoculation there were no path-
ological changes with the Sabin strain. Fol-
lowing inaculation with the Cox strain altera-
tions reaching down to the lumhbar area were
found in three animals,

TasLr 2.
Tvyrr 2
Cox (6.2PFU /1.0) Saniv (T.0PFU/1.0)
Y. C, B.S. A, L. C. B.S. C.A.
1. 8. Inoculation
10° 4/4 4 4 4 4/4 1 1 0
10— 5/5 5 5 3 4/4 O 0 0
102 5/5 5 4 4 474 1 1 0
s 1. C. Inoeulation
10° 3/5 3 4 3 0/3 0 0 0
10—t 4/5 4 4 1 0/5 0 0 0
102 3/5 3 3 3 0/5 [} [A] 4]

No. of monkeys with polio lesions / No. of inceulated monkeys
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TapLE 3.

TFyre 3

10°
10—t
102

10°
10~
1072

Cox (7.0PFU/1.0)

Sapw {6.7PI'U/1.0}

L.

5/5
4/4
4/4

275
1/5

0/5

C. B.s.
2 3
2 2
2 2
2 2
1 0
0

C.A. L.

L

I

4

. Inoculation
2 4/4
1 4/4
2 5/5

. Inoculation
0/4
0/5
0/5

cocon

C.

==l

B.S.

[

CA.

o=

No. of monkeys with polie lesions / No. of inoeulated monkeys

Fie. 1.

Inoculation of india ink into the lumbar cord.
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Fic. 4. Sabin’s Type 3 {intraspinal inoculation), cervical cord. Perivasculsr and
focal infilirative lesions, damaged neurons.

Fre. 5. Sabin’s Type 3 (intraspinal inoculation), precentral gyrus, inflammatory
lesions.
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Fic. 6. Cox’s Type 2 (intraspinal inocnlation), lumbar cord. Inflammatory
reactions, neuronal lesions.

Tic. 7. Cox’s Type 2 {intraspinal ingculation), cervical cord. Perivascular and
focal infiltrative lesions and neuronal lesions in the anterior hern.
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TanLE 4.
Diryrion
Tyre Rovure o - e
10° 10— 1072
1 1.5, 2/3 2/4 3/5
1.C. 0/5 0/5 /5
A 2 I8 2/4 2/5 4/5
w LC. 3/5 2/6 3/5
3 LS. 1/56% 0/4 a/5
LC. 0/5 1/5% /5
1 LS. 0/5 0/4 0/3
LC. 0/4 0/5 0/5
=]
- 2 T.5. 0/4 0/4 0/4
o 1.C 0/3 0/5 0/5
it o S I -
3 L8, 1/4 1/4 0/
I.C. 0/4 0/5 0/5

No. of virus isolations/No. of inoculated monkeys,
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(e} Virus isolation from CNS5: With Types 1
and 2 of the Sabin strain no virus could be
isolated from the central nervous system of any
of the animals {lumbar and cervical cord, brain
stem, precentral gyrus) at the end of the ob-
servation period. With Type 3 isolation attempts
were successful in two cases. With Cox’s Type
1 strain, virus could be isclated {from the CNS
of the monkeys inoculated intraspinally in
numerous cases, not however in animals follow-
ing I.C, inoculation. With Cox’s Type 2, virus
was isolated in more than hall of the cases at
the end of the observation period; with Type 3
in ouly two monkeys who died during the ob-
servation period (indicated by an asterisk, see
Table 4.

In the monkeys found positive, virus isolation
was successful in one or more; seldom, however,
in all areas of the central nervous system
examined. The virus concentration was lower
than that found in corresponding areas after in-
nculation of virulent strains. A comparison of
the frequency of positive virus findings with the
soverity of histological lesions in general showed
parallel results. Virus isolation was successful
especially in those cases in which motor weak-

third week of the observation period. Particy.
larly in the animals dying intercurrently polio-
myelitis virus was occasionally also found in the
absence of characteristic histological alterations.

The virus strains isolated from the central
nervous system were examined with reference to
tissue-culture markers d, T, and MS. These
examinations appeared promising since in addi-
tion to possible mutations of the virus inoculated
the selective effect of central nervous system for
neurotropic poliovirus particles alse had to be
considered. With all strains in which an examina-
tion was possible, some of the cases showed al-
terations of one or two markers in comparison
to the initial material.
cases approach the bchavior of the virulent
strains uscd for contrels, however. Compared
with the other strains, the low number of
changes in genetic behavior found with Cox’s
Type 2 strain was remarkable.

(d) Antiflody formation in animals: With all
strains there appeared to be a relation between
the production of antibodies and the virus con-
centrations administered. There was no differ-
ence in the results with 1.5, and I.C. inoculation,

In no instance did these

ness was still pronounced during the second or however. Antibody formation did not seem to
TABLE 3.
Dirurion
Tyre Rovure
10° 107 107
1 L5, 273 0/4 0/8
L.C. 3/5 1/5 0/5
y S D
- 2 18 2/4 1/5 0/5
o) 1.C. 3/5 3/5 0/5
3 IS, 1/5 1/4 0/5
I.C. 1/5 2/5 0/5
1 L&, 0/5 1/4 0/3
1.C. 2/4 2/5 0/5
o I . -
;: 2 I.5. 4/4 2/4 0/4
- 1.C. 1/3 2/5 /5
T
3 LS. 1/4 0/4 0/5
I.C. 0/4 0/5 0/5

No. of monkeys with antibodies/No, of inocT.daEi monkeys.-




Experimental Studies on Animals with Attenuated Poliovirus 77

depend on the extent and occurrence of central
nervous system lesions, 1.e., animals in which 1.8,
inoculation did not reach the grey substance of
the lumbar cord, alsn showed antibody forma-
tion. Differences between the strains examined
seem to occur only with regard to Type 3, of
which Sabin’s strain led to antibody production
in only one case (see Table 5).

The antibody titer was partly high and in some
cases exceeded a dilution of 1:512. The various
straing showed no difference in the height of
titers.

(e) Virus isolation from feces: 627 specimens
of feces were examined before and during the
experiment. In 206 cases a cytopathogenic ef-
fect could be found in tissue cultures ({43 cases
showed the tvpe of cyvtopathogenic effect found
with adenovirus, in 159 cases it had not yet been
possible to determine the type, in 4 cases polio-
virus was isolated).

Discussion. OQur findings with regard to the
neuropathogenicity of the attenuated virus
strains of Sabin and Cox are in agreement with
the results of Murray and Melnick, ie., all
three of Sabin's intraspinally inoculated strains
are less nenropathogenic than those of Cox. This
difference was most striking in the Type 2 strains,
whereas there was no difference following intra-
cerebral inoculation of Type 1 strains of Sabin
and Cox.

A comparison with Murray’s findings regard-
ing the extent of neurspathogenicity showed
that in our examinations Cox’s Type 1 led to
less promounced histological lesions in the cen-
tral nervous system. Results with Types 2 and
3 of Cox tallied quite well with the findings of
Murray. With Sabin’s Types 2 and 3 strains,
the alterations found by us were similar to
Murray's findings. This was alse the case with
Type 1 following LC. incculation. Following
1.5. inoculation, the alterations found by us
were less pronounced.

A comparison of our findings with those of
Cabasso using the Cox strains revealed a higher
degree of neuropathogenicity following 1.8, in-
oculation of Type 1. There was no diflerence
in results following I.C. inoculation. With Type
2 we found histological alterations more fre-
quently than Cabasse following 1.5. as well as
LC. inoculation. A comparison of results with
Type 3 was not possible.

An attempt to isolate the virus from the cen-

tral nervous system after the end of the ob-
servation period showed striking differences be-
tween the various strains. The rate of success-
ful isolations essentially paralleled the neuro-
pathogenicity found by histological examination.
The examination of genetic properties of iso-
lated strains using markers d, T, and MS ac-
casionally showecd slight alterations of some
characteristics in comparison to the initial ma-
terial. Cox’s Type 2 seems to possess the great-
est stability with respect to the examined ge-
netic markers.

There was no difference in the production of
antibodies following 1.C. and LS. Inoculation;
particularly, there was no relationship with the
occurrence and extent of histological lesions in
the central nervous system. Noteworthy was the
fact that antibody production was rare follow-
ing inoculation of Sabin’s Type 3 strain. No
connection was found hetween antibody produc-
tion and the frequency «of isolation of non-polio-
virus from the feces of the animals. The anti-
body formation is regarded as proof of a multi-
plication of virus outside of the central nervous
system, with the spreading of the virus obviously
taking place directly via the inoculation trauma.
The validity of this statement was supported by
the results of experiments on the inoculation
of india ink into the central nervous system.

Finally we would like to raise the question of
whether, in addition to the usual methods of test-
ing the neuropathogenicity of virus, other cri-
teria might also be useful in assessing the suit-
ability of strains for human vaccination. Of
these, one might name the obvions multiplica-
tion of virus in the central nervous system, the
ahility to multiply outside of the central nerv-
ous system and the genetic stability of virus
girain following passage in neural and extra-
neural tissue.

CONCLUSION

By intracerebral and intraspinal inoculation of
monkeys with the attenuated poliovirus strains
of Sabin and Cox it was shown that all three
of Sabin’s strains are less neuropathogenie than
those of Cox, These results are in agreement with
the findings of Murray and Melnick.

At the end of the observation period of 21
days, the results of virus isolations {rom the
central nervous system paralleled those on neuro-
pathogenicity as manifested by histological alter-
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ations. In tests with genelic markers d, 7, and
MS the sirains isolated revecaled only vccasional
and slight alterations in comparison to the ini-
tial material. While [ollowing passage through
the central nervous system they did not present
in one single instance the characteristics of viru-
lent strains,

In tests on antihody formation following intra-
spinal and intracerebral inoculation, antibodies
were seldom produced following the use of
Sahin’s Type 3 strain, The possibilities for de-
termining neuropathogenicity and the question
of further criteria for the evaluation of these
vaccines are discussed.



6. DETECTION OF A “NON-DETECTABLE™ SIMIAN VIRUS
(VACUOLATING AGENT) PRESENT IN RHESUS AND CYNOMOLGUS
MONKEY-KIDNEY CELL CULTURE MATERIAL.

A PRELIMINARY REPORT

B. H. Sweer anp M. R. HiLLEMAN

Division of Virus and Tissue Culture Research,
Merck Institute for Therapeutic Research,
West Point, Pennsylvania

Dwn. Hiiimmaw (presenting the paper}: A
number of viral agenils have been recovered
from the tissues and excreta of monkeys. 1-¢ Cer-
tain of these agents are present in high fre-
quency in kidney-cell enltures of these animals.
These agents are currently called simian or
ECMO viruses. Hull ® has classified the simian
viruses into four groups (CPE groups 1, 2, 3,
and 4) based on the kind of cytopathic change
induced in monkey-kidney cell cultures infected
with these agents. Twenty-cight of these viruses
were precisely separated serologically into types
and, additionally, 24 “unidentifiable” viruses
were tecorded.  Malherbe and Harwin* distin-
guished seven distinet types among the SA vi-
ruses they recovered from vervet monkey mate-
rials.

The simian virases of monkey kidncy origin
present a real problem in the virus application
of the cell culture technique, Thus, indigenous
simian virus may contaminate or even exclude
the inoculated virus on passage in monkey-
kidney cell culture.  Virus-infected culture flaids
used to preparc killed poliomyelitis or adeno-
virus vaccine are commonly contaminated with
simian agents and assurance must be provided
for the inactivation of both the intended and
the simian viruses in these vaccines. Testing for
such “intruding” viruses may be further compli-
cated by the presence of such agents in the cul-
tures used to perform the tests. Finally, such
simian viruses must be definitively excluded
from any live virus vaccine intended for rou-
tine use in man since the long-term effect of
human infeciion with these agenls is unknown
and since data on sheri-tcrm eflect are either
meager or entirely lacking.

All of the presently reported simian viruses de-
rived from monkey-kidney cell culture have been

74

delected in kidney-cell cultures of the same mon-
key species, either in the primary culture itself
or on further passage. Thus, all of the agents
previously reported have been readily detectable
and can be excluded on the basis of rigid testing
in monkey cell cultures, The guestion has often
been raised concerning hypothetical “non-detect-
able” simian viruses, ie., those agents which
might be present in monkey kidneys but which
cannot. be delected by current procedures.

During the past two years, our virus research
work has repeatedly uncovered what appears to
be a new simian virus of Rhesus and Cynomolgus
monkey kidney origin and which does not cause
significant cytopathic change in kidney-cell cul-
tures of thegse same species. The agent does,
however, cause very marked and distinctive cyto-
pathic changes in kidney-cell cultures of the
African green monkey, Cercopithecus aethiops
according to Sanderson’], obtained
from equatorial East Africa. In our laboratory,
we have referred to this virus as the “vacuolat-
ing agent”, because of the prominent cytoplas-
mic vacuolation seen in infected cell cultures.
Dr. Hull® has suggesied that this vacuolating
virus be designated S.V. 40 and be included in
Hull’s C.P.E. Group 4

Studies in owur lshoratory of the vacuolating
agent have been directed mainly toward ils
elimination rather than its ergulation. Hence,
certain aspects of the work are scanty or still
in progress. The present report, which is pre-
liminary, records the findings to date.

ORIGIN OF STRAINS OF VACUOLATING
VIRUS

Vacuolating virus is readily recovered from
conlaminated virus seed stocks by passage of
the virus secd, in the presence of its homologous

[grivet,
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antiserum, in cell cultures of green monkey kid-
ney. Under these conditions, the contaminat-
ing vacuolating virus “breaks through™ and is
identified in serum neutralization tests using
anti-vacuolating agent serum prepared in rab-
bits. For the studies reported here, the green
monkey-kidney cell cultures were prepaved by
overnight trypsinization of the kidneys at 4° G,
and cultivation in lactalysate medium conlain-
ing 2 per cent heat-inactivated calf serum. For
virus propagation, the cultures were washed and
maintained in medium 199 containing 2 per cent
chicken serum.

Maore than 20 strains of vacuoelating virus
have been recovcred in our luboratory to date.
Table 1 shows the origin of eight of the strains
examined most extensively to the present time.
Vacuolating virus has appeured as a contami-
nant in the seed stocks of Types 1-7 adeno-
virus, These seeds were prepared in cultures
of Rhesus or Cynomolgus monkey kidney and
were obtained from Dr. R. Huebner or brought
ta this Jaberatory by one of us (M.R.H.) [rom
the Walter Reed Army Institute of Research.
Additionally, vacuolating virus has heen recov-
ered from seed stocks of Myxovirus para-influ-
enza 1 and 3, from the SA virus, and from the
respiratory syncytial dgent received from Dr.
R. Chanock or Dr. K. Habel.

Strains S 207, § 211, and 8§ 215 were derived
from Types 1, 2, and 3, respectively, of Sahin
live attenuated polio vaccine. In each instance,
the poliovirus was neutralized by homologous
polio immune serum prepared in rabbits immu-

nized with Syverton’s HeLa lines of poliovirus
propagated in human stable amnion cell cul-
ture. The infectivity titer of the vacuolating
virus in each preparation ranged from 1037 1o
10" 5. These isolatcs of vacuolating agent were
identified In serum neutralization tests with
rabbit antiscra against prototype strain 776. At
the time of the initial isolations of vacuolating
virus, the Sabin vaccines were also passaged in
the presence of a mixture of homologous polio-
virns and vacuolating agent antiserum. These
antisera suppressed hoth the poliovirus and the
vacuolating agent and showed the absence of
other dectectable viruscs which might have been
present in the Sabin materials.

Infection rate in normal monkey-kidney cell
cultures. During a one-month period, 10 Rhesus
and 10 Cynomolgus kidney-cell culture lots pre-
pared for use in ordinary Salk vaceine produc-
tion were examined for presence of the vacuo-
lating virus. Each lot of monkey kidney was
derived from a pool of kidneys from two or ‘
three monkeys. Ten days after planting, the
cultures were changed to medium 199 and held
for an additional 1¢ days. No definitive change
typical of the vacuolating agent was seen. On
the tenth day, culture fluid from cach lot was
passed to green monkey-kidney cell cultures.
Seven of the 10 Rhesus-cell lots vielded the
One ol the cell lots was in-
fected with a foamy-like virus! and two ap-
peared free of contaminating agents. The in-
fectivity titers of the inapparent vacuolating
virus in the “normal” Rhesus monkey-kidney

vacuolating virus,

TaoLe 1. Orwiv or Ewcur StRaINs oF VACUOLATING VIKUS

QUANTITY
OF YACUOLATINGL
STRAIN Rrcoveren From Vimus 18 ORIGINA
MATERIAL
(InFeCTIVITY TITER
riLi] Adenovirus Type 1, Seed Btock —
175 Adenovirus Type 5, Seed Stock —
8 207 Babin Type 1, Tive Attenuated Oral Polic Vaccine, Strain LS 1046
5 211 Babin Type 2, Live Attenuated Oral Polio Vaceine, Strain 1’712 10-37
8 215 Sabin Type 3, Live Attenuated Oral Polio Vaccine, Strain Leon 1045
953 Uninfeeted “Normal” Bhesus Monkey-Kiduey Cell Culture 1085
1095 Uninfected “Normal” Rhesus Monkey-Kidney Cell Culfure 10—t
584 Uninfected ‘“Normal” Cynomolgus Monkey-Kidney Cell Culture 1008
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Fic. 1. Cytopathic changes in wet preparations, infected green monkey-kidney cell cultures, caused

by strain 1095 of vacuolating virus. A.—Infected culture, day 4, 112 x mag’n. B.—Same culture

400 x mag’n_ (arrow points 1o cell with vacnoles}. C.—Ininoculated control culture, day 6. 1D.—In-
fected culturc, day 6, 112 x mag'n. E.—Same culture, 400 x magn,
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Fi;. 2. Cytopathic changes in hematoxylin-eosin stained infected green monkey-kidney cell cultures,

caused by strain 1095 of vacuolating virus. A.—Uninoculated control culture, day 5, 840 x mag'n.

B—Infected culture, day 5, 840 x mag’n, C.—Uninoe. control culture, day 3, 198 x mag'n. D.—In-
fected culture, day 5, 198 x mag'n.
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cell culture were found to he as high as 10-°
in 0.2 ml

Only one of the 10 Cynomelgus cell-culture
lots revealed the vacuolating virus. [However,
definitive tests of these lots for vacuolating virus
were not possible since eight of the lots were
heavily contaminated with what appeared to be
the foamy virus. Thus, vacuclating agent, if
present, may have heen overgrown or excluded
by foamy virus.

Cultures of African green monkey-kidney pre-
pared in our lahoratories have been found re-
markably iree of the vacuolating agent. In the
course of use of more than 1000 lots of indi.
vidual monkey-cell cultures, presence of vacuo-
lating agent was suspeet {or only four lots and
proved for enly one lot,

PROPERTIES OF THE VACUOLATING
VIRUS

Cytopathic effect. Figures 1 and 2 show, re-
spectively, the outstanding changes caused by
vacuolating virus as observed In wet culture and
in stained preparations. Green monkey-kidney
cell cultures infected with about 1000 TCD,, of
vacuolating virus show beginning changes on day
3 or 4. At this time, some of the cells may ap-
pear rounded or shrunken and may exhihit a
darkened cytoplasm. A few of the cells may
show beginning vacuclation of the cyloplasm.
With increased time, the typical changes de-
These consist predeminantly of enlarge-
ment of cells which are spread out on the glass
or ballooning of frce cells.
these cells becomes filled with vacuoles which

velop.

The eytoplasm of

appear highly refractile in wet preparations and
which appear as “holes” with intensely stained
boundarics in stained preparations. The nucleus
may appear normal or disorganized internally.
Limited [usion of the cytoplasm of adjoining
cells may occur but, predominantly, each cell
maintaing its own integrity. Thus, syneytia and
giant cells, such as occur with measles or foamy
virus infeclion, are not prominent in vacuolat-
ing agent infection. Within 5 to 10 days, the
infected cells aggregate together and detach
from the glass leaving behind only small islands
of normal or degenerated cells.

No definitive cytoplasmic or nuclear inclusion
bodies have been ohserved to the present in H
and E stained preparations of ecells infected
with the wvacuolating wirus. The cytopathic
changes caused by the vacuolating agent appear
qurte distinct from those described for Hull’s
four groups of simiun viruses and for Malherbe's
and Harwin’s seven simian agents.

Antigenic relationships. The strains of vacuo-
lating virus studied to date appear to comprise
a single immunologic group. As shown in Table
2, antisera against vacuolating agent strains 776
and 175 neutralized the homologous viruses and
Addi-
tionally, all threc strains of Sabin vaccine origin
were neutralized by strain 776 anliserum.

Strain 776 of vacuolating virus was not neup-
tralized by antiscrum against group 4 SV-6,
53V-26, or SV-29 antisera furnished by Dr. Hull.
Additionally, it was not neutralized by Myxo-
virus parainfluenza 1 or 3 antisera or by such
SA, SV-5 or foamy virus antisera as were im-

all of three additional strains as well.

TasLe 2. AwTticENIt RELATIONSHIFS OF SELECTED STRAINS 0F VACUOLATING VIRUS oS MEASURED
v SerumM NeUTrRALZATION TESTS

TITER 0T SERUM AGAINST STRAIN
VIRUS STRAIN TrsTED e T T T T

776 175

776 4096 or > 300

175 4096 or > 1600

10495 4096 or > 2048
953 4096 or > 4096 or >

584 4006 or > 40696
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mediately available to us. These tests are be-
ing confirmed with certified sera. Vacuolating
virus strains 776, 175, 953, 1095, and 584 were
neuatralized by pooled antiserum against Hull’s
group 1 B {8V, 20, 23, 25, and 27) and the
last three strains by group 3 (S.V. 12, 28, 59).
None was neutralized by group 2 (5.V. 2, 16,
18, 19} or group 4 (8.V. 5, 6, 29) antisera., In
these tests, only a negative finding has signifi-
cance since the antisera employed were prepared
using virus grown in Rhesus or Cynomolgus kid-
ney-cell cultures, which might alse have con-
tained vacuolating virus.

Host cell range. Vacuolating virus strain 776
titering 10-%? in green monkey-kidney culture

was tested in the various primary and line cell

cultures shown in Tghle 3. No definitive cyto-
pathic change referable to the virns was ob-
served in any of these cultures, other than
green monkey kidncy, when observed for 8 to
12 days. The virus was shown to persist for at
least 10 days in HeLa or stable amnion cell cul-
tures, but without incrcase in titer. Titers as
high as 10~ %% have been obtained with vacuo-
lating virus propagated in green monkey-kidney
cultures.

Miscellaneous physical and biological prep-
erties, Certain of the properties of the vacuo-
lating agent, not previously discussed, are
shown in Table 4. Studies are in progress to
determine the inactivation kinetics for the virus
with 1:4000 formalin in the Salk vaccine pro-
duction procedure,

TasLe 3. Hest CeLi Rance ror CyToPATHIC
ErrecT oF VACUOLATING AGENT STRAIN 776

Kimwp ov CELL CyroraTHOLOGY

Primary Cell Cultures:
Green Monkey Kidney
Rhesus Monkey Kidney
Rabbit Kidney
Human Amnion

Line Cell Cultures:

Hela “
Stable Amnion “
Chang Liver
Girardi Human Heart e

Positive
Negative
(11

TapLE 4, MisceLLANEOUS PHYSICAL AND
BrorocicAL PROPERTIES OF VACUOLATING AGENT,
: StTRAIN T76

=

. Filterable through Sclas 03 and Scitz 81 filters.
2. Infected eultures fail to hemadsorb or eause
hemagglutination of guinea pig, chicken, or
human “Q’" erythroeytes at 4°C. or at 25°C.
3. Resists treatment for 18 hours with an equal
volume of diethyl ether,
4. Infectivity destroyed by treating with 1:2000
formalin for 48 hours at 87°C.
5. Relatively heat stable. Heating at 56°C. for
one hour reduces infectivity titer about 30-fold.
. Stable on storage at —20°C. and at —70°C.
. Induces homologous neutralizing antibody in
rabbits immunized with the agent.

-] ¢

OCCURRENCE OF ANTIBODY AGAINST
VACUOLATING VIRUS IN HUMAN
AND MONKEY SERA

Tests of various human and monkey antisera
were carried out with the results shown in
Table 5.

None of the sera {rom six animals in two
Iots of normal African green monkeys neuoiral-
ized the virus. Twelve of 18 antisera from nor-
mal Rhesus monkeys neatralized the agent. This
included six monkeys especially caught, in India,
in a group of about 350 and flown to the U.S.A.
without ever being “gang-caged”. The animals
were housed in single isolated cages after ar-
rival and tested eight months alter receipt.

One lot of human gamma globulin was found
free of antibody when tested diluted 1:50.

Dr. Sabin sent us, {for test, sera from five
children, each fed Sabin live peliovirus vaccine
Types 1, 2, or 3 on a total of six occasions and
sera from five normal children, None of these
sera showed antibody against the vacuolating
virus at a dilution of 1:5.

Tests were conducted with sera from 10 mili-
tary rceruits in the first field trial® of adeno-
virus vaccine at Fort Dix, N, J., in 1956, Three
of four recruits who had received two doses of
adenovirus vaceine showed antibody against the
vacuolating virus while none of six non-vacci-
nated persons showed antibody. Tests of pre-
und post-vaccination sera from the same indi-
viduals are currently in progress. Appearance
of antibody against vacuolating virus in such
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TaBLE 5. TrsTs For NEUTRALIZING ANTIBODY AGAINST VACUOLATING AGENT STRAIN 776 18 Human
AND MoNEEY SERA

No. Posrtive
No. Tresrep DgescrirTIoN oF SERA
0/6 Normal African green monkey, diluted 1:5
12/18 Normal Rhesus monkey, diluted 1:5
0/1 Phil. Serum Exchange, human gamma globulin, lot G50B, diluted 1:50
0/5 *Children fed Sabin live oral polio vaccine on six occasions, serum diluted 1:5
0/56 *Normal children, serum diluted 1:5
0/6 Normal military recruits, scrum diluted 1:5
3/4 Military recruits given two doses of formalin-killed adenovirus vaccine.
Post-vaceination sample, serum diluted 1:5

* Sera tested for Dr. A. Sabin.

vaccinated persons is not surprising since the
adenovirus seed stocks used to prepare the vac-
cine have been found to be contaminated with
the vacuolating wvirus.

SUMMARY AND COMMENT

The vacuolating virus appears to be a com-
mon and essentially ubiquitous contaminant of
Rhesus monkey-kidney cell cultures, a likely
eommon contaminant of Cynomolgus kidney cul-
tures, and a relatively infrequent contaminant
of African green monkey kidney.

The virus appears different from Hull’s ? four
simian virus C.P.E. groups and from Malherbe’s
and Harwin's * seven agents, hased on the dis-
tinctive vacuolating type of cytopathic change
in infected cells. Failure of the vacuolating
virug to cause cytopathic changes in Rhesus or
Cynomolgus monkey-kidney cell cultures further
distinguish the agent from Huall's groups.

Resistance of the virus to ether and failure
of hemagglutination and hemadsorption distin-
guish the agent from the MyXoviruses.

The vacuolating agent appears to be just
“one more” of the troublesome simian agents to
be screened for and eliminated from virus seed
stocks and from live virus vaccines. Lack of
antibody response in human subjects fed polio
vaccine containing vacuolating agent suggests
lack of massive proliferation of the virus under
the conditions employed although ahsence of
human infection to some degree could not be
excluded.

The detection in green monkey kidney of this
common inapparent virus Infection of Rhesus

and Cynomolgus monkey kidney represents the
first instance of demonstration of a “non-de-
tectable” indigenous agent in the monkey-kidney
culture system. Although new to simian viruses
and monkey kidney, it is neither new nor unique
to other viruses and cell culture systems. Dem-
onstration of the vacuolating agent raises the
question of possible presence of other indige-
nous and inapparent monkey kidney agents
which might he detected under different methods
of testing. It also raises the question of the
extent to which proliferation of viruses inocu-
lated into monkey-kidney cell cultures may be
interfered with owing to the presence of such
inapparent indigenous viral agents.
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DISCUSSION

Cuamman Burser: The papers presented
by Dr. Pette and Dr. Hilleman arec now open
for discussion.

Dr. Barow: As regards the low isolation
rate of viruses from the central nervons system
of the monkeys incculated with the attenuated
virus in Dr. Pette’s study, we have had similar
cxperiences, that is, virulent strains resulted in
a very high isolation rate of virus, while the
avirulent strains gave a very low isolation rate,
approximating an over-all average of 30 per
cent.

On sindying this further, and as we have re-
ported in the recent Federation Proceedings, an
inhibitory material was found in the central
nervous system of these suspensions of central
nervous system material as well as in CNS sus-
pensions from normal monkeys, This inhibitor
was ahle to inhibit one, two, sometimes three,
logs,, of virus. Upon dilution of some of the
originally negative central nervous system sos-
pensions from monkeys with poliovirus lesions,
we found that the virus was able to be iselated,
bt not in all cases.

We are currently working on methods to de-
stroy the inhibitor selectively and leave the virus
intact. I think the point to be made is that
there may be a higher virus isolation rale once
the inhibitor in the central nervous system sus-
pension has been climinated,

CrAmMAN BUrRNET: Are there further com-
ments? Dr. Gear.

Dr. Grar: As Dr. Hilleman has pointed out,
Dr. Malherbe, wha is in charge of our safety
testing at the Poliomyelitis Research Founda-
tion, has taken a particular interest in the simian
viruses. These are now of increasing impor-
tance and interest, and it may be recalled that
he and Harwin have described eight such viruses
in the South African vervet monkey, namely, SA
—which stands for simian agent, though per-
haps we should add South African in this par-
ticular instance—SA-I, which is the foamy
agent; SA-II, which is the measles-like virus
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agent; SA-III, which is similar to, or identical
with ECHO-X virus; SA-IV and SA-V, both of
which produce changes somewhat similav 1o
those of the poliovirus but are not polioviruses;
SA-VI, which is a cylomegalic inclusion or
salivary-gland disease virus, presumahly of
monkeys; SA-VII, an FECHO-like virus; and SA-
VIIL, which is similar to the Herpes “B” virus.

In hatches of vaccine, prepared recently {rom
Sahin’s “strain at the Laboratory of the Polio-
myelitis Research Foundation, it has been pos-
sible to demonstrate the foamy agent in ahout
100 per cent of the batches prepared from five
or more monkeys, and in about 50 per cent of
kidneys from single monkeys,

Of some interest is the increasing propertion
of positive findings resulting {rom lengthening
the time of observation from three wecks to four,
and of snbinoculating onto test tubes.

For example, in one particular batch, out of
12 bottdles under test at three weeks, only one
showed the foamy agent, At four wecks, scven
showed the foamy agent; then, by subinoculating
onto tubes, an additional two were picked up.

Tn addition to the foamy agent, there have
been found several isclations of the measles-
like virus, and one can imagine that il we fed
measles virus on a large scale to fairly young
infants then there might be a severe epidemic of
measles.

Aside from the trouble with these agents, it
might be worth while to mention that in the
ECHO-XVT strains, which were rceeived from
Dr. Sabin, another virus was isolated which we
have not isolated so far from South African
monkeys and which crosses with Hull's SV-VI
and Hull’s SV-XVIII.  Presumably, it was in
the original material,

In addition to the trouble with the monkey
kidoneys, there has heen similar -1rouble with
dog kidneys, most of which so far have con-
tained a virus which resembles distemper virus
in appearance. Even the young puppies we are
now using have had gquite a proportion of this
virus.

One cannot assume, of course, that these
viruses are harmless. One would agree with
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Dr. Koprowski’s statement at the first session
that their importance should not be exagger-
ated. However, in view of the possible pres-
ence of viruses, such as the “B” virus and
measles virus, it is important to eliminate these
viruses if that can be done, and it can be done
to some extent by using cultures from single
monkeys as lots.

It has also heen found that treatment of the
suspensions with chloroform and with ether will
destroy the activity of the foamy agent, the
measles agent, and “B” virus., Of course, it
does not eliminate the polic-like viruses, the
ECHO viruses, or the adenoviruses, or, in this
particular case, the virus that Dr. Hilleman has
described.

I should emphasize that one should not as-
sume that these viruses are harmless. One
should take every precaution to eliminate them
or to prove that they are harmless hefore pre-
suming that they are.

Dr. Murrav: Dr. Hilleman provided our
laboratory with some materials in connection
with his vacuolaling agent. Dr. Baron has ac-
tually becn carrying out this work personally
and can answer questions concerning any of the
details. However, I would say that, short of
actual neutralization tests, we have been able
to confirm the results that Dr. Hilleman has
presented.

In this respect, T would say that we were for-
tunate in having in stock a number of vervet
monkeys which were kindly supplied to us by
Dr. Gear some years ago. Otherwise, we would
not have heen able to carry this out.

To digress for a moment on the question of
eliminating some of these agenis, T was in-
terested in Dr. Gear’s remarks and would like
lo menlion, in case some of you did not pick
this up, that recently Dr. Hiatt of our Division
has carried out some work on the differential
destruction, particularly of B-virus, using the
phenomenon of the photodynamic action of cer-
tain dyes. This seems to he quite successful, at
lecast from the point of view of reducing the
titer of B-virus, without simultaneounsly reduc-
ing the titer of the paoliovirus component of
the virus fluids.

Dr. Durpeceo: In view of what has been
said about the presence of these virnses and

the implications of the many kinds they can
have, 1 wonder whether those who make the
vaccine should nol eonsider purifying the virus.

With modern technology, T believe, purifica-
tion could, without tremendous effort, be
achieved by a combination of various types of
chromalography and equilibrium density gra-
dient sedimentation.

In fact, poliovirus happens to he prohably one
of the animal viruses of highest density. By
equilibrium density gradient sedimentation one
could remove essentially everything except the
polio-like viruses which, from what we heard
at the first sesston, could be separated by chro-
matography.

Dr. Samiw: I think that a little history on
the 10 sera ihat I sent to Dr. Hilleman may
be of interest. Five of the sera were from
children who had no Salk vaecine and five irom
triple-negative children who were led the three
types of vaccine seriatim—{irst in 1957 and then
in 1959, Afrer the initial feedings, poliovirus
predominated, and if this other virus could mul-
tiply in man it might conceivably have heen
suppressed.

But the second series of feedings, which were
varricd out two years later, three in a row,
were not associated with multiplication of polio-
virus in the intestinal tract and presumably this
virus should have had a e¢lear field for multi-
plying—if it possesses the capacity to multiply
in the human intestinal tract.

Accordingly, the absence ol any neutralizing
antibodies in the sera of these five children is
an indication that there was not sulficient mnl-
tiplication to produce antibodies. The stools of
all these children werc preserved, and we pre-
pared to test them for evidence of actual mul-
tiplication in vervet monkey-kidney cells.

But until recently, Dr. Hilleman was misin-
formed uhout the type of monkey he was deal-
ing with. He had told us to get vervet monkeys,
then he telephoned a short time ago and said
the monkeys he was warking with werce not ver-
vets but grivets,

I have heard Dr. Murray speak of having
obtained the Hilleman virus effect in cultures
from monkeys which he calls vervets. Perhaps
this virus is also pathogenic for vervet monkey-
kidney cultures. The difference, according to
Dr. Hilleman, is that the vervets come from
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West and South Alrica, and that the grivels come
from Equatorial East Africa.

By the end of this week, hefore this Confer-
ence is over, we shall have our own data to in-
dieate whether or not lilleman’s virus produces
a CPF in vervet kidney cultures and also whether
the stools of the children have this agent in
them.

With increasing numbers of simian agents,
it is important to ask whether a particular agent
multiplies in the human being. 1If it does not
multiply, it iz not important. As Dr. Koprowski
has said, it may be that many things we eat
may have viral agents that we do not know
about. However, if they do not multiply they
are of no consequence.

I often wonder whether the so-called Ioamy
virns, which we encounter so frequently, ac-
tually multiplies in human beings. I think
somchody ought to test it.

Discussion with British manufacturers of the
oral vaccine indicated that the feamy virus is
the chief troublemaker in getling cultures that
can be used, They found that even when you
use single monkeys, and even when vou use
quarantined monkeys, which seems to climinate
most of the simian viruses—they have not heen
able 1o delect any of the others except perhaps
in 1 per cent of the quarantined monkeys—the
foamy virus remains. It is precisely as Dr.
Gear has described it; depending on how long
vou keep the cultures, the incidence increases.
Some decision will be required as to when to
draw the line, particularly when the harvest cul-
ture fluid itself is by the most sensitive test {ree
of any demonstrable foamy agent.

As regards this foamy agent, I think T would
like to mention here the experience of Professor
Chumakov, as pointed out 1o us by him at the
lasL meeling in Moscow. As long as they used
Indian monkeys they had the same problem
with foamy virns as other people have heen en-
countering. Bnt since they have started import-
ing monkeys from China and from North Viet
Nam, their tests have indicated that only about
3 per cent of individual monkeys that were
worked up have presented problems of foamy
agents.

In conclusion, 1 think the most important thing
we have to decide is whether or not the new
agent multiplies in the human heing. If it does

not multiply, it is just like putting it into the
sewer In an indirect way,

Dr. Hrreman: In reply to Dr. Sabin’s re.
marks, I should like to state that probably it
is only the monkeys that understand the classi-
fication of the green monkey. This is a very
confused silzation. All the green monkeys be-
long Lo the species Cercopithecus wethiops, but
there are 20 subspecies or races. By common
parlance the South African green monkeys are
usnally called vervets, the Northeast African
greens are grivets, and the East African grecns
arc called African green monkeys.

I wonder if we could ask Dr. Baron to re-
count in a few words what he has {found to date
with the various live poliovirns vaccines and
other materials he is testing for the presence
of the vacuclating virus, T think it is impaor-
tant and I think Dr. Baron should have some-
thing to say about it.

Dr. Baroxn: I really cannot add very much
to what Dr. Murray has said other than that
we have tested for vacuolating agent representa-
tive geed lots of the various attenuated viruses
proposed. We have ohserved a cytopathogenic
effect which is identical to that produced hy
the strain which Dr. Hilleman has given us,
i.c., strain 776.

Finally, T might add that we now have on
test or plan to test stool samples and pre- and

post-feeding sera from persons fed vaccines
which presumably contained a vacuolating
sgent.

Dr. Sarin: What are the monkeys?
Dx. Barow: South African vervet monkeys.

Dr. Sapmv: In view of that statement I think
it is important to note that Dr. Gear’s labora-
tory has been making the vaccine from vervet
monkeys, has tested the production lots in ver-
vet monkeys, and has not encountered this
agent. Is that correct or not? Would Dr. Gear
please comment on this, since he huas used a
monkey which is susceptible to this agent?

Dr. CEAR:
of this agent.

Until today, we were not aware
It is possible that we did not
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recognize its effects in the cultures, but of course CHairMaN BurneT: I should like to ask Dr.
its effect would be masked by the destruction of Kirschstein to present her paper en “Labora-
the cells resulting from the poliovirus infection. tory Investigations of the Attenuated Poliovirus
But we did not come across any marked eyto- Vaccine Strains. I. Neurovirulence after In-
pathogenic effect in the culture bottles. tramuscular Inoculation of Monkeys.”



7. LABORATORY INVESTIGATIONS OF THE ATTENUATED
POLIOVIRUS VACCINE STRAINS

I. NEUROVIRULENCE AFTER INTRAMUSCULAR INOCULATION OF
MONKEYS

R. KmrscusTEIN, G. BorMan, S. Baron, R. Friepman, R. Murray, anp G. HotTLE

Division of Biologics Standards
National Institutes of Health, Bethesda, Maryland

Dr. KirscHsSTEIN (presenting the paper): At
the First International Conference on Live Polio-
virus Vaccines last year we presented a compari-
son of the neurovirulence of the attenuated polin-
virus vaccine strains when inoculated directly
into the central nervous system (CNS) of mon-
keys . As vou heard this afternoon, Dr. Pette
confirmed our observations.

The significance of those results and the cor-
relation of neurovirulence after that type of in-
oculation with neurovirulence in wman Is not
really known. Therefore, it appeared that a
study of the neurovirulence of the attcnuated
strains after inoculation extraneurally might be
more meaningful and add to our knowledge of
the invasiveness of these strains,

Preliminary studies of these strains after in-
tramuscular ineculation have been performed
before by Sabin in 1957 2 and by ourselves and
Melnick in our laboratory® in 1958.

Monkeys: The majority of monkeys used in
this study were Rhesus (Macaca mulatta). A
small number of Cynomalgus (Macaca irus phil-

TanLe 1.

Koprowskr group

Type 1 Wistar-CHAT Pool 13
Type 2 TN 19 Pool 1
Type 3 WIX Pool WY 13

Lederte group
Type 1
Type 2
Type 3

Sabin group

Type 1 L. Se, 2 ab

Lederle-SM, # 7-1231-166
Lederle-MEF-1, & 7-1232-243
Lederle-Fox, # 7-1233-344

Type 2
Type 3

72, Ch, 2 ab
Leon, 12a, b
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lipinensis}) monkeys were also used. The ani.
mals were in overt good health and weighed
hetween 4-10 1bs. initially. The animals were
observed daily for signs of poliomyelitis and
were sacrificed at 14-20 days. They were honsed
in stainless steel donble-decked cages with 2 or
3 per cage.

Virus strains: The virus strains were obtained
from Dr. Koprowski, [rom Lederle Laboralories
and from Dr. Sahin. The titers and identifica-
tion of the virus strains are seen in Table 1.
The virus fluids were titered as described in
gur paper at the first Conference. On the whole
the Liters were somewhat higher than those we
vbtained lasi year.

Inoculation:  The monkeys were inoculated
into the right thigh, or upper arm muscles with
1 ml, 5 ml, or 10 ml. amounts of undiluted
virus tuids or 1 ml. amounts of material di-
luted 1:10.

Examination of Tissues: The methods fol-
lowed were those used in the safety test for in-
uclivated poliomyelitis vaceine and were de-

STRAINS OF PoL1ovVIRUS STUDIED

1072 PEU /ml.
105 PFU/ml
1071 PFU/ml

1079 PFU /ml,
10%5 PFU /ml,
1079 PFU/ml.

1077 PFU /.
1073 PFU/ml.
107 PFU/mL
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scribed in detail in our report to the First Con-
ferencel

Each section, as reported previously, has been
evaluated individually and the lesions graded
as minimal, mild, mederately severe, or severe.
Since there has been much discussion of grad-
ing systems and many attempls at quantitation
of lesions %%, a deseription of our grading sys-
tem and a discussion of its usefulness is pre-
sented.

A severe lesion is one in which the neurons
of both anterior horns of the spinal cord sec-
tion or of the motor nuclei affected in the

brainstem sections are totally or almost totally
involved,

A moderately severc lesion is one in which
(1) the extent and degree of neuronal damage
is not as great as in the first group, is present
in both the hemisections of the eord or in all
the brainstem nuclei affected, or in which {2}
the involvement may be severe but confined
only to one hemisection of the cord, or to only
several of the brainstem nuclei that might be
affected.

A mild lesion is one in which there are only
a few neurons damaged in one or both hemi-

TaeLE 2. NrurovikuLeNce ForLowing INTRAMUSCULAR TNOCULATION oF RHESUs MONKEYS WITH
Tyre 1 ATTENUATED PoOL1OVIRUS

Inoculum-P.F.U, Histopathology
Clinical Lumbar Cervical B.S.
Signs
Koprowski Type 1
108-7-10%° - - - -
107-7-107.9 2/4% 2/4 1/4 2/4
10%7.107.2 0/12 1/12 1/12 1/12
106 2.106. 4 0/2 0/2 0/2 0/2
Lederle Type I
108-7.108.9 4/ 474 46 414
107+7-107-9 5/14 9/14 9/14 9/14
1087197, 2 0/4 0/4 0/4 0/4
106.2.106.4 - - .-
Sabin Type I
108.7.108.9 0/4 3/4 0/4 0/4
107-7-107-9 0/14 5/14 2/14 1/14
106.7-107.2 0/4 0/4 0/4 0/4
106- 2105 4 - - - -

* No. of monkeys having findings/No. inoculated.
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sections of the cord or only one or two nuclei
of the brainstem sections affected.

A minimal lesion is one in which there is a
single focal infiltrate of one anterior horn or
one nucleus of the brainstem.

We feel that this descriptive grading system
has advantages in that it conforms to the trained
pathologists’ impression, is simple to use and
does not convey an unwarranted impression of
precision. In dealing with a biologic system,
numerical quantitalion tends to be non-repro-
ducible.

RESULTS

The results obtained are shown in the fal-
lowing tables. The number of plaque-forming
units (PFU)} actually inoculated intramuscu-
larly are shown so that a comparizon of the
strains may he made. Table 2 shows the re-

sults after inoculation of the Type 1 strains
into Rhesus monkeys, As may be seen, monkeys
showed clinical signs of polio after inoculation
of 1077 PFU, or greater, of the Koprowski or
the Lederle Type 1 sirains. The first sign was
weakness of the leg in which the inoculum had
been placed, This oceurred oo the fifth or sixth
day after inoculation. Weakness gradualily pro-
gressed to partial or complete paralysis of the
affected leg, to partial or complete paralysis
of the other (left} leg as well. In this, as in
the initial study of these strainsl, many more
animals showed histologic evidence of polio than
the clinical signs would lead one to suppose.
With the Sabin Type 1 strain, no clinical. signs
of poliomyelitis occurred; however, histologic
lesions of poliomyelitis were seen. Again, quan-
titative differences are evident with the Sahin
strain; the lesions, in mest of the-animals, were

TapLr 3. NEUROVIRULENCE ForLLowing INTRamMuscuLag INocuratioN oF RuESUS MONKEYS wirH
Tyre 2 ATTENUATED POLIOVIRUS

| Inoculum-P,.F.U, Histopathology
: Clinical Lumbar Cervical B.S.
Signs t
Koprowski Type II
107-8.108.0 - - - -
107-0.107.3 0/3% 0/3 0/3 0/3
106.0.1¢06. 5 0/4 0/4 0/4 0/4
Lederle Type II
107-8-108.0 . _ _ .
107-0-197.3 0/4 1/4 1/4 1/4
108-0.106.5 076 0/6 0/6 0/6
Sabin Type II
107+8.108.0 0/4 0/4 1/4 0/4
107.0.107.3 0/6 276 0/6 0/6
105+0.106. 5 0/4 0/4 0/4 0/4
S

* No. of monkeys having findings/No. inoculated.
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confined to the lumbar cord whereas with the
other two strains lesions spread to the cervical
cord and brainstem.

Table 3 shows the results with the Type 2
strains. Here, the results are quite different
from those produced with the Type 1 strain,
No animals became paralyzed and indeed only
occasional animals showed histologic evidenec
of poliomyelitis. Certainly, none of the Type 2
straing appear to have much neurovirulence
when inoculated intramuscularly. Table 4 shows
the results with the Type 3 strains and again
none of the strains appear Lo have much viru-
lence.

In general, the lesions seen in the paralyzed
animals were as severe as those previously de-
scribed after direct inoculalion inte the CNS.
In some of the non-paralyzed animals, extensive

lesions were alse seen. In many of these, the
lesions were only present in a single level, either
lumbar or cervical. It is of interest to note
that, in one monkey, at least, localized lesions
of poliomyelitis were present in the lumbar
spinal cord after inoculation of the vaccine into
the upper arm museles.

How does invasion of the CNS occur after
intramuscular inoculation? Two possible routes
are: spread along peripheral nerves, or viremia,
leading to invasion of the CNS.

Investigations were undertaken to answer this
gquestion. The Type 1 strains were chosen for
injtial study since these appeared to exhibit the
highest degree of neurovirulence. Monkeys that
had been inoculated with Lederle and Sabin
strains intramuscularly and intravenously, were

bled on days 1, 2, 3, 5, 7, and 9. Viremia oc-

TanLe 4. NevkoviRULENCE ForLowiNe INTRAMUSCULAR InocuLATION oF RAESUs MoONKEYS wITH
Tyre 3 ATTENUATED POLIOVIRUS

Inocculum-P,F, U, Histopathology
Clinical Lumbar T Cervical B.S.
Signs
Koprowski Type 111
108-%.108.6 - - | - -
107.7-108.1 1/4% 2/4 1/4 1/4
106.9-107.1 0/4 0/4 0/4 074
Lederle Type I1I
108.4-.108.6 - - - -
107.7-108.1 0/4 1/4 0/4 0/4
106-9.107.1 0/6 1/6 0/6 0/6
Sabin Type IT1
108.4.108.6 0/4 0/4 0/4 0/4
107-7-108. 1 0/6 0/6 0/6 0/6
108 9.107.1 0/4 0/4 0/4 0/4

* No. of monkeys having findings/No. inoculated.
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curred in many of the intravenously inoculated
monkeys on days 1, 2, and 3. Two of the in-
tramuscularly inoculated monkeys (receiving
107* PFU of virus) also had viremia on days
1, 2, and 3. Two monkeys which received 10%°
PFU of virus intramuscularly (a dose insuffi-
cient te cause histologic evidence of poliomy-
elitis) also had viremia on days 5 and 7. Viremia
occurring on days 1, 2, and 3 after intramuscular
inoculation may not be indicative of virus mul-
tiplication and secondary appearance in the blood
but rather of immediate spill-over into the blood-
stream. However, that viremia which oceurred
on days 5 and 7 may indicate secondary en-
trance of the virus inte the blood.

In order further to study the invasive prop-
erties of these strains, a group of monkeys were
anesthetized using intraperitoneal or intravenous
sodium pentobarbital. Then, the right sciatic
nerve was either surgically separated and the
ends tied off or it was frozen with dry icc ac-
cording to the method of Bodian and Howe "
Animals were then inovculated in the thigh mus-
cles or in the gastrocnemius of the leg inner-
vated by the nerve that had been injured. Table
5 indicates the results. The animals having
lesions of polinmyelitis arc all in the group hav-
ing surgical section of the sciatic nerve and
inoculation in the area of inflammation result-
ing from surgery. In animals inoculated at a

great distance from the surgery no lesions ge-
curred.

As a further investigation of the route of in-
vasion of the CNS, a group of Cynomolgys
monkeys were given human poliomyelitis im-
mune globulin into the gastrocnemius muscle in
a dosage of 1 or 2 ml. per Kg. of body weight
intramuscularly 24 hours before being given
Lederle Type 1 or Sabin Type 1 intramuscu-
laxly in the opposite leg. The methods used
were those of Nathanson and Bodian 7. Table §
shows the results of this study. As can he seen,
the paralytic rates and histologic findings were
cssentially the same with or without the globu-
lin, suggesting that the antibody did not protect
these monkeys in any way.

Finally, two monkeys were subjceted to the fol-
lowing: After anesthesia, the sciatic nerve was
injured by freezing and jmmune globulin was
administered, as previously, in the other leg.

Twenty-four hours later, Lederle Type 1 virus
pool was inoculated into the gastrocnemius mus-
cle of the leg that had had the nerve surgery.
These animals showed weakness of the leg due
to the nerve injury, Histologic examination of
the spinal cord and brainstem showed no evi-
dence of poliomyelitis.

Thus it appears likely that the virus has the
capacity to spread to the CNS along peripheral

nerves. Certain facts, however, such as the de-

TApLE 5. VIRULENCE OF ATTENTUATED POLIOVIRUS STRATNS FOLLOWING INTRAMUSCULAR INOCULATION
AND Sciatic NERVE INJURY

Tyre 1

Virus Inoc. | Inoculation Type of Histologic Findiggs

strain PFU gite Nerve injury | Lumbar| Cervical ! Brainstem

Lederle .108_9 Thigh muscles | surgical 2/4% 0/4 1/4

i section

Lederle | 108-2 Thigh musdcles surgical 2/4 0/4 074
section

Sabin 108.7 Thigh muscles | surgical 2/4 /4 0/4
section

Sabin 108.0] Thigh muscles | surgical 1/4 0/4 /4
Section

Lederle | 108-2 Gastrocnemius freezing e/2 0/2 0/2

L

* No. of monkeys having findings/No. inoculated,
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TasLeE 6. Erfccr oF Gamma GLoBULIN oN NEUROVIRULENCE AFTER INTRAMUSCULAR INOCULATION
HistoLocic Finniwes
Virug | DosacE 1N GaMpa CLINICAL
Srrain PEU GLORULIN S1aNs
LUuMRBAR CERVICAL | BRAINSTEM
1086 - 2/21 2/2 2/2 2/
Lederle 10t * 2/3 3/3 2/8 3/3
Type T 1077 1/3 3/8 1/3 3/3
1077 - 12 172 12 1/2
1087 - - - - -
Sabin 1087 * 0/3 3/3 2/3 2/3
Type T 1070 - 0/3 3/3 1/3 2/3
107% f 0/2 1/2 0/2 1/2

* 2 ml/Kg. body weight,
1 ml/Kg. body weight.
1 No. of monkeys having findings/No. incculated.

velopment of a late viremia occasionally, the
localization of lesions, on occasion, in the cer-
vical enlargement after inoculation in the leg,
or in the lumbar enlargement after inoculation
in the arm, lead to the conclusion that other
routes of spread are possible.

It seems clear that the manifestation of neuro-
virulence seen following intramuscular is differ-
ent from that seen lollowing CNS inoculation,
This technique is not a “long-distance intra-
spinal inoculation.” Certainly the Lederie Types
2 and 3 strains which appear to have a high
degree of neuravirulence after intraspinal moe-
ulation exhibit little virulence following intra-
muscular inoculation. The Type 1 strains seem-
ingly have a greater invasive ahility following
peripheral inoculation than do the Types 2 and
3 strains.

In the course of this study, we had occasion
to again study the properties of these attenu-
ated vaccine strains after direct inoculation into
the CNS. Since the reselts are, in general, in
close agreement with those we presented last
year, we thought that they should be presented
at this time. Tahles 7, 8, and 9 show the com-
parative neurovirulence for Rhesns monkeys as
studied last year and this year, Here the in-
oculum is equated as closely as possible in

plaque-forming units, since the liters last year
and this vear were somewhat different.  There
are certain small differences, but these are not
considered to be significant. This is for Type 1
(Table 7} and, as you can see, with the Lederle
and Sabin’s strains, the agreement is quite good.

Table & will show results for Type 2. Of in-
terest in the Type 2 strain is that the new
pool of Koprowski Type 2 has a titer of 1.1
logs higher than last yvear and animals had his-
tologic evidence of poliomyelitis after inocula-
tion with this increased titer. The remainder of
the results show good correlation.

As may be seen in Table 9, the correlation for
Type 3 virus is very good.

Since the virus titers, this year, are for the
mast part, higher than they were last vear, the
titers of the inccula are equaied as nearly as
possible.  As vou can see, there are certain
small differences, hut these are not considered
significant in view of the biologic variation of
the animals.

Figure 1 is a graphic summary of our intra-
muscular results. This summarizes the previous
tables of histological lesions of strains inocu-
lated intramuscularly. Here there are certain
curves which do not rise above the hase Tine.

Evaluation of attenuatled vaccine strains de-



96

Safety—Laboratory Evidence of Attenuation and Safety

TanLE 7.

Rourk
VIRUS STRAIN O
Inoc.
Lederle I.T.
Sabin I.T.
1.8,

TrocuLum
PFU /ml.

1043104

10741072

10841087

CoMPARATIVE NFUROVIRULENCE OF ATTENUATED PoLiovirus STRalNs—1959 anp 1960

Tyre 1
1959 1960
Hisrovrogic MHistovoarc
CuLin. S1ans FiNpIxgs CLIN. S1GNS Finmnas
0/5* 1/5 0/3 1/3
0/9 0/9 0/3 0/3
0/5 0/3 0/3

* No. of monkeys having findings/No. inoculated.

TapLe 8. ComraraTivE NEUROVIRULENCE OF ATTENUATED Pollovikus STrains—1959 anp 1960
Tyre 2
Route Incculum 1959 1960
Virue Strain| of PFU/ml, Clin, Signs | Histclogic | Clin, Signs | Histologic
Inoc, _Findings Findings
108-0 - - 0/3% 3/3
Koprowski I1.T.
104.9 0/5 0/5 - -
105.0 - - 2/2 2/2
1.5
103-9~ 34 4/4 - -
Lederle LT, 102.5 2/5 3/5 0/3 2/3
Sabin I.T. 107.3-107. 4 0/4 0/4 0/3 1/3

* No. of monkeys having histologic findings/No, inoculated.

Taere 9. ComranaTivi NEUROVIRULENCE OF ATTENUATED PoLioviros StRAns—1959 axp 1960
TyrE 3
Route | Inoculum | 1959 1960
Virus Strain| of PFU/ml, Clin, Signa | Histologic| Clin. Signs| Histolegic
Inoc, ! Findings Findings
Koprowski 1.T, 10%. 2_10% 3 1/5% 2/5 0/3 1/3
Lederle 1,T. | 106-0.10% 2 /5 /5 0/3 1/3
Sabin I.T. | 107+1-107-9 0/10 0/10 0/3 0/3

* No. of moukeys having findings/No. inoculated.
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NEURQVIRULENCE AFTER INTRAMUSCULAR INOCULATION
QF ATTENUATED POLIO VIRUS STRAINS
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pends on the use of established reproducible
methods and, as we emphasized last year, the
proper placement of the inoculum.

The intramuscular test is certeinly the sim-
plest ane to perform and ohviously measures a
different property than intraneural inoculation.
The intramuscular route in monkeys as will he
reported later, hecomes important as an added
means of studying changing properties of the
viruses after oral administration in humans ane
may be a possible means of distinguishing wild

straing in production lots of vaccine.

Moreover, our studies indicate that the Type
1 oral vaccine strains, at least, are capable of
reaching motor nenrons after peripheral inoc-
nlation and of retaining the capacity to damage
these neurons, multiply and spread throughout
the central nervous system and in some instances,
are capable of causing paralysis. The lowest
possible neurovirulence following peripheral in-
oculation may bhe an important additional eri-
terion for selection of vaccine strains.
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DISCUSSION

CramManN BopneET: Thank vou, Dr. Kirsch-

stein. This paper is now open for discussion,
Dr. Bodian.

Dr. Bopiax: I would like to point out, firat
of all, that some years ago we also atlempted
to use gamma globulin to block intramuscular
inoculation. We found quite satisfactory block-
ing effects, which seem to be in contradiction
1o the results that Dv. Kirschetein has reported.

I wish to emphasize, however, that at the Na-
tional Tnslitutes of Health, they were using a
minimum of 7.5 logs of virus, whereas in those
days we were lucky if we had spinal cord pools
that reached 55 logs. Therefore, 1 think one
should be careful in assessing the lack of an
inhibiting effect of the gamma globulin to re-
alize that the rclationship of virus dose and
anlibady is fundamental. This i3 a point we
keep coming back to year after year, irrespec-
tive of the route of inoculation.

As far as the interpretation of the rest of
Dr. Kirschstein’s story is concerned, 1 feel a bit
uncomfortable about assuming that the intra-
muscular route is illustrating a different prap-
erty of the virus as compared with intraneural
inoculation, although the evidenee cortainly sug-
gests it I believe that Types 2 and 3 viruses
were represented by rather fewer monkeys than
were represented with Type 1, and it is known
that infcction rates by the intramoscular route
are cuite variable,

It seems surprising, certainly, that the Type
1 virus of all three workers should have the
same apparent ability to do better by the intra-
muscular rouge. I shonld not have expected
it, but perhaps I am wrong.

One distinctive pathogenic property which I
believe seems to be clearly established by Dr.
Kirschstein’s work, and reported by others to-
dav. is the property of spreading of virus within
the CNS.

After beginning multiplication in the central
nervous system, it appears that some of these
strains are morr capable of spreading through-
out the ncrvous system than others, and it seems
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to me that this characteristic is {airly well es-
tablished. The difference hetween spreading
in the nervous system and spreading from the
muscles to the spinal cord is something T am
not entirely clear about in my own mind.

Dr, Mover: I should like to present two tables
which, though slightly different, confirm essen-
tially Dr. Kirschstein’s results.

Table 1 shows a number of Type 2 just men-
tioned by Dr. Bodian. These were not injected
intramuscularly, but intravenously, and we at-
tempted Lo induce trauma by injecting saline
intracerebrally. Al of these are Type 2 batches
and paralysis did not occur in any of them, al-
though in several cases lestons did appear.

TapLe 1. NEUROVIRULENCE TN MONKEYS
INOCULATED INTRAVENOUSLY WITH
PoLiovirRus VACCINE

TYPE II

10T PATHOL:

Ko, | 7iRus| SALINE |PARAL. |SIGRIF.
TYPE I |BL{LOGY ML [ROUTE |RATIO | LESIONS
BT P 1i7.52x.5| IC 0/4  |1+411,5
296 1w0(7.5) " " 0/5 5/5
258 - " " 0/4 G4

" 2(6.8| ' U/5 1/5

" 0|7.5( " » 0/4 2/5

n 216.8| - - 0/5 1,5

" 107, - - 0/5 2,5

*'Lo base 10.

TapLE 2. NEURODVIRULENCE IN MONKEYS
InocuLATED INTRAVENOUSLY WITH
TOLIOVIRUS VACCINE

TYPES 1 AND III

LOT DOSE PATHOL:
NO YIRLS ML | ROUTE |PARAL,|SIGNIF.
TYPE T ¥L[LOG* | TRI-IHMUNOL|RATIO |LESIONS
168 10|8.6 1 |1 JHes* 0/5 /5
SALINE
183P 1(7.3 |2x.5] IC 0/4 0/8
1B4P 10|7.9 " " 0/5 2/8
[TYPE 113
368 10(8.3 " n 0/5 1/5
*To base 10, *% In gluteus.
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In the case of Table 2, instead of gamma glob-
ulin we injected intramuscularly into the gluteus
a commereial preparation of Tri-immunel, a vac-
cine containing pertussis, diphtheria and et
anus toxoids, and 8.6 logs of the Type 1 virus
intravenously. Neither paralysis nor lesions oc-
curred.

In another experimeni, Type 1 was injected
intravenously and saline intracerebrally: the
lesions were few and paralysis did not occur.
One batch of Type 3 shown in the takle gave es-
sentially the same results,

FPerhaps the major point to he made is, as
Dr. Kirschstein has alrcady said, that this is
not a case ol a virus growing and spreading by
the blood, since a vast dose intravenously and
trauma intracerebrally or intramuscularly did
not capsc any paralysis,

Dr. Merwick: Dr. Kirschstein mentioned the
higher titers of virus found in 1960, 1 would
like to know whether this represents new ma-
terial, or 1959 material which was retitrated?

Dr. KmscusTein: New malerial.

De. MeLNrck: Prepared between 1959 and

19607

Dr. Kirscustein: The material that Drs. Cox
and Koprowski sent us were new lots from the
same seed pools.

Dr. Merwick: Could we have 7t for the rec-
ord from those who submitted the new vaccines?

Dg. Cox: 1 would like to point out that
some years ago we did inoculate monkeys in
the deltoid and also with 5 cc. and 10 ¢e’s in-
travenously, and we found nothing. I ihink
that this discovery of the hehavior of Type 1,
hy the intramoscular route in the buttocks, was
made somewhat by accident, We had never
inoeulated monkeys by this route. Actually we
did not know about this until last December
after we had fed nearly one millien people.
We did not know that our Type 1 had this
property.

Of course, the question was then asked: Whai
do you do in a case like this? Which are the
more significant, 20 monkeys or onc million
people? Naturally we had to make a decision.
Since the intramuscular activity was found we

have confirmed it. We still have not been able
to produce clinical reactions in monkeys by
the intravenous route as Dr. Moyer has shown
you, even when we inoculated monkeys intra-
venously with 10 ces, and then tried to bhreak
their resistance by intracerebral injections with
saline or other agents.

This is a peculiar property. It has
found to exist at present in all Type 1 strains,
to a greater extent in some than in others.

You should keep in mind that we are not in-
jecting man intramuscularly, but are feeding
man oraily.
these vaceines are intended to be used in a cer-
tain dosage and by a certain route. I should
like to remind you that your never vaccinate
people an the eychall with smallpex. We know
that they would be blinded under Lhose condi-
tions.

Like everything else, further siudies reveal
new or unknown propertics. This is not lim-
ited to polio research. This has been found
with every virus that we have ever worked with,

been

You should also keep in mind that

Dr. Korrowskr: T would like to make a
statement concerning gamma globulin. T strongly
suspect that ilwn lactors are involved: One is
the very high concentration of virns used and
the other is the titer of antibodies in gamma
globulin.  Perhaps before Dr. Kirschstein can
make a definite statement that gamma globulin
administration has no protective ellect, u titra-
tion of the virus in monkeys injected with high
concentration of gamma globulin should be un-
dertaken and compared with the results in eon-
trols.

Now a short comment on viremia. I believe
the problem of spillover versus multiplication
can be scitled if titration of the virus in blood
can be perforined at Irequent intervals. 1f the
concentration of circulating virus should drop
in 24 hours or 48 hours after infection and later
on rise again, we should consider that the virus
multiplied in an organ communicating directly
with the blood. :

Du. KirscusTEIN: The dosage of gamma glob-
ulin given to these monkeys is that which Dr.
Nathanson had used to prevent monkeys from
becoming paralyzed and developing lesions, using
Mahoney virus present in some partially macti-
vated poliovirus vaccine. Tt had been effective
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in his hands and we were using this as he had
used it.

The viremia that occurred in the animals on
days 1, 2, and 3 was of a titer of 1029 logs, or
perhaps a little hit higher, and about the same
on days 5 and 7.

Dne of the reasons why we think that this
mmay be spillover is that we performed a sim-
ilar experiment in guinea pigs. We gave guineca
pigs, into the thigh muscles, five milliliters of
Type 1 atlenuated virus, which is a rather large
amount for the guinea pigs, and bled them for
days 1, 2, 3, and 4, and found that they had
viremia for that period of time,

Discussion

Dr. Bopian: I have one more word to say
ahout “spillover.” 1 might remind Dr. Kirsch-
stein that we published data some years ago
indicating that with intracardiac inoculation of
large amounts of virus it is difficult, if not im-
possible, 1o recover the virus from the bloed
within half an hour. So 1 doubt very much
that the viremia under the circumstances you
mentioned is due to “spillover.”

CuairmaN Burner: If there are no further
cornments, we will go on to Dr. Sahin’s paper,
“Behavior of Cold Mutants of Poliovirus in
Human Beings.”
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BEHAVIOR OF COLD MUTANTS OF POLIOVIRUS IN

HUMAN BEINGS

Dr. Ausert B. Sasin

The Children’s Hospital Research Foundation
Cincinnati College of Medicine
Cincinnati, Ohio

Dr. Sapiv: The work I am about to describe
was carried out in association with Doctors
Barnes, Michaels, and Vignec.

The tests in human beings on the 25° C.
mutants are still in progress, but T think the re-
sults already are of sufficient interest to war-
rant this repart.

The purpose af these studies was to select
poliovirus mutants which would be able to mul-
tiply extensively at relatively low temperatures
—by that T mean about 25° C.~—and to deter-
mine how this affected their capacity to repro-
duce at higher temperatures, that is, hody tem-
perature of man, for example, in tissue cultures,
as well as in the spinal cord of monkeys and
in the alimentary tract of human beings.

Accordingly, only strains which had already
been tested extensively in monkeys and human
beings were sclected for this study, so that any
changes that would occur might be related to
the manipulations that we carried out, because
if you start with a strain of virus whose capac-
ity for multiplication in the human alimentary
tract yon do not know, you could not interpret
the results.

We worked with six strains of virus: the
three current vaccines that T used, two new
Type 1 sirains, and one new Type 3 strain,

The two Type 1 strains were derived from
stools of healthy non-contact children during a
non-epidemic period in Louisiana, and were
originally of low thalamie virulence for monkeys.

The Type 3 strain which we used was simi-
larly obtained from a healthy child in Cincin-
nati. = The original stool culture in monkey-
kidney cells was ret/40—.

I want 1o explain this expression (ret/40—)
because it is different from what people have
been uging to designate the reproductive capac-
ity of a virus at a given temperature.

In a manuscript which has heen distributed
to some of you, I indicated my preference for
expressing the capacity of a poliovirus to mul-
tiply at a certain temperature as reproductive
capacity at the temperature indicated, becanse
the 7 marker has been used very extensively to
indicate sensitivity to inactivation by certain
temperatures,

I do not ask you to accept this, but I want
you to know what I mean when 1 speak of ret/
40-}, ret/ 40—, ret/25-F, or ret/25—. This
is to represent the capacity of polioviroses to
multiply at these different tempecratures.

I repeat that this Type 3 strain that we starled
with, the naturally occurring one, was rot/40—
originally, and this is particularly important
in view of what I shall state later.

All six strains were first propagated for seven
passages at 33° C., and when this was found
to have little effect on the ability of the result-
ing populations to propagate at 23° C., propa-
gation at 30° C. was begun.

After the first five passages at 30° C., an in-
crease in activily at 25° C., was noted with all
strains, an increase which, however, was not
significantly enhanced by further five passages
at 30° C. At this stage, propagation was shifted
to 25° C. and continued [or 20 consecutive pas-
sages,

Table I shows the gradual transformation in
the properties of the virus, by illustrating the el-
fects obtained with just one strain. It illus-

trates the results that were obtained in the

i

selective enrichment of the 25° C. variant by
serial propagation at progressively lower tem-
peratures for the Type 1 current vaccine strain.
The original material which had been eullivated
at 36° C., when tested in monkey-kidney cul-
ture tubes at the indicated temperatures, gave
about the same titer when the test was carried
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TasLe 1. Seuicrive Exricuwient oF 25° €. VARIANT BY SERIAL PROPAGATION AT PROGRESSIVELY
I.owrr TEMPERATURES
Type 1 Poliovirus—Strain LSc, 2ab
CPE TITER (LOG 10 TCDSO/ ML) AT INDICATED TEMPERATURE j
TEMPERATURE
PASSAGE 36°C 30°C 25°%C
o NO. 8 DAYS | 8 DAYS 8 Dars 18 Davs
PROPAGATION " GCOMFLETE PARTIAL COMPLETE PARTIAL
36° VAGGINE + ] 8.2 8.2 0 0 0 Z. 2 alight
53" 1 8.2 0 L2 3.0 3.7
30° 5 g.1 7.9 0 1.4 5.0 5.3
10 7.7 7.3 0 4.l 5.4 5.7
257 5 6.2 3.2 4.2 6.2 b2
10 7.4 4.2 6.4 7.7 7.7
L 20 7.3 5.2 7.3 T 7.7

Selechve Enrichment of 25°C Variant by Serial Propagation at Progressively Lower Temperafures
Type 1 Attenuated Polioviruses

LSc, 2ab
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out at 36° C. and at 30° €. However, for a
period of eight days at 25° ., there was no
cffect even though the multiplicity of virus o
cells was almost one thousand.

At 14 days there was still no complete cyto-
pathogenic cffect. Only a few cells were af-
fected at the highest muliiplicity, with no pro-
gression.

Seven passages at 33° C. altered the situation
very slightly, and the results obtained after five
and 10 passages at 30° C. can be seen, There
was still no complete cytopathogenic effect dur-
ing a period of eight days al 25° C., hut there
was gradually increased activity at this lower
temperature,

This iz a very slow process. After the first
five passages at 25° C., the yield of virus, when
all the cells were destroyed, was approximately
100 times less than that obtained al the higher
temperatures.,

Incidentally, T should point out that, when-

ever we switched from one temperature to an-
other, the virus was adsorbed and the unad-
sorbed virus was washed out; only the progeny
coming out at the new temperature was used.

The main point here is to show that after
these consecutive selections we oblained a virus
which now still maltiplied very well at 36° C.,
but also as extensively at 25° C.

Essentially, Fig. 1 shows what happened with
the Type T strains.

Figure 2 shows that the initial virus had very
low capacity for multiplying at 25° G, and
gradually it inereased. Initially there is a dip
in the yield of virus when multiplying at 25°
C., but finally it comes up to a point where it
multiplies equally well at 25° C. and at 36° (.

After selection of special plaque progeny,
even higher propagation was obiained at 25°
C. than at 36° C.

The same thing oceurred for Type 3. Al
though the Type 3 Leon strain had much more

Selective Enrichment of 25°C Variant by Serial Propagation at Progressivery Lower Temperatures
Types2 and 3 Attenuated Polioviruses
Type 2 —P7I2,Ch, 2ab
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TasLe 2. DIFFERENCE IN RATE oF PropacaTioN aND EFFICIENCY OF InrrcTiON AT 36° C AND
25° C or IMFrERENT TyvPE 1 PLa@ui PuriFied 25° C MuTanT POLIOVIRUSES

DILUTION DAY OF FIRST APPEARANCE OF CPE IN EACH MK CULTURE TUBE
INOGULATED P 2226, 2ab P 2149, layh
0.2 ML 259C 36°C 250C 36°C
UNDILUTED 1,1 1.1 1,1 1.1
16-1 z,2 1,1 1.1 1.1
10-2 3,3 3,3 2,2 4,4
1p-3 3,3 3,3 2,4 4,5
1074 3,4 3,4 (2)* 5,5 7,7 (1-2)*
10-% 5,5,5,6,6 4,4,4.4,4 2 %,5,5,5,5 7,7.8,8,8 1 5
7.7.7,1,7 4,4,4,4,4 6,6,6,6,7 8,8.8,8,8
10-6 7.7.7.7,7 4,4,4,4.4, 5 4 7,7,7.8,8 8,9,9,9.9 (5 3,
7,8,8,8,8 5,5,5,5,7 §,8,8,8,8 9,9,9,9,10
10-7 7,7,1,8,8 4,4,5,5,5(3.4.0) | 89.9.9.9 10,15,0,0,0 (5 3.0y
8,10,12,0.0| §,6,7,0,0 9,10,10,10,10 | 0,0,0,0.0
1078 9.14,14,0,0 [ 0,0,0,0,0 (5 8,10,12,13,0 | ©0,0,0,0,0
0,0,0,0,0 0,0,0,0,0 0,0,0,0,0 0,0,0,0,0
LOG 10
TCDgqg/ ML 8.3 8.1 8.5 7.3

* Figures in parenthesis indicate days of first appearance of CPE at 36° C of original parent virus

propagated at 36° C.

capacity originally to mulliply at 257 C., it in-
creased further, but the total yield finally was
lower than with the other strains.

The Type 3 Glenn strain originally did not
produce a complete cytopathogenic effect at
25° (., but there was this gradual alteration in
the viral population, so that with the final plaque
purified material it mulliplied semewhat better
at 25° C. than at 36°,

Table 2 shows the difference in the rate of
propagation and efficiency of infection at 36°
C. and 25° G. of different Type 1 plague-puri-
fied 25° C. polioviruses.

This particular strain (P 2226, 2ah) infected
the monkey-kidney cells in as small a dose at
25° C. as at 36° . But the rapidity ol action
is still greater at 36° C. than at 25° C.

On the other hand, with strain P 2149, la,b,
which had been submitied to the same procedure,

multiplication is much slower at 36° C. than at
95° (., and with approximately 10 to 20 infee-
tive units of virus it is not possible to initiale a
cytopathogenic elfect at 36" C.

It is important to point out that in children
this strain P 2149, 1a,b did not multiply at all,
even with a dose of about five million to ten mil:
lion tissue-culture infective doses. Strain P 2226,
2ab multiplied in & few, though still rather
peorly, despite its good capacity for multiplica-
tion at 36° (. tissuc culture.

Table 3 shows that the Type 3 strain {Glenn,
3a,b} which multiplies more slowly at 25° C.
than at 36° C. but can initiate CPE more readily
at 25% (C.—a difference of almost two logs—mul-
tiplied fairly well in the children. The Type 2,
which multiplies more slowly at 36° C. than at
25° C, multiplied poorly or not at all in children.

T should point out here that these modified
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TapLe 3. RATE or PropacaTion anp ErFiciExcy or INrFEcTION aT 36° € Anp 25° C oF Tyre 2
AND TyrE 3 Praour Purtrien 25° C MuTanT POLIOVIRUSES

DILUTION DAY OF FIRST APPEARANCE OF CPE IN EAGCH MK CULTURE TUBE
INOCULATED TYPE 2 - P 712, 2asb TYPE 3 - GLENN, 3a,b
0.2 ML
259C 369C 25°¢ 36°%¢
UNDILUTED 1,1 1,1 1,1 1,1
10-1 1,1 1,1 1.1 1,1
10-2 2,2 1,1 2,2 2,2
10-3 2,2 4,4 2,4 3,3
1p-4 4,4 6,6 (2)* 6,6 4,4 (1)*
10-5 4,4,4,4,4 6,6,7.8,10 (2) 6.8.8,8,8 4,4,5,5,6 {23
1078 4,4,4.4,4 | 10.10,0,0,0 (2-3) | 8,8.8,9,9 6,6,6,2,0 (2
5,%,5,5,5 ¢,0,0,0,0 9,9,9,10,10 0,0,0,0,0
16-7 6,6,6,6,6 9,0,0,0,0 (3-6-0) 9.10,11,12,12 | 0,0,0,0,0 (2-5)
7.7,7.8,8 6,0,0,0,0 14,15,16,16,18 | 0,0.0,0,0
1078 B,8,11,12,14] 0,0,0,0,0 (4-0) | 13,0,0,0,0 0,0,0,0,0 (3-5-0)
,0.0,0,0 0,0,0,0,0 0,0,0,0,0 0,0,0,0,0
10°7? 0.0,0,0,0 0,0,0,0,0 0,0,0,0,0 0,0,0,0,0 (0)
LOG 10
TCDgo/ ML 8.7 6.4 8,3 6,5

* Figures in parenthesis indicate days of first appearance

propagated at 36° C.

viruses do not behave like the usual polioviruses
because the cytopathogenic effect may start at six
days and it may take four days before it goes Lo
completion,

As for Tabhle 4, I should like to point out that
the two Type 1 sirains, P 2149 and P 2226, were
originally eliminated from consideration for
practical nse because we could not get rid of
the spinal neurovirulence, even though on in-
tracerebral inoculation they were avirulent. Iow-
ever, after these selective procedures, it was pos-
sible to Inoculate huge amounts intraspinally
without getting any paralytic effect at all, even
using a somewhat more sensitive method with a
smaller needle. In most instances, the lesions
were limited to the site of the scar without any
spread heyond it

On the othcr hand, with the Type 1 vaccine

of CPE at 36° C. of original parent virus

strain (LSc, 2aly) it was not possible, by passages
at 30° C., to influence the residual spinal neu-
rovirulence, and even alter 20 passages at 25°
C., therc was still some residual greater action
than in the other strains.

With the Type 2 strain shown in Table 5, it
was possible to obtain virus which, on intraspinal
inoculation, was virtually without effect. On the’
other hand, the 25° C. variant of the current
Type 3 vaccine sirain {Leon 12a b) retained the
ability to produce mutants in the spinal cord of
an occasional monkey.  These
monkeys that exhibited paralysis after inocula-
tion with the 25° C. virus showed a completely
altered virus in the spinal cord from that orig-
inally inoculated, in that it also possessed the
capacity to multiply at 40° C.

However, a totally different result was ob-

occasional
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TanLe 4, SpiNaL NEUROVIRULENCE IN MoNKEYS oF OrlcINAL ATTENUATED Tyee 1 PoLiovinusks
Anp oF 25° C MuranTs DERIVED FROM THEM

TEMP, PROGENY 1.OG 10 SPINAL TEST IN MONKEYS
OF PASS5AGE OF TCD -
50 PARALYTOGENIC EFFECT OF. 0.1 ML
STRAIN | PROPAGAT. NO. SINGLE METHOD .
ER ML. OF INDIGATED D]LUTION
L PLAQUE F NEEDLE E 4
UNDILUTED 1o-1
P 2149 36 8 L2 separate 7.3 -B.} 20 g. 50/ 60 51/ 60
’ plagues
25 20 - 8.2 0 g. o/s
26 g. /5
24 lazb 8.5 27g. 0/ 10 0/5
P 2226 36 8 2ab 1.5 20 g, 5/5 4/5
4ab 7.5 " 5/5 5/ 5
25 20 - 8.2 " ETE)
b g. of 5
26 2ab 8.3 27g. o/ 16 0/5
L 5¢ 36 Many 2ab 5.0 20 g, L 3/ 26
27 g, 8/ 10 i/ 6
30 11 - 7.7 27 g. a/10
25 20 - 7.7 26 g. 1/5
20 g. o/ 5
TapLe 5. Sriwar NEUROVIRULENCE IN MoNKEys ofF OriciNAT ArTENUATED TYPES 2 AnD 3
Portoviruses anp oF 257 C Murants DERIVED FROM TIIEM
TEMP, PROGENY LOG 10 SPINAL TEST IN MONKEYS
OF PASSAGE OF TCD,q PARALYTOGERNIC BEFECGL OF 01
TYPE | STRAIN | pRpopaGAT. NO. SINGLE PER ML METHOD ML. OF INDICATED DILUTION
o FLAGUE * | NEEDLE
© UNDILUTED 10-!
2 P Ti2z 36 15 Zab 1.7 6 g. 1/ 20 o/ 5
27 g. L1+ 4 81/ 10 L+ 1al/10
25 20 7.7 20 g. 0/ 5
zhg. o/5
26 Zaxh 8.7 27 g. 0/ 10 o/ %
3 LEON 36 49 lZa;b 7.9 20 g. 4/ 20 a/5
27 g. 9/ 10 /e
25 20 6.7 20 g. 18l/5
26 g. /5
GLENN 16 27 7,0 20 g. /4
25 20 7.7 20 g. o/ 5
26 g. 0/
6 3azb 8,3 27 §g. o/ 10 /5
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tained with the “Glenn” strain of Type 3 virus.

With the 25° C. variant of the “Glenn” strain
it was possible to inoculate as many as one
hundred million tissue-culture infective doses
intraspinally without producing either paralysis
or significant lesions. With the exceplion of a
few perivascular infiltrations around the site of
inoculation, there was usually no evidence of
any histologic change that was different from
that found in monkeys inoculated only with con-
trol, uninfected fluid.

I should like to describe now what happened
on tests in human beings. These tests were car-
ried out at a foundling hospital in New York
City in February. The interesting thing is that
even though it was wintertime, and even though
this was one of the most sanitary institutions I
lrave ever been in, about 16 of the first group of
23 children had their ewn viruses in the stool
hefore we starled. Actually, most of them were
very slow in growing; most of them were ad-
enoviruses.

To summarize, with the frst Type 1 strain
mentioned previously, f.e., P 2149, in a dose of
1045TCD,, in five children. there was neither
antibody formation nor multiplication even in
the absence of any interfering agent.

With the second strain, “F 2226”7, which mul-
tiplied a little [aster at 36° C. in tissue culture
we have two groups of children by now. In one
group of 5, that received 108°TCD,, m (.01 ml.
antibody farmation oceurred in only two, one
very late. With the larger dose of 107-°"TCD,,:
only one out of four had multiplication and anti-
bhody formation. It is evident that both of these
Type 1 strains lost their capacity for adeguate
multiplication in the human intestinal tract. The
Type 2 strain was tested in a dose of 10%7 and
1077TCD,, in a total of cight children without
homotypic antihody. It multiplied a little in one
or two children, with development of a low
antibedy titer, and in the others it did not mul-
tiply at all.

However, the Type 3 “Glenn™ strain, although
it was quite similar to the Type 1, I’ 2226 sirain
in its behavior in tissue culture, multiplied very
well in the children despite the presence of inter-
fering agents. This particalar mutant multiplies
extensively at 25° C. We obtained culture fluids
10°TCD;, per ml.

On the first test with 0.01 ml., multiplication

and antibody formation were found in only five
out of seven children, but when we re-fed one
of the negative children with the same dose, the
virus multiplied and antibody developed.

We performed another test with 0.01 ml in
three additional children and it multiplied in all,
with antibody forming in all. With the larger
dose of 0.1 ml., ie, 10°TCD,,, in six children,
virus multiplication and antibody formation oc-
curred in all. With 0.001 ml, ie., 10°TCD,, we
scem to have reached a probable 50 per cent
end-point: it was thrce out of five.

The level of virus multiplication was very
often in the range of 500,000 to 1,000,000 tissue-
culture doses per gram of feces. Now comes the
interesting thing of what happens to this virus
after muliiplication in the gastrointestinal tract.
We have a very interesting marker here, the 25°
C. marker, which is possessed by very few viruses.
What we found, in brief, is that within a few
days after multiplication in the intestinal tract,
the capacity to multiply at 25% C. was not lost,
but there appeared virus particles with the ca-
pacity to muliiply at 40° €. The original stool
may have only 1 per cent or less of the total
virus that can multiply at 40° C. but alter one
passage in tissue culture at 36° C. one can obtain
cultures that yield about the same titer at 40°
C., 36° C., and 25° C. Thus, the cultures have not
lost their capacity lo grow well at 25° C, but
have gained the capacity to grow at 40° C. This
is remarkable because we have all found this
with Type 3 viruses and it happens with all
strains. The capacity for multiplication at 40°
C. is something that is quickly acquired in a part
of the population when it multiplies in the in-
testinal tract. As stated previously, 7t does not
necessarily bear any relationship to neurovirul-
ence as tested in monkeys. We have not vet had
time to test the 25° C. excreted viruses in
monkeys.

Ta summarize, it is quite clear that the Type
1 and Type 2 25° C. viruses, which retained
the eapacity to multiply in tissue culture at 36°
C. multiplied so poorly in the intestinal tract of
human beings that they would be quite worth-
less as immunizing agents by the oral route.

The Type 3 “Clenn” virus does scem to multi-
ply well. Tt undergoes changes, at least as regards
its reproductive capacity at 40° C., which are
similar to those observed with the present Type
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3 vaccine strains that have been studied. Future
tests will show whether or not the monkey neu-
rovirulence tests on excreted virus will be very
different from those that we obtained with the
present sirain.

Accordingly, at the present time I do not know

whether this Type 3 strain would have any
superior qualifications over the others, but I
think it has thrown a great deal of light on the
relationship between reproductive capacity in
tissue cultures and reproductive capacity in the
intestinal tract.
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CHATRMAN BURNET:
Dr. Dulbecco.

Thank you, Dr. Sabin.

Dr. Dureecco: 1 would like to ask Dr. Sabin
one question. He said that the culture as a whole
had both properties, multiplied at 25 and at 40.
Does this mean that individual plague lines were
able to do so, or was the culture a mixture of the
two types, of which half were able to do one
thing and half the other, and therefore the cul-
ture as a whole appeared Lo do both things?

Dr. Sapin: The data ihat T reported invelved
tests on the first-passage monkey-kidney culture
fluid. If you suggest the possibility that in those
culture fluids half of the virus particles were
made up of those that could multiply well at 25°
C. and not at 40° C., while the other half of
particles that multipled well at 40° C. but not
at 25° C., one can only say that that may he
possible.  Aectually, in order to prove that a
single virns particlec has hoth properties, the
tests would have to bhe carried out on purified
single plaque progeny.

CHAIRMAN BURNET: Arc there any further
questions or comments?

De. Bopian: [ think one should
phasize Dr. Dulbecco’s suggestion in interpreting
his very interesling data, namely, if there really
are a large number of particles which are capa-
ble of growing at each temperature, we are say-
ing that it is possible with human passage to
quickly select very large proportions of new
virus. This would be another interpretation of
Dr. Sabin’s data to add to the possibility he has
suggested.

Te-en-

Dr. SasiN: Selection can occur predominant-
ly in the first-passage tissue culture. The original
stool may contain only 1 per cent or less of
virus particles capable of muliiplying at 40°
C., and then a single passage at 36° C. gives
these particular ones a selective advantage in
the final population. We always have to think
of this in quantitative terms. I think that a basis
for such a selective advantage was provided by

studies that Dr. Lwofl carried out. He showed
that virus particles that can multiply at 40° C.,
when grown at 36° C. to 37° C. produce progeny
more rapidly than viruses which cannot grow
well at 40° C,

So that starting off equally, the ret/40-} par-
ticles can end up in the majority after a single
passage in fissuc culture at 36° C.

I should like to add that we also found the
reverse here, just as we found with Type 3
viruses before, namely, that after a long con-
tinued propagation in the same child, one may
end up with a virus population that is again
ret/ 40—,

Dr. Stuart-Harris: I should like t¢ make
two brief comments. It seems to me that in com-
parison with the data which we presented last
year, this year we have a good deal more in-
formation concerning the properties of the
strains used as vaccines and also of the properties
ol the strains recovered from children immunized
with vaccines., All of this information seems to
me to point in the same direction, namely, that
whatever particular property we study in rela-
tion to these strains, we come up with some-
thing which can only be described as a graded
characteristic.

I think that this is brought out in regard to
the T marker, of which we have heard so much,
that one has strains which vary in property over
quite a wide range, a point which I am certain
was emphasized before by Dr. Sabin when, in
the earlier studies on neurovirulence, he noted
that this, in fact, was a graded characteristic.
Once did not just have virulent strains or non-
virulent strains; one had a spectrum of this par-
ticular property.

And it does make one feel, I think, that in this
parlicular virus, the poliovirus, one is dealing
with something which has infinite capacity for
variation. What the interpretation of that may
be I would not like to say. At any rate, it does
seem 1o me to be an extremely variable virus in
all these various ways.

My second comment is in regard to Professor
Zhdanov's remarks at the first session, when he
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said that the real practical significance of these
variations can only be apparent if one studics
the ecological situation. I take it that he would
agree that the ecological situation is not just
the epidemiological one, but also includes the
properties of the hosls.

I am once more reminded of the fact that
whatever studies are carried out on children in
any particular part of the world, it is necessary
to he cautious about translating the results to
children in other parts of the world, namely, that
one has, it seems to me, to carry out studies on
the children in any particular area where the
vaceine is heing used and find out exactly how
the viruses hehave in these hosts.

Dr. Dureecco: With reference to the first
remark Dr. Stuart-Harris made on the variabil-
ity of poliovirus, T must say that we have a
considerable amount of experimental evidence
which concurs with what he said. That is, the
mutation frequencies that we could determine
are aclually quite large, since they fall into the
range of about 107%, which is a cansiderably high
value for a mutation [requency.

‘Whether this is due to the fact that the virus
is an RNA virus, and therefore is for some rca-
son more unstable, we do not know. There is an
additional factor which appeared when we tried
to isolatec the mutants that I discussed hefore.
Actually, probably for every mutant listed there,
we found a nemher of different steps so that
there are many intermediate degrees of expres-
sions of the same characlers, and not simply a
few well-defined types. This presents a problem
which is nol clearly understandable, at least for
the origin of all these intermediate types of
mutation,

One can theorize and propose a reasonable ex-
planation. But certainly it is a [act which very
greatly disturbs the worker with the mutants and
also hampers the interpretation of the facts.

De. Koprowski: To comment on Dr, Dul-
beceo’s and Dr, Stuart-Harris® statements con-

cerning “infinite capacity for variation” of polio-
virus, T doubt whether poliovirus occupies in this
coutext a unique position among animal virases,
even though it has heen studicd more extensively
{or this property than other viruses.

Influenza viruses, for onc, have certainly a
“capacity for variation” equal te, if not surpass-
ing, that of poliovirus. The pox viruses with all
their markers, so extensively studied by Fenner,
probahly are suhject to as extensive variations
as poliovirus.

CramrMan Burner: 1 should like to com-
menl on that myself. The question T should like
to put to Dr. Dulbeceo particularly is this: Has
any positive evidence of recombination in polie-
virus yet been obtained? For my own satisfac-
tion, I should like to hear what the situation is
in regard to that.

Dkr. DuLsecco: We do not have any evi-
dence. 1 must say that we have been laboring
very hard to try to get this evidence. Of the
characters which were listed in the table I
presented,* essentially all have been crossed
with each other, and a number of pairs of in.
dependent mutants of the same type have also
been erossed with each other. The fact is that
there is no convincing evidence that a combina-
lion has becn obtained.

Dr. Kitaoka: There are many markers on
poliovirus, for example, the M marker and the
T marker, and the data on work done in my
laboratary have heen published. These markers
are not so stable, but are somelimes changed by
other factors which are not clear.

Some genetic characters of poliovirus are also
not so stable, because M is influenced by factors,
some of which are still unknown, though one is
known to be an agar extract.

My supposition is that poliovirus may conlact
many factors probably existing in the intestines.
Some of them may play a role of factor to produce
back mutants, that is, the wild or original strain.

* See p. 48.
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9. EFFECTIVENESS OF TRIVALENT VACCINE IN IMMUNIZING
YOUNG CHILDREN. STUDIES ON THE
STABILITY OF THE VACCINE STRAINS AFTER
HUMAN PASSAGE#*

Dorotay M. HorsTMaNnN, JoHN R. PauL, E. PETER [sacson,
AND JamEs C. NIEDERMAN

Section of Epidemioclogy and Preventive Medicine, Yale University School of
Medicine, and the WHO Regional Poliomyelitis Laboratory for the Americas

Dk, HorsTMANN (presenting the paper): The
use of trivalent oral poliomyelitis vaccine has
great appeal hoth on theoretical grounds and in
terms of simplicity of administration. At the
First International Conference on Live Poliovirus
Vaccines in June 1959, several papers were pre-
sented which suggested that such a composite
vaccine might indeed be a practical means of
inducing itmmunity in & satisfactory per cent of
vaccinees, particularly if a large dose of each
type was used,™

However, the data raised certain questions as
to whether the high antibedy conversion rates
reported for all three types were in fact a result
of the trivalent vaccine ingested, or whether
heterotypic antibody responses, or in particular
contact infection among vaccinees, played a sig:
nificant role in the end result. The spread of
vaceine strains to contacts is a well documented
phenomenon, and conceivably, in a2 population
in which all three strains are fed at once, several
children might be infected with Types 1 and 3
virus, while their playmates acquired Types 1
and 2 infection. In the normal course of events,
a so-called “ping-pong effect”, with exchange of
viruses between susceptibles, might account for

* Hepresenting studies planned and carried out by
the Yale Poliomyelitis Study Unit under the auspices
of the Pan American Sanitary Burcau and in close
cooperation with the Ministry of Health of Costa Rica.
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a significant per cent of the total final immuniza-
tien achieved. In order to explore this possibility
under controlled circumstances, and to evaluate
more precisely the efficacy of a trivalent vaccine,
a small trial was set up among young susceptible
children. An additional object was to test the
stability of the vaccine viruses by testing T and
d markers of strains excreted by vaccinees and
their conlacts,

MATERIALS AND METHODS

Site and outline of project. The study was
carried out in Santo Domingo de Heredia, a
village with a population of 4810, located 12 Km.
north of San José, Costa Rica. Although a mass
oral vaccine campaign was in full swing in San
José, the capital city, no oral vaccine had heen
administered in Santo Domingo hefore the start
of cur trial.

Forty-eight families each with several voung
children under five years of age participated.
With few exceptions, families living at least two
blocks away from one another were chosen, so
that the chance of intexfamilial contact infection
was minimized. In each family only one child,
under two years of age, received vaccine, while
the others under five years were given a placebo.
The ages of the 48 index children and their 77
contacts are given in Table 1. At the termina-
tion of the project 2% months after it began,
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the number of participating families had been
reduced to 42.

Tarte 1. AceE or Svupy Popuration: 48
Famipies v WHicH TRIVALENT VACCINE Was
GivEn Tto OnE ChiLp 1N EacH Fammy

TOTAL
WMBER
NUMBER AGE NuMB
VACCINEES 48 &6—-12 MOS 27
13—-18 ,, 19
ig-22 2
CONTACTS | 77 2-12 MOs. 6
13-23 6
2-4 YEARS €5

Vaccine dosage. Trivalent vaccine, kindly sup-
plied by Dr. H. Cox, was used. The titer for
cach of the three types was approximately 10°
to 1055 TCD,,, and this amount was contained in
2 ml. of cherry flavored syrup. The placche
given to contacts consisted of cherry syrup only.
A sccond similar dose of the same lot of vaccine
was administered to the index children one
month alter the first dose.

Collection of specimens. Pre-vaccinal recial
swabs and blood specimens were obtained from
the index children and their contacts. Following
vaceine {or placebo) administration, rectal swahs

were collected twice weekly from the entire study

group. A second blood collection was made one
month after the first dose of vaccine and imme-
diately before the second dose. Rectal swab eol-
lections continued for another two weeks, and
final, third blood specimens were obtained after
one month from the index children but not from
the contacts.

Laboratory tests. Virus isolation was carried
out in monkey kidney {MK) tissue cultures. All
rectal swabs were tested in MK bottle cultures,
and in addition, the pre-vaccinal specimens were
tested in Hep.-2 cells. Identification of isclates
was carried out in MK tube cultures, using appro-
priale antisera, singly or in combination, as
indicated.

Neatralization tests on the blood specimens of
vaccinees were performed by the CPE (cyto-
pathogenic effect) method in tubes; on sera from
contacts, the colorimetric method in plastic
panels was used, but some specimens were tested
by both methods.

RESULTS

In the course of the study, 1703 rectal swabs
were examined, 69). from the index children, and
1012 from their contacts (Table 2}. A total of
892 virus strains was isolated, 637 of them being
polioviruses. Surprisingly few of the vaccinees
were found to be cxcreting mixtures of different
types of polioviruses: only 45 specimens con-
tained more than one type, and in only three
were all three types present.

TasLk 2. Isoramion or Vikuses rroM RECTAL Swans, Inprx CHILDREN aND CONTACTS
NUWEER RECTAL SWABS NO. STRAINS 1SOLATED
CHILDREN | NO. TESTED  POSITIVE POLIOVIRUSES OTHERS
VACCINEES 48 691 427 (62%) 378 98
CONTACTS 7T 1012 408 (41 %) 259 157
TOTAL 125 1703 835 (49%) 637 255
B892
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An analysis of the results in terms of the over-
all patterns of response, the spread of polio-
viruses to contacls, and the role of enteroviruses
other than polioviruses will he given by Dr. Paul.
The present discussion will be limited to the
eflectiveness of the trivalent vaccine in inducing
infection and immunity in the index children.
A pre-vaccinal virus survey based on tests of two
rectal swahs collected 4-5 days before and on the
day of vaceine ingestion, indicated that 20 of the
48 vaccinees (42 per cent) were already infected
with some agent al the time of vaccination. In
the present analysis, these 20 children are not
considered, and only data on the 28 index chil-
dren who were free of possibly interfering viruses
will be given. Of the 28, 19 lacked antiboedy to
all three types. None of the rest had antibody
to Type 1, 6 were positive for Type 2, 2 for Type
3, and one had both Types 2 and 3 antibody.

The responses of these children to the first and
second doses of vaceine in terms of virus excre-

followed closely. An exception was excretion of
Type 2: we failed to detect Type 2 virus in three
children whoe showed antibody conversions for
this type.

In connection with these results, the family
infection patterns were reviewed carefully. As
will be reported by Dr. Paul, the spread of Type
1 and Type 3 viruses was considerable, but in
no instance was there evidence that the index
child acquired infection from a contact. In no
family did contacts excrete a virus type which
did not infect the index child. Among the total
48 families, there were five in which the index
child was not infceted aflter ingesting the first
dose of vaccine, and in three of these, the second
dose also failed to establish any poliovirus in the
In none of these families was polio-
virns isolated at any time from any of the con-
tacts. We feel reasonably certain, therefore,

vaccinee,

that the results given for the vaecinecs, repre-
sent the immunizing effcet of the Lrivalent vac-

TapLk 3. Awrsopy CONVERSIONS AND Vikus Excrerion v Homorveic NEGATIVE CHILDREN FrrR
o EnTEROVIRUS INFECTION WHEN VACCINATED

FIRST DOSE SECOND DOSE
TYPE | NUMBER PERCENT C PERCENT €
ANTIBODY VIRUS ANTIBODY VIRUS
CONVERSION EXCRETION CONVERSION EXCRETION
I 28 42 62 75 71
i s 2l 10 10 35 19
m 25 83 84 88 88

tion and antibody rises are given in Table 3.
Antibody conversions one month after the first
dose were ohserved in 42 per cent for Type 1,
10 per cent for Type 2, and 83 per cent for
Type 3. Virus excretion of Types 1 and 3 was
present in a somewhat higher per cent; subse-
quent tests indicated that antibodies had devel-
oped in most of these children by the third bleed-
ing. By the time one month had elapsed afler
the second dose, the conversion rates were 75 per
cent, 37 per cent, and 91 per cent, respectively,
for the three types; the per cent excreting viruses

cine ingested by them, and not infection derived
from some other source.

Responses of children with pre-vaccinal anti-
body. Becanse of the small numbers, all index
children with pre-vaccinal antibodies to any type
are included in this analysis. There were 11
who possessed Type 2 antibody prior to vaccina-
tion; none of these were later demonstrated to
excrete Type 2 virus, but all became infected
with Type 1 and/or Type 3. The Type 2 anti-
body responses were, nevertheless, striking: as
indicated in Table 4, 8 of the 11 showed four-
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fold or grealer rises. 1n the absence of Type 2
excretion, these are imterpreted as heterotypic
Type 2 responses to infection with Types 1 or 3
virus, The three whe failed to show such hetero-
typic rises all had high Type 2 titers (>512) to
start with; in two instances these may well have
already represented heterotypic responses since
the children were currently infccted with Type 3
Similar hetero-
typic rises were observed in index children with
pre-vaccinal Type 3 antibodies who became in-
fected with other types.

virus, prior to vaccine ingestion.

DISCUSSION

The resulis presented indicate that in the vac-
cine used, the infectiousness of the three types of
virus was quite different, and the use of a rela-
tively large dose (10°TCD,,) did nat completely
overcome interference between the three types.
The Type 3 component hehaved as the deminant
one, and produced a considerably higher number

of infections than did Type 1, while Type 2,
under these circumstances, was greatly sup-
pressed. The impact of the second dose of vac-
cine, one month after the first, was not great,
Probably if the interval betwecn Lhe two doses
had been longer, the second might have heen
more effective.

Tn interpreting the results of this study, con-
siderable stress has been laid on controlling for
such factors as contact spread and heterotypic
antibody responses, which may bc misleading
and may give false impressions of the actual
effectiveness of the trivalent vaccine per se, If
Lthese qualifications are taken inlo consideration
in comparing our results with those of others
using the same trivalent vaccine, the differences
are actually not great™**® However, in
older and adults higher
version rates for Type 1, and particvlarly for
Type 2 have been reported. A factor which
might well be involved here is the immune status

3, 8

children * comn-

TanLE 4. HeTERoTYPIC TyvPE 2 ANTIRODY RESPONSES To INFECTION witAa Porioviruses Types 1
AND 3

NEUTRALIZING ANTIBODIES

NUMBER OF Poriovirus
Crup SBRUM 1 2 3 ExcrETON
11-1 pre <4 64 <4

post: 64 >1024 256 1,3
23-1 pre <4 204 <4
post 64 1024 128 1,3
361 pre <4 256 <4
post, 64 >512 fi4 1,3
6-1 pre <4 256 32
post B4 1024 128 1
29-1 pre <4 256 <4
post <4 1024 >1024 3
a6-1 pre <4 64 <4
post g 1024 1024 3
47-1 pre <4 >h12 <4
post <4 =>512 B4 3
28-1* pre <4 512 8
post <4 >512 128 3
5-1* pre <4 1024 256
puosl; <4 1024 1024 3
27-1% pre <4 256 <4
post <4 >512 256 3
3-1 pre <4 684 <4
’ post 4 1024 1024 3

¥ Excreted Type 3 at the time of vaceine ingestion.
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with respect to heterotypic poliovirus types. In
our study, in which younger children, few of
whom had antibody to any type, were fed triva-
lent vaccine, the highly infectious Type 3 seemed
to take over the susceptible sites in the intestinal
tract, almost completely crowding out the less
infectious Type 2 and suppressing alse to some
extent Type 1. In older individuals, however,
a sizeable per cent may be expected already 1o
possess Type 3 (and/or Type 1) antibodies, so
that Type 2 has considerably less competition
and can establish itself and produce infection
and immunity in a higher per cent of individuals.
Actoally, this is borne out in our study, in which
3 of 6 children already possessing Type 3 anti-
body became infected with Type 2 virus on the
first feeding of trivalent vaccine.
Type 2 infections oceurred in only 2 of 29 triple
negatives on first exposure.

In contrast,

In a serclogical study, largely in adults, who
were fed trivalent vaecine containing 108-21Cl),,
of each of the three types, Cox et al.® have re-
ported that fourfold antibody rises occurred in
a very high per cent of individuals: >>90 per cent
for Types 1 and 3, and 72 per cent for Type 2.
These are considered to be either primary or
“hooster” effects due to vaccine takes with the
three types. However, if in this study only the
homotypic negatives for each type are considered,
and only conversions which can reasenably be
attributed to infection with the wvaccine strains
(i.e. rises of from <4 to at least 8 or 16 in the
pH neutralization test) are counted, the resulls
are not strikingly different from those of others
testing the same trivalent vaccine. The most
likely explanation of the high per cent with pre-
vaccinal antibody who showed “booster” effects
in Cox’s study is that many experienced hetero-
typic responses to Type 2 as a result of Type 1
and/or Type 3 infection. Such heterotypic re-
sponses, controlled by virus excretion studies,
were well demonstrated in our trizl, and have
also been observed by Oker-Blom using the same
strains © and by us using Sabin’s strains.?

One of the main objects of our Costa Rica
study was to attempt to answer the question as
to whether trivalent vaccine can be considered
an eflective immunizing agent per se, resulting
in infection and significant antibody responses
to all three types in young susceptibles. In re-
viewing the results on the selected group of 28

who were {ree of enteravirus infection at the time
of vaccination, it seems clear that within the
special framework under which this rrial was
conducted, this particular vaccine was quite effec-
tive in producing immunity to Type 3 (88 per
cent), less effective for Type 1 (75 per cent) and
poor for Type 2 (35 per cent). It should be
emphasized that thesc results apply only to sus-
ceptible, largely triple-negative children aged
six months to two years, in whom the possibility
of contact infection and heterotypic antibody re-
sponses have been ruled out. In a sense, the
results represent a minimum response, which
may be modified by such factors as age, degree
of exposure, pre-existing enterovirus infection,
and contact infection from other vaccinees. The
data suggest that in preparing a trivalent vac-
cine, consideration should be given to the degree
of infectiousness of each of the three Lypes, and
to the tendency of one type to be dominant.
Simply increasing the dosage of all three iypes
probably will not overcome the prohlem of domi-
nance of one tvpe and Krugman et @l have
demonstrated that even if the dose for each type
is raiged to =30,000,000 TCD,,, Type 2 remains
dominant in the Sabin vaccine. It would seem
logical, therefore, that rather than using equally
large doses of the three types in a trivalent vac-
cine, attention should be directed to adjusting
the amount of each type in line with its known
degree of infectiousness. Until this combination
has been worked out, the administration of the
three types separately, with perhaps a follow-up
dose of trivalent vaccine after some months as
has been recommended by Chumakov et ol
would seem to he the most effective means of
producing solid, trivalent immnunity in susccpti-
ble, largely triple-negative individuals,

MARKER TESTS ON VIRUS STRAINS
EXCRETED BY VACCINEES AND
THEIR CONTACTS

A number of strains were tested to see if the
T and d characters had changed in the course of
first or second human passage. Work with the
d marker is incomplete and only the results with
the thermal sensitivity test will be given at this
time.

In testing for the I marker, duplicate titra-
tions of first or second MK passages were set up
jn tubes, using {four monkey kidney tubes per log
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Tapie 5. ResuLts of TEsTs For THE THERMAU SENSITIVITY (T MARKER) oF 100 PoLiovirus
StraiNs EXCRETED BY VACCINEES AND THEIR CONTACTS
WEEKS TO VACCINATION TOTAL |
TYPE SOURCE 1-2 13-4 5-7 STRAINS
NO. NQ. NO.
- T+ | - v+ | T— T4 TESTED
IS5 VACCINEES 9 0 i 0 5 0 27
I :
15 CONTACTS 4 0 7 0 8 o 24
3 VACCINEES 2 0 3 Q 5
I
| CONTACT I 0 |
o 16 VACCINEES 13 0 7 0 4 0 24
12 CONTACTS| 13 o] 5 0 2 0 20
dilution. One set of tubes was incubated at 36°  our laboratory, and all were classified as d inter-

and one at 40° C. The results were read at four
and seven dayvs, and on the hasis of the differ-
ences in titer at the two temperatures, the strains
were designated as I'—, T’ intermediate, or T+.**
In each test, a known T+ (Type 1 Mahoney)
and known T— (Type 1 LSc) strain were in-
cluded as controls,

The results for 101 strains, isolated at dif-
ferent times after the vaccine was given, are
shown in Table 5. To our surprise, all isolates
of all three types behaved as T negative sirains,
with differences of 5 logs or more between the
titer at 36° and 40" C.

In addition to the postvaccinal strains tested,
seven Type 3 poliovirus strains isolated from the
study group before the vaceine was administered
have all heen shown to possess the T negative
character. It is entirely possible that these
strains represent a spread of Type 3 vaccine
strain from the nearby city of San José, where
this type had heen used vn a large scale for the
few weeks preceding our study.

Table 6 shows the results on the d markers of
40 of the same strains which were tested for 7
markers. The lhree vaccine strains themselves,
as present in the preparation fed, were tested in

mediate. Of the 40 strains excreted by vaccinees
and conlacts, thrce had the d+ character, two
of these being Type 1 and one Type 3. A number
of other strains were like the vaccine strains,
d intermediate, and some were d—.

The results of tests with the two markers T
and d suggest so far that among susceptible
young Costa Rican children the vaccine strains
uscd were quite stable on human passage. The
results with Type 3, particularly with the T
marker, are at variance with the usual experience
with Type 3 vaccine strains and with Koprowski’s
experience reported yesterday with the same
Type 3 Fox’s strain. At present we do not have
an explanation of this discrepancy. As has been
shown ™ the T marker docs not always correlate
with monkey neurovirulence, nor with the 4
marker.®® Further tests, in order to compare the
T and d markers with monkey neurnvirulence of
excreted strains, ure now in progress.
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TanLE 6. d MARKERS oF 40 STraINS FROM VaccINEES AND CONTACTS

WEEKS P VACCINATION TOTAL
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D- i o+ | o~ 1 o+ | 0- i D¢ TESTED
. 12 VACCINEES 0 o 3 4 0 4 3 O i5
Il CONTACTS - o4 o & | 13
| 3 VACCINEES| 2 I O 3
T ,
| CONTACT | © t O |
5 VACCINEES 4 0 0 o 7
m
I CONTACT I 0 O |
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DISCUSSION

CHAIRMAN ZHDANOV: Thank you, Dr. Horst-
mann. This paper is now open for discussion.

Dn. Gear: 1 should like to ask Dr. Horstmann
if she considers that her results are a recom-
mendation for feeding trivalent vaccine, rather
Feeding trivalent
vaccine more than once gives an opportunity for
the intestinal tract to hecome infected with the
particular type for which antibodies are not
present, and T would bhe grateful to have Dr.
Horstmann tell us whether she thinks that her
results are in faver of feeding triple vaccines,
rather than monovalent vaccine.

than monovalent vaccine?

Dr. HorstManw: I think the resulis have to
be interpreted in relation to the environment,
the age, and immune status of those to be vac-
cinated. On the basis of our findings, T would
not recommend trivalent vaceine if one expects
to accomplish rapid immunization of a triple-
ncgative child with one dose of vaceine. P’erhaps
when we know more about optimum dosage level
combinations for any particular preparation a
single dose of trivalent vaccine will be more
eflective than is currently the case.

In the mcantime, my f[eeling is that il one
wishes to use the trivalent vaccine, it should be
given repeatedly, and at somewhat longer inter-
vals than we used.

Dr. Cox: These results confirmed what we
found out about our Type 2 strain. The Type 2
strain of course has been the most modified by
laboratory manipulations of any of the strains
we have. Actually, our Type 3 strain is the only
one of our strains that has never been adapted to
a foreign host. We think this may be partially
responsible for its greater ability to infect the
human gut.

Furthermore, this particular batch of vaceine
was made up in a considerable hurry and did
not contain as much virus as we had intended.

Data to be presented later will show results
obtained with a vaccine containing more virus,
namely, 6.1 logs of virus per strain. Actnally,
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in the Florida trials, where we apparently ob-
tained our best results, we compensated some-
what for the Type 2 deficiency by actually put-
ting in a bit more than 6.1 logs per dose.

We have found, by asking people who have
worked with monovalent versus trivalent, that it
1s much better to feed trivalent twice, and cer-
tainly at a longer interval than one month, than
to carry out monovalent feedings.

We believe that there is still resistance in the
gut which may interfere with feeding trivalent
vaccine at & one-month interval. But when it
comes to practicality and expense, it is much
casier to feed trivalent twice than it is to feed
the monovalents separately.

We have been considerably encouraged by
what we have seen with the trivalent vaceine
becanse 1 think the results Dr. Horstmann ob-
tained are probably the poorest we have seen and
certainly somewhat inferior to our other data.
This may be due to the quantity of virus fed, and
perhaps to some other factors we do not under-
stand as yvet. To be sure, they are sufficiently
encouraging so that we feel it worthwhile to go
ahead and solve this problem. There is no doubt
in our minds that this can be done.

Dr. Frirsk: I should like to ask Dr. Horstmann
if she has, and if so could make available for
comparisen, the conversion data at the 1:4 level.

There is considerable disagreement, obviously,
as to its significance, but it would make it pos-
sible for those of us who are reporting data in
terms of both 1:4 and 1:16 conversions to com-
pare her data with other data.

Dr. HorstmANN: As T indicated in our study,
all of the homotypic negative children who be-
came infected and converted, with one or two
possible exceptions, developed antibody titers
considerably greater than 1:16. Therefore, the
conversion rates at 1:4 are virtually the same as
at 1:16. Furthermore, we used the CPE tube
neutralization method in testing the sera. This
method measures high avidity antibody and gives
lower titers than the pH colorimetric test which
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I assume was used in Dr. Flipse’s work. The
results are therefore not directly comparable he-
causc of the differences in technique. Titers of
4 or 8 by the pH method (which measures low
avidity antibody) are apt to be <4 in the CPE
test.

Dx. Barown: [ should like to ask Dr. Horstmann
a question concerning the 4 marker. In Dr.
Cabasso’s paper of vesterday he indicated that
the Lederle Types 1 and 3 strains were d posi-
tive, and I notice that most of the excreted virus
studied by Dr. Horstmann were d negative, I was
wondering if she had done d tests on the original
vaccine virus, and what the d marker was.

Dr. HorstmaNN: We tested aliguots of the
three strains of the original vaccine which was
fed. All were found to have the d= marker,
although Dr. Cabasso reported that the Types 1
and 3 were d+ in his laboratory.

Dr. CaBasso: All this points out one fact that
I would like to emphasize: the method for estab-
lishing these markers certainly will have to be
made uniform if we are to ohtain comparable
values in all lahoratories.

We have taken pains to count every single
plaque or seeming plaque which occurs in our
bottles or plates, even the so-called pinpoint
plaques, and it may very well be that these few
pinpoint plaques, which may not be counted in
other lahoratories, can account for the differences
between laboratories.

That is why I should like to make a plea for
getting techniques as uniform as possible and for
making them available to all the laboratories con-
cerned, in order to obtain results that can be
compared.

Dr. Bopian: I should like to ask one question
and to comment on the heterotypic responses.
The question is whether Dr, Horstmann could
give us poliomyelitis virus conversion rates or
infection rales in those who were infected with
enteric viruses in that population, as compared
with those who had no enteric virus infections.

Dr. Horstmanm: T can answer that question
simply, by saying that the rates were really not
very different with Lthe exception of responses to

Type 1 in which, on the first dose, were just
about half as greal in those with pre-existing
enterovirus infection as in the children who were
not excreting enteroviruses. No significant inter-
ference with Type 3 occurred, and Type 2 re-
sponses were equally poor in both groups of
children.

Dr. Boman: In connection with heterotypic
responses, we had an unusual opportunity te
examine this question in analyzing a group of
sera collected by Dr. Paffenbarger from a small
village in Greenland, a village of about 400 jn-
habitants, samples of serum having been taken
from alternate individuals of all age groups.
This was a population which had recently had a
Type 3 poliomyclitis infection, with no clinical
cases hut involving abhout 90 per cent or more of
all children and adulis.

We were very much impressed by the hetero-
typic Type 2 respomses following the Type 3
exposure, and this was readily apparent because
the Type 2 virus obviously had not heen present
The situation
was very much like the Alaskan situation re-
ported by Dr. Paul.

In the group below the age of 14, all antibody
levels to Type 2 were of the order of 1:4 1o 1:16,
whereas in older age groups higher levels char-
acteristic of previous infection were found.

in this community for 14 years.

With the Type 1, there were practically no
heterotypic responses, although the Type 1 virus
had apparently been ahsent for the previcus 25
vears. No individuals helow the age of 25 had
significant Type 1 antibody levels.

I should like to add te this the plea that when
conversion rates are presented, we are told the
level at which the tests were done, so that we can
assess the possibility of the heteratypic response,
particularly the Type 2 antibody responsc.

Dr. Samin: The heterotypic responses are
nothing new. [ reported them a number of years
ago in a study we carried out on young adult
volunteers, and found that heterolypic neutral-
izing antibody responses occurred with each of
the three types, [ollowing feedings of Type 1,
Type 2, and Type 3.

Whether or not a heterotypic antibody response
was obtained depended somewhat on the level of
antibody that the individual had. In individuals
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who had no antibedy at all, as demonstrable by
the tube nentralization test, the heterotypic re-
sponse was of a very low order, helow 1:16.

If the tests were carried out beyond four weeks,
persistence of the Iow level response was rare.

I should like to ask Dr. Horstmann a question
for the record, and that is whether the search for
other enteric viruses in these children was car-
ried out only in monkey kidney or also in a
human cell line and newborn mice?

Dr. HorstmanN: All of the pre-vaccinal speci-
mens were tested in monkey-kidney cells and
Hep.-2 cells. We did not use infant mice.

De. Sapv: 1T should like to point out that in
our own experience the infant mice contributed
very little to the total. Only about 2 per cent of
the viruses from children in Mexico that we could
not isolale in monkey kidney and Hep.-2 cells,
were recovered in infant mice; therefore, my

reaction to the question I just asked is that
probably most of the enteric viruses that are
detectable by available methods were detected
here.

Dr. HorsTmann: Yes,

Dr. Prorkin: I wonder if Dr. Horstmann, or
anyone else, has reinfection dats after trivalent
vaccine. The question in my mind, of course, is
whother the relative resistance which has been
observed after feeding monovalent vaccine would
be equally observed after trivalent vaccine.

Dr. HorstMANN: Later Dr. Paul will give rc-
sults on revaccination with trivalent vaccine.

CHAIRMAN Zupanov: We shall now proceed
with D, Baron’s paper on the “Laboratory Inves-
tigations of the Attenuated Poliovirus Vaccine
Strains,”



10. LABORATORY INVESTIGATIONS OF THE ATTENUATED
POLIOVIRUS VACCINE STRAINS. I1. TISSUE CULTURE
CHARACTERISTICS BEFORE AND AFTER
GASTROINTESTINAL PASSAGE

SamUEL Baron, Ropert M. Frienpman, Rura L. KigscrsTEIN, GERALD L. BORMAN,
Roperick Mukeray, aND GEorGe A. HoTTLE

Division of Biologics Standards
National Institutes of Health, Bethesda, Maryland

Dr. BARON { presenting the paper): Low neuro-
virnlence for primates is considered a prerequi-
site for virus strains to be used in live poliovirus
vaccines and indeed, the presently proposed
strains were selected on this basis. An addi-
tional requirement is stability of the low neuro-
virulence characteristic during vaccine produc-
tion and human passage. Studies of the neuro-
virulence of vaccine strains and of stability of
their neurovirulenee characteristics have been
reported by many workers.! These siudies, how-
ever, have often given rise to quite different con-
clusions. Studics have been reported from our
laboratory in which an effort was made to obtain
under standardized conditions, comparative in-
formation concerning the neurovirulence for mon-
keys of the various vaccine strains presently
proposed.” *  The present report concerns cur-

rent studies of stability of the neurovirulence
characteristics during laboratory and human pas-
sage ol vaccine strains.

Materiol and Methods. Vaceine strains were
obtained from Drs. Koprowski, Cox, and Sabin
and are listed with their titers as determined in
vur laboratory in Table 1.

Stool samples were obtained either as whole
Stoals from contacts of
persons fed Koprowski Type 1 virus were ob-
tained from Dr, M. Shir in Switzerland; Sabin
Type 3 stools, from Dr. C. H. Stuart-Harris in
England; and stools containing Lederle Types 1,
2, and 3 strains from Dr. Flipse and Dr. Erickson
in Miami, Florida. Ten per cent stool suspen-
sions were passed through a Swinney filter con-
taining a Seitz pad which had been pre-treated
with tryptose phosphate broth. Stools {rom per-

stool or suspensions,

TarLE 1. StRAINS OF PoLiovirus STupiep
KOPROWSKL GROUP
TYPE I WISTAR-CHAT PQOL 13 10;'2 PFU/ML
TYPE I WISTAR WIP-1 POOL 1 10" PFU/ML
TYPE 1T TN 19 POOL 1 10", PFU/ML
TYPE III WFX POOL WY 13 10°° " PFU/ML
LEDERLE GROUP
TYPE I LEDERLE-SM, # 7-1231-166 102'2 PFU/ML
TYPE 1 LEDERLE-SM, # 7-1231-114 106‘5 PFU/ML
TYPE II LEDERLE-MEF-1, # 7-1232-243 107' PFU/ML
TYPE 11T LEDERLE-FOX, # 7-1233-344 1079 pry/m
SABIN GROUP
TYPE I L SC, 2 AB 10;'; PFU/ML
TYPE 11 P 72, CH, 2 AB 10°°7 PFU/ML
TYPE III LEON, 12°A, B 107+9 pru/ML
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sons fed trivalent Lederle vaccine were incubated
for 1 hour at 37° C. with divalent rabbit, anti-

" poliovirus serum (50 MIT units of each antihody
per 0.1 ml.) so that single pelivvirus types could
be studied.

Viral titrations were performed in Rhesus kid-
_ney-ccll culture tubes containing Earle’s balanced
salt solution (0.22 per cent sodium bicarbonate)
and 0.5 per cent lactalbumin hydrelysate. Plaque
assays were done in 2 oz, bottles using the same
medium containing 20 per cent skim milk.*

Temperature (T) characteristics were deter-
mined by incubating half the inoculated culture
tubes or plaque bottles in a 36.0° = 0.3 incu-
bator and half at an incubator temperature of
39.5° C. or 40.0° C. A final reading was done
on the sixth or seventh day. Tesls included the
appropriate controls with seed virus strain as
well as the virnlent Mahoney Type 1 strain.
T character is expressed as log,, titer at 36° C.
minus log,, titer at 39.5° G or 40° C. Plaque
diumeter 7' character is a ratio of the diameler
at 39.5° C. over diameter at 36° C. expressed
as per cent.

Neuravirulence of virus preparations {or mon-
keys was determined by inoculating amounts of
viruz calculated to be at the end-peint of infec-
tivity for the homotypic seed virus. Three Rhesus
monkeys were inoculated by each route, intra-
thalumically {I TH}, intraspinally (IS}, and in-
tramuscularly (IM)—a total of nine monkeys—
observed for paralysis, sacrificed 14 to 21 days
after inoculation and portions of the CNS were
examined histopathologically by methods pre-
viously described.® * Monkey neurovirulence re-
sults are expressed as the maximum plague-
forming units (PFU) of virus causing no lesions
(threshold) .

RESULTS

Comparison of T Character and Monkey Newro-
virulence. The T character may be measured by
several methods, including monkey-kidney cell
culture tube titration, plaque count assay and
the measurement of plague diameter as deter-
mined at 36° C, and 39.5° C. To determine
which of these techniques best correlates with
neurovirulence for monkeys, a comparison was
made with the results of monkey studies previ-
ously reported from this laboratory.™*® In the
results presented in Fig. 1 each T characteristic

is the average of three separate delerminations.
A shorter line for T character indicates increased
ability to grow at 39.5° C, and a shorter line for
monkey neurovirulence indicales increased viru-
lence. No determination is indicated by absence
of a line. The plague count determination of
7 character of Types 1 and 2 appears to be cor-
related betier with monkey neurovirulence fol-
lowing CN5 inoculation than do the tube titration
or plaque diametler methods. This correlation is
especially striking with the Lederle Type 2 strain
which shows higher neurovirulence following
CNS inoculation; however, this strain shows a
tube titration T characteristic suggestive of low
virulence, whereas the plague count T character
indicates greater virulence. There was poor cor-
relation hetween all T determinations and ton-
key virulence in the case of each Type 3 strain.
Tn addition, correlation is lacking betwecn the
T characteristic and neurovirulence following
IM inoculation, The latter observations are con-
sistent with other data indicating that neuro-
virulence following IM incculation appears to
measure different properties than does direct
venlral nervous syslem {CNS) inoculation.®™ ®

During the course of this study it was noted
(Fig. 2) that there was a considerable differen-
tial of virus growth when temperature of incuba-
tion was raised from 39.5° C. 10 40° C. + 0.3.
While the indicated temperature difference was
0.5° C., we could not exclude a somewhat greater
difference due to a temperature variation of
+0.3° C. within the incubators and due to a
variation of £0.2° C. between thermometers., The
higher temperalure permitted better differentia-
tion of virus strains but the overall ranking of
virulence by T character remained the same.
In addition the ranking by I' character of the
Type 3 sirains appeared better correlated with
neurovirulence for monkeys following CNS inocu-
lation when the higher lemperature of incubation
was 40° C. rather than 39.5° C,

As a result of these experiments, plagque count
assay was adopted as a reasonable screening fest
for the detection of changes in neurovirulence
of monkeys inoculated I TH or IS.

Effect of Laboratory Menipulation on the T
Character and Monkey Neurovirulence. Altera-
tion of the T character and monkcy neuroviru-
lence has been reported to be associated with
laboratery manipulation of attenuated viruses.®
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To hetter understand the effect of various growth
conditions on these two characteristics, atten-
uated virus pools which, in our lahoratory, had
heen propagated in different environmenis, were
studied for T character and in some instances
for neurovirulence in monkeys. As may be noted
in Fig. 3, one or two passages at 36° C. of an
experimental Koprowski Type 1 attenuated virus
and a Sabin Type 3 vaccine virus resulied in no
apparent change in T character, whereas two
passages of the same Koprowski Type 1 virus at
40° C. resulted in rapid adaptation to growth at
that temperature and some de-adaptation to
growth at 30° C. This virus, when inoculated
into monkeys by the T TH route demonstrateil
marked increase in neurovirulence as evidenced
by a decrease in the maximum number of plagque-
forming units (PFU) which caused no lesions
(threshold). In addition to further demon-
strating some correlation of plaque T character
and monkey neurovirulence, these results illus-

trate how rapidly virulence may change during
Jaboratory propagation.

Another change in T character of virus dur-
ing laboratory manipulation js jllustrated in Fig,
4, As may be seen, one passage of Sahin Type 3
virus in a plague system at 36° C. resulted in
increased ability of the virus extracted from the
agar to grow at 40° C.
neurovirulence was observed although some in-
creaze could not be excluded. These results
indicute that the T character and monkey neure-
virulence are most reliably determined in the
original virus specimen with a minimum of
laboratory manipulation,

T Character and Monkey Neurovirulence of
Excreted Virus. Stools of persons fed Sabin
Type 3, Koprowski Type 1, and trivalent Lederle
vaceines were studied for T characler and mon-
key neurovirulence.

The plaque count T characler of Sabin Type 3
virus, determined directly on sequential steols
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Fic. 4. Effcet of laboratory procedures on T character and monkey neurovirulence.

from subject 1202, iz shown in Fig. 5 and com-
pared with the original seed virus and the viru-
lent Mahoney Type L strain. In confirmation of
the work of Stuart-Harris et af., on these same
stool specimens,” ® the T character of the ex-
creted virus changed toward the value of the
Mahoney strain. As may be seen in Fig. 6, the

o (e}
VIRUS PFU 36° C./PFU 39.5° C.
Legyo
SOURCE ‘
1 01 2 3 45 6
T I I ] L] 11 ] T
$3 SEED
MAHONEY —
STOOLS
DAY 2
3
5
6
7
8
10
11 f—
13 —>
14 X
'l i i L Ak - |

Fic. 5. T character of excreted virus {1202).

virus in stools of patient 1203 shows a similar
change of T character. Figure 7 illustrates sim-
ilar results from patient 1205. Tn order to oblain
sufficient virus for monkey virulence tests, the
virus in the 20 day stocl specimen was passaged
once in monkey-kidney cell cultures and the re-
sulting fluid was inoculated I TH, IS, and IM
into monkeys. This single passage resulted in
some loss of ability of the virus to propagate at
39.5° C. and was, thus, inlermediate in T char-
acter. As illustrated, a moderate incresse in
neurovirulence following I TH and IS inocu-
lation was observed.

°C./39.5° C.
VIRUS PFU 36° C./39.5
Log10
SOURCE
~1 01 2 3 4 5 6
T % 5 T T 1
$3 SEED
MAHONEY -
STOOLS
DAY 5 o
12 |—
13 f—
—t Y S | | 1 1

Fic. 6, T character of excreted virus (1203).
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Virus PFU 36° €./3%.5° C.

Maximum PFU (Logyg) Causing no Lesions

Logi 10
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4 5 Jo1
L
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2

12

v ¥

15

20

20MK1

w
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Fic. 7. T character and monkey neurovirulence of excreled virus

The T character of Koprowski Type 1 virus,
determined directly on two slool specimens from
contacts of persons fed vaccine virus, is shown
in Fig. 8. An increase of ability of excreted
virus to propagate at 39.5° C. was observed and
one monkey-kidney cell culture passage at 36° C.
again altered the T character, but this time to-
ward greater ability to grow at 39.5° C. Corre-
lated with the changed T character after passage
in cell culture, was a definite increase of monkey

(1205},

neurovirulence following CNS inoculation as
demonstrated by the lower threshold value and
higher rate of occurrence of paralysis.

The T character of the Lederle Type 3 virus
in the stool of subject J.8. who was fed trivalent
vaccine is shown in Fig. 9. The virus in the
stool demonstrated marked ability to propagate
at 40° C. and this ahility was retained after one
passage in monkey-kidney cell cultures at 36° C.,
but was partially lost after 4 second passage in

PFU 36° C./40° C.

MAXIMUM PFU {Logg} CAUSING NO LESIONS

Virus
Logig

Source

0 1 2 3 4 5 &

15 1M

01 2 345 j012345¢67 8
T T T T T T T

: :
K1 SEED
108-1

K1 SEED

we 14
MAHONEY

CONTACT
STOOL 224

276

276MKI

1 L i L L 1 1

1 I 1 A L 1 L 1 1 1 L 1 1 Ll 1 L

Fic, 8. T character and monkey neurovirulence of excreted virus.
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—10123456012345670123450123456?8
¥ 1 L r T T F T T T L) T T L T T T T L) 1] T T T T T 1.7
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Frc. 4. T character and monkey neurovirulence of excreted virus {J.S.).

cell culture.

ing increase in ncurovirulence when injected into

The virus {rom the first monkey-
kidney passage of the stool showed a correspond-

monkeys by any of the three routes.

As shown in Fig. 10, Tederle Type 1 virns in
the stool of subject J.5. was stucdied for 1" char-

acter and monkey neurovirulence. As may be
seen, virus from a single monkey-kidney cell
culture passage had increased ability to grow at
40° C., but did not exhibit increased neuroviru-
lenee for monkeys.

The previous findings demonstrated that even

VIRUS

SOURCE

PFU 36° C./40° C.
Lloeg 10

-1 0 1

Maoximum PFU (logip) Causing Nao Lesions

I TH 15 1M
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DAY 13
13MK1

13MK2

14
T14MK1

14MK2

17MK1

17MK2

18
TEMK1

TBMK2

21

2TMK2-

234 5
LA TN TR I N

6
T

01 2 3
T 1

1 i 1 1 L

1

&
T

1 | L.

4 56 7 101 23 45 |01 2
LI S T T T 3 T

345678
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A 1 1 1 1 I i 1 L 1 1 1 A ] L1l

1
Fic. 10, T characler and monkey neurovirulence of excreted

(1.3

) -
virus
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a single monkey-kidney cell culture passage may
radically alter the 7' character of a virus strain.
With this in mind two original filtered 10 per
cent stool suspensions of Lederle Type 1 virus
from subject ].S. were inoeulated directly into
the spinal cord of Rhesus monkeys. As is illus-
trated in Fig. 10, the virus in the 13 and 14 day
stools manifested a markedly increased ability
to grow at 40° C., and also exhihited a markedly
increased paralytic rate and a decreased histo-
pathologic threshold value.

The prime objeciive of these continuing studies
is to determine the stability of the monkey neuro-
virulence character of vaceine strains in the
course of human passage. The results 1o date
indicate that: {a) the I’ character, as determined
in a plaque system, is very often, but not invari-
ably correlated with monkey neurovirulence; (b)
laboratory manipulation of vaccine virus or ex-
crcted virus frequently results in rapid alteration
of T character and monkey neuroviralence, indi-
cating the importance of studying the virus di-
rectly in vaccine or stool specimens; (c) virus in,
or derived from, stools of persons fed vaccine
virus exhibits a high Irequency of increased
ability to propagate at 40° C., and increased
monkey neurovirulence.
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DISCUSSION

CHAIRMAN ZHDANOV: This paper is now open
for discussion. Dr. Koprowski.

Dr. Koprowskl: Many of the speakers, in-
cluding Dr. Baron, have not specified the type of
equipment they used to control exactly the tem-
peralure of their incubators. The equipment
currently available on the American market has
failed, in our hands, to control small differences
in the temperature of incubation to guarantee
reproducibility of the results even if adequate
control titrations are included in the test. This
is particularly true when the temperature range
39°.40° C. is explored. An incubator where
fluctuations of (L5° are encountered, has proven
useless in the study of behavior of viruses at the
upper temperature range and frequently we had
to dizcard our results as not valid bhecause of
poor reproducibility,

Only when following Dr. Lwoff’s advice, of
installing Mergatherm termal regulators in our
water-baths, guaranteeing fluctuations of tem-
perature not exceeding 0.05°, have we been able
to reproduce the results satisfactorily.

Dr. Sagin: The incubators that we used for
our temperature studies were incubators with
large fan systems, to provide good circulation of
air, and while the variation in temperature can
be within about half a degree, we have never
found any difficulty whatever in the tests with
Type 1 and Type 2 viruses. 1 reported this
yesterday, and this very great consistency for
Types 1 and 2 viruses was also apparent in Dr.
Melnick’s report,

With Type 3, however, smaller alterations in
lemperature can give rise to considerable diffi-
culties.

For that reason, we consider no test valid
unless the original seed virus, run at the same
time in the incubator, gives the required differ-
ence in titer. With that as a control, the results
are fairly reproducible.

In our conclusions, we should never speak of
polioviruses in general, as Dr. Baron has just

spoken; rather, we must speak separately for the
different types. The great stability for Type 1
and Type 2, which was reporled yesterday, must
be distinguished from the special properties
demonstrated by Type 3, except those indicated
earlier by Dr. Horstmann,

This brings me to a question: whether there
may be certain environmental or dietetic factors
in the intestinal tract, which may be conducive
to increasing the population of virus particles in
Type 3, that can multiply at 40° C. Costa Rica
seems to offer a particularly good environment
te obtain some data on this particular question.

Dr. Baron: I should like Lo second Dr. Sabin’s
comment that the seed virns be run in parallel
to any T determination.

The variability extends inte the Type 2 and
some of the Type 1 sirains, depending on which
strain one is dealing with; the Mahoney and
LSe¢ strains may not be suitable as controls for
the T dotorminations because of their stability
of T character which is, unfortunately, not found
in many of the other sced strains,

Dr. Mecmick: T should like to support Dr,
Baron’s work relating to the use of the stools
themselves in luboratory tests, rather than tissue-
culture passages, because, as his work has
pointed out so well, the viruses may change on
passage in the laboratory.

This leads me to the question about other
agents which may be present in the intestines of
the vaccinated children, and one of these might
well be the virus which Dr. Hillemann talked
about at the second session, the su-called vacuo-
lating virus. I wonder whether Dr. Baron has
looked for this virus in some of the specimens
from vaccinated children that he has been work-
ing with in the last few months.

Dr. Bagron: We are in the process of doing
those studies now, but the results are not com-
plete.

Dr. MELNICK:
resulis?

Are there any preliminary

132
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Dr. Baron: They are too preliminary to report
as yet.

Dr. MELNICK: Are they negative?
Dr. Baron: They are plus-minus.

Dr. 3aBN: T should like 1o point out that in
the course of work with excreted sttenuated
viruses, which goes back many years, all the
initial work was always done with the original
stools. We went on from work with the original
stools to first tissue-culture passages only when
it was found that original stools exhibiting no
change nevertheless exhibited altered hehavior
when first tissue-culture passage was used, for
the simple reason that larger amounts of virus
were needed for the test.

This is particularly true when the intrathal-
amic inoculation of monkeys is used. With
original stocls inoculated intrathalamically, with
the amounts of virus that are present there, and
with the strains most rccently used, it has not
ever been possible to get anything on intrathal-
amic¢ inocuiation.
first monkey-kidney tissue-culture passage was to
obtain the larger quantities of virus In which
changes could then be demonstrated.

Testing original siools is, therefore, not new.
It was the original procedure used many vears
ago. There is in the literature very extensive
data reported on what has been found, using

The reason for going on to

original stools.
Culture passages, to repeat, are used to test
the large populalions of virus particles,

Di. BaroN: When we come to the problem of
getting enough virus for stools to do intrathal-
amic gnd intramuscular tests on monkeys, I am
reminded of some of Dr. Logrippe’s work a num-

ber of vears back. He described the use of
harrels of stools, passaged through resin columns,
in order to concentrate virus efficiently in at-
templs to obtain poliovirus CF antigens.

Dr. Booian: I think Dr. Sabin satisfactorily
explained the reasons for his going to passage
maierial, but I should like to emphasize, from
Dr. Baron’s very meticulous study, the demon-
stration that where titers of virus in stools are
at a satisfactory level, it becomes important to
use Dr. Sabin’s original method of using stool
suspension rather than subcultured virus.

Dr. Sanin: This is never-ending, but 1 believe
that the best thing 1o do, for anyone who is n-
terested, is to analyze quantitatively the data that
are amply reported in the literature. There is
quite a difference between using the intraspinal
technique, where we know that one can have
virus producing paralytic effects in rather small
doscs, while a million tissue-culiure infective
doses of the same virus given intrathalamically
may be without paralytic effect.

This is not the place to go over work that has
been covered in the last five or six years; it is
already recorded in literature, and anyone who
wants te follow up should cover the literature
which is on record.

Dr. Bootaw: T should like to remind Dr. Sabin
that information on all of the strains which are
before us for consideration is not available on
this point.

Cralgman Zupanov: We shall now proceed
with the paper by Dr. Verlinde on “Epidemio-
logical and Virological Survey Following Oral
Administration of Live Poliovirus Vaccine.”



11. EPIDEMIOLOGICAL AND VIROLOGICAL SURVEY FOLLOWING
ORAL ADMINISTRATION OF LIVE POLIOVIRUS VACCINE

J. D. VErLinDE AnD J. B. WILTERDINK

Laboratory of Microbiology, Netherlands Institute for Preventive Medicine
and State University, Leiden

Dgr. VERLINDE {presenting the paper): From
May 1957, through 1959, four small groups of
individuals have been fed all three types of
Sabin’s live poliovirus vaccine. Details on the
development and duration of alimentary infec-
tion, the amount of viras excreted, the develop-
ment of antibody, and the determination of mon-
key neurovirulence of the excreted viruses have
heen presented at the preceding Conference.?

The epidemiological conditions in The Nether-
lands during these three years have been ex-
tremely favorable for the study of the epidemio-
logical safely of the vaccine. The last exten-
sive epidemic of poliomyelities, which was main-
1y due to Type 1, occurred in 1956. During the
next three years both the incidence of clinical
poliomyelitis and the relative incidence of Type
1 virus decreased vrogressively, and the years
1958 and 1959 showed an cxceptiomally low in-
cidence of poliomyelitis indeed (Table 1 and
Fig. 13.

The population is relatively susceptible, since
more than 50 per cent of the children under the
age of 13 lack antibody against at least one type.”

With a few exceptions, all vaccinated indi-
viduals were residents of the city of Leiden or
its immediate vieinity, in the province ol South-
Iolland. In this study a comparison is made of
the incidence of reported cases of poliomyclitis,
the vast majority of them being paralytic, and

TaprLe 1. PoriomyrriTis 1N T

the incidence of poliovirus infection as de-
termined by virelogical examination of materials
from patients suffering from various illnesses
known to be potentially associated with either
polioviruses or other enteroviruses in five differ-
cnt regions of the country (Figure 2), ie.:

Region I: Leiden and vicinity, with a popula-
tion of 150,000,

Region II: the coastal area from approxi-
mately 40 Km, north to approximatcly 40 Km.
south of Leiden, with a population of 1,200,000,

Region TIT: the rest of the province of South-
Holland and the larger part of North-Holland,
with a population of 2,500,000,

Region 1V: the southern area of The Nether-
lands, with a population of 2,600,000.

Region V: the rest of The Netherlands, with
a population of 4,600,000,

The incidence of clinical poliomyelitis doring
three-month periods as reported to the Chief
Medical Officer of Health is demonstrated in Fig.
3, which shows that the incidence in the post-
epidemic year 1957 is still relatively high, where-
as that in the next two years is exiremely low.
In 1957, all regions show the usnal seasonal in-
crease during the third three-month period.
There is no evidence of an increase of the nom-
ber of reported cases during and after vaccina-

HE NETHERLANDS, 1956-1959

1946 1957 1958 1959
Nurmber of notified cases (paralytic and non-paralytic) 2185 216 37 12
Number of patients examined virologically 3500 1300 1200 700
Number of polioviruses isolated: Type 1 644 40 11 1
Type 2 54 21 2 2

Tvype 3 10 60 9 —

134
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F1c. 1. Numbher of reported cases of poliemyelitis in The Netherlands, 1955-1959.

lion trials, neither in Region 1. nor in the other
regions.,

This is also evident from the morbidity rates
as recorded in Fig. 4, with the exception, how-
ever, of the fourth three-month period of 1939
in Region I. During this peried, four cases have

heen reported in Region I, which are reflected in
a relatively high morbidity rate in an area with
a population of only 150,000. Poliavirus Type 2
has been isolated from two of these cases, but
the other two were probably not due te polio-
virus infection, since we failed to isolate virus
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from several stool samples from both patients
and no serological evidence of poliovirus infec-
tion was found. Hence, the morbidity rate is
probably half of that recorded in Fig. 4.

With regard to the remarks made by Professor
Dick® at the first Conference, we hesitate to put
forward our opinion that the two Type 2 cases
are definitely not due to the introduction of the
vaccine into the population. The types of vac-
cine have been administered in the order Type
1—Type 3—Type 2, the Type 2 vaccine having
been fed in December. Both cases, however, oc-
curred in October, two months prior to the ad-
minisiration of the Type 2 vaccine!

Hence, all trials, particularly the three made
during the years 1958 and 1959 with an excep-

tionally low incidence of poliomyelitis, clearly
show that the introduction of the vaceine into
the population has not resulted in the occurrence
of clinical poliomyelitis, You will note that there
has not been a single cuse of poliomyelitis in the
Leiden region for two years, from September
1957 to October 1959.

The incidence of poliovirus infection in the
different regions as determined by virological
examination of patients, irrespective of the
character of the clinical syndrome, is presented
in Fig. 5, which shows that in none of the vears
in which oral vaccine has been administered there
has been a significant increase in the incidence of
poliovirus infections in the Leiden region as com-
parcd with the other regions. On the contrary,
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the incidence in the Leiden region has usually
been lower than elsewhere, with the exception
of the two cases of non-paralytic Type 2 polio-
myelitis in 1959, which have already been dis-
cussed.

Several poliovirus strains isclated from patients
and several strains excreted by vaccinated indi-
viduals during the same period have been ex-

amined for T marker and neurovirulence in
Cynomolgus monkeys following intracerebral in-
oculation inte the right thalamic region of 1 ml
of fluid of the first or second monkey-kidney cul-
ture passage.

The T marker has been examined by inoculs-
tion of ten-fold dilutions of monkey-kidney cul-
ture virus into eight monolayers of trypsinized
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monkey kidney-cells in a medium consisting of
Hanks’ solution with 0.5 per cent lactalbumin
hydrolysate, 5 per cent horse serum, and the
usual antibiotics. Four of the monclayers were
incubated at 37° C. and four at 40° C. The

final reading was made at the eighth day and the
titers were calculated according to the method
of Reed and Muench. It was found in pre-
liminary titrations that the difference in titer
st both temperatures was usnally less than two
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logs for highly virulent strains and more than Table 2A shows that all Type 1 strains ex-

four logs for highly attenuated strains, so that, creted by vaccinated individuals, with the excep-
in agreement with Yoshioka, Riordan, and Horst-  tion of one intermediate strain, possess the T

'mann’, the strains were classified as: character. This character is correlated with ab-
T+ difference less than 2 logs. sence of neurovirnlence following intracerebral
I: difference 2 10 3.9 logs inoculation of amounts of virus varying from

T diflerence 4 logs or more 1057 1o 1052 TCD,, with the exceplion, however,
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TARLE 2a. T MARKER AND INTRACEREBRAL NEUROVIRULENCE OF TYPE 1 STRAINS EXCRETED BY
VACCINATED INDIVIDUALS

MoNEEY
NEUROVIRULENCE
' DAt AFTER DIFFERENCE
VACCINEER VACCINE TCDyg Loa 10 Log TrrEr AT
NuMmBER Frrpina INOCULATED 40°C. anD 37°C. T MAREKER
3 8 - 7.2 5.0 T
14/1 23 - 8.1 5.3 T
14/2 33 - 8.0 6.0 T
22 15 - 7.7 5.3 T
23 6 — 8.2 5.5 T
29/1 9 - 7.6 45 T
20/2 20 — 7.0 5.8 T
29/3 a2 - 7.1 45 T
52/1 4 — 7.7 4.0 T
52/2 19 — 8.0 5.8 T
63 15 - ’ 7.0 6.0 T
73 14 — 8.0 4.0 T
125 16 - 6.2 2.5 I
191 31 - 5.8 4.2 T
200 12 - G.0 4.8 T
202/1 12 - 5.7 4.0 T
202/2 18 - 6.4 4.3 T
20273 25 + 6.8 5.0 T

Tapik 2n. T MARKER AND INTRACEREBRAL NEUROVIRULENCE OF Tyrg 2 Strains EXCRETED BY
VACCINATED INDIVIDUALS

MoNkEY
NEUROVIRULENCE
Dat ArTER DIFFERENCE

VACCINER VAcCINE TCDg Loc 10 Loc TiTeR AT

NUMEBER FEEDING INoCULATED 40°C, ano 37°C, T MaARKER
23 17 — 8.4 5.2 T
3041 15 — 7.8 4.0 T
30/2 23 — 2.4 4.7 T

- 43 5 — 7.0 4.2
44 7 — 6.4 3.0 1
73 13 - 6.5 4.0 T
106 i) — 6.3 4.0 T
185/1 7 — 57 5.0 T
185/2 21 — 5.2 4.2 T
187 15 — 54 4.2 T
188 22 — 4.8 3.5 1
190 7 — 5.0 3.0 1
196/1 b3 — 4.0 4.0 T
196/2 14 — 5.7 4.0 T
196/3 19 — 5.3 4.0 T
202 12 - 5.0 2.0 T
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TABLE 2¢. T MarKER aND INTRACEREBRAL NEUROVIRULENCE OF TYPE 3 STRAINS EXCRETED BY
VaccinATED INMVIDUALS

MoNKEY
NEUROVIRULENCE
Day A¥PTER T DHFFERENCE
VACCINEE VACCING TCDg Lo 10 Log TITER AT
NUMBER FrEpING TNOCTLATED 40°C. awp 37°C. T MarREER
6 5 — 8.0 3.0 I
10 14 + 8.2 0 T+
14 15 7.9 4.2 T
23 8 - 7.6 2.3 1
26 8 — 8.4 4.8 T
28 29 - 8.0 4.4 T
2Mm/1 36 - 7.8 1.0 T+
20/2 44 — 7.2 1.2 T+
114 19 - 7.1 5.5 T
185/1 9 + 6.3 1.0 T4
18572 23 + 7.0 3.5 I J
188/1 9 + 7.2 1.0 T4+
188/2 29 + 6.2 1.5 T+
191 13 — 6.2 3.2 I
196,/1 12 + 6.3 1.0 T+
196/2 21 - 5.5 1.0 T+
196/3 27 - 6.0 1.0 T+
202/1 12 + 74 3.0 1
202/2 19 + 6.5 3.3 I
202/3 26 + 4.7 0.2 T+

of one strain. Three strains excreted by vaccinee
202 possessed the T character, which was corre-
lated with absence of neurovirulence in those
excreted on the 12th and 18th day, whereas that
excreted on the 25th day exhibited intracerebral
activity following inoculation of 10%% TCD,,.
Twelve of 16 Type 2 strains excreted hy
vaccinated individuals possessed the T character
and four were intermediate, as recorded in Table
9B. None of them showed evidence of neuro-
virulence following intracerebral inoculation of
amounts of virus as high as 104 to 10%-¢ TCD,,.
A less regular pattern shows the Type 3
strains (Table 2C). Ten of 20 strains excreted
by vaccinaled individuals possess the T+ charac-
ter, and six of them exhibited intracerebral ac-

tivity. Three of six intermediate strains showed
evidence of increased neurovirilence. Moreover,
one of four T strains produced paralysis after
intracerebral inoculation of 107 TCDy,.

When swmnmarizing these observations, regard-
less of the types, intracerebral activity has been
shown in 2 of 33 (6 per cent) of the T strains,
in 3 of 11 (27 per cent) of the intermediate
strains and in 6 of 10 (G0 per cent) of the T+
strains excreted by vaccinaled individuaals.

In conclusion, the genetic stability of the Type
3 vaccine strain is less than that of Types 1 and
2. Nevertheless, there has been no evidence of
any harmful effect either to the vaccinated indi-
viduals or to the community in which all three
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DISCUSSION

CaammaN ZHpanov: This paper is now open
for discussion.

Dr. SaBiN: 1 wonder if Dr. Verlinde would
indicate the number of families in Leiden in
which the vaccine strains were fed. 1 think his
data are of importance te supplement other avail-
able epidemiological dats in which the feeding
was done on 4 much Iarger scale. I know that
Le fed only a small numher of families in the
city of Leiden, and that therefore it represents a
situation in which a small numbher are fed, and
a larger number are exposed. This supplements
the tests in the Soviet Union last year, where ap-
proximately 50 to 60 per cent of the population
were fed in some regions, and also more recent
studies in other areas where 80 to 90 per cent
of susceptible age groups were fed. I wonder if
Dr. Verlinde could, for the record, indicate how
many families were actually involved in the Lei.
den feedings over the two-year period.

Dg. VERLINDE.; Approximately 40 families have
received vaccine strains in the Leiden region.

Dr. Boniaw: T should like to ask Dr. Verlinde
whether he has any measure of the spread of
virus from those families into the community, be-
cause we have here a very excellent situation for
assessing the epidemiological significance, if any,
of an increase in neurovirulence. Just as we have
data from Professor Smorodinisev’s study in re-
gions where there were large numbers of un-
vaccinated individuals, here we have even a larger
group of contacts who may have been exposed to
excreted virus. Is there any measure of the
spread of the strains?

Dr. Verrinve: Unfortunately we do not have
that measure. It appeared to be very difficult to
obtain fecal specimens, for instance, from the
neighbors of the families, and especially from the
schoaol children with whom the vaccinated chil-
dren had been in contact.
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The only measure we have is the virological
examination of stools from children who exhib-
ited some kind of illness during the three years.
But in the normal population we have, un-
fortunately, no evidence of spread of the vaccine
virus as could have been determined by examina-
tion of a large number of stools from healthy
contacts,

Dr. MeLvick: We are going to hear a number
of papers about vaccine effectiveness as the Con-
ference proceeds. In this regard it is of interest
to call attention to the record of poliomyelitis
that Dr. Verlinde showed us for The Netherlands.

If we look at Table 1 of his report,* we find
that the number of polio cases reported for 1956
to 1959 varied from ever 2,000 in 1956, 10 216
in 1957, then fell sharply to 37 in 1958, and to
only 12 in 1959,

Had Dr. Verlinde carried out 4 mass vaecing-
tion trial instead of feeding virus to a few
families, we would have here an excellent ex-
ample of what might well have been considered
to be vaccine effectiveness,

Dr. VERLINDE: Salk vaccination started in The
Netherlands in 1957, and in the subsequent years
an increasing number of children has been vacei-
nated. T do not know exactly up to what age, but
I think up to 9 or 10 years. This year children
up to 14 or 15 years of age will be vaccinated.

During the first two years, 1957 and 1958, only
children of one and two, perhaps three, vears
of age have been vaccinated.

CHAIRMAN ZHDANOV: If there are no further
comments, we shall proceed with the next paper
on the “Spread of a Vaccine Strain of Poliovirus
in Southern Louisiana Communities.” The pre-
sentation will be made by Dr. Gelfand.

* See p. 134,
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SPREAD OF A VACCINE STRAIN OF POLIOVIRUS IN

SOUTHERN LOUISIANA COMMUNITIES*

Jonw P. Fox, DoroTHY R. LEBLANC, HENRY M. GELFAND,
DorotrY J. CLEMMER, AND Louis PoTasH

Division of Epidemiology, Department of Tropical Medicine and Public Health,
Tulane University School of Medicine, New Orleans, Louisiana, and the Division
of Epidemiology, Public Health Research Institute of the City of New York, Inc.

Dr. GELFAND (presenting the paper}: With any
new vaccine, safety and effecliveness with respect
to the immediate recipients, are of paramount
concern. In the case of live poliovirus vaccines,
their demonstrated spread to unvacecinated per-
sons is the source of an additional important
concern. Such ahility to spread may be consid-
ered to enhance materially the risk of vaceina-
tion, if the cobserved tendency for the vaccine
strains to reacquire neurovirulence during hu-
man passage is judged to be significant for man.
Alternatively, to the extent that counlact infections
safely augment the immunity of the population,
spread may prove to be a beneficial phenomenon,
In either event, the circumstances which favor
or impede spread and the nature of contact-
acquired infections are worthy of study.

A year ago at the First International Confer-
ence on Live Poliovirus Vaccines, we reported on
the spread of the Sahin vaccine strains within
individual Louisizna households." Qur abserva-
tions clearly indicated that most extensive spread
was related to poor environmental hygienc and
to the use of the Type 3 vaccine strain. They also
snggested that pharvngeal excretion of virus,
which commonly follows administration of maxi-
mal doses of vaccine, may favor virus spread, al-
though very considerable spread was observed in
the well documented absence of pharyngeal ex-
cretion. We also reported that, unlike primary
infections, infections resulting from conlact often
were abortive with but one or two days of fecal
virus excretion, We can now udd that such
abortive infections rarely induced immune re-

sponse, An additional factor greatly favoring

* Aided by grants from The National Foundation
and the Division of Research Grants, National Insli-
tutes of Health, U. 8. Public Health Service,
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virus spread, the very voung age of the vaccinee
(under 18 months), first became evident in Gard’s
Swedish household study® and was again noted
in the New Jersey study of Plotkin et al.®

Overall, perhaps the most significant fact to
emerge from studies se far reported, and par-
ticularly well demonstrated in our own house-
hold study, is the relatively limited capacity of
the vaccine strains to spread, as compared with
that of the obviously mere infectious wild polio-
virus strains. Episodes of infeclion with vaccine
viruses in our study households involved only 3
per cent of the susceptible contacts in upper eco-
nomic families and 51 per cent in the lower
economic groups; whereas, during 1953-1957, in
the total group of households from which were
derived our vaccine virus study families, episodes
of wild poliovirus infection involved 86 and 93
per cent, respectively, of upper and lower eco-
nomic susceptible children.-*

The study of interhousehold or community
spread under widely divergent conditions was
alse reported a year ago. In an Arizona Indian
community characterized by very primitive sani-
tation, Ssbin’s Type 1 strain failed to spread,
probably becaunse of the combination of minimal
sceding of the community, a highly immune
population, and an abundant flora of other en-
teroviruses.” Within a highly susceptible group
of married student families in Minnesota, ex-
tensive sequential of all three
Lederle straing was followed by a mean spread
to only 3 per cent of adults and 7 per cent of
children.* Finally, the wintertime introduction
of the Lederle Type 1 strain into an iselated
island community in Finland, by feeding about
20 per cent of the population was followed by
more extensive spread, 34 per cent overall, and
45 per cent of the nonimmunes.?

introduction
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Our own exploration of interhousehold spread
began in relation to the previous household
studies when we demonstrated spread following
deliberately arranged, brief play exposure of
children, This led us to the study herein re-

ported which was designed specifically to explore .

the dissemination of vacecine virus under optimal
condilions in the unmanipulated community. Al-
though preliminary results have been reported
clsewhere,’” substantial udditional information is
now available.

METHODS AND MATERIALS

General plan of the study. Several small, weli-
defined, lower economic neighborhood communi-
ties in the Evangeline area were chosen as candi-
dates for siudy on the basis of our knowledge of
their physical and social characteristics and our
cstimates as to probable sero-immunity patterns
as derived from previous investigations.*® With-
in each community approximately 25 houscholds
were recruited on a voluntary basis, and from
these were obtlained pertinent data, including a
Salk vaccination history (later confirmed through
official health records), and blood specimens from
each member. Review of the vaccination history
and the results of testing the sera for neutralizing
antibody permitted us Lo select two communities
containing a high proportion of children sus-
ceptible to Type 3 poliovirus.

Within the chosen communities the participat-
ing families were paired, one to receive vaccine
and the other an identical appearing placebo,
only on the basis of the number of probably sus-
ceptible children under 15 years of age and
address to insure that the vaccinated families
were widely scattered. Feeding was begun early
in June, just after school was dismissed. All
children in a household received the same ma-
terial, vaccine or placebo, the specific nature of
which was not divulged until the end of the ob-
servation period.

Base-line blood and stool specimens were ob-
tained from each child on or just before the day
of feeding. During the next 12 weeks, with occa-
sional exceptions, additional fecal specimens were
contributed twice weekly. These were collected
during weekly visits made by the nurse epidemi-
ologist (D.R.L.} to obtain information as to ill-
ness and significant social actlivities of the chil-

dren. At the end of August, terminal bloods were
collected and, as a promised reward, all children
were fed trivalent vaccine.

VFaccine strains and administration. Because
of the susceptibility status of the chosen com-
munities, only the Type 3 (Leon 12a.b) strain
was used. This was provided by Dr. Subin from
the large pool that had fulfilled his rigid criteria
for purity and attenuation.'* The stock vaccine
was distributed in amounls appropriate to the
needs of the individual families, the family-identi-
fied containers then being held at —20° C. until
just before use. Disposable medicine droppers
were employed to squirt 1 ml. amounts (contain-
ing 7.3 logs of virus) into the oral pharynx of
each child. Placebo salt solution with phenol
red was packaged and handled in the same
manner.

Laboratery procedures. The laboratory methods
emploved were standard and have been described
in detail elsewhere.”*®* Monolayer cultures .of
monkey-kidney cells were employed throughout
and visual detection of cytopathic effect was used
as the index {or virus isolation and identification
and for serum neutralization, Serum antibody
titers are expressed as 50 per cent end-point
values in terms of the final dilution of serum and
were based on the use of two cultures per two-
fold serum dilution mixed with aliquots of virus
calculated to contain approximately 100 TCID,,
per culture inoculum.

Charuacteristics of the study communities. The
two communilies chosen were small, distinct
neighborhoods located in the town of Morgan
City and Franklin, Louisiana. Their physical ex-
tent and the distribution of the study households
are shown in Figures 1 and 2. Although not iso-
lated from their respective towns, each constituted
a relatively homogeneous play community.
Special features propitious to virus spread in-
clude low economic level and associated poor en-
vironmental sanitation with many functioning
outdoor privies, poor personal hygiene as indi-
cated by the usual unwashed state of the children,
large families and intense social intermingling.
The pertinent population data are presented in
Table 1, which indicates, in patticular, the rela-
tive overall abundance of the children and the
sizealle proportions of the child population seed-
ed by vaccine feeding (17 per cent in Morgan
City and 43 per cent in Franklin} or designated
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by placebo feeding to serve as indices of virus
spread {21 and 39 per cent, respectively).
Analysis of the dute. The histories of Salk
vaccination were verified from official local health
records and can be considered to be quite ac-
curale. However, since the participating house-
holds had not been under ohservation prior to
vaccination, certainty as to individual natural
immunity status often was not poessible. Rather
than make arbitrary judgments in the individual
case, the children have been assigned to two
groups according to their prefeeding titer of neu-

tralizing antibody, one with ne antibody or titers
below 1:32 {presumed to include chiefly the
natural susceptibles) and the other with titers of
1:32 or higher (presumed to include most of
those naturally immune).

RESULTS

Although this study was In no sense u salety
trial, it may be said at the outset that no signifi-
cant illnesses possibly attributable to the vac.
cine virus were observed. The basic data relate
to extent of infection with the vaccine strain, the

ORAL POLIO VACCINE STUDY
Morgan Gity Community

Lecenn
£7°7t Homas without children

==] Homes with children nat in siudy
Wl Homes fed vaccine

1 Homes fed placebo

Fic. 1. Map of Morgun Cily Community shawing location of all dwellings and indicating
the participating vaeccine and placebo-fed households.

7Y Homes without children

(=== HMomes with children not in study
Sl Homes fed vaccine

[—] Homes fed plocgho

ORAL POLIO VACCINE STUDY
“Franklin Communily

Fic. 2. Map of Franklin Community showing location of all dwellings and indicating
the participating vaccine and placebo-fed households,
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Tarrte 1. PoruraTioN DaTa ror THE STupy CoMMUNITIES IN MorcaN CiTy AND FRANKLIN,
Loursiana
—
CHILDREN
NUMBER OF e ]
NrlenporHOOD Crour HoussnoLps
NuMmsrr 47, or ToraL
In Morgan City Total 133 332 100
placebo 13 G4 21
vaccine 12 55 17
In Franklin Taotal 75 130 100
placebao 13 51 39
vaceine 13 56 43 J

pattern of spread, the response to infection and
the occurrence and possible influence on spread
of concurrent wild enterovirus infections.
Extent of infeciion and homologous antibody
The infection and sero-response ex-
perience of the vaccine-fed children are sum-
marized in Table 2. Of 55 children in the low
titer group, 53 (96 per cent) developed immedi-
ate alimentary infections. Thé two exceptions
were children in the Franklin community who
were excreting Coxsackie B2 virus when the vac-
cine was administered, and hoth of these later
became infected with P3 virus during a delayed,
Significant anti-

response.

recurrent household episode.

Tarre 2.

body response, defined as four-fuld or greater
increase in titer, followed immediate infection in
all but four instances in which the scra remained
without antibody in 1:8 final dilution despite
demonstrated fecal virus excretion, abortive in
one child, but persisting for 12 1o 20 days in the
other three. A rather different pattern resulted in
the high-titer group. While immediate alimen-
tary infection was demonstrated in 38 (68 per
ceni) of the 56 children, only seven of these
evinced signilicant antibody response.

In Table 3 are shown the infection and re-
sponse dala for the placebo-fed children. In both
communities, contact infections were more fre-

FecarL Excretion oF TypeE 3 PoLiovirus anNp AnTiBopy REsronse 1IN VacCine-Fep

CHILDREN, BY AcE, Priox Homovrocous AnTinopy TITERS AND RESIDENCE

Neighborhood | Age Prior titer 1: <32 Prior titer 132+
{years) No. No. No. No. No. No.
fed | excreting | response|| fed | excreting | response
in Morgan 0-5 24 24 24 4 4 |
City 6-95 3 3 2 10 5 8]
10-15 4 4 3 10 9 2
all 31 3l 29 24 18 3
In Franklin 0-5 16 14 14 8 4 [
6-9 6 3] 5 2 9 3
10-15 2 2 I 12 7 0
all 24 22 20 32 20 &
Both all 55 53 49 56 38 7
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quent in children below 6 years of age and in
the low-titer group. Overall, spread was clearly
more cxlensive in the more heavily seeded Frank-
lin community {70 per cent of low and 32 per
cent of high-titer children) than in Morgan City
(33 and 25 per cent, respectively). All told, 28
low-titer children developed alimentary infecijon
and, of these, all but nine manifested significant
antibody response. In the high-titer group, 17
were ohserved to excrete virus, but only four
evinced antibody response.

Wide variations were ohscrved in duratien of
fecal virus excretion. In the vaccine-fed children,
the mean observed excretion was 22 and 9.7 days
for the low and high-titer groups, and the range
was, respectively, from 1 to 63 days and from 1
to 31 days. Among the placebo-fed children, the
corresponding figures were 17 and 6.8 days for
the means, and from 1 to 37 days and from 1 to
34 days for the ranges. For the vaccine-fed chil-
dren, Fig. 3 indicates the relation of the post-
feeding antibody titer to that observed prefeeding
and also, on a rough qualitative basis, to the fact
and duration of fecal excretion of vitus. Of those
actually observed to shed virus in the feces, abor-
tive excretion for only one or two days, indicated
by the circle with a central dot, was observed in
5 of 53 low and 14 of 40 high-titer children. Simi-
lar data for the placebo-fed children are pre-
sented in Fig. 4 which indicates the much greater
frequency with which contact transmission re-

TADLE 3.

sulled in abortive infection. Such was observed
in 7 of 28 infected low-titer children and in 9 of
17 in the high-titer group. Of special importance
is the facl that these abortive infections were
commonly associated with failure to develop a
significant increase in antibody titer. Finally,
in agresment with our previous ohservations, well
established alimentary infection also {ailed to
elicit a significant response in children with very
high initial antibody titers.

The pattern of vaccine virus spread. It is diffi-
cult to generalize about the pattern ol spread
within the placebo-fed household units. In one
Franklin and four Morgan City families, the en-
tire househald episode of '3 virus infection con-
aisted of fecal excretion by only one child detect-
ed on only one day (2 in high and 3 in low-titer
children), despite the availability of from 5 to 8
other children in each family, including a total
of 11 with low and 19 with high titers. At the
other extreme, all or all but one child became in-
fected in six families, three in each community.
When more than one child became infected, the
interval between onsets of viral excretion varied
widely; several children might begin excretion
within a few days with others beginning excre-
tion two or more wecks later.
in which all of six children hecame infected, the
onsets of exeretion were on days 28, 28, 29, 46,
60, and 60 of ohservation.

What might be termied the week-by-week volume

In one household,

Fecar ExcrETioNn ofF TYre 3 PoLloviRUs AND ANTIBODY RESPONSE IN PLACERO-FED

CHILDKEN, BEY AGE, Prior llomorocous ANTIRODY TITER AND RESIDENCE

Neighberhood | Age Prior titer | <32 Prior titer 132 +
{years) No. No. No. Na. No. No.
fed | excreting |response| fed | excreting | response
In Morgan -5 23 9 T 7 2 0
City 6-9 6 I 0 15 4 l
10-15 7 2 I 10 2 0
all 36 12 8 32 8 I
In Franklin -5 18 15 I 9 4 2
6-9 2 0 @] il & I
10-15 3 | 0 8 I 0]
ahll 23 16 | 28 9 3
Both all 59 28 19 60 |7 4
1
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Fig, 3. Titers of homologous neutralizing antibody at the beginning and end of
ohservation in vaccine-fed children in Margan Cily and Franklin.

of excretion in the Morgan City neighborhood is
indicated in the upper half of Fig. 5 which shows
how many children were found exereting virus in
each week of observation. Excretion in the vaec-
cine-fed children was maximal immediately after
feeding, and declined abruptly after the third
week, Overall, it was more frequent and per-
sisted longer in the low-titer group. Among the
placebo-fed children, the peak frequency of virus
shedding was in weeks 4 and 5 and again the
averall frequency was greater in the low-titer

group. Tn the lower half of the figure, com-
parable data are presented [or Franklin. These
differ from those for Morgan City chiefly in that
infection hegan earlier in the placebo-fed chil-
dren with the peak of shedding in the third week
in the low-titer group.

The pattern of viral spread among Morgan
City families is indicated in Tahle 4 in which
episodes of infection with P3 or other enterovirus
in each household arc indicated by week of on-
set. Understandably, P3 virus appeared immedi-
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Fic. 4. Titers of homologous neutralizing antibody at the beginning and end of
observation in placeho-fed children in Morgan City and Franklin.

ately after feeding in all of the vaccinefed
families. In the placebo-fed group, a total of
eight episodes of P3 infection were observed with
three in the second, twe each in the third and
fourth, and one in the fifth week. In the more
heavily seeded Franklin community (Table 5}
spread to households was no more extensive, but
it began earlier and continued longer with five
episodes in the first, two in the third, and one in
the sixth week. A recurrence of P3 spread, pos-
sibly representing the invasion of a wild strain,

began in the eighth week in vaccine-fed house-
hold 230, reinvaded placeho household 232 in the
ninth week, and reached the heretofore unin-
fecled household 237 in the tenth week. Both re-
invaded families had been free of P3 virus lor
at ieast four weeks, and in both one or two pre-
viously infected members were reinfected.

The occurrence of wild enterovirus infections.
In Tables 4 and 5 are recorded an impressive
total of 86 episodes of wild enterovirus infection
which were detected during the 12 weeks of com-
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munity observation. Since, in at least two studies,
pre-existing infection with such viruses has heen
observed to block infection with orally admin-
istered vaccine strains,™ * one might anticipate
that this shundant occurrence of wild entero-
virnses would provide additional examples of
interference.  Althongh numerous children in
Morgan City and Franklin househelds were un-
dergoing infection with P1, B2, or B3 viruses
when they were fed 7.3 logs of P'3 vaccine virus,
only two in the low-titer group, hoth with B2
infections, failed to develop immediate alimen-
tary infection with P3 virus.

Examination of Tables 4 and 5 provides no
evidence that other enterovirus infection inter-
fered with spread of the vaccine strain. Not only
did scveral families escape invasion during the
period of most active vaccine spread despile {ree-
dom from other infection but, in seven instances,
& houschold was invaded in the same week by
both the vaccine strain and a wild virus. ‘Further,

in Franklin households 227 and 232, the vaccine
strain entered during the first observation week
and displaced u pre-existing infection with B2

virus.

In Table 6 the episodes of wild enlerovirus in-
fection are summarized for the vaccine and
placebo families in each community. Of some
interest is the fact that the viral flora of these
neighboring communities differed significantly.
Coxsackie B3, E14, and E19 were virtually re-
stricted to Morgan City as were B5 and E7 to
Franklin.

servation suggesting that administration of the

Of perhaps greater interesl is an ob-

vaccine virus may have provided brief protection
against infection with wild vituses., During the
first two wecks after administration of the vac-
cine, the vaccine-fed households experienced but
a single wild virus episode, whereas seven were

detected in the placebo-fed families.
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TanLE 4, WEeEk orF Onser oF ENTEROVIRUS INFECTION IN Morcan CiTy FamiLIEs

vaccine| Household

Virus first excreted in indicated week

fed number - | 2 3

4 5 & 7 819 j10] It

201 Ad
205 P
206 Eto
210
214
215
217
218
219
221
ge2e
223
224

P3Ad
B3

Placebo UN
B2

P3Bz
P3

P3,B83

P3,83

P3
Ps

B3

Pr | B3
P3

B2
Eig:
Eis
B3

B3 B2
B2
Eis | B3
B3
Eta
B3

Bz Adz,B5

eoe
203
204
207
208
211
ziz2
213 Py
216
220

225
[ 226

P3
Ps
P3
Ps
P3
P3
Ps
P3,62
Pa
Ps
P3
Pa

B2
Type 3 Adz
virus

B3

B3

B2
B3
B3
Pi B2

UN

Bz
Ets
B2,E9
Eo Ad

UN

Er UN

P — poliovirus; E = ECHO virus; B = Coxsackie gronp B vrins; Ad — adenovirus; UN = unidentilied
virus; types designatcd by numerals, e.g. P1 = poliovirus Type 1.

DISCUSSION AND SUMMARY

The most infective available vaceine strain of
poliovirus, Sabin’s Type 3, was widely introduced
inte two small, cohesive communities under con-
ditions considered optimal for its spread. These
conditions included, in particular, a high pro-
portion of susceptible young children among an
abundant child population, intense interhounse-
hold social contact, very poor environmental and
personal hygiene, and heavy seeding of the child
population with large doses of the vaccine virus
to insure maximal pharyngeal excretion at a time
when wild strains normally begin active spread.
Despite these eonditions, the tesults observed
lend further support to the conclusion suggested
by previous ohservations, including our own
study of intrahousehold spread, that the poten-
tial of the vaccine strains for spread is relatively
limited as compared to that of wild poliovirus
strains, Active spread was observed only in the

first two or three weeks after vaccination, and it
essentially terminated with 51 per cent of the low
and 72 per cent of the high-titer children {62
per cent overall) still untouched. These figures
take into account infections related to the late
recurrence of P3 virus in Franklin which may
have represented the entrance of a wild strain.
The two important implications of this restricted
ability to spread are: (1) that concern as to re-
version of vaccine strains to significant virulence
may be rather academic; and (2} that spread
cannot he relied upon to immunize susceptibles
missed during vaccination programs. This latter
implication is reinforced by the chservation that
infections resulting through contact, possibly be-
cause of transmission of a minimal infecting
dose, are frequently abortive and fail to induce
immune respense.

The study alse provides additional information
regarding factors that may influence virus spread.
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TaABLE 5. WEEK or Onser or ENTEROVIRUS INFECTION IN FRANKLIN FAMILIES

Vaccine | Household Virus first excreted in indiccted week
fed number -1 | 2 3 4 5 =] 7 8 9 10 I

ear Bz | P3
229 P3 Bz
232 Bz | Ps UN (Pa)
234 Bz
236 UN
237 Bs (P3)

Placebo 238 Bs P
241 Pz Ad Er
24z Be P3
243 P3 B5
P44 E4
249 Bz PaET
251 Pa B2
228 B3 | P3 UN [ P1
230 Bz |P3 (P 3) P
231 Bz | ps UN
233 F3
239 P3 Bs

Type 3 240 P3 Bs

virus 245 Bz (P3 UN

. 246 Ps

24T P3 . E7
248 Pa Bz |E7
250 Bz [P3 E7
252 P3 Ev
254 o] E7

P = poliovirus; E = ECHO virus; B — Coxsackie group DB virus; Ad — adenovirus; UN — unidentified
virus; types designated by numerals, e.g. P1. = poliovirus Type 1.

TABLE 6. Summary or WiLp Exterovirus InvEcTioNs OBSERVED IN MorcAN CiTy AND FRANKLIN
CoMmMuNITIES BY TIME oF INIrIATION AFTER INTRODGETION OF Sapiny TyrE 3 Vaccine PoLiovirus

Community |Wild Number of household episodes of wild enterovirus infection
entero-— initiated in indicated weeks of observation
virus Placebo-fed families Vaccine-fed families All
-1 |1-2 3-5 [6-8 [ 8-11 |Any | -1 [1-2 |3-5 [6-8 |8-11 |Any |Any
P: 2 2 1 2 3 3
B2 2 | 1* 3 1 7 1 1 3 1 6 |13
Morgan B3 4 4 2 10 2 1 : 5 15
City B5 1 1 0 1
ET 0 1 1 1
Ei4 1 2 3 a 1
E‘iB* 1 1 2 2 3
ather i 3 1 5 1 1 3 5 10
All 3 4 6 g 7 29 1 1 E] 7 22 51
Pl 1 1 2 2 3
BZ 4 2 1 7 4 1 5 14
B3 0 1 1 1
Franklin B5 1 2 3 2 2 5
E7 2 2 5 5 7
El4 1 1 o} 1
E19 . D ¢ Q
other 1 1 1 3 1 1 1 J 6
All 1 3 2 7 1 17 5 QO 3 7 3 18 35
Both All 7 7 8 16 8 46 5 1 7 16 10 10 86

* Other includes adenoviruses, untyped enterovirnses, and one isolation of E10.
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Safety-—Field Evidence of Safety

Not too surprisingly, the proportion of unvacei-
nated who became infected by contact was direct-
ly related to the proportion of the population
vaccinated. The more extensive spread observed
in the more heavily seeded Franklin community
also testifies to the relative lack of influence on
spread of prior Salk vaccination since the pro-
portion of children so vaccinated in Franklin
(54 per cent with three or four shots and 79 per
cent with at least one) was much greater than in
Moxgan City (15 and 40 per cent, respectively).
Finally, although the abundant occurrence of
wild enteroviruses in the two communities con-
firmed our judgment that conditions for entero-
virus spread were very favorable, we were unabhle
to show that such wild infections interfered with
vaccine virus spread. Rather, the reverse may
have been true since administration of the vac-
cing seems to have afforded transient protection
against wild enterovirus infection.

REFERENCES

1. Gelfand, H. M., Potash, L., LeBlanc, D). R,
and Fox, J. P.: Revised preliminary report
on the Louisiana observations of the natural
spread within families of living vaccine
straing of poliovirus. In: Live Poliovirus
Vaccines, First International Conference.
Scient. Pub. no. 44 of the Pan American
Health Organization, pp. 203-217, 1959.

2. Gard, S., Béttiger, M., and Lagercrantz, R.:
Vaccination with attenirated poliovirus Type
1, the CHAT strain. In: Live Poliovirus Vac-
cines, First International Conference. Scient.
Pub. no. 44 of the Pan American Health Or-
ganization, pp. 350-354, 1959,

3. Plotkin, S. A., Koprowski, H., Richardson,
5. N., and Stokes, Jr., J.: Vaccimation of
families against poliomyelitis hy feeding and
by contact spread of living atlenunated virus:
including studies of virus properties after
human intestinal passage. Acta paediat. In
press.

4. Fox, J. P, Gelfand, Il. M., LeBlane, D. R.,
and Conwell, D. P.: Sindies on the develop-
ment of natural immunity to poliomyelitis in
Louisiana. I. Overall plan, methods and
ohservations as to patterns of immunity in
the study group. Am. J. Hyg. 63: 344-366,
1857,

5. Gelfand, H. M., LeBlanc, D. R., Fox, [. P,
and Conwell, D. P.: Studies on the develop-
ment of natural immunity to poliomyelitis in

II. Description and analysis of
episodes of infection ohserved in study
group households. Am. f. Hyg. 6b: 367-
385, 1957.

6. , . , amd TPotash, L.:
Studies on the development of natural im-
munity to poliomyelitis in Louisiana. IV,
Natural infections with polioviruses follow-
ing immunization with a formalin-inactivated
vaccine, Am. J. Hyg. 70: 312-327, 1959,

7. Paul, ]J. R, Horstmann, D. M., Riordan, J.
T., Niederman, J. C., and Yoshioka, I.: The
use of Sabin’s attenuated Type 1 poliovirus
vaccine in different environments, and newer

Louisiana.

techniques for testing the virulence of re-
covered strains. In: Live Poliovirus Vac-
cines, First International Conference. Scient.
Pub. no. 44 of the Pan American Health
Organization, pp. 218.225, 1959.

8. Barr, R. N., Bauer, H., Kleinman, H., John-
son, E. A., Martins da Silva, M., Kimball,
A. C, and Cooney, M. K.: The use of orally
administered live atlenuated palioviruszes as
4 vaccine in a community setfing: a con-
trolled study. In: Live Poliovirus Vaccines,
First International Conference, Scient. Pub.
no. 44 of the Pan American Health Organi-
zation, pp. 369-407, 1959,

9. Oker-Blom, N., Strandstrdm, H.,, and Eriks-
son, A. W.: A small-scale trial with live
poliovirus vaccine in an isolated island com-
munity. In: Live Poliovirus Vaccines, First
International Conference. Scient. Pub. no.
44 of the Pan American Health Organization,
pp. 580-587, 1959,

10. Gelfand, H. M., LeBlane, D. R, Potash, L.,
Clemmer, D. I, and Fox, J. P.: The spread
of living attenuated strains of polioviruses
in two communities in Southern Louisiana.
Am. J. Pub. Health, 1960. In press.

11. Sabin, A. B.: Properties of attenuated polio-
viruses and their behavior in human beings.
New York Academy of Sciences, Monograph
no. 5, pp. 113-127, 1957.

12. Gelfand, H. M., Potash, L., LeBlane, D, R,
and Fox, J. P.: Intrafamilial and inter-
familial spread of living vaccine strains of



Spread of Vaccine Strain of Poliovirus in Southern Louisiana Communities

155

13.

polioviruses, J. Am. M. Assn. 170: 2039-
2048, 1959,

Benyesh-Melnick, M., Melnick, J. L., and
Ramos Alvarez, M.: Poliomyelitis infection
rate among Mexican children fed attenuated
poliovirus vaecines, In: Live Poliovirus Vac-

cines, First International Conference. Scient.

14.

Pub. no. 44 of the Pan American Health Or-
ganization, pp. 272-285, 1959,

Fodor, A. R., Schaeffer, M., and Hall, A.:
Inhibiting effect of wild Type 2 poliavirus
during immunization with attenuated live
Buacteriological Proceedings,
(May

virus vaccine.
Society of American Bacteriologists.
1960). In press.



DISCUSSION

Cnalrman ZapAnov: The paper presented by
Dr. Gelfand is open for discussion.

De. Paur: This very fine paper by Dr. Fox and
Dr. Gelfand brings up some points that hardly
need discussion. However, as there will be other
studies of this kind done in various types of com-
munities, perhaps the point that Dr. Cabasso men-
tioned earlier deserves re-emphasis, namely, that
there should be a certain degree of standardiza-
tion if we are going to compare results of one
study with another. For instance, I note that in
Dr. Fox's study, individuals with neutralizing
antibody levels of less than 1:32 were considered
susceptibles. This is not exactly the level that
some others huave used.

Also, to be considered is the optimal time for
measuring the antibody level after monovalent or
trivalent poliovaceing has been given, because
the antibody level will go up slighly in the popu-
lation as time goes on, and in some cases it will
also go down.

Dr. Gerranp: The use of 1:32 as a break-off
point in our study was chosen hecausze this popu-
lation had received a variable number of Salk
vaccine inoculations, and we had to choose some
arbitrary point to make a presumption of natural
suscepLibility, or natural immunity. Based on a
mean sort of response to Salk vaccine, this seemed
to be a reasonable break-off point. This was not
chosen with any biologic knowledge of what iz a
proper place to decide immunity or lack of i1, but
because some children had none, some had up to
four Salk shots.

Dr. Dick: I should iike io discuss Dr. Gel-
fand’s that infections resulting
through contact are frequently abortive, prob-

ohservation

ably because of transmission of a minimum effec-
[ think it is important to remember
that this refers lo Sabin’s Type 3 virus.

With Type 2 virus, the position seems 1o be
quite different. We have been ritrating in babies
a fecal filtrate from a child fed with Sabin Type
2 virps, The amount of virus execreted after a

tive dose.
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feeding of a lecal filtrate of 10 TCD,, is in the
regiom of 6 or 7 logs per gram of stool, which
can go on over 4 period of up to at least 21 days.

Now, of course, there ate two differences here:
first, the type of virus, and second, the age of the
children whom we studied, who were between 6
and 16 months.

Dr. Horstmanw: In support of Dr. Gelfand’s
comment that dosage is probably important in
determining the character of contact infection
with the Sabin Type 3 strain, I might mention
experiments with this strain in a different type of
population, thal is, in an institutionalized popula-
tion of retarded individuals, an environment in
which fecal contamination was very great. Here,
the contact infection rate was 100 per cent and
the contacts in this sitiration, presumably having
heen exposed to large doses, when infected ex-
creled virus over a long period of time, in the
same manner as did the vaecinees themselves,

So, using the same strain under different epi-
demiclogical circumstances, in which maximum
dosage was acquired by the contacts, there was
no difference hetween the duration of virus excre-
tion by vaccinees or contacts.

Dr. Meryick: Dr. Gelfand has commented on
the Tack of interference between the natural en-
teroviruses and the Type 3 vaccine which was fed.
It should be pointed out that he used a dosc
about 100 times that used in previous studies, in
which interference had been found. Dr. Gelfand
also told me about some observations in families,
which indicated that inlerference might well have
played a role in their study., T wonder if he

would care lo comment on this at this time?

Dg. GeLranp: Dr. Melnick’s question is some-
what embarrassing. As frequently happens, [
am sure, collaborators can sometimes disagree
slightly in interpretation. [ was reading the
manuscript prepared by Dr. Fox and we disagree
on some minor peints, one of which is the pos-

sible role of interference in our study.
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One of the points T made from the text was
that the lack of interference was manifested in
one way by the simultaneous entrance into a
household of the vaccine strain and a wild virus
strain. Dr. Fox and I have spoken ahout this,
and in each instance, of course, the vaceine virus
and the wild virus invaded a different individual
in the same household.

Without more detailed serologic information
on these peaple, I believe that this frequent hap-
pening may actually be a cirenmstantial indica-
tion of interference, because there was in these
instances often no continued intrafamilial dis-
sgmination of gither the vaccine strain or the
wild virus. Therefore, this might be interpreted
as the manifestation of interference, rather than
of the absence of fnterference.

We have a number of household examples in
which the children who are actually excreting the
wild virus at the time of vaccine administralion
did not beecome infecled, whereas other children
in the household did become infected. To give
an example, in one vaccine-fed household con-
sisting of seven children, whose ages and im-
munity status to polio 3 are shown below, stools
were collected on the day before vaccine feeding,
and five of them were found to be exereting Cock-
sackie B3* as follows:

Virus ISOLATIONS ON
InpicaTED DAY
AGE oF P3

CHILD TaMuntTY [ O 4 8 12
12 1 0 0 0 0
11 ] B2 0 3 3

9 3 R2 3 3 3

& 8 B* Bs B2 0

5 ) B B2 Bz 0

4 8 B? B* 0 3

3 5 0 3 3 3

The serial records of virus isolations following
feeding of vaccine on the fourth duy, the eighth
day, and the twelfth day following vaccine feed-
ing are hriefly summarized.

Unfortunately, we do not have Coxsackie B®
serology, so it iz difficult to know what the im-
mune status of these individuals was to Coxsackie
B*. I do not know, for example, whether the

youngest child had not yet had an opporlunity to
hecome infected with Coxsackie B®, or whether
the child had naturally terminated his Coxsackic
infection. At any rate, this child immediately
hecame infected with the vaccine virus, Some of
the others gradually terminated their B® virus
and became infected. Two of them never became
infected with polivvirus Type 3. We have a num-
ber of such family episodes that suggest to me
the role of interference.

Dr. Gear: 1 should like to ask Dr. Gelfand
whether these enterovirus infections caused any
clinical manifestations, and if so, whether these in
any way embarrassed him or those responsible
for the feeding?

Dr. GeLranp: There were no symptoms what-
spever from any of the children in the study
which could be possibly rclated to enterovirus in-
fection during the entire three months, We were
fortunate.

Dr, Bootan: This admirable study reported by
Dr. Gelfand raises interesting gquestions. [
should like to comment on two,

First of all, I recall that a few weeks ago Dr.
Sabin took me severely to task for suggesting
that placcho studies were feasible in relation to
the evaluation of live virus vaccine.

It seems to me that the results of this study
suggest that this possibility should be examined
again. Cerlainly, the evidence of spread is not
such as to suggest that spread alone would elimi-
nate any possibility of carrying on a controlled
evaluation of the cflectiveness of live poliovirus
vaccines,

I wish to point out that either placebo studies
or matched control studies have the further ad-
vantage that one is able Lo control the laboratory
methods and the results of laboratory methods.
Therciore, T merely wish to put in my hid again
for consideration of the continued use of this
type of study wherever possible.

The second point 1 should like to refer to is
this: In the studies just reported, we have rates
of reinfection with the Type 3 virus, due either to
the vaccine virus or to wild viruses, whick I
calculated very roughly to be about 14 per venk.

This is reminiscent of the animal werk that
was heing done in the late 1940’s at Michigan



158

Discussion

and Yale Universities and at Johns Hopkins. In
chimpanzees, the reinfection rates we obtained
were approximately 10 or 12 per cent, several
months after the primary infection with same
Lype. )

We therefore have some evidence here, and I
am sure there will be more, that the susceptibility
to reinfection is not an insignificant factor in
connection with immunization with live polio-
viruses. How this affects the concept of eradi-
cation of wild polioviruses remains to be seen.
It is interesting to note how closely the resulis
reported by Dr. Gelfand compare with the results
obtained in chimnpanzees, both in Dr. Melnick’s
and Dr. Horstmann’s studies and in our studies
in Baltimore.

Dr. SmaniL: Before the discnssion on Dr. Gel-
fand’s excellent paper terminates, I should like
to draw attention to the information he presented
on abhortive infection and the failure of individuals
with such infections to develop an immunological
response. This could be discussed at great
length, and I see no point in going into it now.
However, T present the malter for consideration
in order that this not be accepted without further
thought.

Frankly, I find it very dithcult to believe that
an appreciable amount of multiplication of ¥irus
can occur in tissue without having some sort of
immunological response on the parl of the host.
In the abhsence of such a response one would ex-
pect to have a continuing infection, such as some-
times occurs in children who, following inocula-
tion with smallpax vaccine, fail to develop anti-
bodics and coutinue to have lesions.

Before we accepl the idea that no antibody
response occurred in certain of these individuals
who excreted virus for an appreciable length of
lime, we must be vareful 1o define what we mean
by an antibody response. Moreover, if we find
no evidence of antibady response, using our
presently cmployed metheds, we must explore
various other techniques, including the most deli-
cate available before we say that the immuno-
logic mechanism fuiled to be stimulated. Tf fail-
ure does indeed occur, then why does the vaccines
cease to excrete virus?

Dr. Lanemuir: T am taken by the comments in
Dr. Gelfand’s paper where he points out the

marked difference in spread by social class, that
is, 8 per cent of the susceptible contacts in the
upper economic group, and 51 per cent in the
lower economic group.®

This is exceedingly reminiscent of the polio-
myelitis pattern as it is occurring in this couniry
now, where we have very limited spread of polio
in our upper economic groups, but sharp and
severe epidemics in our lower groups.

While I admit that it is highly controversial,
I am slowly coming to the conclusion that there
iz a very marked difference in the rate of spread
of polioviruses in this country, by social eco-
nomic group, and I am forced to conclude that
this is being influenced by the status of Salk
vaccine.

I therefore should like to suggest the possi-
bility that, perhaps in this study, the very low
level of spread, ie., 8 per cent in the upper eco-
nomic group, may be influenced by a Salk vacci-
nation in this group in Louisiana. T also wonder
if we could have more information as to the dis-
tribution of the Salk vaccine by economic groups
in the Louisiana study.

Dr. GELFAND; The percentages referred to by
Dr. Langmuir were derived from the study of
intrahousehold virus dissemination, presented last
year.

In the study carried out last year, we ourselves
vaceinated equally both the upper and lower eco-
Theretore, the diflerence in
spread by economic status could not be related
to Salk vaccination, since all of those individuals
had been Salk-vaccinated three Limes, by us, and
with the same material,

nomic households,

Dr. Bontan: I am surprised that Dr. Lang-
muir has proposcd a new interpretation of a well-
known phenomenon, because I am sure he is well
awarc of the fact that there is also a quite differ-
ent interpretation of this difference in spread.

The evidence for changing age selection in
poliomyelitis, which has been discussed in the
last decade or two, and its relationship 1o eco-
nomic status, is indicative of factors which play
a role without the effects of formalized vaceine
I is conceivable Lhat formalized
vaccine immunization could reinforce the differ-

immunization,

* See p. 144,
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cnce in spread related to economic stalus, and its
related ecologic concomitants, such as crowding
and family size.

Dr. (+EAR: One brief comment on this question.
Similar change in incidence of poliomeylitis in
the different economic groups has been noticed
recently in communities in South Africa, in the
absence of Salk vaccination.

Dr. Samix: I should like to comment on the
subject of abortive infections, particularly in the
light of the comments made by Dr, Dick and Dr.
Smadel.

In selecting the arbitrary titer of 32, which was
necessitated by the circumstance of not knowing
the status of natural immunity before Salk vac-
cine, we must realize that there were some
naturally immune persons among those with the
low iiters, as well as some without naturally ac-
gquired immunity among those with the high
titers; because some children do develop higher
titers than 32 after three or four doses of Salk
vaccine.

Accordingly, some of the abortive infections
could easily be uccounted fur on the basis of re-
infection of previously naturally immune persons.

Secondly, the failure of antibody response in
some of these abortive infections mighl be ac-
counted for on the basis of a high level of pre-
existing antibody. TIn our own studies of reinfec-
tion with Type 3 virus, we found that this par-
ticular type produced reinfection in 50 per cent of
naturally immune adults and it may be higher In
children. We found that if the pre-existing anti-
body titers were not very high, then even an abor-
tive infection of one or two days’ duration gave
rise 1o an increase in anlibody. But if the anti-
body levels were high to begin with, exeretion of
virus for a short period of time did not further
boost the antibedy level.

I should like to ask Dr. Gelfand whether there
were any children without any demonstrable anti-
hody prior to oral vaccination, in whom an abor-
tive infection occurred, and in whem there was
no antibody response.

I should also like to comment on the remarks
made by Dr. Dick. He worked with my Type 2
virus strain, and my own titrations with this Type
2 virus showed that it was capable of initiating
infection with very small doses of virus, which

was not true of the Type 1 and Type 3 strains that
I selected.

With Type 1, I found that even a dose of 10,000
TCD,, given to young adulls produced infection
irregularly and when it occurred it was associated
with virus exeretion for only about seven to 10
days; antibody could be demonstrated at four
weeks, but not at six or eight weeks.

This finding adds emphasis to the point raised
by Dr. Paul, that is, that you cannot examine anti-
hody just at one time after infection and have a
complete picture.

We also have evidence thal some people can
have infection for three to four weeks with Type
3 virus and when the antibody is dctermined at
a given point, six or eight weeks later, they have
no demonstrable antibody by methods we now
have availahle; however, when tested for resist-
ance of the intestinal tracl two years later, demon-
straled a very marked resistance.

Would Dr. Gelfand please answer the question
T posed to him?

Dr. Gerrann: The answer to the first question
is very simple. We did have individuals who had
no antibody demonstrable by our technique, who
experienced abortive infections of one, two, three,
four, or five days, and who had ne antibody when
it was tested three months later.

Dg. SapiN: By the tube test?
Dr. GELFAND: Yes.

Dr. Sapiw: 1 interposed this, hecause as our
published data show, with this Type 3 strain we
have had individuals who have had even longer
periods of multiplication, three to four weeks,
and vet by the tube neutralization test had no
demonstrable antibody and by the pH test showed
titers of 32 and 64.

So this is another thing we must keep in mind
in interpreting Dr. Celland’s data.

Dr. GeELrAnp: I was reminded also that T had
not answered Dr, Paul’'s earlier question about
the proper time to do antibody studies following
vaccination. I must say that the purpose of our
study was not to acquire information about sero-
logic responsc and we made no effort, as we prob-
ahly should have, to collect a series of blood
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specimens. We were using serology only for the
possibility of detecting infections by serologic
conversions that we had missed hy excretion
studics.

Our interest was primarily on the spread phe-
nomenon, and therefore we were interested main-
Therefore, 1
readily admit we were using very crude measures
of antibody response.

Our own previvus serologic studies are in

ly in the fecal cxerction of virus.

agreement with the comments that have been
made. We have seen low level responses that
were very transienl in nature. Even if the blood
had been collected only a month later, these
would have been missed. Therefore, cur data
really did not contribute very much on serologic
response and were not presented for thal purpose.

Dr. MewLvick: The need for a more sensitive
antibody test has been mentioned. We do have
such a test, and it was described yesterday, when
I mentioned the antigenic differentiation test

which we use, Serum at varying dilutions is in-
corporated in the agar over monolaver cell sheets,
anidd the virus challenge udded as a dise on top
of the agar.

By this test the National Foundation sera,
which may have a titer of 1 to 1,000 or so in the
standard CPE neutralizalion test, yield titers of
over 1 to 300,000.

T do not recommend this test for ordinary use,
because it requires Lhe hottle or plate technique,
but for very special purposes where one is look-
ing for a sensitive measure of antibodies, I think
it might he useful.

CHAlRMAN ZHDANOV: The next paper will be
presented by Dr. Kimball, en “Minnesota Studies
with Oral Poliomyelitis Vaccine. Community
Spread of Orally Administered Attenuated Polio-
virus Vaccine Strains.” It will be followed by
Dr. Paul’s presentation on “The Capacity of
Live Autenuated Poliovirus to Spread within
Families.”
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MINNESOTA STUDIES WITH ORAL POLIOMYELITIS VACCINE.

COMMUNITY SPREAD OF ORALLY ADMINISTERED
ATTENUATED POLIOVIRUS VACCINE STRAINS*

ANnNE C, KmmBars, Pu.D., Roserr N, Bagr, M.D., HeEnky Baukr, Pu. 1.,
Herman Krepivman, M.D., Evcene A. Jounson, Pu.D., anp
Marion Cooney, M.S.T

Dr. KtmBALL (presenting the paper): In the
1958 Minnesota study of orally administered at-
tenuated poliovirus vaccine' the feeding of virus
to only half of the participating families during
the control period provided an opportunily to
study the spread of these strains of poliovirus
within the community io the participants who re-
ceived placebos.  Prior to this study, intra-
family*** and intra-institutional® spread of at-
tenuated polio vaccine viruses had bheen reported.
This study presents quantitative data in regard io
the community spread of vaccine strains of polio-
virus.

The poliovirus vaccine strains used in this study
were developed by Cox. No harmful effects were
attributed to the use of these strains in the 1958
Minnesota study nor in later studies conducted
in Minnesota, Latin America and elsewhere.
Natural human passage might be expected to
produce changes in any property of these vaccine
strains and Intensive study of these passage
strains is indicated. One crucial test for change
is available from the medical history of the indi-
viduals receiving these strains by natural spread;
a review of the detailed medical records of these
individuals is presented. If afier several natural
passages in humans the strains do not show a
persistent and progressive increase in virulence,
the spread of these vaccine strains could have
definite value; not anly would some immunity be
acquired by individuals not fed the vaccine
strains but also the intermitient presence of these

* This is one of a series of papers. Aided by grants
from the Sister Elizabeth Kenny ¥Foundation, Min-
ncapolis, Minncsota and Lederle Laboratories, Di-
vision of the American Cyanamid Company, Pearl
River, New York. )

T Dr. Kimball, Dr. Barr, Dr. Bauer, Dr. Kleinman
and Miss Cooney {Minnesota Department of Health) ;
Dr. Johnson (School of Public Health, University of
Minnesota).
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strains in a community could provide booster
stimulation 10 previously vacecinated individuals,
The magnitude of interfamily or community
spread of these strains can indicate the extent of
added benefit that can be anticipated.

MATERTALS AND METIIODS

Participants were married University of Minne-
sota students and their children whe lived in ¢
crowded university housing development in Min-
neapolis, known as Como Village.

Design of the study, the vaceine strains used
and the characteristics of the siudy population
have heen deseribed.'  All viliage residents (371
families) were invited to participale, and 149
families (40 per cent) volunteered. Thus mem-
bers of 20 per cent of the houscholds were fed
vaccine (group B) and specimens were availahle
from an additional 20 per cent of the households
for the measure of community spread of the vac-
cine strains, The division of the participants into
group A (74 families} and group B {75 families)
was on a random basis. During the study period
the identity of these groups was known only to
one member of the team {E.A.J.) who made the
random division and distributed the vaccine and
placebo capsules into envelopes labeled for each
family. The identity of the blood serum and
stool specimens were not known to the laboratory
persannel at the time of testing.

Three stool specimens were available from the
control group (A) for isolation of cuch of the
three respective poliovirus types. As can he ob-
scrved in Table 1, showing the chronology and
sequence of the feeding and collection of speci-
mens, each participant submitted a totdl of six
stool specimens. The first stool specimens
were collected prior to the feeding of vaccine to

either group. The second, third, and fourth
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stool specimens were collected after Type 2 had
been ied 1w group B and hefore it was fed to
group A. The third, fourth, and fifth stool speci-
mens were collected after Type 1 had been fed
to group B, and before it was fed to group A.
The fourth, fifth, and sixth specimens were col-
lected after Type 3 had been fed to group B, and
before it was fed to group A. The community
spread of each type of poliovirus was thus mea-
sured for a period of ahout eight weeks,

The collection of stool specimens was scheduled
for about 14 days afier the feeding of virus. The
time elapsed hetween feeding and the collection
of the stool specimens was calculated from the
Wednesday of the week of feeding. The median
day of receipt of the second stool specimens was
14 days, the third stool specimen 13 days, and
the fourth stool specimen, 14 days after each im-
mediately preceding virus feeding. More than
93 per cent of these thres stool specimens were
received within three days prior 10, and six days
following, the median day of receipt for each
specimen, It will be noted in Table 1 that there
was some overlap between the days for steol
collection and the subsequent feeding days; how-
ever, no family was fed the vacecine {er placebo)
until the expected stool specimens were sub-

“ticket” for the receipt of the vaccine or placebo
capsules. A total of only 15 stool specimens were
missing; 10 of 1728 were missing from the 288
adults, four of 1224 were missing {rom the 204
children, and one of 318 were missing {rom the
53 infants. Only one specimen (from an infant}
was unsatisfactory for virus isolation due to hac-

. terial contamination which was not controlled by

antibiotics.

Specimens were stored frozen (—20° C.) prior
to processing. For isolation, 20 per cent emul-
sions of stool specimens were prepared in dis-
tilled water by shaking for five minutes, centri-
fugation ar 1500 rpm. (LE.C. No. 2) and 30
minutes at 13,000 rpm. (Servall}). A portion of
the supernatant was diluted 1-2 with double
strength Hanks” balanced salt solution containing
600 units of penicillin and 600 micrograms of
Supernates of processed
stool specimens were slored frozen and were
thawed prior to inoculation when 0.1 ml. of each
processed stool specimen was inoculated into each
of two HeLa cell TC tubes. The procedure for
preparation of the HeLa cell TC tubes has pre-
Inoculated TC tubes
were examined after one, threc, five, and seven
days of incubation at 37° C. When character-

slreptomycin per ml.

viously been published.

mitted. The stool specimens were, in effect, the istic cytopathogenicity was observed after at least
TapLr 1. CHrONOLOGY OF SreciMEN COLLECTION AND VAcCINE Fereping
MinNEsoTA STUDY WITH ORAL PoLIOMYELITIS VACCINE-—1958
Crour A Crour B R
SrooL StooL
DatEs BiEEDpiNgs  SercimiEns  FEKDINGS BLEEDINGS BSrEcimeEns FrEDINGS
1-27, 2-1 1st 1sl
1-28, 2-6 1st Tst
2-3, 2-8 Placchae Type 2
2-16, 2-24 2nel 2nd
2-24, 3-1 Placebo Type 1
3-9, 3-19 ard 3rd
3-17, 3-22 Placeha Type 3
3-30, 48 4th 4th
3-31, 4-5 2nd 2nd
_________________________________________________________________ *
4-7, 4-12 Type 2 Flacebo
4-20, 4-28 5th 5th
4-25, 5-1 Type 1 Placeho
5-11, 5-20 6th 6ih
5-15, 5-21 Type 3 Placebo
6-2, 6-7 3rd 3rd

*The time prior to the feeding of Type 2 vaccine to group A is the contrel period.
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one transfer the isolated virus was typed in the
conventional manner, Cytopathogenic agents
other than poliovirus were isolated from 16 speci-
mens; these proved to be adenovirus, Type 1 or 2.
Selected stool specimens {143) from which polic-
virus had not been isolated on Hela TC were
inoculated into monkey kidney TC tubes; no
strains of ECHO virus were isolated.

Stool specimens from control group (A) indi-
viduals, from which Types 1, 2 or 3 poliovirus
had been isolated prior 1o the feeding of each
respective type of those individuals, have heen
sent to Dr, Herald R, Cox and co-workers for
study of neurovirulence in monkeys, The results
will be published later.

Fvidence of community spread of these vaccine
strains to the conlrol group (A} wus also shown
by a significant rise (2 tabe, 16-fold} in anti-
body titer observed in the blood spocimen col-
lected at the end of the control peried as com-
pared to the pre-feeding blood specimen. As is
shown in Table 1, Type 3 virus was fed to group
B on March 17 to 22, and the post-control-period
hlood specimen was collected on March 31 to
Aprit 5. The lime elapsed was comparatively
much shorter than was available between feed-
ing of Types 2 and 1 virus and the collection of
the post-control-period Dblood rspecimen.' For
this reason virus spread (as measured by anti-
body response in group A) was not as fully mea-
sured for Type 3 as for Types 2 and 1.

It is also possible that the full capacity for
Type 3 to spread to group A participants was not
fully measured or was veduced by the feeding of
Type 2 and Type 1 vaceines to this group during
the time period when the spread of Type 3 was
potential {see Table 1}. The spread of Type 3
vaccing strains may have been reduced by the
feeding of Type 2 and Type 1 vaccines which in-
terfered with the spread of Type 3 or the spread
of Type 3 may have occurred but was not mea-
sured if the fed vaccine strain replaced the
nalurally aequired Type 3 virus. The full capac-
ity for Type 1 to spread may also have been re-
duced by the feeding of Type 2 to group A.

Criteria used in evaluating the illnesses ob-
served in group A (placebo fed) individuals who
acquired the vaccine strains by natural passage
are presented with the results, The medical fol-

low-up was conlinuvus and included numerous
house visits during the study period.*

Climate in Minneapolis is the humid con-
tinental type and in general there exists a
tendency to extremes in all climatic features.
During the period of the study, the monthly tem-
peratures (maximum, minimum, and mean)
were slightly warmer than uaverage except for
February which was slightly colder than normal.
Extremes of temperature during the study variec.d
from —15° F. on February 16 to 88° F. on May
29, The climate during the study period was un-
nsually dry with normal precipitation occurring
only in April.®

RESULTS

The polioviruses isolated from stool specimens
of Greup B provide a rough measure of the
source of supply of virus available for spread to
the contral group {A). The percentage of isola-
lions cffected from each of the six stool specimen
sets received from the group B'individuals (vac-
cine fed during the control period} is shown
separately for 147 adults, 109 children and 23
infants in Fig. 1. Poliovirus was not isolatel
from stool specimens collected prior to vaccine
feeding. The second slool specimen, submitted
approximately two weeks after Type 2 virus had
heen fed, yielded Type 2 virus in 8.8 per cent of
the adults, 38.5 per cent ol the children, and
60.9 per cent of the infants. The third stool speci-
men, submitted after the feeding of Type 1 virus,
yielded Type 1 virus in 12.9 per cent of the
adults, 61.5 per cent of the children, and 87.0
per cent of infants. Thus Type 1 virus appears
Lo have replaced Type 2 in the intestinal tract of
many of the recipients. However, five children
were still excreting Type 2 virus in the third stool
specimen. The lourth stool specimen, submitted
after the fecding of Type 3, yielded Type 3 virus
in 12.2 per cent of the adults, 58.7 per cent of
the children, and 65.2 per cent of the infants.
Type 3 virus appears to have replaced Type 1 in
the intestinal traet of many of the recipients, but
two adults, one child, and one infant were still
excreting Type 1 virus in the fourth stool speci-
men. Type 3 virus was isolated from a total of
60 of the ffih stool specimens and 31 of the sixth
stool specimens from group B individuals. The
cxcretion of Type 3 virus continued longest and
was thus the largest source of virus “supply”
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Fic. 1. Percentages of poliovirus isolated from six stool specimens collected from
group B individuals (vaceine group).

Ad.—Specimens from 147 adults.
Ch.—5Specimens from 109 children,
In—Specimens from 23 infants.

Only 3 stool specimens were missing, ne morc than 1 from any greup.

for spread to the control group as cotpared to
the “supply” availuble for Types 2 and 1.

The percentage of isolations accomplished
from each of the six stool specimens received
from the group A individuals (placebo-fed dur-
ing the control peried) is shown separately for
141 adults, 95 children and 30 infants in Fig. 2.
Isolations due to community spread are shown in
bar-graph form. Isolativns of Type 2 and 1 from
specimens submitted efter these types of polio-
virus had been fed to group A are shown at the
right of the bar-graph as percentages only. The
total of 45 isclations from group A participants,
shown in the har-graph, Fig. 2, were from zpeci-
mens submitted by 29 individuals.

There is a progressive increase in the number
of isolations from the first to the fifth stool speci-
men, and then a decrease in the number of isela-
tions in the sixth.

Poliovirus Type 2 was isolated from four par-
ticipants (two children, two adults) in three
group A families; the identity of these indi-

viduals, the chronclogical data of the stool speci-
meng, and the antibody titers vs. Type 2 polio-
virus are shown in Table 2. The stool specimens
were collected 12 to 15 days after the group B
participants were fed Type 2 virus. Two of the
four persons were children in the same family
(4-3 and 4-4) and neither child had antibodies
to Type 2 virus detectable in the pre-feeding
blood specimen but both showed a significant
antibody response in the second (post-control}
Mood specimen. Both adults had antiboedy titers
to Type 2 in the pre-study blood specimen and
neither showed an increase in titer in the post-
control bleod specimen. Both adulis had re-
ceived Salk vaccine.

In addition to the four people who picked up
Type 2 virus there were five other members of
Four of the five additjonal
persons had Type 2 antibodies. The fifth person,
a child of 105-2, had no Tvype 2 antibodies detect-
able in serum dilution 1:4.

these three families.

Therc was no evi-
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Frc. 2. Percentages of poliovirus isofated from six stool specimens collected from
rroup A individuals (placebo group).
Ad.- -Specimens from 141 adults.

Ch.—Specimens from 95 children.
In,—Specimens from 30 infants,
Only 13 stool specimens were missing; maximum of 4 from adults, 2 frem children, 1 from infants.

Tagre 2. Ipewnrmity oF THE 4 Pracero-Fen INpivinars rrov WaHoM Type 2 PoLiovirus Was
IsorLATEp AnD THER Tyer 2 ANTiBOonY TEST RESULTS
INDIVIDUAL TDENTITY Sroon SPECIMEN Dary Trrer
Ty¥re 2 PoLtovirus ANTIBODY
Fauiny Na. No. or No. or Davs*
AND Bux Adar SALK Okrber | SINcE VIRUS PrEe- PosT Post
Person No. Smors No. FrEDING Conrtron | FrEping
4-3 Fe 34 mo. 2 2nd 14 <4 256 256
4 Fe 4 mo. 0 2nd 13 <4 16 64
ard 36
121 Ma 32 1 2nd 15 16 16 64
1052 Fe 20 3 2nd 12 64 64 1024

* Type 2 poliovirus had been fed to Group B families on FPbruary 3 to 8. Days elapsed to stool spec1men
collection date are calculated from February 3. .
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dence that any of these five individuals had picked
up Type 2 poliovirus.

Poliovirus Type 1 was isolated from 12 chil-
dren in seven group A families; the identity of
these individuals, the chronological data of the
stool specimens and the antibody titers vs. Type
1 poliovirus are shown in Table 3. Type 1 polio-
virus was isolated from three children in family

No. 29. The virus was isolated earliest ({rom the
third stool specimen submitted) from the three-
year-old (29-3) and later from her and her two
younger brothers. Type 1 poliovirus was iso-
lated from four individuals in {family No. 165,
The virus was isolated carliest from the eight
month-old infant (165-6) and later from her

and her three older brothers. The remaining

Tapre 3. TpenTITY or THE 12 Pracrro-Fip INpivipuals rrom Waom Tyre 1 PoLiovirus Was
IsorATED aND TrEm TvPE 1 ANTiBODY TEST RESULTS
InpIvipuarl IDENTITY SrooL SveciMen DaTa TireER
. o L - Tryre 1 POLIOVIRUS ANTIRODY
Faminy No. No. oF No. or Days*
AND SEx Ace SALK OrpeErR | SINCE VIRUS Pri- PosT Posr
Prrson No. SmoTs No. FEEDING ConTrROL | FEEDING
20-3 Fe 3 3 ard 6 <4 16 64
4th 26
5th 49
294 Ma 2 3 4ih 26 <4 .64 266
5th 44)
20-5 Ma 1 3 4th 26 <4 4 256
5Lh 4%)
165-3 Ma 514 3 4th 28 4 4 64
Hth** 44
1654 Ma 4 3 4th 26 4 16 256
165-5 Ma 2 3 4th 23 <4 256 1024
5th 44
165-6 Fe & mo, 3 3rd 9 <4 4 256
4th 23
Sth** 44
27-3 Ma 4 2 5th¥ 49 <4 <4 256
47-4 Ma. 2 2 5tht a3 <4 <4 T 1024
63-3 Fe 5 3 Stht 50 <4 <4 <4
67-3 Fe 2 3 Stht 50 <4 <4 14
103-3 Ma 2 3 | sthi 50 <4 <4 1024

* Type 1 poliovirus was fed to Group B families on February 24 to March 1. Days elapsed to stool specimen

eollection date are calculated from February 26.

** Type 1 poliovirus also isolated from the 6th stool specimen but Type 1 had been fed to Group A prior

to the collection of Lhe 6th specimen.

T Type 1 and Type 2 poliovirus isclated; Type 2 virus had been fed prior to collection of the 5th stoel

specimen,
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five Type 1 isolates share several characteristics:
they were all {rom children age two to five years;
they were late isolations, being found eonly in
the fifth stool specimens; they were collected
within a five-day period; Type 1 and Type 2
poliovirus were isolaled from all five specimens
{Type 2 virus had been fed to these children).
None of these five children showed an antibody
response to Type 1 virus in the post-control hlood
specimen which had been collected prior to the

receipt of the fifth stool specimen.

In addition te the 12 people who picked up
Type 1 virus there were 18 other members of
these seven familics. Eleven of the 18 additional
family members had Type 1 antibodies and only
one of these, 47-1, the father of 47-4, showed an
antibody response to Type 1 during the control
period. The seven other family members had no
antibodies in dilution 1:4 vs. Type 1 and showed
no antibody response during the control period.

TaBLE 4. IpENTIrY OF THE 13 PLAcEBo-Fep INpIViDUALS FROM WHoM Type 3 PoLiovirus Was
IsoLaTep anp THEIR Tyre 3 Antieony TesT RESULTS

INpIvipuaL IDENTITY SronL SrECIMEN Dara Trren
. Tyre 3 PoLtovirus ANTIRODY
FamiLy No, No. oF No. or Days*
AND SEX AGE SALK {rpER | SINCE VIRUR PrE- Posr PPosT
Penson No. SHoTS No. FEEDING ConTrRoOL | FEEDPING
41-3 Fe 3 3 6th 48 <4 <4 16
41-4 Fe 1 2 5th 25 4 <4 1024
45-5 Ma 6 mo. 0 5th 27 <4 <4 <4
69-3 Fe 214 3 5th 20 <4 <4 16
69-4 Ma 6 mo. 0 4th 28 <4 <4 64
723 Fe 3 2 Ath 27 <4 <4 256
6th 48
72-4 Fe 14 0 Gth 18 <4 <4 64
87-3 Ma 34 2 4th 11 <4 <4 4
5th 33
92-3 Fe 5 1 &th 26 <4 <4 fid
924 Ma 3 1 5th 27 <4 <4 16
Gth 53
144-3 Ma 214 3 4th 7 <4 64 1024
4th 26
1444 Ma 11 mo. 2 4th 8 <4 <4 1024
Sth 25
157-1 Ma 27 3 4th 9 <4 <4 16
5th 26
Gth 47

* Typc 3 poliovirus had been fed to Group B families on March 17 to 22. Days elapsed lo stool specimen

collection date are caleulated from Mareh 19.
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Poliovirus Type 3 was isolated from 13 indi-
viduals (12 children and one adult) in eight
group A families; the identity of these indi-
viduals, the ehronological data of the stool speci-
mens and the antibody titers vs. Type 3 polio-
virus are shown in Table 4. Type 3 poliovirus
was isalated from the fourth stool specimen of the
adult (157-1) and three children (87-3, 144-3,
144-4) ; only one of these four individuals (144-3)
showed an antibody response in the post-control
blood specimen. Type 3 poliovirus was first iso-
lated from the fifth or sixth stoal specimens from
the remaining nine children; no antibody re-
sponse was observed in the post-control blood
specimen which had been collected from these
children prior to the time when they were shown
to be excreting Type 3 virus.

Tn addition to the 13 people who picked up
Type 3 poliovirus there were 21 additional per-
sons in these eight families. Eight of the 21 in-
dividuals had antibodies vs. Type 3 poliovirus
and one (144-1) of the eight showed an antibody
response to Type 3 (1:4 to 1:64) during the con-
trol period. The remaining 13 individuals had
no antibodies vs. Type 3 poliovirus detectable in
scrum dilution 1:4 and no antibody response was

observed in the blood specimen collected at the
end of the control period.

Serological evidence of community spread of
the poliovirus vaccines that was unconfirmed by
virus isolation was observed for seven people. As
shown in Table 5, there were nine instances of
poliovirus spread indicated by rise in antibody
titer, four for Type 2, two for Type 1, and three
for Type 3. Type 1 and Type 3 paliovirus hoth
appear to have been picked up by two male adults
(47-1 and 144-1). A child of 47-1 had also
picked up Type 1 but not Type 3 (see Table 3)
and two children of 144-1 had picked up Type 3
virus but not Type 1 (see Tahle 4}.

Total community spread of these poliovirus
vaccine strains, whether supported by virus iso-
lation, antibody response, or hoth, is shown in
Table 6. Among the 266 group A individuals
Type 2 poliovirus had spread 1o eight, Type 1
to 14, and Type 3 to 16. These 38 instances of
spread involved 36 individuals or 13.5 per cemt
of the control group. These 36 individuals were
distributed in 23 families or 31.1 per cent of the
74 control group families.

Poliovirus was not isolated from any adults or
children with antibody detectable in serum dilu-

TaBLE 5. SEROLOCICAL EvIDENCE OF Srreap or PoLroviruses 1o CoNTROL Grour (A) InnivinuaLrs
UNCONFIRMED BY VIRUS ISOLATION FROM STOOL SPECIMENS

InprvipvaL TDENTITY Antisony TiITER
PoLio. e e
VIRUS Faminy No, No. oF
TYPE AND Sex Age SALK PrE- Pout PosT
PersoN No. SHoTE CoNTROL | VACCINE
5-3 Ma, 3 16 256 1024
2 43-1 Ma, 25 0 4 256 64
ili Ma 31 1 64 1024 256
107-1 Ma 25 16 256 256
1 47-1% Ma 26 2 16 256 256
144-1%* Ma, 25 3 16 256 64
33-2 Fe 26 3 64 1024 256
3 47-1* Ma 26 2 B4 1024 256
144-1%* Ma, 25 3 4 64 64

* Type 1 poliovires isolated from 1 child of 47-1.

** Type 3 poliovirus isolated from 2 children of 144-1.
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TaBLE 6. TorAL Spreap oF PoLlovIrus VACCINE STraINs To GrROUP A INpviDUaLs as Evibencep
BY Is0LATION, SkrOLOGICAL RESPONSE, 0R BoTH

Grour A Torarn TyrE 2 Tyre 1 TYrE 3 ToraL
(ConTROL) No. No. Na. No. No. o
Adults 141 i3 2 4 o* 6.4
Children 95 11 9 22 23.2
Infants 30 1 3 5 16.7

Total Persons 266 8 14 16 36% 13.5
Tamilies No. 74 7 3 10 23*% 31.1
% 0.5 10.5 13.4

*2 less than apparent total; evidence of spread of both Types 1 and 3 poliovirus to 2 adults, reduccs the

person and family totals.

tion 1:4 unless the individual was known to have
received Salk vacecine.
stool specimens as a function of antibody status
on the initial blood specimen and Salk vaccine
experience is shown separately for adults, chil-
dren and infants in Table 7. Among the adults
the majority (63 per cent or more) had polio
antibodics detectable in serum dilution 1:4 or
greater in the initial specimen, hut virus isolation
was accomplished from few of these individuals

Virus isolation rates from

as compared to the isolation rates from those
without antibodies, Yurthermore, virus isolation
from adults in the presence of serum antibody
was limiled to those who had had two or more
doses ol Salk vaccine with one exeeption and
this individual had had one dose of Salk vaceine.
Among the children, the majority had no detect-
able antibodies to Types 1 and 3 and over one-
third had no detectable antibodies to Type 2.
Virus isolation rates were high from those chil-
dren without polio antibodies regardless of their
Salk status. Virus isolation rates from children
were significantly lower if poliovirus antibodies
were demonstrable than if they were absent. It
is nol possible to delermine whether the anti-
bodies detected in these children were natural in
origin, Salk-indoced, or both. Since it is estab-
lished that naturally acquired antibodies are as-
sociated with a short period of virus multiplica-
tion in the intestinal tract, it is logical to assune
that the lower percentage of isclations affected
in children with detectable antibedies as com-
pared to those without detectable antibodies, was

largely duc to that portion of the children in
whom the antibodies were natural in origin. Vi-
rus isolation rates were high from infants re-
gardless of the presence of poliovirus antibodies
in the initial blood specimen and regardless of
the Salk status. The presence of poliovirus anti-
bodies in the serum of the infants in almost every
instance appeared Lo be the result of placental
transfer as judged hy the presence of the same
type of antibody in the mother’s serum and the
exirapolated fall in titer as related to the age
of the infant,

Evaluation of Symptoms During the Control
Period. Study of the occurrence of symptoms in
individuals to whom the virus had spread during
the control period revealed no illnesses which
were attributable to the vaccine strains. For
individuals to whom spread was proven by isola-
tion, the time period between iwo weeks prior to
the collection of the steol specimen from which
virus was first isolated and two weeks later (or
until the end of the control period) was classified
as pertinent. During this pertinent period gastro-
intestinal disturhances were teported for one
child and one aduli; the remainder of the indi-
viduals from whom virus was isolated reported
For individuals {or
whom the evidence of spread was serological only,
the time period for evaluation of occutrence of
symptoms was from the date of feeding of the

no illnesses or symptoms,

respective type to group B to the end of the con-
trol period. During this time period one child
and one adult reported gastrointestinal disturb-
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Tarte 7. Vieus IsoLaTioN RATes FROM STooL SPECIMENS AS A FUNCTION OF ANTIRODY SrAaTUS
AND SaLK VaccINE EXPERIENCE

IxtTian Titer <4 Inirian TiTeEr 4 0R >
SALK VACCINE
EXrERIENCE 2 or MoRE 2 or More
0-—1 DosE Doses 0—1 DosE Doses

Adults Type 1 12* E 0 _B
20 41 46 166
Type 2 12 _E 1 13
32 25 43 182
Type 3 8 15 K _3

39 65 36 141
Children Type 1 14 86 0 28
16 119 1 65
Type 2 8 3 K I

16 53 i 131
Type 3 _7 72 __2 _3

17 146 0 38
Infants Type 1 28 _4 10 3
35 5 11 3
Type 2 22 3 12 1

30 5 16 3
Type 3 12 il 5 0

37 7 9 1

* Numerator: numbcer of virus isolalions from stool specimens; denominator; tolal number of persons from
whom the isolations were accomplished and whe had the pre-vaccine antibody titer and Salk experience as

indicated in column headings.

ances, one adult reported a respiratory illness,
and one adult reported both a respiratory illness
and later a gastrointestinal dislurbance. Addi-
tional members of the 23 familics of individuals
to whom the vaccine strains had spread reported
eszentially the same rates of respiratory illnesses
and gastrointestinal disturhances as were ob-
served in the study group as a whole! TIn the
individuals to whom spread was indicated by la-
boratory evidence, as well as in other members of
their families, the gastrointestinal disturbances
occurred in the same period (March 9 threugh
March 22) as those ohserved for the entire study
group.

The medical records are presented for the two

families (see Table 3) in which considerable
intrafamily spread of the virus appears to have
followed the entrance of Tvpe 1 vaccine strain
into the household.
family 165 (two adults, four children} show no

The medical records for
illnesses whatsoever during the entire study
period in any of the individuals. The medical
record for family 29 (two adults, three children)
indicates that both adults had a gastrointestinal
disturbance in the middle of March; one child
had a nasal discharge in late February and loose
stools ont one day in late March; one child had
loose stools for two days in late March; the third
child was well throughout the entire study period-
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DISCUSSION

Using the time interval of about three wecks
between feedings of the throe types of poliovirus,
it appears, as judged by virus isolations, that
Type 1 replaced Type 2 and Type 3 replaced
Type 1 very well (see Figure 1}. The presence
of one virus is usually expected to interfere with
the establishment of anolher virus. Since there
was a time lapse of about one wesk hetween the
collection of the stool specimens and the later
fceding of another type, actual replacement is
not proven but is strongly suggested by the evi-
dence presented and is a most striking phenome-
non. The continued excretion of Type 3 polio-
virus in group B individuals, as shown hy isola-
tion from the fifth and sixth stool specimens, is
in marked contrast to the small amount of con-
tinued excretion of Types 2 and 1 poliovirus when
followed hy the feeding of another type. - This
long excretion may be a characteristic of the Type
3 vaccine strain and it is not known whether it
would have been well replaced if fud ahead of
Types 1 or 2. The possibility must also be con-
sidered that the long continued excretion was ob-
served hecause no other virus was fed and there-
{ore there was less competition for lebensraum.

The absence of “wild” poliovirus in this com-
munity was demonstrated by the ahsence of polio-
virus in the stool specimens colleeted prior to
feeding the vaecine strains and by the sequential
appearance of each type of poliovirus in stool
specimens only after each specific tvpe had been
fed. Since only 16 cytopathogenic agents (adeno
Types 1 and 2) other than poliovirus were iso-
lated during this sindy the possible effect of en-
teric viruses other than poliovirus in interfering
with the establishment of the vaccine strains of
poliovirus has not been measured.

The number of isolations shown for group B
individuals in Fig. 1 is not an accurate measure
The
specimens were collected about two wecks after

of all of the persons who excreted virus.

virug feeding and it can be assumed that addi-
tional group B individuals excreted virus for
shorier periods of time. This assumption is sup-
ported by the previously published resulls show-
ing antibody respense’ which ocourred for each
type in a larger proportion of the individuals
than those yielding virus in the stool specimen
collected two weeks after feeding. The value of

the isolation rates shown in Fig. 1 is therefore
limited to a comparison of the differences in
amounts of virus of each type available for com-
munity spread rather than as a graphic represen-
tation of the total number of excretors in the
community.

The difference in the amount of spread oh-
served with the three types is probably related to
the number of susceptibles in the community.'
Considering susceptibles as those without anti-
body, the smallest number were susceptible to
Type 2, and Type 2 spread the least; the largest
numher were susccptible to Type 3, and Type 3
spread the most. The difference in observed
spread of Types 1 and 3 was small, but as has
heen pointed out, we have reason to believe that
the spread of Type 3 was less completely mea-
sured in this study than were the spread of Types
1 and 2.

The presence of antibedy in the pre-feeding
blood serum specimen does not always indicate
protection against the vaccine strains becoming
established in the intestinal tract (see Table 7).
It has previously been cstablished by several in-
vestigators that Salk vaccine is not cffcctive in
preventing multiplication of poliovirus in the in-
testinal tract. Tt also appears to be true that
Salk vaccine induced antibodies are not eflective
in  preventing multiplication of the vaccine
strains of poliovirus used in this study (see Table
7). In the absence of detectable poliovirus anti-
bodies, prior Salk experience does not markedly
reduce the virus isolation rates in either adults
or children. Diflerences in natural and Salk in-
dnced antibodies cannot be determined, but it is
logical to assume that poliovirus antibodies are
more often natural in origin in adults than in
children. On the basis of this assumption the
differences in virus isolation rates observed in
adults and children who have detectable anti-
bodies and Salk experience is explainable (see
Table 7, last column}. If the poliovirus anti-
bodies in the majority of the adults were natural
in origin the low rates of virus isolation which
were obtained (2.1 per cent to 7.1 per cent {or the
various types) are to be expected; in z larger
proportion of the children showing antibodies
these antibodies can be assumed to bhe Salk in-
duced because the virus isolation rates are higher
{7.9 per cent to 43.1 per cent). Ir follows that
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community spread of these vaccine strains was
not as effectively reduced by Salk induced anti-
bodies as by natural antibodies.

Recently Gelfand and co-workers have report-
ed intrafamily * and community * spread of the
attenuated poliovirus vaccine strains developed
by Sabin. Spread of the vaccine strains was not
ohserved when an attempt was made to observe
When ex-
perimenial design maximized known factors
which could be expected to facilitate interfamily
spread of virus only 30 per cent of the contact
children excreted virus." These results are basic-
ally similar to the very limited extent of com-
munity spread reported in this study.

long continued interfamily spread.*

The rate of spread of these vaccine strains of
poliovirus can be expected to vary in different
communities and more spread could be expected
in this community il a study were conducted dur-
ing the summer months., There is a need to mea-
sure the rate of interfamily spread in a varicty of
community settings.

The findings reported in this paper suggest that
the extent of spread will vary inversely with a
community’s prior experience with “wild” polio-
virus. The immunity producing potential of live
attenuated poliovirus vaccine is such that one
can expect that the spread of vaceing slrains may
also vary inversely with a community’s prior ex-
perience with live attenuated poliovitus vaccine.
It may be practical in the future to maintain im-
munily to poliomyelitis in a population by ad-
ministering the oral vaccine to nmewhorn infants
and the family of the infant. Study may later
indicate that the feeding of only the infants may
be effective in maintaining immune status for a
community by the potential the infant has shown
as a source of intrafamily spread which would
supply booster exposure to the vaccine,

The modest rate of community spread of polio-
virus vaceine strains observed in this study indi-
cates that the benefit of inadvertent polio-immuni-
zation will be limited heyond the households of
vaccinees.

Tt is noteworthy that in this study a large pro-
portion of this community participated ; memhers
of 20 per cent of the households were fed vaccine
and an additional 20 per cent of the households
were studied as contact families.

SUMMARY

The community spread of poliovirus vaccine
strains was studied in a community of 371 house-
holds. Oral poliovirgs vaccine was fed to 279
individuals in 75 families {group B) and place-
bos were fed to 266 individuals in 74 families
(group A). The “supply” of virus available for
spread was measured by virus isolations from
group B. Spread to the control group (A) was
measured by virus isolations and antibody re-
sponse.

Poliovirus Type 2 spread to eight individuals
in seven families, Type 1 to 14 individuals in
eight families, and Type 3 to 16 individuals in 10
families. The variation in the rates of spread
among Lhe three lypes appears to be related to
the proportion of susceptible individuals rather
than any measurable variation in the potential
for spread among the three types of virus.

The 38 instances of virus spread involved 36
individuals (13.5 per cent of group A) consisting
of nine adults, 22 children and five infants.

The 36 individuals were distributed in 23 of
the 74 group A families, thus one or more per-
sons in one third of the group A families were
infected.

These results indicate that the community (in-
terfamily) spread of these poliovirus vaccine
strains to be markedly less than has been ob-
served for intrafamily spread.

Neo illnesses attributable to the inlection with
the vaccine strains were observed among the 36
individuals who acquired the poliovirus vaccine
strains by natural interfamily spread.
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14. THE CAPACITY OF LIVE ATTENUATED POLIOVIRUSES
TO CAUSE HUMAN INFECTION AND TO
SPREAD WITHIN FAMILIES*

Joun R. Paur, Dorotay M. HorsTMaNN, JoBN T. Riokpan,
E. M. Opron, anp R. H. GREEN

Section of Epidemiology and Preventive Medicine, Yale University School of
Medicine, and the WHO Regional Poliomyelitis Laboratory for the Americas

Dx. PauL (presenting the paper}: The putpose
of this report is to document the capacity of three
attenuated polioviruses to take and to spread
wilthin {amilies when given as a trivalent vaccine,
according to the outline of the field trial de-
scribed earlier today in the paper by Dr. Horst-
mann and her colleagues.®

This work is essentially a study by the Yale
Poliomyelitis Study Unit, in which T am only a
spokesman. Others whe did most of the work are
listed on the title page.

Mention has already been made of the degree
to which alimentary infection by these strains
was induced in this particular field trial, involy-
ing as it did approximately 50 families, about the
size of Dr, Verlinde’s study, although the environ-
ment was different. The setting was in a village
in Costa Rica.

For the privilege of carrying out this study
there, we are much indebted to the Minister of
Health, Dr. Quirce, and to the Director General
of Health, Dr. Vargas-Méndez.

The strains of the.attenuated poliovirus used
were kindly supplied by Dr. Cox, and are known
as the Lederle atienuated poliovirus strains.

I want to mention again that the design of the
trial called for the feeding of an index child
under the age of two vears in each of 48 separate
families in which the siblings, who were all under
the age of five, were left unfed, so they could be
included in the study as susceptibles.

In other words, an object of the trial was to
sce how far these polioviruses got in this particu-
lar setling, why they got where they did, or why

* Representing studies planned and curried out by
the Vale Poliomyelitis Study Unit under the auspices
of the Pan American Sanitaty Bureau and in close
cooperation with the Ministry of Health of Costa Rica.
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And again may I emphasize that the ob-
jective of this study was not to compare the
capacities of individual attenuated poliovirus
strains, but rather to consider the problem as
one of experimental epidemiology.

A special [ramework has heen established here,
and it should be recognized [rom the start that the
findings reflect the effectiveness ol this vaccine
when administered within this particular environ-
ment.

This is a point which Professor Stuart-Harris
made yesterday, and Professor Zhdanov has em-
phasized it in his use of the term “ecology.” In
other words, our study is more academic than
practical, and ¢ould be said to recall Topley and
Webhster’s observalions of a generation ago on
experimental epidemiology in mice. Their re-
sults were wholly dependent upon the age and
immune status of their mice, the size of the box
in which their mice were placed, its environment,
and the presence of extraneous infections.  Our
results are dependent upon similar factors,

not.

RESULTS

A theoretical schema for depicting the infect-
wbility of an attenuated poliovirus strain when
given as a vaccine is presented first in a series of
diagrams,

Figure 1 is a schematic diagram to illustrate
hypothetically the results in a group of 48 po-
tential vaccinces (designated hy 48 horizontal
lines) who have been given two doses of triple,
live poliovirus vaccine ome month apart, on 30
July and 30 August. The blank background
would indicate that the vaccine did not give rise
to antibodies in any of this group.

Figure 2 is a continuation of the dizsgram in
Fig. 1 to illustrate hypothetically, complete sue-
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cess of vaccination to one type of poliovirus.
Shuded areas on the right-hand side of the chart
represent a significant rise in antibodies for let us
say, Type 1 poliovirus. Here, in mid-August it
hus been assumed that 40 of the 48 potential
vaccinees developed Type 1 antibodies after re-
ceiving the first dose of triple vaccine and the
remaining 8 candidates responded to the second
dose in early September giving a 100 per cent
favorable response by early October.

Next the infectability of the strains used in the
trial depicted only in terms of antibody responses
in cach of the 48 index (vaccinated) children is
given in Figures 3, 4, and 5 to illustrate the re-
sults with Types 1, 2, and 3, respectively.

In Figure 3 is shown the actual response in
the development of Typc 1 aniibodies in the
Costa Rican village population. The shaded area
running across the right lower part of the chart
indicates that 31 of the 48 vaccinees developed
anlibodies in two waves alter the twe doses of
triple vaccine. None possessed antibodies prior
to receiving the first dose of vaccine. Belore the
study was over six vaccinees had been lost and

30 their final antibody status {as of early Octo-
ber) remains undetermined.

Figure 4 illustrates resulls with Type 2 anti-
bodies in the Costa Rican village population. The
shaded arca running across the entire lower third
of the chart indicates that 13 of the potential
vaccinees possessed antibodies to Type 2 prior to
the first dose of vaccine. Ten others converted
[rom negative to positive during the period of
observation.

Figure 5 illustrates the antibody response to
Type 3 in terms of the diagram in the previous
charts.

Superimposed on this lype of diagram there is
shown, in Figure 6, not only the anlibody re-
sponses but the days on which Type 1 poliovirus
was isolated and the days on which non-poliovirus
entleroviruses were isolated, and the complex re-
lationship between the two.

Figure 6 illusirates the antibedy response to
Type 1 attenuated poliovirus as already shown
in Fig. 3, and on it has been superimposed a sys-
tem for demonstrating the actual days in which
Type 1 poliovirus was isolated either for brief or

e E

o VACCINEES :
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prolonged periods, some lasting seven wecks.
Poliovirus infections are shown by the black
stripes. Coincidentully, many enterovirus infec-
tions were present and these are shown by vari-
ous kinds of shuded stripes.

And, as the final group in this series of dia-
grams the same general situation is shown for the
67 exposed siblings within these same 48 families
(see Figures 7 and 8).

Figure 7 illustrutes Type 1 infections in the
population of 67 siblings {under the age of five)
who were members of those families in which in-
trafamilial exposure to an infected vacecinee oc-
curred.  Fifteen siblings possessed Type 1 polio-
virus antibodies prior to the administration of
the first dose of triple vaccine. Eleven negative
siblings converted during the 9-week.period of
vbservation—a rate of 21 per cent. Of those 15
children already possessing antibodies to Type
1, 5 showed a fourfold rise associated with re-
infection as indicated by the dark area in the
lower right-hand cerner.

Figure 8 similarly illustrates Type 3 infec-

tions among 67 siblings as a result of intra-
Forty of these siblings
possessed antibodies to Type 3 poliovirus before
vaccine was introduced into the family, and of
these, 18 became re-infected. Of those 27 whe
lacked antibodies at the onset, 15 converted.
Non-poliovirus Enteroviruses. The degree to
which the children in this study were harboring
enteroviruses during the pre-
vaccinal period of one week appears in Fig. 9.

familial exposure.

non-poliovirus

In Figure 9 the age-specific rates are shown
al which participants in this trial excreted polio-
viruses and non-poliovirus enteroviruses prior te
Our impres-
sion 1s that the impact of the non-poliovirus en-

the first administration of vaccine.

teroviruses upon the poliovirus responses in the
vaceinees, ot the actual degree of interference
which they exerted in this trial was appreciable
but not great. When a comparative rate analysis
was made to determine whether those children
harboring such enteroviruses at the beginning of
the trial had a higher failure rate than those with-
out enteroviruses, there was cvidence that, as far
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as the response to Type 1 attcnuated poliovirus
was concerned, an interfering role on the part of
non-poliovirus enteroviruses was approciable. If
any particular enterovirus could be incriminated,
it may have heen ECHO 12. With Type 3, how-
ever, there was no evidence of interfercnee.  Actu-
ally, the opposite may have occurred (see Fig,
10).

Figure 10 shows the rates at which potential
vaceinges excreted Type 1 polinvirus as compared
with rates at which members of the same group
were

non-poliovirus  enteroviruses,

Prior to the administration of the iriple vaccine

excreting

and two months Tater, the incidence of non-polio-
viruses was aboul 20 per cent, but during the
period of greatest infection with polioviruses this
level was reduced to about 10 per cent.

Thus, the impression we have derived from this
study is that, if any virus ean be regarded as an
“interfering agent,” it was the Type 3 attenuated
poliovirus uscd in the vaccine. This “took” so
well und was so efficient in producing lasting in-

fection that it dominated the scene and appeared
to crowd out the other competing aitenuated
polioviruses, and perhaps, the “competing” non-
policvirus entcroviruses as well. The ultimate
cxtenl to which this dominant effect of Type 3
poliovirus actually excluded or merely postponed
ultimate infeetion in the vaccinees by the two
other attenuated polioviruses is not known, for
our observations on antibody determinations cov-
er only 11 weeks in these index children.
Spread within Households. The findings on
intra-familial spread reflect fairly closely the in-
feativity rates which resulted from feeding these
three attenuated strains to the index children in
the form of a trivalent vaccine given on two occa-
sions a month apart. The strain which “1o0k”
the best spread the hest.
ing capacity scem to be closely related properties.
T cannot say that they are identical. Thus, dur-
ing the ll-week-period of ohzervation, Type 3
poliovirus, given at a dose of 10°%, which had the
capacity to infect at a rate of about 91 per cent

Infeclivity and spread-
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Fic. 12, A comparison between the days on which 27 index children excreted Type 3 poliovirus with
the days on which 32 siblings excreted this same virus. The siblings’ infections are fairly coincidental
to those of the index children.

{see Fig. 5), spread the most, infecting 55 per
cent of the homotypic negative siblings and re-
infecling about 44 per cent of those who already
had homotypic antibodies (Fig. 8). With Type
! (see Fig. 7), the response was less with a
spread of 21 and 33 per cent, respectively. With
Type 2, with a low infectivity rate, practically no
spread was noted.

It is to be emphasized again that none of these
siblings were more than five years old, and for
these results to be meaningful, the young age of
the potential hosts in this population should he
kept in mind, as well as the contemporary exist-
ing pattern of interfering non-poliovirus entero-
viruses which found its highest prevalence among
the 12-24.month-old children.

As to the speed with which these attenuated
poliovirns infections spread from the index child
io siblings, these data appear in Figs. 11 and 12.

In some of the families the index child only
excreted the virus for a day or two, and the same
was true with the siblings. Tn others, virus ex-
cretion continued for two to threc weeks (see
Fig. 11 for an cxample of what happened in a

single family}. Data in Fig. 12 record afl the days
in which index children excreted virus and all
the days in which their siblings also excreted a

- poliovirus of similar type. This is a demonstra-

tion that there was no dearth of poliovirnses going
around in these families during the vaccination
period. Figure 13 records the first recognized
day of enset of the index child infection.

It would seem from this last figure that a fair
percentage of the siblings picked up their attenu-
ated poliovirus from the index child almost at
once with Type 3—indeed 63 per cent of them
picked up the virus within five days from the
known onset of exposure., With Type 1 this al-
most simultaneous onset was less, 37 per cent.
The phenomenon of rapid spread which oceurs
in a fair percentdge of families, can give the false
impression that these infections were derived
from a common extra-familial source, and not as
a result of one human passage within the family.
The observation recalls to the senior author many
previous discussions in pre-vaccinal days, in
which the attempt was made to interpret the
spread of wild polioviruses through families.
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Almost 20 years ago, | made the mistake of say-
ing that the siteation with regard to family epi-
demics would “seem to indicate that most fami-
lies become infected through a common source

*® QOur present data would belie this ex-
planation and point rather to the fact that the
attenuated viruses used in this trial spread so
quickly from the index child in the family that
it may well be that within 12 to 18 hours after the
ingestion of attenuvated polioviruses an index
child might be considered as capable of infect-
ing his intimate playmates. This eliminates the
necessity of assuming that an almost simultaneous
infection in several members of a family neces-
sarily means an extra-familial common source
of virus.

COMMENT

This report on the experimental epidemiclogy
of poliomyelitis, based on a short but rather inti-
mate study of a trivalent, oral poliovirus vaccine
trial administered twice and under rather special

host and environmental circumstances, has
brought out some of the complexities of achieving
an optimum rate of 100 per cent “takes” by the
current procedures used. However, there is no
intimation presented here to suggest that this
goal cannot be achieved. The report has pointed
out a considerable difference in the capacities of
these lhres attenuated poliovirus
strains to “take,” even though all were given in
presumably the same dosages, namely about 10°°,
The rate of “takes,” as measured by antihody
conyersion rates, was more than 90 per cent with
Type 3, about 75 per cent with Type 1, and much
lower for Type 2. This differential capacity to
infect the index children was mirrored by a
parallel capacity for these viruses to spread to
siblings. Indeed, the ease and the speed of intra-
familial spread on the part of these attenuated
polioviruses was striking.

Finally it should be emphasized that the re-
sults of this trial, utilizsing as it did a rather

particular

special and unofficial method of giving the vac-
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cine, was designed for an epidemiclogical study,
Such results do not have direct hearing on other
programs of different design caleuluted 1o immu-
nize 4 whole population against poliomyelitis,
particularly by mass administration of the vac-
cine such as the program in progress in the same
general area as our study. We do not as yet have
data from this larger program, but are particular-
ly grateful to the focal hcalth authorities of Costa
Rica for the privilege of carrying out this trial in
an area where considerable experience had hecn
gained with regard 1o live poliovirus vaccination.

CONCLUSIONS

Emphasis has been placed in this small study
of 48 families living in a sublropical environment,
on what can be learned from the standpoint of
human experimental epidemiology of polio-
myelitis. Major aims have been to determine the
capacity to infect on the part of the Lederle
strains of attenuated poliovirus when given in the
form of a trivalent vaccine in two doses one month
apart. Particularly have we tried to determine
the reasons which can be ascribed for the failure
We have also studied
the pattern of intrafamilial spread of these infec-
tions. It is to be emphasized that the conclusions

of some sirains tn “take.”

reached apply only to one small study carried on
within a special framework.,
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15. FIELD AND LABORATORY EXPERIENCES WITH
THE CHAT STRAIN TYPE 1 POLIOVIRUS*

SVEN GARD

The Department of Virus Research, Karolinska Institutet Medical School, and the
State Bacteriological Laboratory, Stockholm, Sweden

Dr. Garp: At the First International Confer-
ence on Live Poliovirus Vaccines a briel report !
on a Swedish small-scale field trial with the
CHAT strain Type 1 virus was presented. This
trial was initiated in November 1957 with partici-
pation of 20 volunleer families. A second test
vuccination of 107 families was performed in the
winter of 1958-39. In 1959-60, finally, three sepa-
rate controlled studies have heen conducted and,
in addition, less rigidly controlled group vaceil-
nations have heen carried out. A total of about
1000 persons have now been vaccinated.

A detailed report of our various findings will
be presented elsewhere. T should mention, how-
ever, or point out, that we have applied live virus
only under cover of a previous basic serologic
immunity produced by administration of inacti-
vated vaccine, A dose of 10° TCID,, was used
throughout. In 275 persons without pre-existing
natural immunity this dose never failed to pro-
duce infection. It should be pointed out, how-
ever, that in more than 2500 stool specimens from
about 750 persoms participaling in the various
projects non-polio viruses were encountered on
two occasions only, one enterovirus and one ad-
encovirus, Apparently, therefore, the experiments
were conduocted in the absence of interference.

All {feedings were done in the period January -

through April.

* This work was supporied by grants [rom the
Swedish Society aguinst Poliomyelitis.
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In the present connection, I will touch on two
aspects of the use of live virus vaceine. The first
concerns spread of virus to contacts.

Spread of virus to contacts. It was previously
reported ' that, in the first trial, a spread of virus
Lo susceptible family contacts occurred mainly
from vaccinees less than two years old. Of 12
children below the age of two years, seven were
spreaders as against none of seven children above
that age.

In the subsequent trial all index children were
four years old; of 63 children with susceptible
family contacts only three became spreaders.

In 1960 two separate studies of this question
were conducted. In one trial ® 1two comparable
groups were included. Among 32 families with
index children less than two years old spread of
virus occurred on 13 occasions, whereas only one
instance of contact infection was ohserved in 30
families with index children above the age of two
years. The results summarized in Table 1 indi-
cate that the young children cause contact infec-
tions more than 10 times as often as the older
ones.

A similar study ° was set up in an institutional
school for blind children with a total of 152 in.
mates, aged seven to 19 vears. Dormitories for
rirls and boys were located in separate wings or
huildings; play rooms and dining rooms were
shared;
cerades and 14 separale classes according to age.

teaching was coeducational in nine
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TagLe 1. InvravamILIAL Srreap or CHA'T
Virus INFECTION FroM Inpex CHILDEEN BELOW
AND Apove THE AcE or Two YEARs

<2 YEArs >2 YEARS
1957 /68 7/12 0/7
1958/69 — 3/63
1959/60 13/32 1/30
per cenl, 45.5 4.0

Nenominator: number of families studied.
Numerator: number of families where spread
oceurred,

After a general vaccination with inactivated virns
live virus was fed Lo one or two children in each
class. Altogether 20 children served as index
children, 11 girls and nine hoys. Excretion was
Of the 112 con-
tacts studied only three children hecame infect-
ed, two girls in the first and one in the second
grade.

followed in weekly specimens.

The probable source of infection was a
girl in the first grade. Later all participating
children were challenged with CHAT virus. In
the four lower grades 90 per cent, and among the
older children 60 per cent proved to be sus-
ceptible.

Apparently, then, the CHA'l virus does not
spread easily by contact. Tt would seem that the
last-mentioned study is particularly illustrative in
this respect, inasmuch as the mode of intercom-
munication among blind children, to a large ex-
tent by touch, and the particular hygienic diffi-
culties associated with these children’s physical
handicap should facilitate the dissemination of
enteric viruses.

In attempts to find the reasons for the marked
age dependence of the capacity for transmission
of infection we have measured the amount of virus
excreted by subjects of diflerent ages, without
finding any explanation. Thus, in 12 children,
less than two years old, the maximum virus con-
tent in the stools, regularly observed at the begin-
ning of tho exeretion period, varied hetween
10+* and 109 TCID,, per gram, average
10%%%; in 15 children above two years the car-
responding figures were 10951088 and 10758,
respectively. We liave not systematically studied

throal excretion ; according to other authors, how-
ever, no definite correlation seems to exist he-
Lween appearance of virus in the throat and
spread by contact. The coincidence of the shift
in spreading capacity with the time when children
generally are house-broken seems to us to be the
most significant fact in the present connection.

The H Marker. In the course of comparative
studies of the plaque-forming capacity of wvari-
ous strains on human embryonic and monkey
kidney cultures Dr. Margareta Bitliger observed
certain characteristic strain differences. A de-
tailed study of the phenomena involved is in
progress and will, in due time, he reported in
detail. Since, however, the presenl observations
seem to be of general interest, a briel descriplion
of sume preliminary results appears justifiable.

Early observations indicated that the plaque-
forming capacity of most strains was the same in
fresh explants of monkey kidney as in human
embryonic kidncy. With certain strains, how-
ever, consistently lower plaque counts were oh-
tained on human tissue. With the CHAT strain
the difference amounted to about 2 logs. Tn most
cases this charactieristic was maintained afler one
passage through the human intestinal tract,
which was considered to indicate thal the prop-
erty might serve as a strain marker. It was
tentatively called the H (for human) marker.

The same pattern as first observed repeated
itsell in tests with 29 consecutive batches of
human embryonic and monkey kidney cultures.
In the 30th experiment, however, much higher
counts were obtained with human cultures. The
reason for this abrupt change was fipally traced
to a new balch of the balanced salt solution used
which inadvertently had been given a too high
bicarbonate content. Consequently, systematic
studies on the eflects of bicarbonate and tempera-
ture on the plaque formation in various tissues
were initiated. Exact reproducibility has not
yet been achieved and it Is therefore too carly to
draw any definite conclusions. Certain trends
are apparent, however, as illustrated by the fol-
lowing tables.

Table 2 shows the effect of variation in the
bicarbenate content at constant temperature (37°
C.). In this experiment the d character of the
CHAT strain is clearly manifest in human tissuc
at 0.2 per cent hicarbonate, whercas the reduc-
tivn in plague counts on simian tissye is question-
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TasLe 2, PLague-rormine CAPACITY oF Two Strains in Human ann Sivian Tissur at 377 C
AND VARYING BrcarponaTE CONCENTRATION
Human SIMIAN
BicARE. CHAT CITAT
Cone, —— It 206 - % 206
10-4 10-2 10-2 10-3

049, C 106 46 C 63 28
029, 10 1 50 138 18 18
0.19% 2 21 92 33 30

C = confluent lysis,

Figures represent averages of counts on Lhree cultures each.

TasLe 3. Praoue-rormine Capacity oF Two Strains 18 Human anp Simian Tissuk AT VARIOUS
TevieErATURES. BicarBoNATE ConNTENT 0.2 Prr Cent
Humam SIMIAN
CHAT CHAT
Ter. T2 206 - E 206
10-+ 108 10 10-3
35° > 14} 25 25 129 33 8
a7° 10 1 50 138 18 18
39° 0 0 L] 0 0.3 16

Ilague == averages from three culturcs each.

able even at 0.1 per cent. The wild strain E 206
is largely unaflecled in both tissues.

In the experiment shown in Table 3 the bicar-
bonate content was 0.2 per cent throughont.
Under these conditions a temperature effect on
the CHAT strain was demonstrable at 37° C. in
human tissue but only at 39° C. in monkey cells.
The wild strain was possibly affected by the
higher temperature in human but apparently
not in simian tissue.

Table 4, finally, shows a comparison in human
tissue of three strains: the attenuated ClIAT,
the LSc 2ab, and the wild £ 206. Tn this case
the d character of CHAT is again clearly mani-
fest at 0.2 per cent bicarbonate, whereas the
others may be affected at 0.1 per cent but deli-
nitely only when the concentration is lowered to
0.05 per cent.

These ohservations indicate that the d and T
characteristice are inlerdependent and that a

TanLE 4. CorrerLaTion BrrweeN BICAKBONATE
CONCENTRATION AND PLAOUE COUNTS IN
Human Tissue aT 37° C.

Bicags,
Cone. CITAT I£ 206 L3¢ 2am
0.89 92 61 52
0.14%, 02 65 69
0.29, 0 56 b
0.1% 0 24 20
0.05% 4] 0 {

certain strain might be best described by record-
ings of its reactions in a threc-dimensional dia-
gram. Furthermore the pattern seems to vary
with the type of tissue used in the test. In the
present comnection it is of interest to note that
somge strains seem Lo be adapted to simian, where-
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as others might grow better in human tissue.
The differences usually become manifest in vitro
only when the virus is grown under suboptimal
conditions.

The phenomena described may have a bear-
ing onh the problem of selecting suitable live vac-
cine strains. In principle the choice is now pri-
marily based on the results of neurovirulence
tests in monkeys on the assumption of a correla-
tion between monkey ncurovirulence and patho-
genicity to man. " To what extent this assumption
holds is not known, however. As a matter of
fact some strains isolated from paralytic human
cases produce only inapparent infections in mon-
keys, while on the other hand sirains obtained
from healthy children in interepidemic times not
infrequently turn out to be highly pathogenic to
monkeys. A systematic study of the differential
in vitro growth potential of strains of various
origin might shed some light on this important
problem.

I should like to add here that the designation
of a strain as t+ or t+— really does not tell very
much the charactleristics of the strain,
Thiz statement should be to a certain extent
qualified. Certainly, small variations in tempera-

aboul

tute may cause rather great differences in the re-
sult, and particularly the conditions in the cul-
ture, such as bicarbonate content, should also he
taken into account.

I believe also that the great variability in these
two respects observed in different strains of
viruses makes one hesitate a little to talk about
genelic markers. Tt seems lo me that the RNA
vituses preseni problems that cannot be solved
with the classical methods we have learned to
use in the study of DNA genctics.
being, 1 would prefer to talk about strain pat-
terns, behavioral patterns, rather than genetic
characteristics.

For the time
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STUDIES ON LIVE POLIOVIRUS VACCINE IN JAPAN

Masamr KiTaoxa, M.D.

WHO Regional Polio Center, Tokyo National Institute of Hea]ﬂl, Tokyo, Japan

Dr, KiTaoka: According to the recommenda-
tion of the WHO Expert Committce on Polio-
myelitis, Geneva, 1957, formaldehyde inactivated
vaccine (Salk type) has been prepared in my
laboratory on a small scale. Four private manu-
facturers of hiological products have now started
to make an adequate amount of the vaccine to
immunize the community against poliomyelitis
in endemic areas, especially infants, although
some amount of the vaccine is still imported for
At the sume time, the WHO Ex-

pert Committee recommended that further in-

this purpose.

vestigation be carried out on the live attenuated
vaccine in the laboralory, as well as in field trials.

In reviewing the epidemiology ' of polivmyelitis
in Japan, our attention should be focused more
on the live attenualed vaccine than on the Salk
vaccine, taking the following into account: (1)
the age distribution of the incidence of paralytic
polio is almost limited to the < 1 10 3 year-old
group (508/608=838 per cent}, especially
affecting the children << 1 to 1 year-old (376/-
608=61.8 per cent (Table 1); (2) any type of
poliovirus could be isolated from the stools of
healthy-looking children; in the summer of 1956,
for example, six Type 2 polioviruses were iso-

lated from six infants aged iwo months to two
years at the Infant Home in Tokyo, where no case
of paralytic polio has been recognized in the
past several years (Table 2) ; (3) not all of these
5ix strains proved to have the same high paralyto-
genic properlies, but some, for example the
SK-50 strain, proved to be of very low virulence
for mice and monkeys after their inoculation by
intracerebral (IC) and intraspinal (IS) routes,
as shown in the table; (4) the blood level of
neutralizing antibodies in children was found
generally to reach the maximum in titer against
atl types of poliovirus without manifest infection
in the five-year age group; and (5) under poor
sanitaty conditions, when a polio epidemic caused
by Type 1 poliovirus broke out in 1956 in Tataki
village, almost all infeclions were in children
under seven {Table 3).

From the foregoing, it can he presumed that
many children reared in the endemic area are
acquiring immunity against polio, following sub-
clinical infection with such a strain of low para-
Iytogenic properties of varving degree, which
could multiply in the intestines the same as a
saprophytic microorganism (E. coli., for ex-

TapLk 1. Act anp Sex DistriButioN or Povio Cask Incipence v 16 Cities anp Towns v
Jaram, 1956-1958
Age . <1 1 2 3 4 5 6 ? 8 9 10-19 20¢ Total
a; 39 137 78 28 12 19 5 7 2 3 4 3 337
f. 36 104 57 29 19 7 75 4 P4 1 5 5 271
Total 75 28I 135 57 31 26 10 11 4 4 a 6 608

508 cases {83.8%) under 3 years old.
376 cases (61.8% ) under 1 year old.
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TanLe 2. Mowvse ParmoseNicity or Porlovinus Tyre 2 reom HeautHY Looxking INvants Unpegr

Two Years Oup 1w Toxyvo

Name of Intracerebral

Infraspinal

Strain Inoculation Tnoculation TCIDs
BR-1 0/26* 16,/20 gy
SK-2 1/29 49/15 1057
SK-8 8/28 16/18 1050
SK—40 47530 16/18 1086
SK-501 0/30 /27 107
BI--53 /30 16/20 108
Conlrol Type 2 poliovirus strain isolated [rom a
pacalytie poliy patient 23/27 106-0-7-0

* Numerator: number of deaths,
Denominator: number of inoculated mice.

T Inoculated intraspinally into 2 eynomelgus monkeys, onc suffering from paralytic polic and the other

remuining well,

TasLe 3. Virus IsoLATIONS FROM STOOLS

oF ALL InHABITanTs InvcLupine Porio

Cases 1IN Tartaki VILLAGE, EHIME PRrergc-
TURE, 1956

All Healthy

Age (yoars) Polio Cases Inhabitants
0— 1 5/19% (5) 7/22
2 3 /11 (2) 10798
4-—— 5§ 5/11 8 /26
6— 7 28 ) 5740 {8
8— 9 0/3 0/41

00— 11 /1 1781

12— 13 171 /23

14— 15 1/1 /10

16 — 20 0742

21 - 50 176D

31--40 0/54

41 — 50 G756

50 — over 0/53

Unknown a0

Tatal W5 (8) £0/518 ()

* : Numerator: No. of positive isolations.

Denominator: No. of lest samples.
{ J: No. of other viruses such as Coxsackie, Echo
and Adenoviruses.

ample) and which are mixed in nature with the
highly virulent strains.

Needless to say, in order to match the epi-
demiological features in the endemic area, a
strain of extremely low virulence muy be made
available as a vaccine, provided it is proven io
be capable of immunizing the subject, of being
genetically stable, and of not becoming virulent
Fur-
thermore, it is highly possible to replace the viru.

through serial passage from man to man.

lent wild sirain by such a low virulent strain in
the endemic area. In 1954, at the Third Imer-
national Poliomyelitis Conference in Rome, it
was reporled that two strains, namely B-34 (iso-
lated from the father of a polio patient in Tokyo)
and Lansing, had become avirulent for mice by
Lthe TC ronte threugh passage in tissue culture;
later, however, on the advice of Dr. Sahin, viru-
lence tests by the IS route showed that the strains
were not vet completely avirulent. During the
experiments on poliovirus mutation problems, the
mit+4- strain, derived from the wild strain MEF-1,
wag decreased in virulence to the point of caus-
ing only one death out of 50 mice inoculated by
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the 1S route. Prior to the use of such a low
virulent strain as a vaccine, there were many
lests Lo prove the strain to be sale In neuro-
virulence and in genetic stability, and not to be
contaminated with other viruses.

At present, attenuated vaccines have been de-
veloped through the efforts of Idr. Sabin® Dr.
Koprowski,® and Dr. Cox,* respectively. The
use of these vaccines is supported by basic
studies, and by small- or large-scale field trials
in various parts of the world, especially in Singa-
pore, where mass vaccination was carried out
with significant results without accident. These
results encouraged me to make up my mind 1o
use, without fear of risking an accident, the live
poliovirus vaccine in the field in the known en-
demic area. Since 1957, [ have requested per-
mission from the Welfare Ministry several times
to use the oral vaccine in the ficld. The answer
was that it was not yet the proper time for its
use, since it was unreliable in genetic stahility
and because of the probability that it might
convert into the wild strain. However, both
kinds of vacecine, one being a frozen virus suspen-
sion and the other in the form of granules con-
tained in a capsule, were already at my disposal
through the courtesy of Dr. Sabin and Dr. Cox,
respectively, as requested by us.

The Sabhin vaccine was preserved in a deep
freezer (—20° C.) and the Cox vaccine was kept
in the refrigerator until used. A part of the Cox
vaccine was given to Dr. Nishizawa of Osaka
Universily for ils trial on infants and for experi-
ments en monkeys. Since 1959, Dr. Enjoji of
Fukuoka University has been joining our study
groups on live poliovirus vaccine in Japan and
has been trying to administer hoth types of the
Cox vaccines (meonovalent and trivalent), to in-
fants. Thus, Dr. Nishizawa, Dr. Enjoji, Dr.
Azano (First National Hospital), and [ had car-
ried out the vaccine trial in volunieers in each
hospital to follow up any side reaction, to ascer-
tain the extent of immunity and its duration, and
to check antigenic stability of the virus excreted
by the vaccinees, as well as the duration of virus
oxtretion and spread of virus excreted among
contacts, helore the Welfare Ministry decided to
grant permission for field trials. In the mean-
time, the Welfare Ministry showed a tendency
toward granting tacit permission to use the vac-

cine in the field, supervised by myseli. Nagaoka
City, Niigata Prefecture, and Kobe City, Hyogo
Prefecture, were selected for the vaccine trial
started Jast March and April. This paper repre-
sents the outline of the results =o far obtained on
live poliovirus vaccine in Japan.

The Cox monovalent vaccine. Eight children,
six males and two females, aged from one year
and five months to eight years and three months,
all staying in the same room, were fed successive-
ly with one capsule cach of Type 1 and Type 3,
and then twa capsules of Type 2 Cox monovalent
vaceing, at four-week intervals. The virus titers
of Types 1, 2, and 3 vaccines werc estimated at
4.0x10% 3.2 x10°, and 1.1 x 10* plaque-lorming
units per capsule, respectively. These titers might
be underestimated owing to the technical diffi-
culties encountered in separating viruses {rom
granules in capsule.

Blood samples for the determination of neu-
tralizing antibody were taken once just before
initial feeding, and three times every four weeks,
after successive feeding of each monovalent vac-
cine. Virus isolalion attempts were undertaken
{rom stools collected weekly for 12 weeks after
the initial feeding. As a whole, an antibody
rise was recognized in all vaccinees except one
fed with the Type 3 vacecine, and some of them
showed a titer of more than 7940, It seems like-
ly that the administration of Type 1 vaccine
stimulated formation of antibody against Type 2
and viceversa, but poorly for Type 3 poliovirus
(Table 4).

Fourteen straing of Type 1 poliovirus, three
strains of Type 2, and 13 strains of Type 3
were isolated. Most of them were isolated for

three wecks after feeding and persisted for six
weeks (Table 5).

The virus tsolation from stools was found to be
strongly influenced by the status of each child,
that is, three types of virus were usually isolated
[rom a triple-negative child. If the vaccinee has
not the naturally acquired antibody against any
type of poliovirus, the virus corresponding to the
deficient antibody can be isolated without diffi-
culty, following oral administration of live pelio-
vitus vaccine. However, it can be observed that,
with an antibody titer for Type 1 or Type 2 polio-
virug as high as 1:51-1:1304, sometlimes the re-
maining type of poliovirus could not be isolated,
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TaALE 6. RELATION BETwEEN PosIiTivE PoLIovirRus IsoLATION FROM StTo0Ls AFTER OHAL ADMIN-
ISTRATION OF Live PoLioviRus VACCINE AND STaTUS OF INranTs BErore FEEDING (SEMI-SCHEMATIC)

Virus Tyre TyrE Trre TyrE
L 2 3 1 2 3 1 2 3

Positive virus isolation (+) (+) | (H) - (+)
alter feeding + + + - (=) (=) (=3 (=)
Titers of neutralizing

antibody hefore feeding <4 <4 <4 51 <4 <4 <4  32-1300 <4
Positive virus isolation (=) - (+) + - (+) - -+ -
after feeding (+) (—) {=)

Titers of neutralizing

antibody before feeding 1002000 32-1024 <4 <4 160 250 | 130 16 25

even if the antibody for this type is deficient, as
shown in Table 6.

Twenty children, 10 males and 10 females,
aged from eighteen months to 10 years and three
months and living in separate quarters from the
eight vaccinees, had opportunity to come in con-

tact with them in and outside the house. They
were followed up weekly for immune response
{Table 7) and virus isolation from the stools
was attempted in the sume manner as the vac-
cinees had been after the feeding of the vaccine.
Cut of 20 children, 11 were bled before feeding,

TasLr 7. ImmouNE Rrsponst (NEUTRALIZING Awnrigony) 1N CoNTacTs wITH INTFANTS FE0 with
THE Cox MoxovareNt Vaccink (Conract Grour)
B
: Status at Type 1 antibady Typs 2 antibody Typs 3 antib
2 Name Sex ige ‘;’:al:_ Profaeding Footfewding Pogtfeesding Poltfo-;‘:ng o
r tion trpe 1 type 2 type 3 |jtype 1 type 3 type 2| type 1 typs 3 type 2| t¥pe 1 type * type 2
17T.E. £ 3.8 1,3 <4 "33 2% 500 25 B | 27980 2500 26300 | >7940 6 409
2T.M. £ 2.7 1,3 {4 160 130 400 32 32 | 27940 2000 2500 500 130 130
35K t 7.9 S0 130 <8 500 160 160 130 32100 Ca s <&
4YH, f 6.6 130 1024 < 4 a0 100 52 | 2000 1800 500 Ca Ca A
5T,k f 5.3 3 100 32 <4 130 160 500 32 40 135 [ (4 20
6 E.0. = 4,2 3 2000 130 <4 2000 256 2900 130 32 L0OG 4 < a 140
7 AA. 0 7.111,3 160 32 <8 160 27940 630 32 37940 1600 <8 <8 1@
8 E.I.. £ 9.3 2,3 160 1024 {4 400 00 500 610 SO0 26300 [ 10 [ ]
95.k. 6,3 3 400 130G <4 1%0 500 1600 160 500 »7940 L 10 o
10 ME, r 8.11 130 16 2% 40 32 12 € u < u <4 [ < 4 L9E ]
11 M. N, 4,101 L £ 4 < 4 27940 2000 sy 4 L) <A
12 H.K. = 3.3 <4 25 12 500 2000 2000 [T S |
13 E.N, = -10.3 25 32 32 160 130 1 Cu & ca
4 K,k om0 7.3 100 130 < 4 <4 16 8
IS H.O. a 1.7 1,3 [ 32 800 < 4 < 5 13 <8 25 SO0
16 T, u 2.0 1,2,3 3z 42 800 ¢a tu 130 1% 64 2000
17 5,0, = 6.8 1,3 500 >7940 37940 8 2000 500 <a W 2%
18 2.5. » 1.6 1 25 27980 <
19HT. & 2.4 1,3 160 27940 < a
20 H.T. a 4.3 64 25 320 500 80 16 00 32 25 | 2000 100 1%

Date of bleeding: the same as day infants fed vaccine,
Blank indicates that the test samples were not collecied.
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and of those, nine were single negative and two
triple positive. Three of them hecame infected
one week after the vaccine trial started. In
another experiment, 18 infants were divided into
two groups of nine each, one being one to four
months old and the other six to 18 months old.
Three of each group were fed with the Cox
monovalent vaccine and the remaining six served
45 contacts. Virus isolation was undertaken from
the stools in order to follow up the spread of
virus to contacts, The contact babjes who were
older than six months were easily infected with
poliovirus, while those younger than four months,
who could not move by themselves, did not be-
come infected as easily within four weeks as the
older babies (Table 8). Thc maternal antibody
was found not 1o be capable of inhibiting multi-
plication of such an atlcnuated virus in the in-
testines. The stimulation of antibody formation
for Type 2 poliovirus was seen in the contact
group after Type 1 vaccine was fed 1o the vac-
cine group and viceversa. All of them except
two showed positive immune response after feed-
ing. However, the immune response for Type
3 poliovirus was poor in the vaccine group after
feeding of any type of vaccine.

Fifteen strains of Type 1, two strains of Type
2, and 26 strains of Type 3 poliovirus were iso-
lated from the stools. They were isolated sooner
or later within three weeks and sometimes persist-
ed for eight weeks in the contact group after the
vaceing was fed. The type of poliovirus recov-
ered from the contact group was related to the

immune status in a manner similar to that of the
vaccine group.

As {for the genetic stahility of poliovirus ex-
creted by the vaccinees and the contacts, 20 new
isolates of Type 1 poliovirus did not show any
change in MS marker. On the other hand, out
of 24 straing of Type 3 poliovirus, three were
found to change from MS to MS+ marker; two
of them came directly from two vaccinees one
and three weeks after feeding, respectively, and
another one from a contact presumahly infected
from the vaccinees four weeks later. Such an
experiment is still in progress together with those
of d+ and T+ markers on new isolates. At any
rate, the genetic properties of Type 3 proved not
always Lo be stable.

Dr. Nishizawa had an opportunity to ohserve
the degree of neurovirulence of the Cox mono-
valent vaccine in a girl nine months old who had
been fed successively four weeks apart with the
Cox Types 1, 2, and 3 monovalent vaccines, re-
spectively. During the course of vaccination, she
got severe diphtheria and died 13 weeks after the
initial feeding; at that moment she had positive
antibody against Type 1 poliovirus. The autopsy
findings confirmed diphtheria and bronchoe-
pneumonia. Pathological-morphological changes
caused by poliovirus were not recognized in the
section of the spinal cord, The virus isolation
results from the brain, spinal cord, tonsils, heart,
lung, liver, kidney, large and small intestines,
and stool in the inlestines, were all negative.
From the foregoing, any type of the Cox mono-

TanLe 8. SerEap oF Virus FrRoM THE VACCINEES o THER ConTacTs 18 Bor Grours, 1-4 MonTirs
Owp anp 6-18 Montes OLp

Age group No. of infants weeks after feeding
{month old) 1 2 b4 4 S 7 ? 8 10
Type 1 Type 3 Type 2
fed fed fed
6 - 18 3 vaccinees 2/3+ 2/3 2/3 /3 1/3 /3  1/3
6 contacts 2/6 3I/6 %/6 3/5 0/5 o/5  1/5
1 -4 3 vaccinees 2/% 1/3  1/3 2/5 0/3 2/3  1/3
6 contacts o/6  ©/6 0/6

* Numecrator: No. of virus isolations,
Denominator: No. of test samples,
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valent vaceine seems to be safe so far as it is
concerned.

Study of the immune response and virus isola-
tion from stools after oral administration with
the Cox monovalent vaccine was onndertaken in
eight infants aged 1 to 14 months old in Osaka
(Dv. Nishizawa) and in seven children aged six
months 1o four years in Fukuoka (Dr. Enjoji).
The results obtaincd thus far were almost the
same as those obtained in Tokyo.

Nuturally infected poliovirus replaced by the
oral administered attenuvaied wvirns. Dr. Nishi-
rawa gave two paralytic polio patients, whose
cuausative agenis were identified as Types 2 and
3, respectively, the different types of attenuated
poliovirus, such as Type 1 and Type 2 mono-
valent vaccine. The [act that the Type 2 origi-
nally in the patient was replaced by the Cox
Type 1 poliovirus, was proven by isolation of
virus and its identification, its pathogenicity for
mice by the IC and IS routes, and the rise of
antibodies. The same phenomenon of replace-
ment by the Cox attenuated polioviruses was ob-
served in the other patient with Type 3 polio-
virus ¢clinical disease (Table 9).

The Sabin vaccine used as o« triple vaccine,
Eight children aged from two months to 11 years
and four months were fed at once with the Sahin

vaccine combined in a mixture containing 1.0
ml. of each Type 1, 2, and 3 polioviruses with
titers of 10%%, 10%7, and 10%? TCIDg, per ml,, re-
spectively. The virns isolation attempts were
done from both throat swabs and stools one week
alter feeding, and blood was taken for antibody
response three times monthly after feeding. As
a result, coexistence of different types of pelio-
viruses such as Types 1 and 2, Types 2 and 3,
and Types 1, 2, and 3, were found in both throat
swabs and stools without untoward side reaction.
All of them showed a rise in antibody titers
(Tahle 10}.

The Cox trivalent vaccine, The Cox trivalent
vaccine was given orally at once to 15 children
and two adults. Blood was taken twice before,
and once six weeks after, administration for anti-
body determination. One boy and one adult did
not give positive antibody response, but the re-
maining 15 showed good response.

CF antibody response dafter oral administration
with the Cox monovalent vaccine. Four infants,
aged from four to 14 months, were {ed with each
type of the Cox monovalent vaccine, and blood
was taken for CF 1, 3, 8, and 12 months after
feeding. Very low titers, such as 1:4-1:16 of CF
antihody, were found temporarily in three out of
four vaccinees, one to three months after feeding.

TasLe 9. TveE 3 Pouiovirus REPLACGED BY THE CoX ATTENUATED YIRUSES Ikp IN Pararyric Pouio
Case
Hame of patient Age
M.I. 2 years old
Vaccine fed Tgpa Type Type
1 3

Weeks after feeding

Bsfore 1 2 3 4 & a

Weeks after onset ol disense 1

2 3 4 > 7 9

Type of virus. isclated from steol 3

2 2 1 - -

Inoculation Intracerebrally 0/5 6/5 O/S

of new ’

isolates inte Intrasplnally 0/5  5/5* 1/5 0/5

mice

Neutralizing Type 1 viruse [+] <50x

antibody Type 2 virus Q

Tesponse

Type % virus 0 1250%

% Numerator: No. of deaths. (Nishizawa)

Deneminator: No. of inoculated mice,
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TaprLe 10. NEUTRALIZING AnTIBODY RFESPONSE ArTeErR QA1 ADMINISTRATION WITH THE SABIN Vac-
c¢iNE CoMpINED wiTH TYPE 1, 2 anp 3 VIRUSES

¥irus 1sclation

1 week after Statun at

No. Name Sex age fesddi - Pre‘gudig a.g:i 12 L b

Stool Swab 1 2 3 2 3 1 2 3 1 4 5
1 N.H = 1,6 1,4 <48 < 4 <8 256 178 295 178 <% <4
2 MK, = 4.9 < g 2048 <4 212 355 22048 >2048 <4 16
] M. T. f 2.10 2,3 2 256 X 4 <4 128 512 355 a9 45 45
4 3.7, f 0.9 3 2 255 < 4 < 4 1024 B2 256 iz28 2 6o
5 ¥.M. f 35101,2,3 1,2 64 45 <4 89 178 65 a9 S us
6 U.K. f 11.s 1024 178 1024 >2048 -] &
7?7  H.I. ] 0.7 2 1,2 < 4 < 4 < oa
a T.X. m 0.2 1,2 1,2 8 10 &

Date of feeding: Since May, 1959.

TCIDg of vaceine: type 1 10%° /ml, type 2 10%* /mli and typc 3 10°* /ml.
Dosis: They were mixed up and 3 ml were given orally.
Blank indicates that test samples could not he collected.

Field trial in Nugaoke City, Niigata Prefec-
ture, with the Sabin vaccine. Epidemics of polio-
myelitis, small and large, have been reported in
Nagaoka in the past few years., The health au-
thorities aitempted 1o carry out prevention
against polio with the Salk vaccine and the vacci-
nation was carried out subcutanecusly or intra-
dermally in children, particularly in those under
three years, in the early spring of 1959. However,
two paralylic cases occurred among the vaccinees
last year and the parents of newhorn children
were very anxious to receive the oral live polio-
virus vaccine. Originally, we had planned to give
the Sabin vaccine orally to approximately 3,000
newborns aged three to 12 months. But, owing
to the limited amount of the vaccine available,
only 262 newborns were selecled in four areas,
since the spread of virus to contacts was expected.
The vaccine was diluted with pH 7.4 PBS and
mixed with syrup simplex to 10 per cent until
the final dilution contained 10° TCID,, per ml.
The Types 1 and 3 monovalent vaccines were
given successively last April and May, four weeks
apart, and the Type 2 vaccine will he given in
June.
neuiralization test, and stools were collected for

Blood was taken [rom all newhorns for the

virus isolation; identification of the new isolates
are to he ecarried out by screening for d+,

T+ and M S markers. The field trial is still under
way. On the contrary, the field trial with the Cox
trivalenl vaccine in Kobe was suspended for the

time being because of the results so far obtained
by Dr. Nishizawa.

SUMMARY

The report emphasized how the attenuated live
poliovirus vaceine did match epidemiological fea-
tures of polio in Japan. Our results so far ob-
tained from such a vaccine were limited to con-
firm the data ®° published by Dr. Sabin®, Dr.
Cox', and Dr. Koprowski’. As Dr. Melnick’
pointed oul, however, the genetic stability and the
neurovirulence of such attenuated virus are still
the key points for such vacecines. Keeping our
previous work in mind®, that is, the appearance
of M+ revertants from an M mutant, either hy
mixing with agar extract or by plating in dishes
(Fig. 1 and Tabie 17), a5 well as the data show-
ing that the Type 3 virus of the Cox vaccine is
still changeable from MS to MS+ by passage
through the vaccinee, and although the Sabin
vaccine has heen safe to date, a much more
genetically stable strain, which might exist in
nature as menticned above, might be preferable
for selection as a vaccine.
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Tagrr 11. APPEARANCE 0F mt+ REVERTANT IN THE Disu¥s INoCULATED WITH DILuTED m Murany

Inoculum
{0.1 m1)
Each 10 fold dilution
n mutant 1072 102 107 1072 107® 1077 1078 107°
Name of strain (in tubes)
E-4553 o 450 4/4 2/4 T1/4 O/4  TCIDg/m)
1.6 x 10°
{(in dishes) 17+ O PFU/ml
. N ’ 2.7 x 10°
MEF-1 mit o 32 2 .
29 1
32 0
* Numerator: No. of C.P. positive tubes.
Denominator: No. of test tubes.
*%* No, vl m* plaque in one dish.
Selection of §+ revertant from m mutant
with agar extract
107 1 x
’ o " '-—O/
a o 7
10 ‘~mn mutant
%
N ('I‘CIDﬁo/ml) x
d 7
¥ w4 ] A
E :
5 (mediu.m: /
o 10°1 T 2% cair serun 1a-YE
o o
H medium with 7
2 105 4 agar extract n* revertant (FFU/ml)
E]
b 0
5
10% d
w b '
: /\/—
hay ‘ Y -
s
10%
102 .

1 2 3 4 5 6 7 8 9 10 2nd 3m
Days after infection passags

* — to + + -+ = grade of cytopathogenic effect,
Fe. 1
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DISCUSSION

CHAirMAN Gear: Thank you, Dr. Kitacka.
The last four papers presented, including the
last two of the third session, are now open for
discussion. Dr. Dick.

Dr. Dick: I should like to ask Dr. Gard and
Dr. Kimball a dquestion.

First, would Dr. Gard please give us more
details of the monkey non-neurovirulent virus iso-
lated from the paralytic patient? I should like to
know whether the virus was recovered from cerd,
or from the stool of the patient.

Second, T should like to ask Dr. Kimball if she
has obtained any titrations to support her state-
ment that Salk vaccination does not affect virus
excretion. “Salk vaccination” I take to mean the
use of a potent vaccine given in three injections
properly spaced.

Dr. KimBaLL: These children had vaccine over
a long period of time. We have no measure at all
of the poteney of the Salk vaccine used. We had
numerous children in this study of Salk vaccina-
tion, who had no antibodies so I cannot speak at
all for the potency of the vaccine. We only take
the record of the vaceine that the children have
had; then, if they do have antibodies, we feel that
we cannot determine whether the antibodies are
natural or Salk-induced.

The Salk vaccine was, in general, reasonably
recent because this study was done in 1958 and
the children were all quite young.

Dr. Garn: With reference to the non-neuro-
virulent strains isolated from paralytic cases, my
first personal experience was with virus isolated
as early as 1935. Tt was a case described by Dr.
Carl Kling, the first study published on the in-
apparent infection in monkeys. The material
under study was lymph nodes. It was greatly dis-
puted at the time, although I think his critics
huve come around later and have admitted that
inapparent infections in monkeys may occur.

Be that as it may, later, on at least two occa-
sion, we have had isolations of virus from one

lethal case and one paralytic case, and isolations
{rom stool, where virus identified as poliovirus in
neutralization tests did grow in tissue culture but
failed to bring down one monkey inoculated with
each strain of virus.

Dr. Beir: I should like to comment on Dr.
Gard’s observation on the spread of polio infec-
tion from children less than two years of age, as
contrasted with the spread from older children.
With respiratory spread diseases, namely, pertus-
sis, rubeola, and varicella, we find that the spread
in families tends to be toward the same age
groups. For example, if a school-age child
brings it into the household, then the exposed sus-
ceptible school-age children are most likely
infected, whereas the child in the crib and other
very young children are the least likely to he
infected. Dr. Gard’s data indicate a different
pattern of spread for polio infection.

I wonder if Dr. Gard has made allowances for
the age of the contacls who are exposed to the
infected child?

Dr. Gakp: T should not say that we have made
any observations of such large numbers that we
shounld like to generalize. 1 shull merely mention
one case where our index child was a boy 11
months old, who happened to be a twin. The
two twin brothers spent the whole day together in
a playpen. There were two older hoys in the
family, one aged three and the other five. During
the observation period, which lasted about 12
weeks—that was the time the index child con-
tinued to excrete virus—we could never isolate
any virus from the twin brother, but we did
isolate virus from the two older children. It was
first isolated from the three-year-uld brother who
had developed a special affection for Lthat particu-
lar twin,—the index child—and who used to pick
him up out of the pen and hug him. One week
later, virus was isolated from the five.year-old
brother.

On other occasions, however, we have ohserved,
in connection with index children of ahout two,
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that there has been spread to newborn infants
in the same family.

Dr. Va¥ Rooven: In connection with the ques-
tion that Dr. Dick asked Dr. Kimball regarding
the resistance of the human intestinal tract to
poliovirus, Table 1 reveals the effect of repeated
oral feeding with Cox trivalent vaccine in a
group of highly immune adults, Some of these
have received as many as eight deses of Salk
vaceine over a period of five years. Furthermore,
all have had contact with, and exposure 1o, cases
of paralytic poliomyelitis during the conduct of
their hogpital duties over many years. It will he
observed that it has not been possible to establish
infection of gut in some, notwithstanding refeed-
In others, it will be noted that some ex-
creted one or two types of virus for variable
intervals of iime. Seven months later, following
a second oral dose of trivalent vaccine, some
failed to excrete virns and others excreted
homaologous or heterelogus virus. In the highly
immune individual, virus was not excreted from
the oropharynx, and the presence of intestinal
infection sometimes occurred without correspond-
ing elevation in antibody level.

ing.

Dr. Hammon: I should like to ask Dr. Paul a
gizestion regarding the data he presented at the
third session, so as to enable me to interpret
them better. After his reply, [ shall probably
wish to comment on it.

In connection with his discussion on the data
on interference bhetween enleroviruses, I should
like to know whether the tests for an interfering
virus were made after neutralization of the virus
determined to he present first, or whether a
single lest was made each time, without attempt-
ing to neutralize any other virus that might have
been present or known to be present in the stool.

Dr. Horstmaww: I I may answer for Dr, Paul
on this point: In the beginning, in identifying the
agents isolated, we did not use tissue-culture pas-
sages, but returned to the original rectal-swab
suspensions for neutralization tests, which were
done by the plaque reduction methed In agar
overlay bottles.

We found relatively small quantities of the
viruses present, and no evidence of overgrowth of
one or another strain.  Subsequently, the neatral-

ization tests were done in tubes on first tissue
culture passages, in the usual manner.

Dr. Hammon: I do not believe you understood
my question, but I shall assume that the answer
is what T helieve it to be.

What I was referring to was whether or not, for
example, after poliovirus was isolated from the
stools of a child, polio antiserum of that type was
added to the fecal suspension before the next
test, to see if there was a second virus present
that was being excreted in the intestinal tract
of that individual.

The reason for this question is that data were
presented indicating Lhat there is probahly some
interference in the human intestinal tract be-
tween these enteroviruses, I merely wish to point
out that the problem is considerably more com-
plicated than that.

Dr. Paul indicated already that this is rather
complicated, but there are two things happening
here: There is a possible interference in the
intestinal tract of man, and then there is possible
interference in the tissue-culiure tube in which
one is attempting to make the izolation.

So I think these data are rather difficult to
interpret without considering the possibility of
interference between two viruses in the tissue-
culture tube so that you come out with only one
of them.

The reason 1 mention this is the fact that we
ran across this in a longitudinal study of polie
in the Philippines.

We made so many isolations of one ECHO
virus, which we subsequently identified as
ECHO-1, that we made an antiserum to this, and
hegan adding this antiserum to all our fecal
suspensions, before altempting to isolate polio-
virus, for this was a study on poliovirus alone.

We went back and repeated our isolation at-
tempts on many of the suspensions that we had
tested before and isolated polioviruses which we
had missed becanse we had isolated ECHO-1
virus, which was present apparently in larger
quantity in the stool specimen than was the polio-
virus. Then, in two, three, or four subsequent
passages in tissue culture, we were ready to
identify the agent. The smaller amount of polio-
virus had heen suppressed, interfered with, and
we had identified only an ECHO-1 virus isolate.
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Then we tried mixing the viruses experi-
menially, ie., ECHO-1, and polio 1. 1f we put in
a little more poliovirus than ECHO-1, we ended
up by getling only poliovirus after two ar three
passages.  If we put in a little more poliovirus
than ECHO-1, after two or three passages in
tissue culture, we again got only the one that
was originally there in larger quantity.

I therefore believe that this should be kept in
mind in interpreting, or attempting to interpret,
the data represented by possible virus inter-
ference.

The persons who were not found to exerete
peliovirus Type 1, let us say, after being fed Type
1, might have been found execreting poliovirus
had the other enterovirus that was found been
neutralized and a search then made for polio-
virus,

Dr. Horstmann: 1T did understand Dr.
Hammon's questions. | merely wished to point
oul that we were aware of the problem outlined
by Dr. Hammon, but attempted to overcome it by
using another iechnigque. By means of the plaque
method applied to the original fecal suspension,
we were able to pick up small amounts of polio-
virus or other enteroviruses which might have
been overgrown in tissuc-culture tubes.

Apparently, with the particular ECHO viruses
which wcere prevalent during cur trial, this
problem did not occur in the same way that it
occurred with Dr. Hammon’s Type 1 ECHO
virus, We found both ECHO and polioviruses to
be preseni in only small quantities. So thal, afler
extensive tests, we concluded that overgrowth of
one virus by another was not a significant proh-
lem with our material, and returned, therelore,
to tube cultures.

1 believe it is also worth mentioning that sub-
sequently we did isolute a number of ECHO and
polioviruses in the same specimen grown in Lis-
sue-culture tubes. The other point which gives
us confidence in the methods used is that antibody
development and the isolation of viruses corre-
lated so extraordinarily well, within 1 or 2 per
cent of one another; therefore, we feel il is very
unlikely that we missed any polioviruses in the
specimens under the circumstances under which
Dr. Hammon has suggested this might have
oceurred,

D, Sanin: With reference to the question that
Dr. Dick asked of Dr. Kimball, ahout the evidence
for multipltication of poliovirus in children that
may have been adequately immunized with prop-
erly spaccd doses of Salk vaccine of proper
potency, T carried out a rather extensive siudy
in association with Dr, Krugman and others.
This study was reported only in abstract form in
the British Medical Journal and also in another
review article.

We selected, first of all, children without
demonstrable  antibody before Salk  vaccine.
Three doses of Salk vaccine were then given over
a one-year period, with the proper intervals, and
then a summer period went by and they were
tested at frequent intervals during that time.
Boecause in some of the children there was a drop
in antibody which had appeared after the three
doses, we obtauined a particularly potent Salk
vaccine, that was not a commercially-distributed
one, and gave them all a fourth dose.

We thus accumulated a group of about 25
children, most of whom had rather high antibody
titcrs—many of them 256 to 512 for Types 1
and 3.

They were then fed either Type 1 or Type 3
vaccing, and the multiplication of viruses was
followed quantitatively over a period of more
than eight weeks. The multiplication of Type 1
and Type 3 virus in them was no different from
that in children without any demonstrable anti-
body. Furthermore, the antibody response, the
hooster response to this multiplication, did not
oceur any faster than in children who had not
previously had any Salk vaccine.

We came to the conclusion that with potent
vaccine and four doses, and the antibody pro-
duced at the level indicated, we found no inter-
ference with multiplication of virus,

Dx. Bopisaw: Since the subject at this time is
the spread of polioviruses, 1 think it important to
contribute to this discussion something which I
I believe that a few
years ago Dr. Howe came closest to presenling
what I consider a rational approach to the prob-
lem of inhibition of vitus excretion, namely an
assessment of the role of antibody, Dr. Howe
attempted to find the level of antibody which
would inhibit this phenomenon of infection.

believe has been missing.
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Discussion

We know that it is possible to inhibit puralysis
with a certain level of antibody. Ts there a level
of serum antibody which can be correlated with
the inhibition of virus excretion in feces?

As some of you may know, Dr. Howe found a
level which was inhibitory, namely a titer of
about 1:500,

Recently, T have auempted to analyse this
point, using passive antibody, in order to supple-
ment experiments 1 had begun about 10 years
ago.

In chimpanzees with a passive antibody level of
1:500, one sees the first signs of inhibition of
fecal virus excretion. But this could only be
detected by doing daily titrations of the virus in
the feces.

Inhibition of virus in the throat occurs at much
lower levels, and at levels of 1:500, we com-
pletely eliminated the virus in the oropharynx in
animals which were nevertheless excreting virus
in the feces. It thercfore scems that therc is one
level of antibody which will inhibit paralysis,
and this iz a very low level, presumably very
close to our ability to detecl another level of
anywhere from 1:8 to 1:256, in which range the
throat execretion is dampened sharply, hut in
order to show any effect on excretion in feces, we
have to get up to at least 1:500.

This does not mean that live poliovirus vac-
cine does not have another type of effcct on virus
excretion. It merely means that there may also
be an effect due to aniibody alone.

Dr. Gamn: I should like to remark on what
Dr. Bodian just said. Actually, [ reported last
year at the First Conference that we had found
an effect of excessively high titers produced by
vaccination with inactivated virus.

We had to come up to titers of 1,000 or above
to find evidence of inhibition of excretion through
the intestines. This vear, we planned an experi-
ment to try to confirm that ohservation, by im-
munizing infants with inactivated vaccine, trying
to produce a wide enough range of antibody titers
to get any significant resulis.

These results are not yet complete. 1 hesitate
to be too certain about their cutcome. As things
look now, we will probably have the confirmation
of the previous observation thal high titers tend
to restrict intestinal excretion of the virus.

CuamrmMaNy Gear: We now come to the paper
by Dr. Prem on “Vaccination of Pregnant Women
and Young Infaunts with Trivalent Oral Attenu-
ated Live Poliomyelhis Vaccine.” This presen-
tation will be followed by Dr. Vonka’s paper on
“The Development and Persistence of Polio Anti-
hodies, Mcasured by Different Methods of Neu-
rralization Test, in Young Adults Fed with 100,
000 TCD,, of Type 3 Attenuated Virus.” After
that we shall have Dr. Voroshilova’s paper on
“Virologic and Serologic Investigations of Chil-
dren Immunized with Trivalent Live Vaccine
from A. B. Sabin’s Strains.”
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NOTE: The Spanish translation of this paper was
Boletin OSP 50 (6): 525-

published in the

5L9, Junio de 1961.

NG INFANTS
E

POLIOMYELITIS VACCINE

Konarp A. Prem, James W. FErcus, Joun E. MaTrERs, anD Joun L. McKeLvEY

Department of Obstetrics and Gynecology, University of Minnesota School of

Medicine, Minneapolis, Minnesota

Dr. PreM (presenting the puper): This report
describes the work currently being done by the
Department of Obstetrics and Gynecology of the
University of Minnesata Medical School on cer-
tain aspects of pregnant women and young infant
immunization with live attenuated oral poliomye-

The reasons for our intercst in
1, 14

litis viruses.
these fields have been stated previously.

Preliminary reports of this work were pre-
sented to this Conference one year ago. Since
that Conference new ideas, observations, specu-
lations, and conclusions have appeared for con-
sideration. Some of the old have been modified
or discarded. This report hrings the results of
our studies up to date. It is divided into two
paria.

The first part concerns a study designed to:

(1) determine the immunologic response of
the pregnant woman to trivalent oral policmye-
litis vaecine when administered in different dos-
ages and at different time intervals; and

Part 1.

(2) determine if the fetus she carries in utero
is significantly affected by this vaccination.

The second part concerns studies designed to:

(1) observe und compare the immunologic re-
sponses of young infants to trivalent oral polio-
myelitis vaccine when fed soun after birth and
at age four months;

(2) ohserve the virus excretion patterns of
the infant and its family contacts when the infant
iz fed this vaccine;

(3) determine the relationship, if possible, of
the passively transferred maternal antibody to
the immunologie response and the virus excre-
tion pattern of the young infant fed this vaccine;

(4) determine the duration of antibody per-
sistence; and the proper time for and the im-
munnlogic response to revaccination with triva-
lent oral vaccine;

(5) determine the proper time for and the
immunologic response to revaccination with
trivalent oral vaccine if it hecomes necessary.

Immunization of Pregnant Women with Live Attenuated Oral

Poliomyelitis Vaceine

MATERIAL AND METHODS

Participgnts. Three hundred and ten pregnant
women who attended prenatal clinics under the
supervision of the Department of Obstetrics and
Gynecology of the University of Minnesota par-
ticipated in this study. Of these, 152 received
their care at Booth Memorial Hospital (BMH)
and 105 at Catholic Infants’ Home (CIH) in
St. Paul, Minnesota. These groups of women
included all patients registered for prenatal care
at these institutions during the period of study.
All were unwed. The remaining 53 were private

and clinic patients whe received obstetrical care
in the clinics of University of Minnesota Hos-
pitals. These participants were not consecutively
registered patients. Participation in the program
was voluntary,

Among the BMH and CIH women, the ages,
previous Salk experience, and trimester of preg-
nancy in which the vaccine was fed, is similar to
that previously reported.’ Because they report
earlier for prenatal care than either indigent
or unwed women, the majority of the first tri-
mester vaccinations were done in the private
patient group.

207
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FVaccine. The vaccines used in this study were
liquid trivalent preparations developed by Dr.
Herald R. Cox and produced and provided to the
authors by Lederle Laboratories, LEach cubic
cenlimeter of vaccine conlained 10°-% TCD, * of
each of the SM (Type 1}, MEF, (Type 2), and
Fox (Type 3) strains of attenuated poliovirus.
The attenuation history of these strains has previ-
ously been reported by Cabasso et af” The fol-
lowing lots of vaccine were used: a mixture of
lots No. 7-1231-121, No. 7-1232-216, and No.
7-1233-318; lots No. 7-1238-800; No. 7.1238-801;
No, 7-1238-801-2, and No. 7-1238-804A. - Vaccine
was dispensed in individual two ce. vials or by
calibrated dropper from a 25 ce. multiple dose
vial. All 0.5 cc. and 1.0 ce. doses were given by
the latter technique. All vaccine was stored at
constant temperature of 4° C. until used 1o
insure uniform potency.

Method of Administration. The vaccine was
poured from the individual 2.0 cc. dose vial or
squirted by dropper in the measured quantity
dircetly into the mouth of each participant and
followed immediately by a sip of water. Vacci-
nation at BMH and CTH was usually in the late
forenoon, All other feedings were at random.

Laboratory. Al the time of vaccinution, ten
cubic centimeters of whole blood was collected
with sterile tube hy antecubital
venipuncture. A second identical sample was
obtained about four to eight weeks after feeding,
About 7 per cent of those whose results are re-
ported here had the post-feeding specimen taken

vacumatic

before four or after eight weeks.

After clot retraction at room temperature the
specimens were centrifuged and the serum re-
moved by sterile pipette, placed in sterile serum
Lube, frozen, and stored at —20° C. Any blood
specimens that did not have the serum separated
immediately were refrigerated at 4° C, uniil such
When

sufficient numbers of paired serum specimens

time as this separation could be dome.

accumulated they were shipped without refrigera-
tion by air express to the Viral and Rickettsial
Research Section of Lederle Laboratories, Pearl
River, New York_for serological testing,

The method of antibody determination used
was the pH or eolor test according to the pro-
cedure of Salk and Youngner.® All sera were

* Tissuc-culture doses s

frst inactivated for 30 minntes at 56° C. in a
vonstant water bath, The serum samples were
then prepared in lour-fold dilutions in duplicate,
1:4 through 1:1024. Approximately 100 to 300
TCDy, of the representative strains of virus were
added 1o the respective serum dilutions and the
mixtures held at room temperatures for three
hours. Trypsinized monkey-kidney tissuc eell
suspensions were added to cach of the serum-
virus mixtures, and to appropriate controls. The
tubes were kept at constant temperature of 37° C.
and read on the sixth or seventh day. Anibody
titers were caleulated by the method of Reed and
Muench.! By this technique a [our-fold rize in
antibody titer is significant. Any titer of less
than 1:4 is considered unmeasurable.

RESULTS

Pre-vaceination and post-vaccination antibody
titers were completed on 262 of the 310 partici-
pants. The remaining 48 participants did not
have a post-vaccination specimen taken because
of discontinuance of care or delivery hefore a
three weck interval had passed to allow antibody
response to the vaccine., Tables 1, 2, and 3
summarize the antibody tier responses of Lhe
262 10 the dosages of vaccine used. These tables
show a 39.1 per cent four-fold rise in titer to
Type 1, 30.9 per cent 1o Type 2, and 42.7 per cent
toa Type 3. The two-fold or looster responsc
for each type is about 20 per cent higher. One
Type 1 and two Type 3 untibody determinations
were not done.

The per cent of significant response to each
immunotype for ecach of the three dosages of
vaccing used is shown in Fig, 1, Although these
data fail to demonstrate the superiority of the
largest over the smaller dosages, those partici-
pants with unmeasurabie antibody titers who
received 2.0 ce. of vaceine responded better (92
per cenl) than did those who received 1.0 cc. (87
per cent) or (L5 ec. (82 per cent). Although
these differcrices may indicale a trend, they were
not considered significant when subjected to
statistical analysis,

Of the 262 women with paired sera available
for serologic testing there were 72 (27.5 per
cent) with unmeasurable antibody titers to ons
or more poliomyelilis immunotypes hefore vacei-
nation. These, together with their antibody
response to trivalent oral vaccine, are tabulated
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Safety—Field Evidence of Safety

TasLe 2. Pouovikus Tyer I Avtiropy Response or 262 PREcNANT WoMEN FED TRIVALENT ORAL
Live ATTENUATED ViRus PoLiomyrLIris VAcCINE*

¥ 32 were fed 0.5 cc.
73 were fed 1.0 cc.
157 were fed 2.0 ce.
BEuch ce contained 10%° TCDew of each virus,

Antivody Titers Number With

Past Feeding Total | Positive Rasponne

Pre- Number | & Fold 2 Fold
Feeding [<1is [L1as | 1:8 J1:26| 1:32] 1:65| 1:128 [ 14256 | 1:522 1:1026 [»1:1024 [Fea | Or) or >
1k 4 3 3 1 2 2 1 17 1 1
lsb 1 1 . 3 1 F
1:8 2 2z | 1 1 1 5 [
1416 3 1 1 [ F 2

1132 B F] [ 2 N z 2y T 18
Lib4 1 3 g 1 4 1 1 16 7 1o
11128 1 Fl 13 12 [ 4 9 Ly 19 1
1:256 s 1 3 ) ; 2z B 7
1:512 2 3 25 1] 52| 11 22
1:1024 2 5 g 17 20 >

102t 3 & 32 39

TOTALS 4 1 7 ? 12 10 0 24 40 sl 78 262 -5} 138

jo.9%| R

TasrLe 3. Poriovirus Typk IIT Antisopy Response oF 260 PreenanT WoMEeEN FEn TrivaLenT Orar
LivE ATTENUATED Vikus PoLioMyELiTIs Vaccine®

* 32 were fed 0.5 ce.

71 were fed 1.0 cc.

157 were {ed 2.0 ce.
Each cc contained 10%® TCDg of each virus.

in Table 4. Of these 72 women, 12 did not re-
spond to vaccination with a significant antibody
titer rise to a single immunotype. No triple or
double negatives remained after vaccination.
One woman remained negative to Type 1, five to
Type 2, and five to Type 3. The twelfth wha was
considered a vaccination failure did have an
increase in titer for Type 3 to 1:4. Of the four
triple negatives before vaccination with oral vac-
cine, three had not received Salk vaccine.

e e —_
4 A
Total § Positive Response
Fre. Kumber{ 4 Fold 2 Fold
Feeding | €1:8 | 1:4 | 1:8 | 1:26] 1:32] 1:68) 12126 1:25| 1:512( 21:l024) >1:1024| Fed or 3 or >
Qi 3 b 7 2 18 4 11 4 1 27 47 24
1:4 1 2 1 1 [ 6
1:8 1 2 3 2 4 12 12 12
1:16 2 3 2 8 3 5
1:32 1 7 4 10 a2 3 1 a1 A8 23
1:6k 1 ! 2 2 1 q 5 8
1:128 17 13 9 2 L1 11 24
1:256 1 2 3 13 3 22 2 15
1:512 3 32 [ 1 e [ 13
1:1024 2 4 4 12 [
21:1024 2 2 13 18
TOTALS 3 3 7 5 30 12 52 3L 70 16 3L 260 111 164
W2, 7% 63,15

A tabulation of vnmeasurahle antibody titers
among these 262 women to the three poliomyelitis
immunotypes according to the number of Salk
injections prior to oral vaccination is shown in
Table 5. As expected, more immunolype nega-
tives were present in the group that had not re-
ceived Salk vaccine before feeding trivalent oral
vaccine than in the groups that had received one
or more injections, There is also a tendency dis-
played for the number of negative immunotypes
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L
157
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157

i
o]
1

72
11
III

POLIOVIRUS TYPE

Fic. 1. Comparison of percentages ol significant antibody titer rise by type among 262 pregnant women fed
three different dosages of trivalenl oral live attenuated poliomyelitis vaccine.

Tanre 4. DisthisuTioN oF IMMuNoTYPE NECATIVES AMone 202 PreeNANT WoMEN BEFORE AND
AFTER FrEDING OF TRIVALENT OnalL POLIOMYELITIS VACCINE

Numbers with Unmeasurable [<1:4) Antibody Titer

BMH CIH UK TOTALS
Folio
Immunotypes | Before| After |Defore| After| Before| After | Befo After®
Triple negative 1-2.3 4 1T} 2 o a 1] 6 1
Double negative 1-2 1 ¢ 4] 0 3 0
1.3 13 14T 3 0 6 1 t'rl) 15 2
2.3 5 1 (Tg 0 0 0 0 5 1
Single negative 1 5 0 3 u] 4 o] 12 0
2 1 a 1 1 2 2 4 3
3 11 3 9 0 7 2 27 5
Total with one or more - = - - - - - -
negative immunotypss 33 6 20 i 19 5 72 12
Tetal pregnant women 109 109 100 100 53 53 262 262
Percent with one or mare - - - - - - - -
negative immunotypes 30.3 5.6 20.0 1.0 35.9 9.4 7.5 b6

*All single negatives.

to decrease with successive injections of Salk
vaccine.
after feeding trivalent oral vaccine in each group
is the same. Although the numbers are small thiz
suggests that Salk vaccine does not influence the

The per cent of successful responses

antibody conversion rate of the oral vaccine by
anamnestic action. Among the total number of
unmeasurable titers to all immunotypes, 89.7 per
cent responded Lo feeding by a four-fold or
greater inerease in antibody titer.
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TaBLE 5. REsronsE 1o TRIVALENT OnarL Live Arvenvaren Porlomyrrimis VaccIXeE AMong 792
Prucnant WoMmeN wiTH ONE or Morr UNmEasTRARLE (<(1:4} PRE-vACCINATION ANTIBODY T1TERS
AND CrassiFien AccorpiNG To IMmMunNoTYreE aNp NumBer oF Previous SaLk VacciRe INJECTIONs

ANTIBODIES, TYPE
BeroRk VACCINATION AFTER VACCINATION
NUMBER OF NUMBER OF NUMBER WITH ANTIBODY Numser witd Four-
PREVIOUS PREANANT WOMEN Trrer <1:4 FoLp or > INCHEARE
Sank TNIBCTIONS
WitH 1 or MoRE
ToraL | AxTisopy TITERS
<1:4 1 2 3 1 2 3
None 64 35 17 13 25 17 11 22
One 28 6 3 0 5 3 0 4
Two 58 16 0 1 i1 9 0 10
Three or More L2 15 7 4 12 6 3 11
Totals 262 72 36 18 53 35 14 a7
MNumher unmcasurable (<{1:4) titers to all immunotypes. .. ... 107.
Number and per cent with four-fold or greater increase. ... .. 96 (89.7%).

The antibedy titer response of three pregnant
women to trivalent oral polio vaccine within 11 to
15 days after leeding is shown in Table 6. Two
of these, P.M, and K.E., had fourfold or greater
responses to all three immunotypes. The third
had a two-fold response to Type 1 in addition to
a significant titer rise to Types 2 and 3. These

TasLe 6. Immunorocic Besrowse or THRER

Preewvant Women To Trivarest OrarL Live

ATTeNUATED PoriomyeLiTis Vacomwe 11 to 15
Davs ArTER Feepmvg

Age 20 19 17
Frevious Salk
Injections 2 0 2
Dose 2.0 ce* 1.0 ec* 0.5 ot
Tre_Post
Interval 11 days 15 days 14 duys
Fre 1k 1:b 1:128
g I
2 Post 1:128 1:512 1:5L2
E Fra 1:512 1:128 1:128
ol I
E Post S Ll:loz2y >1:1024 ¥ 1:lp2k
=
& Pre 1:128 Fan 1:32
ill
Post 1:256 1:8 1:512

* 10%® TCDs cach virus/cc.

responses were the best three among 20 women
who had aniibody titers determined between six
to 20 days after feeding,

It has been suggested by Cox " that a repeat
teeding of trivalent eral vaccine four to six weeks
afier initial feeding might produce better over-all
results than a single feeding. To determine if
this could be done, a number of pregnant women
were revaccinaled with slightly different sched-
ules und in different dosages. Of this group com-
plete antibody titer results are available for 39.
Five of these were re-fed 0.5 cc. of trivalent oral
vaceine twice at four-week intervals; three were
given a single repeat feeding of one ce. at six-
weck intervals, and 31 were fed a second two-cc.
dose six weeks after the first. The result of this
program is shown on Table 7,

The upper half of this table shows the number
of two and four-fold increases and decresses for
all 39 women after comparing the pre-feeding
and the post-feeding titers for each successive
dose of vaccine fed. For each immunotype the
number of antibody titer decreases after each
revaccination was the same or greater than the
number of antihody tiler increases.

Because the antibody response of an indi-
vidual with a low antibody titer is usually better
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Tapre 7.

Summary oF IMmMUNoLocic REsponse oF 39 Precnvant Women Who Were Fep Tri-

VALENT ORrAL ATTENUATED Povlomygriris VaccINe' Two or THREE TIMES AT 4-6 WREK INTERVALS

POLIOVIRUS
Type L Type 11 Type III Totals
¥ * | ¢ ¥ 3 |2 » ¢ [¢¥ ¥ ¥
i AR EEEE RN
-~ [ ~ i L1 uy & [ ou ol £ ~
o -3 o o
= ¥ E | % & R |z & E|: E R
Antibody 2 o o » - 2 a4 2 ) - ..J 2
Titer Change g 3 8 LI - 2 & £ 2 OF 3
Mfpld ar greater increase 18 2 4} 12 2 1 17 4 1 47 8 2
a Same 11 13 2 15 21 3 1% pe 4g 43
g 2-fold increase & 10 0 B [ o [ 5 0 20 21 0
|4 2-fald decrease 4 10 k) u 8 0 1 Y 2 9 32 5
-l
)
L] 4-fold or greater decrease 0 L [¢] ] 2 1 1 2z 1 8 3
9 39 5 33 39 5 39 a9 5 117 117 15
# 4-fold or greater increase|46.2 5.1 @ 31.0 5.1 20.0 43,6 10,2 20.0 L.l 6.8 1.3
4_fold or greater increase 13 1 o] & 1 Q ik 1 1 3] 3 1
L]
g g Game 2 1 ) 1 1 1 1 2 o 4 4 2
-t
235 2_fold ircrease 1 o o 1 2 o 1 1 a 5 1 0
o
- 2-Ta decrease o z G 2 9 1 Q 3
%H fold 1 o 3 6
‘EE 4-fald or greater decrease o o o 0 1 0 Q Q 0 Q 5] Q
o a) 16 3 3 10 7 1 16 7 F 42 16 6
% 4_fold or greater increase |81.3 33.3 ¢ 50,0 14,3 0 B7.5 14.3 50,0 76.6 1B.B 16,7

* 5 fed 0.5 ec X 3 at monthly intervals.
3fed L0 ce X 2 at 46 week Inlerval
31 fed 2.0 cc * 2 at & week interval
(107 TCD: each type virus/cc)

Lo vaccination than one with a high titer, all pre-
vaccination titers of 1:64 or less were separated
[rom the total group and analyzed separately.
The lower one half of Table 7 shows the responses
to vaceination and revaccination of this low-liter
group, Althongh the numbers are small the
results from revaccination in this low titer group
are no better than these for the larger group.
In general, those women wilh poor antibody re-
sponses to the first feeding were the same who
failed to respond to revaccinalion.

To determine if there is a teratogenic risk to
the fetus when the pregnant woman is {ed oral
live attenuated viruses during early pregnancy, a
follow-up of infants born of women vaceinated
in this study and an earlier siudy by iwo of the
authors * was done. Hospital newborn examina-
tion records were available and examined for all
infants born in BMH, CIH, or at University of
Minnesota Hospitals. In addition to the infants
bhorn of women vaccinated in this and the other

stidy referred to, those born of women who were
known to have been pregnant and fed oral polio-
myelitis vaccine in the studies conducted by Barr
and associates® were followed. The staius of
most of these infants was determined by a ques-
tionnaire sent to the physician attending the
delivery.  Some of these infants were delivered at
University of Minnesota Hospitals or known per-
sonally by one of the authars. There were 69
women fed trivalent or one or more monovalent
strains of oral poliomyelitis vaceine prior to the
20th week of gestation as measured from the last
menstrual period and in whom the siteome of the
pregnancy was known. Of these 69 women, 58
had a significant antibody titer response to one or
more immunotypes after feeding of the vaccine,
In this group there were five spontaneous abor-
Four occurred among women who were
pregnant for ten wecks or less at the time of vac-
cination. One of these, a patient of vne of the au-
thors (KAP) was fed the vaccine at a time when

tions,
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she was threatening to aborl. She had no signifi-
cant antibody titer rise after the feeding. The
other three who ahorted had significant antibody
titer rises to one or more immunotypes. The de-
tails of their abortions are not known. One young
woman vaccinated during the 17th week of gesta-
tion had a missed abortion. She had experienced
no antibody titer rise alter 2.0 cc. of trivalent oral
vaccine. There is no evidence that the feeding of
the vaccine played any part in her abortion.
Among these 69 women there were three who
produced infants with congenital abnormalities.
One of these was vaccinated sequentially at three-
week intervals with monovalent strains of at-
tenuated virus beginning two weeks before her
last menstrual period. There was no antibody
response to vaccination. The infant was normal
except for a unilateral talipes equinovarus—a
positional defect not related to administration of
the oral vaccine. The other two infants with con-
genital abnormalities had more severe delects.
One jnfant had a hilateral cleft palate, the other
The
mothers of huth of these had been vaccinated dur-
ing the 16th week of gestation with 2.0 cc. of
trivalent oral The abnormalities ex-
hibited by these infants are developmental and
arise about the fourth to seventh week ovulation
age or the sixth to ninth week ol gestation as
measured from the last menstrual period. The
oral vaccine was given too late in pregnancy to

a spina bifida and renal abnormalities.

vaceine.

be associated with these defeets and therefora
can be dismissed as an eticlogic factor.

DISCUSSION AND CONCLUSIONS

Superficial analysis of the first three tahles pre-
sented gives the impression that the response of
pregnant women to trivalent oral vaccing is not
very good. An evaluation of these tables shows
that an antibody titer of 1:128 or higher was
present before feeding for more than one-half of
the women studied for each immunotype. This
reflects a heavier natural antibody protection,
more Salk injections or a combination of the
two. A higher frequency of high antibody titers
among pregnant women is to be expected, Prob-
ably no adult group has been more heavily vacei-
nated with Salk vaccine than these women select-
ed by pregnancy. Among any group with anti-
body titers in this high range a poorer overall

response to vaccination as measured by signifi-
cant antibody titer rise is to he expected. Mea-
surements other than total response, therefore,
are necessary to measure the effectiveness of the
vaccine. If the significant responses to oral vac-
cination of all women in this group with antibody
titers of 1:64 and helow are considered, the per
cent of four-fold antihody titer increases to about
70 per cent for Type 1, about 50 per cent for
Type 2, and about 75 per cent for Type 3.

The real worth of an immunizing agent how-
ever, is measured by its ability to produce signifi-
cant antibody titer rises among those who are
antibody negative at the time of vaccination,
When this measurement is made among the preg-
nant women in this study a significant antibody
titer response was found to have occurred in
89.7 per cent of all immunotypes. This response
almost is tdentical to that reported by Cox®
among 392 antibody nepatives who were fed twe
ce, of vaccine. Two fifths of the individuals in
this series however, received only 0.5 or 1.0 cc.
of vaccine. This suggests that the larger dose
used by Cox may not be neccssary. The results
of this study and those reported by Cox demon-
strate the uniformity of results that can be ob-
tained with this vaccine among widely separated
groups of people. In this study, better results
as measured by significant antibody titer re-
sponses were not obtained among the immunotype
negatives that had previously received ome or
more Salk injections than among those negatives
who had not received Salk vaccine,

Significant antihody responses were occasion-
ally seen to one, two, or all three immunotypes
as early as 11 days after injection of the trivalent
vaccine. Plotkin * and associates have reported
a significant antibody titer elevation in an infant
14 days after ingestion of CHAT (Type 1) sLrain.

Re-feeding of pregnant women with trivalent
oral vaccine one or two times at four to six week
intervals does not produce results comparable to
the initial feeding of the vaccine. Analyses of
those with low initial antibody titers show that
those that {ail after the first feeding also fail
after the second and third doses when given at
these intervals. These resulis indicate that an
attempt tn revaccinate with trivalent oral vac-
cine six or fewer weeks after the first feeding is
not a worthwhile undertaking. One of the au-
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thors '* has unpublished data showing that re-
feedings of trivalent oral vaccine at a six to 12
month interval to adulis other than pregnamt
women produce a better over-all immunologic
response.

The definite association of rubella, when con-
tracted by the pregnant woman during the first
trimester of gestation, with the production of de-
velopmental effects in the felus has sensitized
obstetricians to all viral diseases occurring dur-
ing pregnancy. Recently it has been shown 19 that
certain attenuated viruses injected into pregnant
animals produce teratogenic effects in the fetuses
without any observable sign of illness in the
mother. Although no association between wild
poliomyelitis virus and congenital abnormalities
has been made, several authors have reported a
possible increase in abortion rate in even mild
cases of pollemyelitis.* ** ™*

Although data has been collected from the in-
fants of 6% women vaccinated before the twentieth
week of gestation we are especially interested in
those 26 who were fed live attenuated poliomyeli-
tis vaccine during the first 13 weeks of their
pregnancy, Of these, 20 showed a significant
antibody titer rise to one or more immunotypes.
No congenital abnormalities attributable to the
feeding of the trivalent oral vaccine were seen,
Of the four abortions in this group vaccinated

Part 2.

during the first trimester one was definitely not
related to the administration of the vaccine and
ean be removed from consideration. Of the 25
patients that remain three aborted and could
conceivably he related to the administration of
the vaccine. Since the expected rate of abortion
is 10 to 12 per cent for all pregnancies, these
three represent an incidence that is no higher
than that which would be expected to occur by
chance alone,

SUMMARY

Trivalent oral live attenuated poliomyelitis
vaccine in three different dosages were given to
310 pregnant women in zll trimesters of preg-
nancy.

The immunologic respense among these women
was comparable to that achieved by others in
non-pregnant individuals.

No statistically significant differences could be
detected between the results achieved with the
three diflerent dosages used.

Although the number of ohservations is smali
no increase in abortions above that expected by
chance alone was observed among those women
vaceinated during the first trimester of pregnancy,
No teratogenic effects attributable to the admin-
istration of the vaccine werc scen,

Immunization of Young Infants Under Six Months with Live

Attenuated Oral Poliomyelitis Vaccine

MerHops AND MATERIALS

Infants of six months of age or
younger who were born at University of Minnesota
Heospitals participated in the study. Some of the
parents and siblings of these infants had partici-
pated in earlier studies of oral and Salk polio-
myelitis vaccine conducted by the authors. Both
clinic and private patients are included in the
group.

For this study the infants were divided into twoe
groups. Une group composed of newborns was
vaccinated at a median age of five days. The
other group composed of infants two and one-half
to six months old was vaccinated at a median age
of four months.

Participants.

Some of the infants in both groups were lost
to the study when parents objected to blood

drawing or moved from the area. About 90 in-
fants in the newborn group and 47 in the older
group returned one or more times to allow the
taking of blood for post-vaccination antibody
titer determinations. With a few exceptions a
cord blood was obtained at the time of delivery
[rom each infant studied to determine the level
of passively transferred maternal antibody titer
at hirth.

No newborn infant included in any of the re-
sults tabulated in this report received Salk vac-
cine prior to the determination of the result of
the oral vaceine feeding. Two infants in the
group fed at age four months received a single
injection of Salk vaccine between hirth and the
Neither
of these infants had a measurable antibody titer
to immunotypes 1 or 3 at the time of feeding.

time of vaccination with oral vaccinc.
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Because cord hlood huad not been obtained from
either of these infants, it could not be determined
whether the pre-feeding antibody titer present
for Type 2 was Salk-induced or the resull of pas-
sive transfer from the mother.

Vaccine. Refer to preceding section dealing
with the vaccination responzes of pregnant
wolinen.

Administration of the Vaccine. Each of the
infants was fed several drops of the vaccine at a
time from an eye dropper until 4.5, 1.0, or 2.0 cc.
were given. The vaccine was placed on the back
of the tongue and followed in most instances by
With few ex-
ceptions, all newborns were vaceinated just prior
to discharge from the newborn nursery.

Of the 90 newborn infants who returned one or

a feeding at the breast or bottle.

more times for blood drawing after vaccination,
nine had received 0.5 cc. of lot No. 800 and three
0.5 cc. of a mixture of lots No: 7-1231-121, No.
7-1232-216, and No. 7-1233.318. Thirty-four had
received 1.0 cc. of lot No. 801-2; nine, 1.0 cc. lot
No. 800; and 15, 1.0 ce. of Yot No. 801, Of the
20 newborns receiving 2.0 ce. of vaccine, nine re-
ceived lot No. 804-A; one, lot No. 801; and 10,
lot. No. 801-2.

Of the 47 older infants with follow-up anli-
body studies completed, 11 received 0.5 cc. of
vaccine, Of these, six received lot No. 800 and
five a mixture of lots No. 7-1231-121, No. 7-1232-
216, and No. 7-1233-318. Five received 1.0 cc. of
vaccine, Of these, four received lot No. 801.2
and one, lot No. 800. Thirty-one infants were
fed 2.0 cc. of lot No. 804A.

Blood Collection. Cord blood was collected ai
the time of delivery from the infants in hoth
study groups to determine the titer of the pas-
sively transferred maternal antibody. Al other
blood samples were obtained by jugular or ante-
cubital venipuncture. In the mnewborn group
blood for antihody determinations was drawn at
the median ages of 45, 186, und 375 days. In the
older age group, a blood sample for antibody
determination was taken at the time of feeding
of the vaceine and again at about age six months
and age 12-18 months, All blood samples were
aseptically collected without an anticeagulant.

Laboratory. Reler to preceding section deal-
ing with the vaccination responses of pregnant
weormen,

Caleulation of Artibody Titer Response to
Vaccination in the Young Infant.
niques for antibody titer determinations do not
differentiate between the sources of antibody, it
is necessary, if the effect of vaccination in the

Because tech-

young infant is to be known, 1o be able to de-
termine at any age the amount of circulating
passively transferred maternal antibody that re-
mains,

1

A previous study ™ of antibody transfer from
mother to newhorn infant and follow-up of the
infant during the first year of life has shown
that the poliomyelitis antibody disappears from
the newborn at a uniform rate with a half-life
value of 37 days. This is shown graphically in
Fig. 2. This half-life value was found to be the
same whether the maternal antibodies were in-
duced by injections of Salk vaccine during preg-
nancy or whether they were naturally oceurring,.
Other substantially different half-lifes for pla-
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centally transferred poliomyelitis antibodies have
Lbeen reported.™ > To determine if the 37 dav
halt-life was sufficiently accurate to apply to our
studies a second blood specimen was taken at
the time of vaccination in the older infant group.
The antibody titer of this blood specimen paired
with the cord ood was determined and plotted
on & correlation square against the residual pas-
sively lransferred maternal antibody titer as
caleulated from the cord blood titer using the
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Fic, 8. Residual passively transferred maternal antibody titer of 47 infants at median age of four months
plotted against mcasured titer at time of vaceination with trivalent oral live attenvated polio vaccine (residual
titer calculated from cord titer using antibody half-life of 37 days.}

37 day haiflife. The results of this comparison
are shown in Fig. 3. If the 37 day halflile is an
aceurate ruler with which to evaluate the decay
ratc of the passively obtained antibody, com-
parisons made should fall on the diagonal line,
Although many comparisons are clustered about
the diagonal line, Fig. 3 shows that the half-life
of those studied is probably slightly but not sub-
stantially less than 37 days. From these data it
is concluded that the 37 day half-life can he used
for the calculations proposed without favorably
influencing the results of vaccination.

To determine the residual passively transferred
maternal antibody titer quickly, one balf of the
titer at birth was assumed to bhe present at 19 1o
56 days (one half to one and one half times the
half-life), one fourth [rom age 57 to 94 days (¢ne
and one half to two and one half times the half-
life), etc. In all cases if the poest-vaccination
antibody titer of an immunotype was fourfold
greater than the calculaled remaining maternal
antibody titer the response was considered signifi-
cant and the vaccination successful for that type.
This rule of thumb was applied where appro-
priate to both groups of infants.

RESULTS

Newborn Infents. Paired cord and post-vacci-
nation blood samples were available for compari-
son at median age of 45 days for 83 infants; of
186 days for 80 infants; and 375 days for 31 in-
fants who were [ed the vaccine. Sixteen infants
were hborn lacking measurable antibody titers to
one or more immunotypes. Two lacked zntibody
titers to Types 1 and 3. Two others lacked anti-
body titer to Types 2 and 3. All of these ex-
pericuced g significant titer rise to all types ex-
cept one Type 2. Twelve of the infants had single
negative immunotypes—three for Type 1, two
for Type 2, and seven for Type 3. Each of these
single negatives was converted by a significant
antibody titer rise after vaccination. The only
failure in the entire group had received 2.0 cc.
of vaccine. The per cent of infanis with signifi-
cant responses as previously defined at median
ages 45, 186, and 375 days is shown in Fig, 4.
This figure displays a definite lag in antibody
titer tesponse of the newborn infant to the oral
vaccine. The delay in muximum antibody re-
sponse demonstrated is probably not the result
of reinfection of the infant fed. Many of the
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Fic. 4. Percent significant antibody titer response® at 45, 186, and 375 days of age among infants fed tri-

valent oral attenuated live poliomyelitis vaccine on the 5th day of life?

*Four-fold or greater rise above the residual level of passively transferred maternal antibody titer at the

same age as calculated by half-life value. Hulf-life of placentally transferred poliomyelills antibody is 37 days,

* All ages are median ages.

infants who showed this delayed response had no
siblings from which a reinfection could be ob-
tained. It is much less probable that the source
of reinfection is a parent. There is no significant
difference between the per cent showing response
at six months and those showing response at 12
months.

There is stability of the antibody titer between
six and 12 months if a success{ul vaceination has
occurred. The titer remains at about the same
level plus or minus one tube. These observations
confirm the prediction made in a preliminary
report ' that an interference or a masking of
antibody response by a high cord blood titer
might be present.

The influence of high and low cord antibody
titers on success of vaccination among newborn
infants as measured at median age of 186 days
is shown in Table 8. Successful vaccination was
achieved among infants with cord titers of 1:256
to 1:1024 in 47 per cent [or Type 1; 12 per cent
for Type 2; and 73 per cent for Type 3. This
compares with the per cent of successful vaccina-
tion when the cord titer is 1:128 or less of 89

per cent for Type 1, 25 per cent for Type 2, and
91 per cent for Type 3. The differences between
the numbers of successful vaccinations at the high
and low cord titer levels for Types 1 and 3 are
statistically significant. Infants for whom a
cord blood was not available or the cord antibody
titer was > 1:1024, are nat included in Table 8.
The antibody responses of these infants could
not be determined as previously defned.

The per cent of successful vaccination to Type
1 among newhorn infants according to dosage
of vaccine used and age of the infant al the time
the vaccination was evaluated is shown in Fig. 3.
There is no striking correlation hetween the
dosage fed amd the success of the vaccination.
This same evaluation for Types 2 and 3 is shown
in Figs. 6 and 7. Again there is no correlation
between success of vaceination and dosage fed.

Infants Age Four Months of Age. The anti-
body responses of the 47 infants vaccinated at
median age four months for all three types of
poliovirus are shown in Tables 9, 10, and 11, The
antibody titer four to eight weeks after vaccina-
tion is compared to the residual passively trans-
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TaBrLE 8. INFLUENCE OF PAsSIVELY THANSFERRED MATERNAL ANTIBODY ON VACCINATION RESPONSE
oF 80 INFANTS FEp TrivaLENT OraL LivE ATTENUATED POLIOMYELITIS VACCINE aT AGe 5.7 Davs

VACCINATION Tyre I Tyrr IT Tyre 111 ToraLs
Corp Broop RERULT AT - —_——
ANripooy TITER Six MonTHS # A # % # % # %
Successful* 15 47 4 12 19 73 38 41
1:256 10 L:1024
Unsuceessful 17 53 30 &8 7 27 54 49
Suceessful* 33 B89 7 25 43 61 83 74
<1:4 to 1:128
Unsuccessiul 4 11 21 75 4 8 29 26
Cord hlood missing or titer >1:1024 11 18 7 36
Totals 80 80 80 240

* Antibody titer at six months four-fold or greater than residual titer of passively transferred maternal anti-
bodics at the same age as calculated by antibody half-life (37 days).
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Fic, 5. Percent significant antibody titer response at age 45 days of 83 infants fed threc different dosages’
of trivalent oral atlenuated live poliomwelitis vaccine on the 5th day of life.?

1 Each cc of vaccine contains 10%% TCI; of each virys.
? All ages are median ages.

ferred maternsl antibody titer as calculaled for  to the 1:4 level. The response to the vaccine of
the same time by the halflife value of 37 days. those with unmeasurable Type 2 antibody titers
At time of vaecination there were 25 with un- was of u low order. Ouly 20 per cent demon-
measurable titers (< 1:4} to Type 1, 20 to Type
2. and 26 to Type 3. With one exception all of
those with an unmeasurable antibody titer to
Types 1 and 3 responded with a significant rise
in titer, The lone exception was a Type 1 that achieved in 77 per cent for Type 1, 19 per cent
responded to vaccination with a hooster response  for Type 2, and 94 per cent for Type 3.

strated a significant antibody titer rise after vac-
cination. These could be heterotypic responses.

Successful vaccination, as previously defined, was



220 Safety—Field Evidence ol Safety
TYFE I TYPE II TYPE 1II
186 Days Post Feeding 186 Days Post Feesding 186 Days Post Feeding
100 b 100 | loc o
yab .
% .
. Bis
813 z
© PO | &
a : 2 12 |s2 16 40
w5 57% 678
53 624 6%
G B |3 | 12 | 52
Gz sop1z |52 | 18 | Bo s0 b sol
@2
sl
R 3
-]
25% 25%
16
12% #
i & P13
Q. ol 12 52 16 | 80 a
Fec lec 2 cc Total ez lee 2cc Total dec lee 2ece Tatal

Fic. 6. Percent significant antibody titer response at age 186 days of 80 infanis fed three different
dosages® of trivalent oral attenvated live poliomyelilis vaceine on the 5th day of life”

! Fach ce of vaccine contains 10%3% TCDy of each virus.

? All ages

are median ages.

TIPE 1 TYPE II TIPE 111
375 Days iFost Feeding 375 Days Fost Feeding 775 Jays Post Feeding
100 100 wWe | 100 | 1008
908
50% ad
8
5
S . . 65e 21w |z
el 2 10 20 1 1
E >
A8 50 b 50| S0
2o 6 (L | 1 |a
a1 1w | 20 1 a1
g
20%  20% 19%
I |8
0 0 10 20 i 3l o
ce 1leec 2cc Total tce lce 2ec Total Yoo lee 2ce Total

Fic. 7. Pereent signifieant antibody tiler response ul age 375 days of 31 infants fed three different
dosages™ of trivalent oral attenuated live poliomyelitis vaccine on the 5th day of lile®

! Each ec ol vaccine contains 10°%
* All ages are median ages,

A comparison of antibody titers hy immuno-
type at birth, before and after vaccination at
median age four months and according to dosage
of vaccine fed, iz shown in Fig. 8. The antibuwdy
titer responses to Types 1 and 3 are obvious. The
antibody titers to Type 2 appear to decay at the
half-life rate.

TCDew of each virus.

Revaccination. At the present time an infant
revaccination program is under way. Each in-
fant in the study will be revaccinated if the re-
sponse to first feeding is poor or when two or
The usual blood
conlrols are heing obtained. To date the results
of three such revaccinations are complete, One

three liters reach a low level.
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TasLe 9. Poriovirus Tyre | Anrigopy Response oF 47 Inrants Fen Trivarent QORAL ATTENU-
ATED LIVE PoLIomMYELITIS VACCINE AT AGE AsouT Four MoNTHs

N Wit
Caloulated Antibody Titers Total u.“?:;; oi "
Repidusl Fost Feeding Mumber | Greater
Titers Kb | 1eh [ 1B 1518 1:32 [ 1e8W | 11128 | La2sh | 1:512| 1:loa [1:102% | Fed Reaporas
Q:t 1 2 2 g 4 7 1 25 2
j13 1 1 2 2
1:8 1 2 1 1 1 1 7 [
1:15 1 1 1 3 k]
1332 1 1 1 3 1
1:64 1 2 1 4 [
11128 1 1 1]
11256 1 1 0
1:512
1:102%
ggg& 1 1 9
TOTALS 1 1 ] 5 B 12 7 g 2 47 ¥ (778)

* Residual titer of passively transferred maternal antibodies at time of last post-vaccination blood drawing,
Half-life value = 37 days.

TarLe 10. Poriovirus Type IT AnTiBopy RusroNsE oF 47 INFaNTs Fep Trivarnent ORAL ATTENU-
ATED L1vE PoLioMYELTTIS VAaccINE AT Ace ApouT Four MonTus

Anptibody Titers Nunber With

Caleulated Post Fesding Total | 4-Fold Or
Regidual Humber | Greater
Titer* Q| 14 {1:8 |18 1:32 | 1:64 [1:128 ] 1:256] 1:512 [1:1024 [ 1:1024| Fed Responae
{14 12 3 2 1 2 20 3

1:4 2 1 2 3 ] 3

1:8 2 1 3 [v]

1:16 1 3 1 5 1

1:32 1 3 1 3 a

1:64 1 T [i]

1:128 i 1 1 3 0

1:256 1 1 2 (]

1:512

1:1024%
>1:10248

TOTALS 16 3 5 3 9 4 2 1 1 o 0 4y 9 (%)

* Residuul titer of pussively transferred maternal antibodies at time of last post-vaceination blood drawing,
Hulf-lifc value = 37 days.

Tarrr 11. Poriovirus Tyee III Axtisopy Resronse or 47 InFanrs Fep Trivarpnt ORAL ATTENT-
ATk LvE PortomyeriTis VACCINE AT AGE Aeour Four MonTHS

i i Number With

Caleulated i Total | é-Fold Or
Residial Number | Greater
Titers th 1 | 2:B | 1:16] 1:32| Liéi | 1:128) 1:256 } 1:512 | 1:102% [B1:1024 | Fed He sponss
<Lik 2 1 3 i 3 3 2 1 26 26

1:4 2 1 3 3

1:8 2 1 1 1 z ? 5

1:16 2 1 2 3 ]

1:32 1 1 1 J 2

1:64 1 1 2 1

1:128

1:256 1 1 1

1:512

1:1024
»1:1024

TOTALS 2 2 3 4 10 S 10 L I 47 a4 {gkd)

* Residual titer of passively transferred maternal antibodics at time of last post-vaccination blood drawing.
Half-life value = 37 days.
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Fii. 8. Comparison of antibody titers by immunotype at birth and before and after vaccination at
age about four months with trivalent oral attenuated live poliomyelitis vaccine.

infant with high Type 1 and 3 titers after receiv-
ing 0.5 cc. of trivalent vaccine at age four months,
was revaccinated with 1.0 cc. of vaccine to in-
crease an unmeasurable titer for Type 2. This
failed. The responses of the other two infants
are shown graphically in Figs. 9 and 10. The
antibody profile of an infant who was a triple
negative at birth and at three months of age is
shown in Fig. @ before and after two doses of
trivalent oral poliomyelitis vaccine given six
months apart. After the first feeding of 0.5 ec.,
an excellent antibody response to Types 1 und 3
was obtained. The antibody titer to Type 2 re-
mained unmeasurable. A 2.0 cc. feeding was
given at age 254 days. At this point the Type 2
titer was still unmeasurable. Blood samples ob-
tained five weeks later showed a booster response
to Types 1 and 3 as well as an initial response to
Type 2. Two hundred days after revaccination
antibody titers to all three immunotypes were
1:64 or greater. The third infant was vaccinaled
at age 43 days with 0.5 ce. of vaccine. A low
residual titer of 1:32 to Type 3 was increased to
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Fic. 9. Immunologic response of a triple
negalive 3 months old infant after feeding two
doses of trivalent oral poliomyelitis vaccine at

intervals of six months.

>» 1:1024. The Types 1 and 2 titers in spite of
vaccination continued 1o decay at a rate com-
palible with a half-life of 37 days. At 237 days
of age a larger dose of vaccine (2.0 cc.) was fed.
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AGE IN DAYS

= 10%% TCDw each type virus/ce.

Fic. 10. Immunelogic respomse of a six
wecks old infant after feeding two doses of
trivalent oral poliomyelitis vaccine at intervals

of six months.

tose"

This resulted in a significant simultaneous four-
fold antibody titer rise to Types 1 and 2 when
blood was obtained six months after vaccination.

Stool Excretion of Viruses. A weekly stool
specimen was obtained from 15 infants fed 2.0
cc. of trivalent oral vaccine. All members of the
families of seven of these infants also collected
weekly stools for ten weeks to determine the pat-
tern of intrafamilial spread after vaccination with
trivalent vaccine. Stools were frozen and kept in
the deep freeze or winter vutdoors until shipped
to Lederle Laboratories by air express for virus
isolation,

The types of viruses excreted and the duration
of excretion among the infants fed are shown in
Table 12. Maximum duration of excretion of a
single type was eight weeks. Six of the seven
infants in the older age group, but only two of the
eight in the younger age group excreted Types
1 and 3 simultaneously. Duration of excretion
for Types 1 and 3 viruses singly or together was
longer in the older than in the younger age group.
Each infant in the older age group had at least
one type of virus in the stool at the end of the
first week, Type 2 virus was not isolated from
any of the stools of these 15 infants. An older
sibling of one of the infants included in this table
was also fed 2.0 cc. of vaccine, All three types of
virus fed were isolated from her stool one week
after feeding. No viruses were isolated from the
infants fed after the eighth week.

Spread to Contacts. Evidence of spread to
contacts by virtue of virus isolation from the
stool is presented in Table 13. Three of six sib-
ling contacts of infants fed at age five days ex-
creted virus during the ten-week study. One of
these had both Type 1 and 3 isolated from his
stools. Two of three siblings of the two infants
vaccinated at age four months excreted virus. Of
the nine siblings exposed to contact infection four
had been previously immunized by oral polio-
myelitis vaccine and had never received Salk
vaccine. Of these four, two had a single stool
isolation of Type 3, one at one week, and one at
eight weeks after vaccination of the infant
studied. No isclations were made from the other
two. The other five had been previously immu-
nized with three or four injections of commercial
Salk vaccine. Of these five, two had stools nega-
tive for poliovirus throughout the period of
study. The other three excreted Type 3 virus—
one for two, one for four, and one for five weeks.
In addition one shed Type ! virus along with a
Type 3 for two weeks. These findings suggest
that previous vaccination with oral poliomyelitis
vaccine may prevent or shorten the period of ex-
cretion of a poliovirus obtained through contact
infection. A Type 1 virus was isolated from one
stool of the father of one infant.

DISCUSSIONS AND CONCLUSIONS

When a group of newhorn infants is fed tri-
valent oral poliomyelitis vaccine at age five days,
some of the infants respond with immediate anti-
body titer rises within 45 days. This response
varies somewhat {or the three immunotypes with
the best immediate response made by Type 3.
Fifty per cent of these infants, however, do not
develop a significant response to Types 1 and 3
until after 45 days. Both the immediate and the
delayed responses are poorer to Type 2.

Between birth and age four months, something
happens in an immunological way to the young
infant that promotes & better immediate response
te an antigenic stimufus. This has been observed
previously by Osborn.® Proof that this is alse
true for oral poliomyelitis vaccine in this study is
shown in the figure on page 225. This figure com-
pares the per cent of successful response at age 45
days among those infants vaccinated at age five
days to the per cent of response four to six weeks
after vaceination of infants at age four months.
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TasLe 12.
Eicar INFANTS FED TRIvALENT ORAL LIVE ATTEN

DistriguTioN oF Time TNTERvAaLs BETween Freping Anp LasT Virvs IsoLaTioN From

UATED POLIOMYELITIS VACCINE® AT AGE 5-7 Davs

AND SEVEN INrants FED AT Ack 2-5 MoNTHS

NuMBER O INFANTS NUMHER 0F INFANTS
(Fep AGE 5-7 Travs) (Fep Ace 2-5 MonTaS)
Ty T, T, TT, T Ty Ts TyT;
[ 5 8 1 6 0 7 )] 1
1 2 0 5] 1 6 0 7 6
2 3 0 6 2 5 0 5 4
Time 3 3 0 3 1 5 1] 4 2
in 4 1 0 1 0 3 ] 5 2
Weeks 5 1 0 1 0 2 0 5 2
6 1 4] 0 0 0 0 4 0
7 2 0 0 D 1 0 1 0
8 1 0 0 0 0 0 1 0
9 0 0 0 0 0 0 0 0
10 0 1] 0 0 4] 0 0 4]
Total Inlants 8 8 8 8 7 7 7 7

*# Zero indicates no iselations.

Tasre 13. Vigus IsoraTion AMonc FamiLy Co

* 12 infants fed 105" TCDs each virus; 1 infant {fed 10"7 TCDye each virus.

NTACTS OF SEVEN InrFanNTs FED TrivaLent OraL

Live ArtEnvuared PoLlomysLiris Vaccine®

Sibling Contacts Adult Contacts
Virus Isclated Virus Isolated
T
Tl T2 T3 Totals Tl T2 ?347 otals
Fed Age 5-7 Days 1 0 3 6 1 0 0 10
(5 Infants)
Fed Age 2-5 Months 0 v} 2 g 0 0 0 i
{2 Infants}
Totals 1 0 5 9 1 0 0 14

* 10°" TCDu cach virus.

At least two changes are known to take place in
the first four months of life that could explain this
marked change in response o vaccination with
atlenualed oral polioviruses. Good ™ has shown
that the newborn infant begins to produce gamma
globulin at about age 40 days. This production
increases rapidly until the infant is hetween 80-
120 days of age. At this age the gamma globylin
level is within normal range and the full im-

munologic capacity of the infant is nearly
reached. The antibody titer passively transferred
from mother to infant during intraoterine life
declines rapidly after delivery and at age four
months it is about one eighth (based on 37 day
half-life) of the titer of the cord blood. This new
ability of the infanmt produce antibodies
coupled with the gradual loss of the protective
antibodies obtained from the mother makes the

Lo
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Time of Vaccination

9495

Age 5 days

77%

Age 4 months

Se-

% Significant Antibody
Response 4-5 Weeks After
Vaecination

9%
18 %
ii [T |

137 %5

6%

Type 1

four months infant ready for immunclogical re-
sponse to ingested attennated poliovirnses.

Because there is considerable variation * in the
age at which an infant reaches his full immuno.
logic capacity, prompt responses to antigenic
stimuli at any age after dclivery are possible.
The number of prompt responses to oral vaceine
shown in this study for each immunotype con-
firma this.

The more {requent and higher per cent of
successful responses to Type 3 is a reflection of
anligenic potency. The immunologic responses
among adults and children to the trivalent oral
vaccine used in this study have proved consisi-
enlly that this strain is more antigenic than
either the Type 1 or 2. The lower cord titers for
Type 3 when compared to Types 1 and 2 in the
infants in this series may enhance the response
to this type virus.

Stool excretion data from this study showed
the Type 3 virus to have been present in the
stool of 14 of the 15 infants fed. In contrast
Type 1 virus was found in only 10 of 15 infants.
Those infants that failed 1o excrete Type 1 usually
had high homotypic antibody titer. The only in-
fant that failed to excrete a Type 3 virus had an
antibody titer of 1:1024. Type 3 virus was ex-
creted from two infants with titers of greater
than 1:1024. These resulis show that the Type
3 virus has a greater ability to establish itself in
the intestinal tract than the Type 1. The Type 2
virus was not recovered from the stools of any
of the 15 infants studied who were below the age
of six months.

Type 2 Type 3

From the data presented, it can be concluded
that neither vaccination at age five days nor at
four months will give the infant proteetion to all
three types of poliomyelitis viruses as measured
by antibody titer respomse. The response to
Type 2 is poor for each group. The responses to
Type 1 and Type 3 are about 10 per cent better
for the group vaccinated at age four months when
compared to the per cent of successful delayed
regponses at six months for the group vaccinated
at birth,

It is obvicus from these data that the infants
in both groups need revaccination. Ar age six
months, the group vaccinated at age five days will
respond to repeat feeding. This has beon
demonstrated. At age six months, however, only
two nonths or less after previcus feeding, this
group vaccinaled at age four months may be re-
fractory to revaccination,

It is logical to conclude that two vaccinalions
with trivalent oral poliomyelitis vaccine at the
sugpested interval will give better over-all results
than one vaccination at age four months. For
this reason I favor routine vaccination at dis-
charge from the newhorn nursery followed by a
repeat feeding at age six months, What per cent
of failures in the over-all group will be salvaged
by the second feeding is not known at this time.
The answer, however, will be known in the near
[uture.

‘The immunologic responses in hoth groups of
children and the simultaneous isolation of Types
1 and 3 from the stools of 10 of 15 children fed,
indicates that no serious degree of interference is
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present between these two polioviruses. In those
cases where simaltaneous excretion of these 1wo
lypes was seen, [vpe 3 virus was excreted for a
slightly longer period of time {over 4.9 weeks to
4.1 weeks). When simullaneous excretion was
not seen among the newborn infants, the cord
antibody titer to Type 1 was high.

The newhorn is relatively free from entero-
viruses at the age these leedings were carried out.
This minimizes the possibility that interference
between the polioviruses fed and non-polio en-
teroviruses acecounted for the poorer response
When the newborn group is compared
with the older group that is more likely to harbor
interfering organisms, the excellent immunization
and stool isolation results among the latter group
again suggest that there was no interference of
any kind, at least for Types 1 and 3.

The only conclusion that can be drawn from
this siudy concerning the Type 2 strain is that it
is a poor antigen in the young infant.

shown.

The ultimate answer, however, to poliomyelitis
immunization may be three doses of trivalent
vaccine—one given at birth, one ut age six
months, and another at age 12 months to every
newhorn infant. With this schedule the antibody
titers of the infant and those of the older children
in the family as well will have a continuous boost-
ing effect each time a new addition to the family
is brought home from thc hospital. Tt seems
reasonable Lo conclude that this kind of a vac-
cination program may produce a full protection
for an entire lifetime against the dread effects of
paralvtic poliomyelitis.

SUMMARY

The antibody responses of 90 newborn infants
and 47 infants four months old after feeding
three different dosages of trivalent oral live at-
tenuated poliomyelitis vaccine are reported.
Virus excretion patterns of some of the infants
and their intrafamilial contacts have been ob-
served.

Although the response of the newborn infant
to trivalent oral vaccination is good for Types 1
and 3, the responsc of the infants vaccinated at
age four months is better. The response to Type
2 is poor in both groups. No difference in results
dependent upon the dosages used were noted.

Revaecination is necessary for both groups. A
suggested schidule for vaceination at birth, age
six months and at age 12 months is favored.
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TOPIC IiI. EFFICACY. (A) LABORATORY
EVIDENCE

1.

THE DEVELOPMENT AND PERSISTENCE OF POLIO

ANTIBODIES, MEASURED BY DIFFERENT METHODS
OF NEUTRALIZATION TEST, IN YOUNG ADULTS
FED WITH 100,000 TCD,, OF TYPE 3
ATTENUATED VIRUS

V. VoNEa, E. SKRiDLOVSKA, J. JELINEK, AND J. DUBEN*

Dr. Vonka (presenting the paper): Difler-
ences in the quality of antibodies in the
course of poliomyelitic infection have been re-
peatedly discussed. Ward ' reported on the dif-
ferent influence of the quantity of virus, included
in the virus antibody assay, on the titer of anti-
bodies in the acute and convalescent sera of
patients with paralytic polio. Brunner and
Ward * found later that the virus-acute-antibody
complexes dissociated more readily at a low pH,
than complexes of virus and antibody from the
convalescent stage of infection. Sabin”, using
pH and CP tests in his studies on polio antibody
development, suggested that, in the early stages
of poliomvelitic infection, the antibodies of low
avidity were formed, being converted in the
further course of infection to high avidity anti-
bodies. He expressed the view that the method
of the pH test was the most suitable for low
avidity antibody estimations. These antibodies
could not be detected by the routine CP test, by
means of which only high-avidity antibodies
forming with virus complexes, more resistant
to the influence of dilution, could be demon-
straled. Tn persons possessing antibodies in their
pre-immunization samples of sera, Sahin found
earlier increases in high rather than in low
avidity antibodies, and presumed a qualitative
change in antibody character from low to high
avidity as the first step in the antibody develop-
ment in these individuals.

In our last paper,” we compared the results
obtained with the simultaneous use of both the
pH and CP tests in performing serological sur-

228

veys and in studying the antibody response in
persons vaccinated with inactivated and live at-
On the basis of an
analysis of the decrease of antibodies in the sera
of infants in the first months of life, we draw the
suggestion that the presence of pH antibodies
only, did not nccessarily signily antibodies of low
avidity, but rather, low levels of autibodies not
demonstrable in the less sensitive routine CP
Lesl.

tenuated poliovirus vaceines.

In order to obtain more information about the
antibody development and the changing nature
of antibodies in the course of poliomyelitic infec-
tion, we vaccinated a group of young adults with
Type 3 attenuated poliovirus and investigated the
polio antibodies in a series of serum samples,
taken at differcut intervals after virus was fed,
using different methods of neutralizing antibody
estimation. Types 1 and 2 antibody response
was studied simultaneously.

MATERTALS

A group of 22 young adults were {fed with
about 100,000 TCD,, of Type 3 attenuated polio-
virus {Sabin strain), Leon 12, a;h. These sub-
jects, between the ages 15 to 18, were selected on
the hasis of a preliminary serological investiga-
tion from the total number of about 60, all living
in a nurses’ quarters. The standard of hygicne

* Dr. Vonka and Dr. Skiidlovska (Department of
Virology, Institute for Sera and Vaccines, Prague);
Dr. Jelinek (Institute for Epidemiology and Micro-
biology, Prague); Dr. Duben (Hygiene and Em-
demiology Station, Havlickuv Brod.},
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in this school was very high. None of the sub-
jects investigated had been vaceinaled previously
by either Salk vaccine or by other attenuated
strains.

Just before the vaccination, a new blood sample
and a stool sample were taken. Further blood and
stool specimens were sampled on the fourth,
seventh, 10th, 14th, 21st, 28th, 35th, and 42nd
day after feeding the virus. An additional bloail
sample was Laken again on the 84th day.

The sera were inactivated at 56° C. for 30
minutes and antibiotics were added. Uniil in-
vestigation, the serum and stool specimens were

kept at —20° C.

METHODS

1. The following methads of neutralization
test were used:

(2) the routine CP test with one hour incuba-
tion of the virus-serum mixture at room tempera-
ture (CP/1);

(b) the cytopathogenic test with six hours
incubation at 37° C. and overnight at +4° C.
(CP/6) ;

(e} the pH test with one hour incubation of
the virus-serum mixture at room temperature
(pH/1);

(d) the pH test with six hours incubation of
the virus-serum mixture at 37° C. and overnight
at +4° C. (CP/6); und

(e) the immunoinactivation test according to
8. Gard > ° (IIT).

Im tests (a) to (d}, approximately 100 TCDs
of the virus strains Brunhilde {Type 1), MET.1

(Type 2), and Leon 12, a,b (Type 3} were used.

The sera from each subject were investigated
simultaneously in all tests, using the same virus
and serum dilutions as in Parker’s medium with
0.3 per cent of glucose. The sera were diluled in
fourfold steps from 1:4 to 1:1024, for TIT up to
4096. The same vitus concentrations were used
in CP and pH tests. In the investigation of each
subject virus titrations were included, using per
dilution five tissue-culture tubes in CP tests, 10
tubes in 1IT and eight cups in pH tests. A
standard human antiserum containing antibodies
to all three types of polioviruses was tested
simultaneously in all five tests performed.

Cytopathogenic tests.. Tissue-culture tubes
from versenated monkey-kidney cells with 1.3
ml. of Earle-LAH (0.3 per cent) medium without
serum were inoculated with 0.2 ml. of the virus-
serum mixiure. Every dilution of serum was
assayed on three tubes; when testing the stand-
ard serum four tubes were used. The results
were read repeatedly in all but two cases alter
two, three, five, and seven days.

pH tests were carried out in polystyrene panels.
The 0.4 ml. amounts of the virus serum mixtures
were covered with paraffin oil, and 0.2 ml. of cell
suspension containing 25,000 versenated monkey-
kidney cells in the ahove medium, enriched by
15 per cent of monkey serum previously tested
for the absence of polioviruses inhibitors, was
added. The final concentration of monkey-kidney
serum was then 5 per cent. Every dilution of
serum was tested against every type of virus in
two cups.

TanLe 1. Tur Mran Titers Acuigvep in CoNteoL VIRUs JTTRATIONS PERFORMED
SmMuLTANEOUSLY WITH DIFrrrreNT TEsTs Uskp
Tue Trrers Exrressep as Locy,
TrsT Tryew 1 Tyre 2 Trre 3
P/l ) 6,70 = 0,103 6,53 = 0,107 ] 6,51 = 0,088
CP/6 6,7L = 0,115 6,45 = 0,060 6,37 = 0,081
pH/1 6,88 = 0,070 6,30 = o,114ﬁ 6,43 = 0,153 B
pH/6 6,65 = 0,109 6,33 = 0,117 6,31 = 0,164
1T ND ND B,47 = 0,007
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Tapir 2. THE Mean TITEHRS OF I’0LI0 ANTIBODIES ACHIEVED IN THE REPEATED INVESTIGATION OF A

REFERENCE SERUM BY DIFFERENT METHODS OF NEUTRALIZATION TEST

Tue Titers Expressep as Loc.

TEsT Tyre 1 Tyre 2 ‘ Tyre 3
P 7,37 = 0,195 11,41 = 0,340 i 483 = 0,250
or/e 10,08 = 0,305 12,75 = 0,164 1_ 5,50 = 0,330

pH/1 0,27 + 0,243 12,63 = 0,420 ?‘ 8,00 = 0,302

pT1/6 10,50 = 0,313 13,58 = 0,248 ‘ 900 + 0246
T N D N D \ 9,08 = 0,268

The immuno-inactivation test was performed
according to the method recommended by 5.
Gard. Ten tissue-culture tubes were used per
one dilution. The test was read repeatedly after
3,5, and 7 days. Only Type 3 antibodies were
estimated by this technique.

The virus and antibody titers were compute.l
according to Kirber’s method.

2. The isolation and identification procedures
and the virus titrations were performed as de-
seribed previously.”

RESULTS

Results obtained in contrel virus and reference
serum titrations. Table 1 presents the results
achieved in repeated virus titrations. The mean
titers of three types of polioviruses were very

similar in all tests used, with only slight differ-
ences which were in no ope case significant.
These results suggest that only a very small pro-
portion of virus was inactivated during the six-
hour incubation period at 37° C.

The results obtained in repeated titrations of
slandard human serum are shown in Table 2.
The mean titers, expressed as log, of the initial
dilution of serum in the reaction mixture, show
marked differences between the antibody titers
The
titers of antibodies to all three types are on the
lowest level in CP/1.
incubation period of the virus-serum mixture

estimuted by means of different methods.
The prolongation of the
had a much greater influence on the antibody

titer in the CP than in the pH test.
Tables 1 and 2 show the results obtained [rom

E ?-+ Ty 7> Tz
g — ,
CR, 3

Q 4' :CP; 4
S %
3 //
s 7 1~

> 2 3 g 7 2 3 5 F 2 3 5 7

TIME AFTER INOCULATION IN DAYS

Tic. 1. The mean virus titers estimated in 2, 3, 3 and 7 day readings in repeatcd control titrations

included in CP/1 and CP/6 tests.
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Fic. 2. The mean antibody titers estimuted in 2, 3, 5 and 7 day readings in the control titrations of

reference serum in CP/1 and CP/6 tests.

the fifth-day reading. Figures 1 and 2 show the
relation of the virus and antibody titers in CP/1
and CP/6 to the time of reading. The results
demonstrate an increase in virus titers and &
decrease in antibody titer in the course of seven
days. In a log/log plolling of time (day of
reading) the relation is nearly linear for both
the virus and antibody titers. The decrease in
antibody titer proceeds equally in CP/1 and
CP/6, as can be observed from the parallelism
of the lines.

Results of the investigation of virus excretion
in vaccinated individuals. Table 3 indicates that
in all eight individuals lacking homologous anti-
bodies, Type 3 virus was excreted for up to six
weeks after the administration of the virus. Seven
out of 14 cases possessing Type 3 antibodies
excreted Type 3 virus, mostly in lower titers and
for a shorter period of time than the non-
immunes. In one subject excreting no Type 3
virus, Type 2 virus was isclated from a stool
sample taken on the 35th day aflter virus was fed.

Results of the serelogical investigation per-
formed in subjects excreting the wvirus,

(2) Homotypic antibody response.

Figure 3 shows that the homolypic antibodies
to Type 3 were detected seven to 14 davs alter
feading of the virus. In six out of eight investi-
gated persons without pre-existing homologous
serofmumunity it was possible to demonstrate anti-
bodies sooner in the CP/6, pH, and IIT tests
than in the conventivnal CP/1 test. In one of
the two remaining cascs, the seven and 10-day
samples were not available; in the second one,
pH tests were not performed. The titers of anti-
bodies achieved in CP/1 were in all cases on the
lowest level,

Antibodies in CP/6 appeared simultaneously
or later than the amtibodies in pH tests and
their levels, in most cases, were sigaificantly
lower than in pH tests. Titers achieved in the
HT were in all cases higher than in the CP/6,
but usually on the same level as in pH tests, In
subject 18/HB, in which the most considerable
differences between CP and pH tests were
demanstrated, the antibody titers in [IT were sig-
nificantly lower than in pH tests.

In some cascs, the highest differences in anti-
hody titers achieved by different tests were found
in the first phases of antibody development, and
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in the further course became lower. After the
fourth week, when the pH antibodies reached their
highest levels, they began to drop, while still
later a certain increase in CP antibodics could
he observed (subjects 18/HB, 16/HB, 4/HB).
On the other hand, in three other subjects, anti-
bodies detectable in CP/1 persisted for a rela-
tively short period and in onc subject no anti-
hodies could be demonstrated by means of this
test at all, in spite of a good virus multiplication
in the alimentary tract.

Tn all cases investigaled, antibodies to Type 3,
at least in some of the tests used, were demon-
strable after the 12-week period.

In subjects possessing homologous serological
immunity the antibody response was not faster
than in non-immunes (Fig. 4). The antibody
increases usually appeared between the 10th to
t4th day after feeding of the virus. However,
when comparing the results obtained in these
individuals to those obtained in non-immune
persons, some other marked differences can be
demonstrated.

In four out of seven subjects investigated, only
a ftransicnt increase in homologous antibody
could be detected. Only in one subject {22/HB)
did the antibody increase in pH tests and CP/6

precede the antibody increase in CP/1. In sub-
ject 1/HB, antibody incrcase was demon-
strated only in CP/1 and TIT (1/HB), and in
another subject the antibody increase in CP/1
preceded the antibody increase demonstrable in
other tests. Tn the remaining subjects, a simul-
Laneous increase of antibody titers was observed
in all tests used. Furthermore, the antibody
titers estimated in CI?/6 in these subjects—except
case 22/HB-—were usually on the same level as
in pH tests and the titers in IIT were in all
cases higher than in any one test performed with
100 TCDy,.

(b) Heterotypic antibody response.

The results obtained in studying the betero-
typic antibody response are presented in Fig. 5.

The antibody response to Type 2 was found in
11 out of 15 cases, and persisted in eight after
the 12-week period. Type 1 antibedy increase
was observed in 11 cases too. Only in six cases,
however, was it detectable al the end of the ob-
servation period.

As for the time of appearance, in one case
the increase in Type 2 antibody preceded the
homotypic antibody response. In two cases, a
simultaneous rise against all three types was oh-
served; in two other cases it was ohserved simul-
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TasLe 3. TrE Virus Excrerion 18 Stoors oF 22 Innivinuarns Acen 15-18 Fep wiri 100,000 oF
TvyPE 3 ATTENUATED POLIOVIRUS

pH/L ANTI- LGy oF VIRUS PER (IRAM OF ST0OL

No. CABE AGE BODIER BEFORKE -

VACCINATION No. or Days ArteEr FFEEDING 0F VIRUS

1 2 3 . i) 4 7- 10 14 ’7217 ‘ 98 1 35 |42
1| F 1/HB 18 - - + - - |25 25| — - - - -
2 | CH. 2/HB | 18 + - ~ - 2, 5 o; 2;73; 4,5 | 4,0 | — -
? D. 3/HB 18 L + 4 - - - - - _
TE 4/HB 18 + - - _ 4,0 | 45 | 2,8 | — | 85 |up
5 | V. 5/HB 18 - +ﬁ + - - - - - _ - _
6 | 8 6/HRB 18 - - + - - - - - _ _
7 K 7/HB | 18 N I e N 2 A e P
3|7 8/HB By — |+ | = =1 =1 - - | = |asm| -
9 | P. /HB 18 + + - |25 - |25 = - - -
1_(;_ K.10/TTR 17 - - _ ] 3,5 3,5 73 (}” _ '1.[-__71;;
11 | Z.11/HB 17 + + - - _;5 5,5 35 55| 85 | 40| -
12 | 8.15/HB 18 n - 47 - - - - N
Eﬁ H.16/HT 17 - - — | 45| 55| 501835 3,6 | 35 345
14 1’.17/1'1?" 16 4 + + - 2,; _ “773,:; - - - - -
15 S.18/HB w | - | - | - - 35|50 50 I
6 5.20/HB 6| = | + | = | = | v |45 - - N I
17 K.21/HB7 18 + + + [ . - - -
18 | F.22/HRB 15 + + = - tr | 5,0 | 3,0 | 3,5 | 3,5 P
19 | 8.23/1TR 15 + + - — | 35|35 |35 25| — - - -
w | esms | s | - | o+ | o+ | (85| - | — | - _ | -
o1 ) “96,/HB w| = |+ - = | w | 1,5 | - I
22 \ MormB |18 | - | - | + _ T

+ Traees of virus in stool.
* In Lhis one case Type 2 virus was isolated.
NOTE: The antibodics were estimaied in pH test wilh one-hour incubstion of the virus-serurm mixture at

room lemperature.
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tancously against Types 2 and 3, and once simul-
taneously againsi Types 1 and 3. Tn most cases,
the antibody rises to Type 1 were observed later
than to Type 2.

The appearance of heterotypic antibodies in
subjects lacking detectable levels of Type 1 and
Type 2 antibodies in the pre-immunization sample
of sera was of special interest to us. Type 1 unti-
bodies appeared in three out of six cases without
homologous serological immunity, persisting in
two cases for a short period of time; in the re-
maining case they were demonstrated in a very
low titer only im pH/6 after 12 weeks. A Type
2 antibody increase was observed in four out of
five subjecis lacking Type 2 antibodies prior to
immunization. In two of these subjects, the anti-
bodies persisted after 12 weeks. The appearance
of heterotypic antibodies repeatedly had the
character of biphasic process.

Differences in the titers of Type 1 and Type 2
antibodies, estimated by means of different tests,
were similar to those observed i Type 3 anti-
bodies.

Some preliminary results concerning the pos-
sible differences in antibody avidity.

{a) As already mentioned, the results of CP/1
and CP/6 were read on the second, third, fifth,
and seventh day after incculation, the IIT on the
third, fifth, and seventh day. DBetween the titers
estimated in the second and seventh-day read-
mngs considerable differences were observed, vary-
ing from case to case. We tried to establish the
following: (1} whether the muagnilude of such
differences in antibody titers was in any relation
to the pre-immunization immunity state; and
{2) whether these differences changed in the
course of poliomyelitic infection.

For this purposc we divided the subjects in-
vestigated in two groups according to their pre-
vaccination state of immunity. Geomelric mean
titers were computed from the antibody titers
estimaled in corresponding serum specimens.

The results presented in Fig. 6 show: (1) In
all three CP tests used, a more considerable dif-
ference between the antibody titers estimated in
the first and the last readings was ohserved in
subjects lacking pre-existing antihodies, being
usually three to fourfold in CP/1 and CP’/6 and
threefold in IIT. Tn subjects possessing pre-
existing antibodies it was twofold or less in all

three tests. The analogical decrease of GMT
of Type 3 antibodies found in the standard human
serum tested simultaneously with non-immune
subjects, was 4.5-fold for CP/1, 3.5-fold for
CP/6 and 2.4-fold for IIT. The corresponding
data obtained when subjects with pre-existing
immunity were investigated were 4.3, 3.7, and
2.5, respectively.

(2) In the course of the infection the differ-
ences between the second and seventh and the
third and seventh-day readings, respectively, re-
mained nearly unchanged. Only in the group of
non-immunes a slight decrease of the differences
can be found in samples of sera taken at the end
of the observation period in CP/1 and IIT, but
not in CP/6 tests,

(b) The most pronounced difference between
the antibody titers in pH and CP tests was esti-
mated in subject 9/HB.

The serum samples taken on the l4th day
(55) and on the 84th day (5-10) were tested
against virus dilation 107 to 107 in CPP/1 and
pH/1, using four tubes (cups) per every dilution.
The vesulis of this experiment are given in
Table 4.

In order to obtain more knowledge of this
interesting discrepancy we followed the residual
virus activity (RVA) in mixtures conlaining ap-
proximately 10%-8 TCD,, of virus per 0.1 ml. and
the final dilution 1:100 of 5.5 and $-10, respee-
tively., The mixtures were incubated at 37° C,
and after one, three, six, and 24 hours, samples
were drawn and diluted in several tenfold steps
in pre-cooled medium. Tmmediately after it, 10
ligsue-culture tubes were inoculated with 0.1 ml.
{rom each dilution. The five-duy rcadings of
two conseculive expcriments are preseﬁled in

Table 5,

The results indicate that in the test system
used almost no neutralizing effect by S8-5 in the
dilution tested could be demonstrated even after
24-hour  incubation, although, as previously
demonstrated, the same serum in the dilution
1:256 “neutralized” about 10°-* TCD,, of virus in
the pH test.

On the other hand, S-10, having 2 lesser neu.
tralizing potency in pH test, reduced the virus
titer during the incubation period of 24 hours by
1.4 Tog,.
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TaoLr 4. Tae Derenpancy oF Tvee 3 AnTiBopy Tr1ER 1IN THE Sera Takkw v 18/HB 14 Davs
Avree Type 3 ATTENUATED Virvus was Fep (5-5) anp 10 Werks LaTer (5-10)

Quantities oF Virus v OP/1 anp PH/1

, ON THE DIFFERENT

CP/1 pH/I
SERUM THe ThuuTioN or VIRUR TuE J_)ILUTI(N oF VIrUs
HampLE -
10-t 10-2 10-3 10-t 10-5 10-F 10-* 10-3 14 10-3
8-5 <4 <4 <4 11 90 16 64 256 512 2048
B-10 <4 <4 4] 16 64 16 22 a4 180 512
(¢) Subject 1/HB attracted our special atten- CP/6 tests. These results could serve as an ex-

tion. In this subject a short-time virus excre-
tion was followed by the appearance of Type 3
antibodies in CP’/1, without any increase in pre-
existing antibody titers already demonstrable in
the pre-immuntzation serum specimen in pk and

ample of transformation of low to high avidity
aceording to Sabin’s concept.
an antibody ris¢ wus demonstrahle in I[IT. On
the basis of this finding, an experiment was car-
ried out in ovder to obtain the necessary informa-

On the other hand,
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TapLr 5. Resipuan Virus Acriviry 1N SAMPLES Drawn 1§ DIrFERENT TIME PERIODS FROM VIRUS-
StrRum MrxTurREs Conrarmiwe 1:100 DiLutions or SERa Taken 1N 18/HB 14 Days Arter Type 3

ATTENUATED VIRUS was Frp {S5-5) anp 10 WeEks Later (5-10)

INCUBATION First EXPERIMENT Beconn BXPERIMENT
OF THE
VIRUS-SERUM Virus VIrUs
MixTuRrE CoNTROL 5-5 5-10 ConNTROL 5-5 B8-10
1 hour 3,3 3,1 3,1 3.7 3,3 33
3 hours 3,5 3,2 27 ND ND NI
6 hours 3,2 3,0 2,3 3,3 3,1 2,3
24 hours 3,2 3,0 1,7 2,9 28 1,5

NOTE: The samples were diluted immediately after

were inoculated from each dilution.

tion of whether the nature of the change was
a gquantitative, rather than a qualitative one.

We followed the RVA in mixtures containing
approximatcly 10 TCD:w of virus per 0.1 ml.
and the final dilution 1:40 of serum taken before
the feeding of virus (5-1) and the 14th day after
feeding (5-5). After one, three, and six hours
of ineubation at 37° C. samples were drawn and
diluted az described previcusly. The results of
two repeated experiments presented  in
Table 6.

The results suggest that there is a difference in
the neutralizing capacity of hoth sera. The first
serum specimen reduced the virus liter by 90
per cent with the second reducing the titer by
99 per cent after six hours incubation. The dif-

are

drawing in teniold steps and ten tissue-culture tubes

ferences of this order are large encugh to be
demonstrated by IIT, where the finzl concentra-
tion of virus in the inoculum is 10 TCD,,, but too
small to be demonstrated by the end-point tech-
nique with 100 TCD,, in the CP/6 or in the pH
tests,

DISCUSSION

Our results indicate marked variations in anti-
hody response after feeding of Type 3 attenuated
poliovirus in different subjects and different
tests. CP/1 was demonstrated as the least sensi-
tive und in some cases was quite inadequale for
detecling the antibody response. The results
achieved show how misleading any conclusions
hased on this one test may be,

TasLk 6. REesipuan Virus Acrvity 1IN Samperes Drawn 1N DierereNT TIME Prriovs rroM VIRUS-
SeruM Mixtures CoNTaNiNg 1:40 Dioution or SEra Taxkew 18 1,/HB Berore TypeE 3 ATTENUATED
Vieus Was Fep (S-1) awp on tHE 1drn Day Avrer Feepine (8-5)

FirRsT TNXPERIMKENT BECOND EXPERIMENT
INCURATION e
OF THE VIRUS VIRUs
VIRUS-SERUM CoNTROL S-1 8-5 CONTROL 8-1 8-5
1 hour 3,8 3.6 3,8 3,3 3,1 31
3 hours 3,9 3,1 2,8 ND ND ND
8 hours 3,7 2,8 2,0 3.4 2,8 1,7

NOTE: The samples were diluted immediately after drawing in tenfold steps and 10 tissue-culture tubes

were inoculated from each dilution.
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The data presented in this paper support the
evidence by Gelfand et al® and Black and Mel-
nick ® that there exists an antigenic relationship
not only between Types 1+2 and 2+3, but also
between Type 1+3. The results achieved in
studying the heterctypic antibodies incite a cer-
tain caution when evaluating the antibody re-
sponse in vaccinated persons in only one sample
taken after all three types of virus were fed. The
character of heterotypic response in persons lack-
ing pre-existing immunity Is unclear. Two pos-
sible explanations must not be omitted. At first,
4 very low state of immunity, undetectable even
by the most seusitive tests used but conditioning
a booster eflect, might be prezent. Second, the
possibility of Type 2 infections must be con.
sidered owing to the demonstrated presence of
Type 2 poliovirus in the Investigated community.
On the other hand, however, Type 2 virus was not
isolated from any of the serclogically investi-
gated subjects and also the character of antibody
response was usually not typical {for Type 2 in-
fections.

There is no doubt that the question of avidity
and its changing character may play an imporlant
role In many aspects of the immunology of polio-
myelitis. The quality of antibodies and ils esti-
mation could be very valuable in evaluating the
effect of different vaccines, and for both epi-
demiological and diagnostic purposes.

The concept of changing the character of anti-
bodies during the establishment of serological
immunity is not generally accepted. We think
that our results give certain support to the exist.
ence of differences in the quality of antibodies in
different stages of poliomyelitis infection. Tt
seems that in non-immunes untibodies are pro-
duced in the first period of antibedy development,
characterized by a considerable lack of ability 1o
combine irreversibly with viruses. As is shown
in case 18/HB, the prolongation of the incuba-
tion of the virus-serum mixture or the use of IIT
may he without essential effect on the antibody
titer. In the further course, antibodies more
readily combining with viruses developed, while
the level of antibodies forming only unstable
complexes with viruses, was reduced.

A question of special importance is whether the
existence of low avidity antibody is limited dur-
ing a short period after the infection, or whether

the low avidity antibody persists for a longer time.
Sabin presumes that low avidity antibody can per-
sist and that in such individuals the first step of
antibhody development, after new antigenic stimu-
lus, is the transformation of low to high avidity
antibodies. The results achieved in subject
1/HB strongly suggest that at least in this one,
the presumed change in antibody character was
rather a small quantitative change, undetectahle
by the serum dilution and peint determination
method with CP/6 or pH tests with 100 TCD,,
of virus.

It is necessary to emphasize that the avidity of
antibodies, as this term is used in serological
studies with polioviruses, is expressed mainly as
a discrepancy between the results achieved in two
differcnt tests, usually in pH and in CP/1 tests.
It was demonstrated * that the latter test may be
unable to detect low levels of antibodies, without
any regard to their possible avidity. We think
that the pH test should be compared to the CPT
with 3-6 hours of incubation, rather than to the
CP/1 test. The results presented in this paper
show that titers ohtained in CP/6 were com-
paruble to those achieved in pH tests only in
cases with pre-existing antibodies. Therefore.
the relation of titers achieved in pH tests to
titers in CP/6 test may be of some value, Titers
on gpproximately the same level could indicate
high avidity antibody; the magnitude of differ-
ences might be indirectly proportional to the
antibody avidity.

The varying decreases in antibody titers be-
tween the second and seventh-day readings, asso-
ciated with pre-existing immunity state, bring
some evidence that the magnitude of this decrease
may also be helpful in estimating the quality of
antibodies.

When summarizing the general experience
about the changing quality of antibodies, it is
evident that the main problem is still unsolved.
It must be taken inlo consideration that all oar
conclusions and presumptions are based on the
experiments performed with only one strain of
one type in a rather exceptional group of sub-
jects. Only further experience, utilizing all the
new knowledge about the virus-antibody-cell in-
teraction, will bring more progress in the study
of antibody avidity, its nature and persistence
and its possible role in the immunity to virus dis-
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eases, The analysis of all potential nun-specific
factors should he the first step in this investiga-
tion.
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2. VIROLOGIC AND SEROLOGIC INVESTIGATIONS OF
CHILDREN IMMUNIZED WITH TRIVALENT LIVE
VACCINE FROM A.B. SABIN’S STRAINS

M. K. VorosuiLova, V. L. ZHEVANDROVA, E. A. ToLsKAYaA,
G. A, KoroLEva, anD (. P. TARANOVA

Dr. VorosmiLova (presenting the paper):

Simultaneous use of three immunologic types
of attenuated strains for mass oral poliomyelilis
immunization allows the vaccination of large
population ' groups against all three types of
poliovirus within a short time, with most com-
plete coverage.

Tt is believed, however, that serologic response
to trivalent vaccine may he lower than that ob-
tained with individual monovaccines because of
interference between vaccine strains. Therefore,
further accumulation and examination of sero-
logical data is necessary,

The serologic survey of children vaccinated
during the winter of 1959 with trivalent live vac-
cine from Sabin strains, in the Estonian and
Lithuanian SSR (Dobrova, Yankevich, Chumakov
et al, 1959), demonstrated sufficiently regular
antibody response to the three poliovitus types in
from 66.7 1o 88.6-89.0 per cent of children with-
out pre-vaccination antihody to ene or more types
of poliomyelitis virus. The results varied, how-
ever, in different ohservations. It would be of
interest to determine factors which affect sero-
logic response.

In May, June, and July 1959, trivalent live
vaccine was used for mass immunization of chil-
dren in the Karaganda and Moscow regions. This
paper presents the results of virologic and sero-
logic surveys of children vaccinated in the sum-
mer in towns and settlements of the Moscow re-
gion and in three towns of the Karaganda re-
gion, and in Moscow in the winter of 1960,

Surveys consisted of studying the dynamics of
vaccine virus excretion by vaccinees and their con-
tacts and in determining serological changes, A
numher of children was tested for the resistunce
of the intestinal tract on additional administra-
tion of vaccine strains one o six months after
primary immunization.

Al the same time, we studied multiplication of
vaccine straing in peliomyelitis convalescents who
were treated in a Moscow regional hospital for
poliomyelitis sequelae, in a sanatorium for polio-
myelitis convalescents in Karaganda, and in the
clinic of the Institute for Poliomyelitis Research.
Children aged two
months to 15 years were immunized orally with
4 mixture of monovacecines, prepared at the In-
stitute for Poliomyelitis Research, from Sabin

Materials and methods.

attenuvated strains of the three poliovirus types.
The vaccine was diluted immediately before use
so that two drops contained 100,000 TCD,, of
each strain, Practically, of the diluent one ml.
to seven ml. of monovaccine of each type were
added. The vaccine was given to children in a
spoonful of water ar tea, followed by the inges-
tion of water. The vaceine was fed once or twice
with 1-114 month interval.

Before vaceination, stool specimens (one or
twe} Irom all children were tested for enteric
viruses, and Dblood specimens were tested for
poliomyelitis antibody.

In order to study the dynamics of vaceine virus
exeretion after oral immunization with trivalent
live-poliovitus vaccine, important investigations
were carried oul in four children’s homes: in two
(L. and R.) in the summer of 1959, and in two
(No. 5 and Nu. 10) in the winter of 1960,

Table 1 presents data on the age and number
of vaccinees, dates of vaccination, and vaccine lot
numbers.

During the first month after vaccination four
to five stool specimens were tested, and during
the second month two to three stool specimens
from each child were tested (Table 2). Stocl
suspensions (10 per cent by weight} were pre-
pared and after centrifugation were treated with
aniibiotics.

240
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TapLe 1. INroRMATION oN CHILDHREN VAcCINATED WiITH TRIVALENT Live Vaccine WHoO WERE
TesTED FOR VACCINE STRAIN EXCRETION
YACCINATED VACCINE
NUMBER OF — Lot No.
SHILDREN'S Date oF CHILDREN | | 0-1 | 1-2 | 28 | 3-7 | Con- UseD ror
HouEus Vaccmvarion | Tesren ToraL Yo Yrs. | Yrs. | Yre | racr IMMUNIZ.
L. 22.VIL.59 93 72 14 22 10 26 21 Type 1 Lot 1
Type 2 Tot 4
Type 3 Lot 3
R. 4.VIL59 86 65 9 22 23 11 21 b
No. 5 30.XTT.59 76 % | 34 | 25 14 3 Type 1, 2 Lot 0
Type 3 Lot 3
No. 10 28.X11.59 42 42 — 8 18 16 —4—
Total 297 255 57 77 65 56 42

TasLE 2. NuUMBER 0OF Stool SPECTMENS TESTED AFTER VACCINATION

CHiLoreN's HoMmEs Testenr During THE Firsr MonTH TesTEp DURING THR SkcoNp MoNTH
NUMBER 0oF | NUMBER OF | NUMBER oF | NUMBER oF | NUMBER oF | NUMBER OF
CHILDREN SrooLs StooLs vER | CHILDREN SrooLs SToOLS PER
1 CaILp 1 CHILD
L. und R. 137 626 4-5
Nos. 5 and 10 118 534 4-5 104 3049 2-3
Total 256 L1160 4-5 104 309 2-3

Virus isolation was performed by inoculation
of three tube cultures of trypsinized monkey-kid-
ney cells (0.5 ml. of stool suspension per one
tube culture), The medium for virus isclation
consisted of 0.5 per cent lactalbumin hydroly-
sate in Earle’s or Hanks’ solution with 2 per cent
normal bovine serum. The addition of the serum
decrcased toxic effect of stools. For the first
three days, inoculated cultures were observed
daily for detection of cytopathogenic eflect or
non-specific toxic effect of stools. Cultures with
specific degeneration on the second to tenth day
were Irozen and tissue-culture fluid typed in the
neatralization test with mixtures of poliomyelitis
antisera.

Cytopathogenic agents which were found to
be non-polioviruses, were then identified in ex-
tensive neutralization tests with antisera against
ECHO viruses and Coxsackie B-1-5 and A-9
viruses. Cultures in which cytopathogenic effect
failed to be detected for 10 days were considered
negative, as were corresponding stools conlain-
ing no viruses, at least vaccine oncs.

For serologic studies venous blood was collect-
ed before one and one half months after the first,
and one and one half, three, four, and six months
after the second feeding. In February 1960,
children in children’s homes L. and R. received
Type 1 monovaccine and one month later tri-
valent vaccine was incorporated into dragée-
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candy. The children were bled two weeks Jater.
Altogether, sera from 841 children, particularly
those whose ages ranged from six months to four
years, were Lested.

In the Moscow region (sce Table 3) serum
specimens were collected from 425 children; of
those, 225 lived in the districts of Ukhtomsk,
Kuntsevo, Reutove, Balashikha, and Khimki, and
in the towns of Lyublino, Perovo, Electrostal,
Babushkin, and Volokolamsk. The children bad
not been vaccinated with killed vaccine. One
hundred and seventy serum specimens were ob-
tained from children in three children’s homes.
Ninety-four serum specimens were collected from
children under two years of age.

In the Karaganda region, 416 children from
the towns of Karaganda, Balkhash, and Osoka-
rovka were examined belore vaccination.

negative, and 160 (37.6 per cent} of the children
had antibody Lo all three poliovirus types. Of
other antibody patterns, the one showing anti.
bodics to Type 2 alone was found most Irequently
{14.1 per cent); to Types 1 and 2 {10.8 per
cent). Very seldom (only in 1.7 per cent) was
only Type 3 antibody present. In children under
one year, 20 sera of 33 tested had no antibody te
any poliovirus type, and only three sera neu-
tralized Type 2 poliovirus. Among children one
to two years of age there were 20.6 per cent
triple negatives, two to three years, 12.8 per
cent, and three to seven years, 5.9 per cent. All
39 children from seven to 10 years of age had
poliomyclitis antibody. Of those, 25 had anti-
body to all three types of poliovirus.

Of 416 children in the Karaganda region (see
Table 6) 97 (23.6 per cent) had no Type 1 anti-

Tapre 3. AGE-DISTRIBUTION OF CHILDREN FROM WHoOM SERUM SrEcIMENS WERE COLLECTED IN THE
Moscow Rreclow

ToraL Aci
NUMBER
oF (-11 3-6 7-0 10-15

C'HI.DREN Mos. 1 YR 2 YRs, Yns. Y s, Yhs.
Towns and distriets 255 h Lb 24 130 32 42
Children’s home Lu. 78 15 24 Yy 30
Children’s home RR. 65 3 24 30 15
Children's home Lyt. 27 8 2 10 7
Total 425 23 71 65 185 39 42
Per cent 100.0 5.4 16.7 15.3 43.5 9.2 9.9

Tables 4-6 present data on the lack of anti-
body to pelioviruses and the number of children
with different antibody patterns to the three polic-
virus types in the Moscow and Karaganda re-
gions.

As seen in the tables, of 425 children in the
Moscow region before vaccination, 188 (44.2 per
cent) had no Type 1 antibody, 133 (31.3 per
cent) had no Type 2 antibody, and 208 (48.8 per
cenl) had no Type 3 antibody to poliovirus.
Eighty-five children (20.0 per cent) were triple

body, 71 (17.1 per cent) no Type 2 antibedy,
and 99 (23.8 per cent) Type 3 antibody. Twenty-
four {5.8 per cent) children were triple-negative.
In the age-group under onc year, 46.6 per cent
of the children had no antibody 1o any type of
poliovirus. Both in the Moscow and Karaganda
regions percentage of children possessing Type 2
antibody increased with age. The highest per
cent of sera with Type 1 and Type 3 antibody was
found in the age group of seven to 10 years. It
may probably be connected with the first epi-
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TABLE 4. ARSENCE or PoLIOMYELITIS ANTIRODY IN CHILDREN oF DIFFEMENT AcES BEFORE VAcCL-

naTioN (Moscow Recion, 1959)

TRITLE-NEGATIVE
AGE- NUMBER NuouMeER OF SErRA WITHOUT ANTIRODY TO SERA
Grour | oF Sera - o ~
{Yuans) | TesTED
Tyer 1 Tyre 2 TyrE 3
No. 9 No. % No. Y% No. Y
IS B _ | - )
-1 23 23 100.0 20 86.0 23 100.0 20 86.0
1-2 71 59 83.1 50 70.4 63 88.7 43 60.6
2-3 85 5L 78.6 17 26.2 50 76.9 9 13.8
3-7 L& 41 222 34 18.4 58 314 11 5.9
710 39 2 5.1 7 17.9 6 15.4 - -
10-15 42 12 28.6 5 11.9 6 19.0 2 ‘ 4.8
Total 425 188 44.2 133 313 208 48.8 85 I 20.0

demic season of 1955 when children, at that time
onc to three years old, were infected to a greater
extent than vlder children. In the age group of
10 to 15 vears, 4.8 per cent of the children were
triple negative, 28.6 per cent had no Type 1 anti-
body, 11.9 per cent no Type 2, and 19.0 per cent
no Type 3 antibody (Moscow region, Table 4).

Serological investigations were carried out
mainly by pH neutralization tests in tubes or in-
sulin vials. A portion of sera was tested by the
cytopathogenic neutralization test. Besides, some
sera were tested in parallel by complement-
fixation tests and precipitation tests in agar gel
on slides. Serum specimens from each child
{two to six specimens) were always examined
simultaneously in one test,

RESULTS

Examination of pre-vaccination stool specimens
revealed the presence of extensive virus carriage
of nonpoliomyelitis enteric viruses in children
from children’s homes L. and . in the summer
{about 50 per cent of the children, Table 7).

Virologic examination of stool specimens col-
lected aflter immunization with live trivalent vac-
cine demonstrated vaccine virus excretion in

children’s homes L. and R. {summer) during

the first month after vaccination in 70 per cent
of the children, and in children’s homes No. 5
and No. 10 {winter) in 96 per cent of the vac-
cinated children (Table 8).

During the first month alter vaccination,
gradual decrease of excretion rate was observed
from the first to the fourth week (Table 9). Dur-
ing the second post-vaccination month vaccine
virus excretion continued to decrease, but more
than half of the vaccinees were still excreting
vaccine viruses (Table 8).

Establishment of vaccine viruses depended also
on the age of the vaccinces, In children under
three years, vaccine viruses were found to estab-
lish with greater frequency and for longer periods
than in older children (three to seven years,
Tahle 10},

By frequency of vaccine virus excretion ac-
cording to types, the first place was occupied by
Type 2 vacecine virus, the second by Type 1
vaceine virus, and the third by Type 3 vaecine
virus, observations being made in children vac-
cinated with trivalent live vaccine. Frequency
of Types 1 and 2 vaccine virus excretion was
approximately the same, while Type 3 vaccine

virus was excreted much less frequently (Tables
11.14).



Laboratory Evidence

Efficacy

244

|
g2 | 091 | s0L | 9% | 9% w | 0¥ 1| T 9% | UPL | 09 | o7 Lolow | e s | wiog,
| | ; |
619 | 9 | 27 z | 8% g - - e | ¢ |oe | ¥ |z tolev | & | e | eor
1% | e | sz | ¢ |6 | 2 - = o= 1| 9z T - - |- - 68 | 012
g1¢ | o6 | @er | og | g9 a1 | se r | o8 ot | ¥¢ | o1 |ze ¥ |ee | T o1 | L®
¥eL | 0n | 20T | L gl 1|26 9 | 9% e | Ter | s | g1 1| ser | 6 w | gz
vs | ¥ sz | & |83 z | 9 ¥R O Y SR O 1909 | er | e
T R S T e e i A O - | - o | 0@ e | 10
% | oN % | ON| % | 0N % | 0N % "ON % ON % oN % 0N
+++ o++ +ot 00+ o 0+0 +00 000
GHISAY, | (S9VER)
vHEg 40 | anoun
SAHTACTITOL 40 SEJAT, HAHHT, OL AAOIILNY umﬂmhﬁhp‘z “HOY
|

(NOo199Y MOS0 )
ANIDOVA FATT INAIVAIH], HITM NOUVZINOWK] J¥0ddd NTHATIHD) NI

SNYALEV] ATQOMILNY "G 314V]



Virelogic, Serologic Investigations of Immunization With Sabin’s Strains 245

TarLE 6. ABSENCE 0oF POLIOMYELITIS ANTiBODY 1N CHILDREN oF DirFERENT A¢ks BEFORE VAcCINA-
Tion (Karacanna, 1959)

NUMBER OF SERA WITHOUT ANTIBODY TO TrIPLE-NEGATIVE
AGE- | NUMBER SERA
Grour | or SERA
(YEars) | TesTED TyeE 1 Tyre 2 Tvre 3
No. % No. % No. % No. %
0-1 15 8 53.3 7 46.6 9 60.0 7 46.6
- 236 66 28.0 43 18.2 75 318 17 7.2
5-7 120 18 15.0 19 158 14 11.7
8-10 22 2 9.1 1 4.6
11-14 20 3 150 1 5.0 1 5.0
15+ 3
Total 416 a7 23.3 71 17.1 09 23.8 24 5.8

TarLE 7. EXAMINATION OF STooL SPECIMENS FRoM CHILDREN FOR INTESTINAL VIRUS CARRIAGE
Berork TMMUNIZATION

NUMBER 0¥ CHILDREN IsoLaTED CYTOPATHOGENIC AGENTS:
‘HILDREN’S Ex- ECHO Grour Coxs. Cox. Un-
Homes TEsTED | CRETED | % B, 4+ TYP,
CPA 11+ ECHO, | CPA
13811121417 18 19 12 B, | Ay
L. and R. 131 59 45 117 1 111 7 2 37
Nos. b and 10 116 29 13 9 6 2 1 9

TapLe 8. FreQuENcY oF ExcrerloN oF VACCINE VIrRusks AFTER IMmuNizaTioN oF CHILDREN

NuMBER 0F CHILDREN DURING
THE FIRST MONTH

Numser orF CHILDREN DURING
THE SEcoNDd MoNTH

CHILDREN'S -
Homes Vmus Virus
TESTED EXCRETED IsoLaTION TrsrED xcRETED IsonATION
VIRUs RaTe Virus RaTe
T.. and R. 136 96 70
Nos. 5 and 10 118 114 o6 104 69 66
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TanLe 9. Frequercy of Vacane Virvs Excremon By Cmiwpren During THE FirsT MoNTH
ArTER IMmunizaTion By Weeks (CHILDREN's HomEes No. 5 anp No. 10)

WEEK AFTER NUMBER OF Numsew IxcreTiNG VIrus TsouaTion
IMMONIZATION CHILDREN TBsSTED Virus Rare
1 105 08 .;)-.;
277 - 58 53 o 3]
3 e 84 ’ 2
4 86 - 62 a 72

Maximum excretion of Types 1 and 2 vaccine
viruses was observed in the first post-vaccination
week, and of Type 3 virus in the second week
{Fig. 1). During the first month after vaccina-
tion Types 1, 2, and 3 vaccineg viruses arc ex-
creted almost twice as Irequently as during the
second month (Table 14). Examples of simul-
laneous multiplication of vaccine strains Types
1, 2, and 3 are presented in Figures 2 and 3.

Special investigation was devoted to the prob-
lem of establishment of vaccine viruses in im-
munized children in relation to the presence or
absence of poliomyelitis antibody.
shown that the establishment of Types 1 and 2
vaccine viruses was almost twice as frequent in
children without antibody than in those with
them. On the contrary, Type 3 vaccine virus
was much more frequently excreted by children
possessing homologous antibody (Tables 15-17).

It was

Examination of sera collected at random from
223 children with pre-vaccination lack of anti-
body to some types by pH neutralization test,
showed that one month after feeding with tri-
valent live vaccine some children responded with
antibody development to all three types, and
Of 142
children without pre-vaceination Type 1 anti-
hody, 92 (64.8 per cent) acquired antibody to
Lthis type. Of 106 children without Type 2 anti-
body before vaccination, 85 (80.2 per cent) de-
veloped it. Smaller number of children re-
spunded with Type 3 antibody development (86
of 151, or 56.9 per cent). Of 60 triple-negative
children, 27 (45.0 per cent) developed each Type
1 and Type 3 antibody, and 43 (71.7 per cent)
Type 2 antibody,

others to two or one type of poliovirus.

Percentage of children with pre-vaccination
antibody increased by 39.9 per cent for Type 1,
35.4 per cent for Type 2, and 35.9 per cent for
Type 3.

These results are definitely lower compared to
Lthose obtained by I. H. Dobrova in the Estonisn
SS5R after immunization with trivalent vaccine
in the winter-spring season (see Tahle 18),

In the Moscow and Karaganda regions, where
vaccinations had been carried out in the summer,
establishment of vaccine strains was prevented
by extremely wide dissemination of non-polio-
myelitis enteric viruses during this period. In
favor of possible inhibiting influence of entero-
virus season is the fact that the least satisfactory
results were obtained in children’s homes L. and
R. where considerable extent of ECHO and
Coxsackie virus carriage had been found {Table
18).

And yet, despite the unfavorable effect of
enteric virus carriage, one feeding of trivalent
live vaccine resulted in significant changes in
antihody patterns compared with pre-vaccination
status In that 128 children of 223 seronegatives
converted to triple positives. Fifty-one of 60
triple-negative children developed antibody to
ene or more types of poliomyelitis viruses, and
only nine children remained triple negative
(Table 19 and Fig. 4}.

Best results in regard to incresse in the per-
centage of children with antibody to all the three
types were ohserved in children from different
towns and settlements of the Moscow region (68.4
per cent) not vaccinated previously with killed
vaccine (Table 20). In the Karaganda region
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TasLe 11. Freguency of Type 1 Virus ExcreTioN BY WEEKS
(Carorex’s Homes No. 5 axp No. 10}

WeEK
NUMBER OoF CHILDREN 1 2 3 4 14 58
Tested 09 ! 101 86 118 1M
Excreted virus 70 29 47 31 97 41
Per cent 70 47 46 36 82 40

TaBLE 12. FREQUENCY oF TYPE 2 VaccINE Vikus ExcrETioNn BY WEEKS

WEeEE
NTUMBER OF CHILDREN 1 2 3 4 1-4 5-8
Tested 99 61 101 26 118 - 101
Exereted virus 76 34 61 40 103 46 B
Per cent of excretion 77 56 6O 45 87 45

TasLk 13. FreQuENCY oF TyrE 3 Vaccine ViRus ExcreTioN BY WEEKS

- WEEK
Numerr or CHILDREN 1 2 3 4 14 5-8
Tested 99 B 61 101 95 118 101
Excreted virug 47 36 34 20 76 36
Per cent of exeretion 47 60 33 30 64 a5

TapLe 14, Summary TABLE oN THE FREQUENCY oF Types 1, 2, anND 3 VACCINE VIRUS EXCRETION
BY WEFKS (IN FER CENT)

WEEK
Vinvs TyYee 1 2 3 4 14 5-8
1 70 47 - 46 36 82 40
2 ki 56 ) 60 46 87 45
3 47 60 33 30 64 35
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Fic 1. Ezxcretion of Types 1, 2, 3 vaccine viruses by children immunized with trivalent

live vaccine from Sabin’s strains.

TaprLe 15. EsTABLISHMENT oF TYPE 1 VaccinNe Vinus N Persons ImmoNizenp WiTH TrRivALENT LIVE

Vaccing, IN RELATION TO THE PRESENCE OR ABSENCE OF POLIOMYELITIS ANTIBODY

ANTIBODY
CHILDREN 1° 1°¢ 2° 3° 1+ 1+2483+
No. tested B - 24 40 33
Exercted virus 43 12 12 9
Per cent 50 50 30 27

the number of triple positive children increased
by 56.5 per cent, while in children’s home L. in
the Moscow region only by 23.1 per cent. Sum-
mary data on the increase in the number of chil-
dren with antibody to all the three types of
poliovirus vaceinated during summer were only

4.6 per cent lower than those obtained in winter
vaceinalion with trivalent vaccine. (Estonian,
S5R data by . H. Dobrova). The increase in the
number of children developing Type 2 antibody
differed from that observed in the winter only by
5.4 per cent. A greater difference between the
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Fre. 2. Examples of simultaneous multiplication of vaccine sirains on feeding live trivalent vaccine.

TanLe 16, EstaBLisuMENT oF Tver 2 Vacawe VIRUS 1N Persons IMMUNIZED WITH TRIVALENT

Live Vaccing, 1N ReramioNn 1o THE PHESENCE OR ARSENGE 0F POLIOMYELITIS ANTIEODY

ANrIRODY
CHILDREN T - B
2e ‘ 1° 90 g° ‘ 24 142434+
No. tesied 50 L 24 [ 86 33
Fixcreted virus 4] ‘ 20 | a7 11
Par cent 82 71 31 30
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Fic. 3. Examples of simultaneous multiplication of vaceine strains on feeding live trivalent vaccine.

TarrLe 17. EstasLisHMENT 0F TypE 3 VaccNE VIRUS IN Persons IMMUNIZED WITH TRIVALENT
Live Vaccing, 1N RELATION To THE PrEsENCE OR ABSENCE OF PoOLIOMYRLITIS ANTIBODY

ANTIBODY
CHILDREN T -
3° 1°2°3° 3+ 1+243+4
No. tested 96 24 40 33
Exereted virus 28 & 15 13
Peor cent 29 33 37 39

number of children developing antibody after
vaceination in the winter and in the summer was
observed for Type 1 and Type 3 antibody (17.2
and 9.0 per cent, respectively).

Table 21 and Figures 5, 6, and 7 present anti-
body titers in vaccinated children. It may be
seen, that Type 1 antibody developed most often
in titers 1:16-1:64; 25 per cent of the children
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TasLe 18, AnTiBODY REsponse IN SERONEGATIVE CHILDREN ONE Montn AFTER ONE Freping
With TRIVALENT LIVvE VACCINE

AnTiBODY DEVELOPMENT 1N GROUPS OF “NEGATIVE'" CHILDREN

10 20 30
i° 2° 3° -
Tyre L Tyre 2 Trew 3
No % No. % No. s No. % No. A No. A
Moscow region 57« | 731 | 82 |91 | 60 608 | 19 1813 | 24 | 771 | 18 | 531
(towns and 78 92 86 3 3 31
distriets)
L. children’s o V500 | 18 | 750 | 11 | 280 | 7 |368 | 15 | 780 | 4 |210
home 32 20 38 19 19 19
Karagands 19 | 594 | 15 |682 | 15 [565 | 1 |100| 4 (400 ]| 5 [500
rogion 32 22 27 10 10 10
Moseow and Y2 | 648 | 85 (802 | 86 | 560 | 27 | 450 | 43 | 717 | 27 | 450
Ka.raganda‘ 142 106 isl 60 60 60
regions
{(summary
data)
Estonian SSR 28 | 718 | 20 (833 | 8 |33 8 {615 | 10 |760 | 10 | 760
(data by I. N. 39 24 30 13 13 13
Dobrova)
» 57

7557 of 78 children formerly Type 1 negative, developed Type 1 antibody.

TasLe 19. AxTiBopY PaTTERNs BEFORE VaccinaTion anp One MontH AFTER OnE FEEDING WiTH

TRIVALENT LIVE VACCINE FROM SABIN STRAINS IN 223 CHILDREN WITH ANTIBODY DEFICIENCY

BEFORE VACCINATION

One MoNTH AFTER

No. oF CHILDREN % No. or CInLDREN o7
000 60 B 26.9 9 4.0
N 004 12 54 5 2.2
o+0 o 37 16.6 - 25 11.2
0+ + 33 B 14.8 14 o 6.3 7
7 +00 7 3.1 8 o 3.6 o
+0+4+ o 27 121 5 2.2
440 47 B 21.1 29 13.0
+—++ 0 0 128 :W o 5;—“




Virologic, Serologic Investigations of Immunization With Sabin’s Strains 253

BEFORE VACCINATION ONE MONTH AFTER

Ry Type | 7] Type 0 Bl 7yee 0

Fi6, 4. Antibody patterns before vaccination and one month after one feeding with trivalent live
vaccine from Sabin’s strains (Moscow region).

TARLE 20. INCREASE IN THE NUMBER oF CHILDREN Possessing ANTIBODY To THE THREE TYPES OF
Portovirns ONE MontH ArTeER ONE FEeEDING WiTH TRIVvALENT LIVE VACCINE

INCREABE oF NUMBERS 0F CHILDREN WITH ANTIEODY TO
NUMBER
OF 3 lypes Type | Type 2 ‘Type 3
CHILDREN
No. A No. A No. LA No. %

Moscow region 133 91 68.4 57 429 78 58.7 55 41.4
{towns and
districts)
L. children’s 39 9 23.1 16 41.1 16 410 12 28.1
home
Karaganda region 51 28 54.9 16 31.4 13 25.3 13 25.5
Mogecow and 223 128 56.6 59 39.9 79 35.4 80 35.9
Karaganda
regions
(summary data)
Estonian S8R 49 30 61.2 23 57.1 20 40.8 22 44.9
(data by I. N.
Dobrova)

developed Type 2 antibody titers of 1:256 or Analysis of age distribution of antibody
preater. The lowest titers after one feeding (Table 22) showed that one month after one
were obszerved with Type 3 antibody: half of the feeding of trivalent live vaccine Types 1 and 3,
children had Type 3 antibody in titers 1:16. antibodies were produced in a higher portion of
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TaBrLE 21. ANTIBODY TITErs 1N CHILDREN DEVELOPING ANTiBOpY OnkE MonTH AFTER ONE FEEMNG
Wit TrivaLeEnT LIVE VACCINE

ANTIBODY DEVELOPMENT TO
Tyew 1 Trrer 2 Tyru 3
SERUM Dn,urion —
No. oF No. or No. or
CHILDREN % CHILDREN % CHILOREN %
14 7 84 1 1.2 8 10.4
1:8 9 10.8 12 14.3 7 9.1
1:16 16 19.3 13 15.5 24 31.1
L:32 18 21.7 14 16.7 15 19.5
1:64 9 10.8 17 20.2 7 0.1
1:128 17 2.5 6 7.1 Il 14.3
1:256 and greater 7 8.4 21 25.0 5 6.5
Total: 83 £00.0 84 100.0 77 ].Ub.O
AFTER IMMUNIZATION TOTAL 241
1:512 L)
® seee a Tesessas '
S*osdasey
1:256 [ 1) [ ] [ ] -p L] L] .0 00be
peses
1:128]  gpges  eeeee setessee  ses 20002 sesreme e
1:64 L - - [ ] P [ ]
1:32|  gpopeee *s0e stes  seeesee 'y
1:16 m . suoe .
1:8| eeess s o .
1:4( oeee »
1:4 m »
BEFORE IMMUNIZATION
1:4 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512
76 10 12 28 25 35 13 39 3

Fic. 5. Rise of Type 1 antibudy titers one month after vne feeding with live trivalent vaccine from
Sabin’s strains (Moscow region).
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AFTER IMMUNIZATION TOTAL 241
1:512] seeseese wese ey w m ...:. ::::: sepetae L0
5!50 i
1:256 *5009 . . [ P . -eee -
1:128 e ) . st «onne st e e s
1:64 m e L) ) - RN . .
1:32 ovssseeses o 2] »e L L 1] L] [ 1] .
1:16| evevestss [ 1] - .
1:8] wssenss . [T1]
1:4 o [
T1:4| secsestess
* BEFORE IMMUNIZATION
1:4 1:4 1:8 1:16 1:32 1:64 1:128 1:156 1:512
&3 14 15 n 28 29 18 49 4

Fic. 5. Risc of Type 2 anlibody titers one month after feeding with trivalent live vaccine from Sabin’s

strains (Moscow region}.

AFTER IMMUNIZATION TOTAL 241
1:512 ] e sovane - asen . tsrae
1:256 an sse aw see . '™ .
1:128| etevesee wee “"oe sage FHEGRSTE SEBERED  sEERLEe s
1:64] esevss .. e .
1:32 | sgesre . .- sssesese saane . -
1:16| geentegy v s sgesrestes eeer
1:3] eeseee see e .
1:5] veese (1] .
1:4 ==o- L] b *
setoates BEFORE IMMUNIZATION
1:4 1:4 1:8 1:16 1.32 1:64 1:128 1:256 1:512
83 13 21 42 <du) 23 1 17 1

Fi. 7. Rise of Type 3 antibody titers one month alter feeding with trivalent live vaccine from Sabin’s

older children: 33.3 per cent of Type 1 negative,
and 27.8 per cent of Type 3—mnegalive children
The corresponding figures
for children one to three years of age were 50.0

acquired antibody.

strains (Moscow region).

per cent and 360 per cent, respectively, for
children three to seven years 87.7 per cent and
75.5 per cent, respectively, and for children
seven to 14 vears, 94.1 per cent and 78.9 per
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cent, respectively, It is possible that children
of older-age groups have had previous polio-
myclitis infection experience which was not mani.
fested by the development of antibody detectable
by the pH test.

At the same time, one must take inte account
the fact that younger children are more exposed
to infection with enteric viruses which evidently
prevented good immunelogic response to vaceine
strains fed in summer.

In contrast, Type 2 antibody developed in 80.0
per cent of the children under one year of age.
The impression is that younger children are more
susceptible Lo Type 2 virus or that Type 2 virus
is less inhibited by “wild"” enteroviruses present
in the intestinal tract. Type 2 antibody developed
in 56.7 per cent ol the children aged one to three
years, in 97.3 per cent of the children three to
seven years, and in 94.1 per cent of the children
seven to 14 years.

Refeeding trivalent live vaccine one month
later did not result in considerable improvement
of the results obtained after first feeding. While
in the L. children’s home the percentage of chil-
dren acquiring Type 1 antibody after ene feeding
did not change onc month after refeeding, in
Karaganda some decrease was even found in
nutbers of sera with low titers, which was re-
flected, though not considerably, in summary re-
sults. In groups of children without pre-vaccina-
tion Type 2 antibody both in the L. children’s
home and in the Karaganda region, there was
some increase inthe per cent of children develop-
ing Type 2 antibody (11.8 per cent). Greater
changes were observed in increase of Type 3
antibody, especially in the L. children’s home
(from 28.9 per cent after first feeding to 48.5
per cent after refeeding). Probably, by the
time of refeeding, the inteslinal virus carriage
preventing Type 3 vaccine strain multiplication
had been reduced, which led to more extensive
multiplication of vaccine strains and produced
further rise in antibedy levels, which was re-
flected in general antibody rise by 16.4 per cent
(Table 23).

Comparison of the results observed one month
and three to four months after two feedings with
trivalent live vaceine from Sabin strains, reveals
a certain reduction in the percentage of children
acquiring Type 1 antibody (by 10.5 per cent)

and a small increase to Type 2 (hy 3.4 per cent)
and Type 3 (by 2.6 per cent) poliomyelitis anti-
body (Table 24}.

The lack of significant improvement of the re-
sults at later periods, and even a certain reduc-
tion of Type 1 antibody, is evidently related to a
drop in titers in cases of incomplete immunity,
as a result of interference by enteric viruses and
of reduced opportunity for contact transmission
of Type 1 and Type 3 viruses inhibited by Type
2 vaccine virus multiplication. As surveys of
vaccine contacts showed, they had predominantly
Type 2 virus carriage, accompanied by antibody
production. Thus, the children were deprived
of additional immunization with Types 1 and 3
poliovirus vaccine.

For investigation of contact Lransmission of
vaceine polioviruses under conditions of vac-
cination with trivalent live vaccine in the sum-
mer, 21 of 93 children in c¢hildren’s home L. and
21 of 63 children in children’s home R. were lefl
unvaccinated and in contact with vaccinees.

Virologic invesligation of stool specimens dur-
ing the period of contact with vaccinees showed
that all children under obscrvation at one time
ar another were carriers of enteric viruses of
non-poliomyelitis nature, helonging mainly to
ECHO-8 viruses or Coxsackie B-1. Despite ex-
tensive dissemination of enteric viruses, many
children in contact with vaccinees picked up vac-
cine viruses and hegan to excrete them,

Of 21 children, seven exereted Type 1 polio-
virus, 13 Type 2, and 10 Type 3. About half of
the children after contact with the vaccinees be-
came carriers of all three types of poliovirus. The
greatest frequency ol excretion of three vaccine
viruses in the younger children of from five to 16
months was observed before contacl as possessing
no antihody to any poliovirus types. Of nine
such children, five excreted Type 1 virus, eight
Type 2, and seven Type 3 virus. Smaller num-
bers ol children developed antibody: three to
Type 1, seven to Type 2, and three to Type 3.
The other children possessing poliomyelitis anti-
body before contact developed rise in titers, par-
ticularly to Type 2 (Figures 10 and 11}).

Under condilions of mass virus carriage of
non-poliemyelitis enteroviruses (ECHO -8, 3, 14,
17,19, and Coxsackie B-1) establishment of vac-
cine viruses and serologic response in those vacci-
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OMNE MONTH AFTER SECOND FEEDING
WITH TRIVALENT VACCINE.

JULY-AUGUST 1939
olo
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TWO WEEKS AFTER ADDITIONAL FEEDING
WITH CANDIED VACCINE TYPE I.

TarLE 25.

FEBRUARY 1960

Children’s Homes L. and R.

IsoLATION 0F ATTENUATED YVirUs oF PortomMyenitis Tyee 1 rrom CIiLprRen (0-3 YRs.)
Wire Cyroparnocenic AceNTs “CPA--" anp Witnout CyroraTnoceNic AceNts “CPA—" Dumine

TWO WEEKS AFTER FEEDING WITH CANDIED
TRIVALENT VACCINE.
Fic. 8. Antibody patterns in children with antibody deficiency.

MARCH 1960

THE 14 Days Arrer IMMuNizATION
142 WEEEs 3+4 WEERs
CHILDREN _
CPA - CPA+ CPA - CPA+
Investigated 107 70 107 70
Virus isolated 68 17 45 17
Ter cent 63 24 41 24
nated with live trivalent vaccine from Sabin
strains are much lower, especially as regards
Types 1 and 3 viruses (Tables 25-28).

At the
same time simultaneous multiplication of three
types of vaccine viruses and non-poliomyelitis

enteroviruses was ohserved, with development of
respective antibody (Figures 12 and 13).

Immunologic resistance of the intestinal tract
to Types 1 and 2 polioviruses develops one to

one and a half months after immunization with
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Geometric mean

titer =
[T

- Type I

Type II
smess Type III

il

| LIl

il t e t ¥ monthe

F16. 9. Dynamics of antibody titers in seronegative children after two feedings with live liquid vaccine
Types 1, 2, 3; cundy Type 1; candy Types 1, 2, 3 (children’s home in Lyuberisy).

TaBLE 26. IsoLATION oF ATTENUATED ViRUs oF PoLtoMYELITIS TypE 2 FrROoM CHILDREN (0-3 Yrs.}
Wittt CyroraTocENc AGENTS “CPA--" anp WrtHoUT CYroraTHOGENIC AGENTS “CPA—" During
THE 14 DAys AFrer IMmmMuNizaTION

344 WEEEs

142 WEEKS
CHILDREN : i I
CPA— CPA+ CI’A— CPA+
Investigated 107 70 107 70
Virus isolated 71 21 59 29
Per cent 66 30 5H 24

live trivalent vaccine, despite the fact that by

this time some children are still virus carriers

after the first feeding. Tn contrast to this, Type
3 vaccine virus was excreted by a larger number

of children in children’s homes L. and R. after

the second feeding than after the first feeding.
One may suppose that, after the first fecding,
extensive multiplication of this virus was pre-
vented by the high extent of infection with non-
poliomyelitis enteric viruses. Thres months after
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Tanre 27. IsoLaTion or ATTENUATED ViRus oy Poriomyerrris Type 3 rrom Cumorren (0-3 Yes.)
WirH CYroPATHOGENIC AcEnTs “CPAL" anp Wrrnour CyrorarsocENIc AGENTS “CPA—" During
TuE 14 DAYS AFTER IMMUNIZATION

142 WEEES 3+4 WEEKS
JHILDREN -
CPA— CPA+ CPA— CPA+
Investigated 107 70 107 70
Virus isolated 44 2 34 14
Per cent 37 3 3 20
TarLr 28. ANTIBODY RESPONSE IN TRIPLE-NEGATIVE CHILDREN IMMUNIZED WITH TRIVALENT LIVE

Vaccing Unper Conprrions oF Mass LaTent Inrecrion WiTH Non-PorioMyeLrirs ENTERIC VIRUSES
(Comeoren’s Homes L. ann R.)

I}IEVELOPED ANTIRODY TO

NUMBER Tyee 1 TYrE 2 Tyre 3
oK S
CHILDREN No. No. %7 No. A
One month after 21 7 33.3 17 80.9 3 14.3
first, feeding
One month after 18 7 38.9 i5 83.3 7 38.9
second feeding

the second feeding with trivalent live vaceine,
immunologic resistance of the intestinal tract of
the vaccinated was tested separately 1o Type 1,
Type 2, and Type 3 vaccine viruses. Owing to
considerable spread of non-poliomyelitis enteric
virnses, the results of this test could be con-
sidered valid only in five cases for Type 1, in
nine cases for Type 2, and in three cases for
Type 3. TIn five children possessing no Type 1
antibody belore vaccination, Type 1 vaccine virus
multiplied after primary vaccination during four
to five wecks, and Type 1 antibody developed in
Liters 1:32, 1:128 in four children only. On test-
ing immunological resistance of the intestinal
tract three months after the second feeding, onc
episode of Type 1 virus excretion was observed
in one child, V.P., 10 months old (10%7 TCDj,,
per gram), whe had previously developed Type
1 antibody to the titer 1:128. Child P.T,, 23
months old, who had no antibody despite exten-

sive multiplication of Type 1 virus after first in-
gestion ol the vaccine, exhibited immunological
resistance of the intestinal tract to Type 1 virus.
Evidently, in this case, immunclogical resistance
of the intestinal tract developed without con-
current production of serum antibody.

Eight out of nine children without pre-vaccina-
tion Type 2 antibody, excreting vaccine virus dur-
ing four weeks after primary feeding, showed no
Child
LK., two vears old, who had previcusly excreted

multiplication of Type 2 vaccine virns.

Type 2 vaccine virus for one week and developed
Type 2 antibody in the titer 1:16 after the test
for the intestinal tract resistance, had one episode
of Type 2 virus excretion with 108 TCD,, of virus
per gram of feces,

In a special investigation of immunologic re-
sistance in children who had had poliomyelitis,
one episode of homologous Type 1 virus excre-
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7 P. Vova, 10 months
54 000 04320 01560
5 ANTIBODY :
P -
»” e Type |
3 ” ” o = Type li
2 -~ meam Type NI
-~
0
VIRUS EXCRETION
Type |
—1 [ [—]
| —— | — - Type Il
== ..._. i
_.__e. Type N
o)
- I—I10
el mn §f amm 50 ==
seams ov
——e 2o ¥ o ECHO 8
>0 s ) == -Sams § &
— ) e S § &
1 2 3 4 5 6 7 8 9 10

WEEKS AFTER BEGINNING OF CONTACT

Fic. 10. The effect of ECHO-8 virus carriage on

contact transmission of vaccine strains when trivalent

live vaccine from Sabin’s siraing was administered twice.

‘1

Fie. 11. The effect of ECHO-8 virus carriage on
contact transmission of vaceine strains when trivalent
live vaccine from Sabin’s strains was administered
lwice.

tion was observed in seven out of 22 children.
Type 3 vaccine virus did not multiply in one
child who had had Type 2 polivmyelitis and in
two children having had Type 3 poliomyelitis.
It should be noted that Type 3 vaccine virns did
not multiply alse in the intestinal tract of four
convalescents who had had Type 1 poliomyelitis,
three of them possessing no Type 3 antibody.
The same vaccine virus multiplied extensively in
the inteslinal tract of unvaccinated persons and
in one child four months old, after two ieedings
of trivalent live vaccine. The possibility cannot
he excluded that in these cases, there was non-
specific resistance of the alimentary tract to Type
3 virus in convalescents after Fype 1 polio-
myelitis,

When heterologons immunologic resistance
was tested in child A.13., three vears old, who had
had Type 1 poliomyelitis, extensive multiplication
of Type 2 vaccine virus was observed.
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The children who had been vaccinated twice
with trivalent live vaccine in the summer of
1959, received Type 1 vaccine incorporated into
dragée-candy in February 1960; and in March
1960, they received trivalent vaccine in dragée-
candy. Virologic investigation of fecal specimens
after these two additional feedings has not yet
been completed.  Serological investigation of
children {rom chidren’s homes L. and R. two
weeks alter final feeding showed that 75 per cent
of children with antibody deficiency developed an-
tibody to all three types of poliomnyelitis virus.
Type 1 antibody developed in 872 per cent,

LOG. TCD 50/6G.
6

5

Type 2 antibody in 100 per cent and Type 3
antibody in 76.2 per cent of children without
previous corresponding antibody {Fig. 8). At
the same Lime, increase of titers to all three types
was ohserved (Fig. 9).

Thus, in vaccination of younger children with
trivalent vaccine, best results were obtained with
regard to Type 2. Therefore, in order to avoid
interfering effect of Type 2 virus, primary vacci-
nation should be carried out with Types 1 and 3
viruses, and then trivalenl mixture may be given.
For revaccinations, trivalent live vaccine may be
used preferably in the form of dragée-candy.

42 43 DAYS

)

4 B 14 42 DAYS

Fre. 12. Examples of intcraction between vaccine strains and non-polio enteroviruses on two feedings
with irivalent live vaccine,
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_ ANTIBQDY B. Yura, 16 mo. " ANTIBODY Ch. Yaroslave, & me. i
104 10
. il 16 64 4 254 18 296 & 0 [lt]] 128 64 232 2048 B4 128
[ +% Bl oo GEEN B9 ’
/ ECHO-3 il
]1 hd — -
|
 E— bl

VIRU5S EXCRETION

Type |

Type Il

Type I

ECHG-B

1 ? 3 4 45 3 ! 8 5|0 weeks
1 LiLm
Weeks afier Typas 1--11ETIE

L

ANTIBOPY €5, 5 mo.
an el 00

ANMTIBODY G.M., 8 mo.

VIRUS EXCRETION VIRUS EXCRETION

Type | Type |
Type 1l ::% Type Il
Type 1Nl Type. NI

E Coxs. B-1

| 2 3 4 5 [ 7 1 § 11 weaeks

Lo Lo Lot m roa I

Frc. 13. Examples of interaction hetween vaceine strains and non-polin enteroviruses on two feedings
with trivaleni live vaccine.



DISCUSSION

CHAIRMAN Grar: The last three papers are
now open for discussion, that is, the papers by
Dr. Prem, Dr. Vonka, and by Dr. Voroshilova,

Dr. Hopes: The Chairman stated that he would
grant me a few minutes to speak about a new
method for determining antibody. This method
has heen described to a number of my North
American colleagues, but it has not been seen
by others since the results of this are in press at
the moment. We helieve the method to be simple
enough to be used for antibody testing on a mass
hasiz. We believe also that it is more sensitive
than any antibody method now in use.

The method which I shall describe very briefly
is based on the fact that a specific antibody re-
tards the spread of a radivactive virus up a strip
of filter paper. We think the test may have
practical importance because it requires only
0.1 ml. of serum. This can be ohtained by finger
puncture, which is the way we have done it. The
More-
over, the materials required, cost approximately
five cents.

I do net think that we have time to go into it,
but believe we can make this a very sensitive test,
perhaps more so than any now available. In con-
ducting the test hundreds of times, and in com-
paring it with standard neutralization tests, we
have obtained a very high degree of correlation,
something aver 95 per cent.

The present method we use is described in
Fig. 1. A strip of filter paper is used. Although
the figure shows only the first 23 centimeters, we
actually have it 29 centimeters long, ruled off in
centimeter spaces. This piece of fOlter paper is
then suspended from a cerk, and put into a tesi
tube. At the bottom of the test tube there is 0.5
cc. of radicactive palioviras suspension.

test can be completed in a few hours.

The particular virus in this test was Type 2
with a titer of 15,000 TCD;, per 0.1 ml. and radio-
activily of 15,000 counts per minute. One tenth
of 1 mL of the serum o be tested is spread across
space 3. The hottom part of the filter paper

STRIP WITH STRIP WITH
ANTIBODY- ANTIBODY-
NEG. SERUM POS. SERUM
| --zoNE 28 |- [T
G

~POLIOVIRUS-
RESERVOIR

Fr. 1

(space 1) is dipped into the virus, the paper
being allowed to became wet.

When the paper is wet all the way ap to the
top, it is taken out and put into an oven at
140° C.; this renders it non-infectious and makes
the radioactive phosphorus stick to the paper.
The paper strip is then fed into an automatic
scanning device which plots the distribution of
radioactivity on 8 graph.

266
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In the case of the strip which has an antibody-
negative serum on it, an almost straight line is
plotted. The bottom space moves somewhere
around 400 counts per minute and stays at this
level all the way up the strip, reaching 300 counts
per minute at the top of the striyp.

In contrast to this, when 0.1 ml. of serum with
a neutralizing antibody titer of 1:32 (as judzed
by eytopathogenic metheds) was put on the sec-
ond strip {space 3), the spread of radioactive
virus is retarded (is kept down), and it piles up
on the lower spaces. It starts out at a count
about 1,000 per minute, then plots a curve that
goes down to under 100. This whole procedure
takes about eight minutes for the counting.

I wish to point out that we could merely have
counted the hottom few spaces of the strip or the

o

top few spaces, which would have taken only a
minute or so, and the proper answer wonld have
heen obtained.

A mathematical expression can be found for
the curve of radivactivity of the immune serum
strip and a second one for the antibody-negative
strip. We therefore believe this to be a repro-
ducible physical phenomenon.

Figure 3 shows other examples of the effect of
specific antibody on movement of radioactive
Type 1 poliomyelitis up the paper strips.

Dur. Gagp: I should like to ask Dr. Vonka
whether he has tested the stability of the two
different activities he measured, the pH inhibition
and the cytopathogenic inhibition in some other
seta showing the greatest discrepancy; for in-
stance, permanent stability of the two factors and
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the possibility of removing some activity with
codeine or similar procedures.

Dr. Vonka: We are planning such experi-
ments. I agree perfeetly with Dr. Gard that the
first step in further investigation should be the
analysis of all the possible non-specific factors
which can play any role.

I should like to present some other results
concerning the problem of antibody avidity,
which may be of some interest. We investigated
the RVA in virus-serum mixtures, containing
sera, in which great discrepancies between the
pH and CF tests were estimated, by means of
virus titrations in tubes and by the plague-
counting method, as recommended by Dr,
Dulbecco.

These resulis were obtained within the last few
days and are shown in Fig. 1.

We have investigated two scrum specimens
taken in subject 18/HB as shown in the figure.
The first one was obtained three weeks after virus

was fed, the second nine weeks later. Mixtures
were prepared containing the final dilution of
serum 1:50 and 100,000 TCD;, of virus per 0.1
ml. They were incubated at 37° C. and at different
intervals samples were drawn and diluted 1:1000,
in order to have about 100 TCD,, of virus per
0.1 ml. inoculum.

The results achieved in the investigation of the
first serum specimens show that the virus inacti-
vation proceeded much more quickly when the
plaiue-counting method was used for RVA-esti-
mation than in tube titrations. On the other
hand, when the second serum specimen was
tested, approximately the same tesults were
achieved by both methods. I believe it rather
difficult to explain this phenomenon. It is pos-
sible, however, that the conditions under agar
overlay may prevent the virus antibody dissncia-
tion in the case of low avidity antibody, which
readily occurs when tube tissue cultures are used.
If this is true, the comparison of results achieved
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in the investigation of RVA by the plaque count-
ing method and by titrations in tissue culture
tubes may be helpful in estimating the quality of
antibodies.
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Fic. 1. The results of the residual virus

activity estimated by plaque counting method
and by virus lilrations in tubcs, in samples
drawn from virus-serum mixtures containing
1:50 dilution of sera taken three weeks after
virus was fed (Ss) and nine weeks later (S.).

D=r. Barow: I should like to ask Dr. Prem a
question concerning the calcnlated abortion rate
on the women fed vaccine virus hefore the 13th
weck of pregnancy.

Since in order to damage the fetus, the virus
must pass through the blood from the intestinal
tract. to the fetus, were these aburtion rates calcu-
lated on the basis of the pregnant women who had
no prior poliovirus anlibody so that the abgrtion
rate would reflect vulnerable fetuses?

Dr. Prem: No. This abortion rate was caleu-
lated from the entire group of women vaccinated
up o the 13th week of pregnancy. It includes
all, whether they had pre-feeding antibody titers
or not. Two of the four women who aborted had
unmeasurable antibodies prior to feeding. When
measured alier feeding, these two had significant
rises. There were at least 7 women in the entire
group who did not abort and who produced one
normal, negative, pre-feeding titer, that changed
to positive after feeding.

CuammaNy Gear: The program has been ar-
ranged so as to continue with two papers on a
similar subject. These will be presented by Dr.
Goldblum on “Virological Findings and Antibody
Response of Infants Fed Muliiple Type Oral
Poliomyelitis Vaccine”, and by Dr. Pagano on
“Routine Immunization with Attenuated Polio-
virus of 850 Children Living in Philadelphia.”
In view of the time factor involved, the discussion
on these papers will take place during the filth
sesgion.



3. VIROLOGICAL FINDINGS AND ANTIBODY RESPONSE OF
INFANTS FED MULTIPLE TYPE ORAL POLIOMYELITIS
VACCINE. A PRELIMINARY REPORT*

Sonwia LEVINE AND NaTaN GOLDBLUM

The Virus Laboratory
Ministry of Health, Tel Aviv-Yaffo, Israel

De. GoLoBLUM {preseniing the paper): Para-
Iytic poliomyelitis in Israel, as in certain other
areas of the world, is of & strictly infantile
character, and a high incidence of paralysis oc-
curs in infants, four to 12 months of age. * Anti-
body studies on infants of this age group have
shown that they are usually devoid of maternal
antibodies.® Thus, active immunization against
poliomvelitis at this age is highly desirable.
Attention has recently been called to the effect of
single—and multiple—type oral poliomyelitis
vaccines for immunization of infants.*”

In view of our specific interest to investigale
the advisabilily of early age immunization with
an attenuated oral vaccine under local condi-
tions, the present study was set up with the pur-
posc of determining the following:

1. Effectiveness of a multiple type vaccine

when fed 1o newhorns,

2. Effectiveness of the vaccine when fed to
infants, 1-4 months of age.

3, Tmmuneclogical response to one or two
feedings.

4. TIntestinal resistance to repeated feedings.

5. Possible interference bhetween poliomyelitis
types fed.

6. Paossible interference by naturally occurring
enteroviruses with implantation of fed
polioviruses,

Location of the field trial. The experiment is
being carried out in Kyriat Shmone, a newly
developed scttlement in upper Calilec. This
somewhat isolated town has a population of
14,000 composed of new immigrants represent-
ing many ethnic groups. A health center, under

* Alded by a grant from the Lederle Laberatorics,
Division of the American Cyanamid Company, Pearl

River, New York.

the auspices of the Ministry of Health, covers
preventive health services. A maternity ward
and child welfare clinic are attached to the
center. An average ol 50 infants are born
monthly in the maternity ward, Seven infant-
welfare subclinics serve the population. Phy-
sicians and qualified public health nurses are in
charge of the child wellare work in hoth the
health center and subclinics. This work was
carried out with the full cooperation of these
physicians and public health nurses.

Plan of the study. The siudy involves approxi-
mately 500 newborns and infants. Virological
and immunological follow-up was carried out
accarding to the following schedule:

Infants, 1-4 months old. There were approxi-
mately 200 infants of this age group in Kyrial
Shmone when this work was initiated. During
the month of December 1959, these infants were
brought to the health center and fed the oral
vaccine alter pre-feeding blood and stool speci-
mens were taken. Infants, one to two months
old, at the initial feeding were re-fed in April,
1960. Post-feeding stool specimens were col-
lected at weekly intervals for a period of four
weeks from all infants fed. Second blood speci-
mens were collected when the infants reached the
age of six to seven months, which is three months
after feeding.

Newborns. Approximately 300 newborns are
included in this study. Prior to discharge from
the maternity ward, the newborns, three to five
days old, were fed the oral vaccine. Those born
in December 1959 and January 1960 were re-fed
in February and March, respectively, two months
after the initial feeding. Post-feeding stool
specimens were collected at weekly intervals for
a period of four weeks. Cord blood was collected

270
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at lime of birth and a second blood specimen will
be taken from the infants when they reach the age
of six months.

Oral poliomyelitis vaccine. Individual doses of
trivalent oral vaccine, “Orimune”, lot No.
7-1238-804A, in vials containing 2 ml., kindly
supplied by the Lederle Laboratories, Pearl
River, New York, were used for {fecding. Prior
to fecding, the vaccine was titrated for whole
virus content and found to contain 10%2 TCD,,
per dose.  Sinee Type 2 poliovirus was found
to be absent in numerous post-feeding stool
specimens tested, a titration was carried out for
the quantilative estimation of the poliovirus types.
The trivalent vaccine was found to contain:
Type 1-1057 TCDy, Type 2-10¢+2 TCD,,, and
Type 3-10%2 TCDy,.

A new lot of poliomyelitis oral vaccine, No.
7-1238-812A1, was reccived in March 1960, Titra-
tion for whole virus content showed 10** TCD,,
per dose. Titration for estimation of the indi-
vidual type concentrations showed: Type 1.10%%,
Type 2-10°7, and Type 3-10°°. The new lot of
vaccine is being used for refeeding of the infants
and continued feeding of newhaorns,

Laboratory studies. Virus isolations from stool
gpecimens: rectal swabs were collected in 2 cc.
medium consisting of Hanks’ solution and 0.5 per
cent lactalbumin cnzymatic hydrolysate. Speci-
mens were kept at —20° C. until used. For prep-
aration of the stool suspension, the swabs were
thoroughly rinsed in the medium and centrifuged
at 3000 rpm. for 20 minutes. The supernatant
Auid was decanted and antibiotics added as fol-
lows: 200 units of penicillin, 200 micrograms of
streptomycin, and 100 units of mycostatin per
ml. of stool suspension. Monkey-kidney ceil
cultures {MKCC) were prepared from Rhesus
monkeys in growth medium consisting of Hanky’
solution, 0.5 per cent lactalbumin enzymatic
hydrolysate, 2 per cent calf serum, and 0.22 per
cent sodium bicarbonate with a final pH of 7.6.
Stool suspensions, in 0.2 cc. amounts, were inocu-
lated into three MKCC tubes and observed for
CPE ior a period of seven to 10 days.

Identification of strains. Pre-feeding stool
specimens showing CPE were typed by the neu-
tralization test using immune sera against polio-

virus Types 1, 2, and 3, ECHO virus Types 1-14,
Coxsackic B virus Types 1-5, and Coxsackie A9.

The immune poliovirus horse sera were kindly
supplied by Dr. V. J. Cabasso, Lederle Labora-
tories, New York. Post-feeding cultures showing
CPE were carried through neutralization tests,
using pooled pairs of poliovirus immune sera.
Specimens containing mixtures of poliaviruses
with other previously identified enteroviruses
were typed by adding the immune serum of the
identified enterovirus Lo the pooled pairs of im-
mune polipvirus sera.

Antibody tests. Neutralization tests were car-
ried out on the pre- and post-feeding sera simul-
taneously. All sera were inactivated for 30
minutes at 56° C. prior to testing. The serum
samples were then prepared in fourfold dilutions.
Approximately 100 TCD,, per 0.25 ml. of polio-
virus Types 1, 2, and 3, respectively, were added
to an equal volume of the respective serum dile-
tions. The mixtures were incubated at 37° C. for
lwo hours and then inoculated into MKCC tubes,
Results were recorded after seven days of incu-
bation at 37° C.

RESULTS

This preliminary report deals only with two
aspects of the study: (1) virological and sero-
logical findings on 65 infants, three to four
months old, who had been given a single dose of
oral multiple peliomyelitis vaccine, and (2) effect
of naturally occurring enteroviruses on the
virological and serological response to the polio-
virus types fed, in 14 infants, one to four months
of age.

Table 1 is a summary of the virological find-
ings in the post-feeding stool specimens taken
from 65 infants, three to four months old, whose
pre-feeding stools were free from enteroviruses.
At first glance, the complete absence of Type 2
poliovirus is noted, while both Types 1 and 3
were repeatedly isolated from 71 per cent of the
infants, Failure to isclate any of the poliovirus
lypes fed occurred in only 6 per cent of the in-
fants examined. Isolation of a single type only
was found in 14 per cent for Type 3 and 9 per
cent for Type 1 poliovirus. A consideration of
the total number of infants who excrcted palio-
virus Type 1 or Type 3, singly or in combination,
shows the percentage to be 80 for Type 1 and
85 for Type 3.
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Tasre . Vizovogicar Isorations raom In-
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The corresponding immunclogical response is
summarized in Table 2. Again we find a high
per cent of the infants responding to poliovirus
Types 1 and 3, isolated {rom their stool speci-
mens. Considering response to single types, it is
seen that 77 per cent of the infants responded to
Type 1, and 86 per eent to Type 3.

Details of the immunclogical response are
illustrated in Fig. 1. Here are shown pre- and
post-feeding antibody titers to Types 1 and 3
poliovirus. The infants show comparatively high
titers in their post-feeding specimens, as com-

body titers for Type 3 are somewhat higher than
those for Type 1 which may indicate that this
Type 3 poliovirus is a better antigen.

Correlation between the virological findings
and serclogical response are indicated in Tahle
3, which demonstrates almost complete correla-
tion between Dbuoth methods of followup of the
poliomyelitis virus fed. Tncomplete correlation
is noted in five children only. Three infants
who had excreled Type 3 poliovirus in their stool
specimens, showed antihody response to both
Type 3 and Type 1, while two other infants who

pared to their pre-feeding specimens. The anti- had excreted Types 1 and 3 simultaneously, re-
7yPE 7 TyPe 3
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Fic, 1. Antibody titers in pre- and post-feeding blood specimens of infants 3-4 months old, after
feeding oral poliomyelitis vaccine.
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sponded serclogically to a single Type 1 or 3,
respectively,

Table 4 shows virological findings and anti-
body titers in the post-feeding specimens of 14
“triple negative” children, i.e. children without
maternal antibedy, Attention is called to child
76, the only infant who excreted poliovirus Type
2 and showed a corresponding rise in antibody
titer. In the other infants, high antibody titers
were obtained to polioviruses isolated from their

TaBre 4. Poriovirgs ISOLATIONS AND ANTI-
Bony REesponse 1N “TrIrLE NEGATIVE” INvANTS,
34 Mowtus Oup, Arrer Feenixe Orarn Powto-
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»+ Type 1 was isolated in one stool specimen, Type
3 was isolated from all 4 stool specimens,

stool specimens, again indicating adeqguate anti-
body responses to the types of poliovirus isolated
from their stool specimens,
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In Table 5 virclogical and serological results
are shown in seven infants whose pre-feeding sera
showed the presence of antibodies in titers of
1:16 to 1:64 to both Types 1 and 3 poliovirus.
The relatively high antibody titers to the
homologous types of polioviruses excreted, dem-
onstrate little or no eflect of maternal antibodies
on both virus excretion and the resulting anti-
hody titers.

Of approximately 153 infants, one to four
months old, 16 per cent showed the presence of
an enterovirus in their pre-feeding stool speci-
mens. Complete results of the virus iselations in
pre- and post-feeding stool specimens, as well
as antibody titers on pre- and post-feeding blood
samples, have thus far been obtained on 14 of
these infants.

Tables 6a and 6bh summarize the virological
and serological findings. In Table 6a are in-
cluded seven infants from whose pre-feeding stool
specimens enleroviruses were isolated and identi-
fied as Coxsackie B5 and A9, and ECHO 2 and 14,

Children Nos. 40 and 8 exereted Coxsackie B5S
in both the pre- and post-feeding stools, This did
not seem to interfere with the multiplication and
excretion of the vaccine polioviruses, nor did it
affect the antibody response which was high to
both poliovirus Types 1 and 3 excreted. Infant
No. 91 did not show the Coxsackie strain in the
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TABLE 6A. VIROLOGICAL FINDINGS AND SEROLOGICAL REsPons®e 10 Onal PoLioMYELITIS VACCINE
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post-feeding stool specimens. Type 1 poliovirus
only was excreted and a somewhat lower antibody
response was found to the type excreted. Infamt
No. 149 also excreted Types 1 and 3 in the post-
feeding stool specimens, but responded serologi-
cally only to Type 3 and failed to show antibodies
te Type 1 poliovirns. Child No. 133 excreted

Type 3 in one stool specimen but Type 1 in all
four stool specimens. The serological response,
as observed, was mainly to Type 1 and very low
to Type 3 poliovirus. Infants Nes. 101 and 18
excreted both Types 1 and 3 and showed a com-
paratively high antibody titer to both.

Table 6b illustrates results obtained on seven

TaBLE 6B. VIROLOGICAL FINpINGS ANp SEROLOGICAL REspownse to Orat PorLiomyrLITIS VACCINE
w Ineanrs Witw Par-rreping Extirovirus v THEIR STooLs
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additional infants from whose pre-feeding stool
specimens an enterovirus was isolated but was
nat identifiable with the immune sera on hand.
Here the picture is somewhat different; only
child No. 30 showed consecutive isolations of
Types 1 and 3 poliovirus with a corresponding
serological response. Two infants, Nos. 19 and
126 responded to a single type only. Four chil-
dren did not execrete any of the vaccine viruses
nor did they show any antibody response in their
post-feeding sera. An unidentified virus isolated
in the pre-feeding specimen from infant No.
71 was again isolated from two post-feeding stool
specimens,

COMMENT

Several points emerge from these findings, It
has becn shown that infants three to four months
old, readily excrete the poliovirus strains fed for
a period of at least four weeks. Ounly 6 per cent
of the infants fed did not excrete any of the polio-
virus types fed. These findings compare favor-
ably with results obtained in older children.®™
Resulis of the virological findings, together with
the corresponding homologous serological re-
sponses, indicale by the percentage of positives,
as well as the high antibody titers, that infants
three to four months of age may be effectively
immunized with a multiple type oral poliomye-
litis vaccine. Tt is regretted that no adequate
information has been obtained with regard to the
Although the Lederle Type
2 strain has been previously reported to be poorly
excreted,™ ** the almost total absence of this
strain in the post-feeding stool specimens of in-
fants fed the oral vaccine and the corresponding
negative antibody response may be assumed to be

Type 2 poliovirus.

due to the low concentration of this poliovirus
type in the trivalent vaccine used for feeding.
A very high correlation between poliovirus
types isolated and the corresponding antibody
response has been demonstrated, indicating that
the techniques used for virus isolations and
identifications were satisfactory.
mately 70 per cent of the infants studied, two
types of the vaceine polioviruses multiplied ade-
quately as judged by virus isolations and the
immunological response. In a small per cent
only a single type multiplied ; this may be due to
either interference between the poliovirus types *°
or to facters associated with individual responses.

In approxi-

Presence or absence of maternal antibodies did
not seem to affect virus excretion or homotypic
antibody response although there were too few
children with high antibody levels to draw defi-
The studies on the children ex-
creting enteroviruses other than polioviruses
demonstrate that the problem of interference is
nol as serious as previously reported. Of the 14
infants observed, 10 showed multiplication of at
least one, and mostly of both poliovirus types fed,
sometimes in combination with the pre-feeding
enteroviruses, Lack of interference in the
majority of the infants may be the result of the
high dose of the multiple type oral vaccine ad-
ministered, as previously suggested by Cox
et al.* and by Sabin."!

nite conclusions.
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4, ROUTINE IMMUNIZATION

WITH ATTENUATED POLIOVIRUS

OF 850 CHILDREN LIVING IN PHILADELPHIA,
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Dr. Pacano (presenting the paper): The inci-
dence of poliomyelitis increased in Philadelphia
in 1958; half the cases occurred in children less
than five years old who lived in a densely popu-
lated section of the City. A study was under-
taken, as an outgrowth of this increase, to ex-
plore whether orally administered polio vaccine
could be used as a practical public-health meas-
ure in city clinics. The antibody responses and
reactions Lo vaccination with attenuated polio-
virus of infants and children attending health
clinics for routine immunizations were studied in
the section of the City where most of the cases
had occurred the previous year.

This is the first sindy in the United States of
the use of living attenuated poliomyelitis vaccine
in-a substantial number of susceptible children
living normally within a large city. Other investi-
gations have been conducted in housing projects*
and as household studies.** This study was
conducted within the population shown by sev-
eral urban cpidemics to be most in need of im-
munization and least likely to get it: children
less than flve years of age in the lower income
groups.**®

Children in the Study. Between January and
July 1959, 850 children were given Type 1 vac-

* This study was supported by a U.S, Public Heallh
Service Grant, National Institute of Allergy and In.
fectious Disease.

1 Dr. Pugane and Dr. Plotkin {Research Associ-
ates, The Wistar Institute; Epidemic TIntelligence
Service Officers, Communicable Dsease Center, U.S.
Public Health Service, Atlanta, Georgia) ; Dr. Janow-
sky (Director, Division of Epidemiology, Philadelphia
Department of Public Health); and Dr. Konrowski
(Director, The Wistar Institete}. The participation
of Drs. Paguno and Plotkin in this study does not
imply endorsement by the Public Health Service;
the opinions are those of the authors,
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cine; 805 of these children were also given Type
3 vaccine, and 335 were given Type 2, in se-
quence, at four-week intervals. The age distribu-
tion of the children is given in Table 1; 79 per
cent were less than two vears old.

Viruses Used for Immunization. The viruses
and concentrations were: 10%7 TCID,, CHAT
(Type 1), 1057 TCID,, W-Fox {Type 3),7 and
10°* TCIDs P-712 {Type 2).° The vaccines
were administered by health-center nurses who

Tarpre 1. Ace DistRIBUTION OF THE CHILDREN
TN THE STUDY

Age No. Per cent
Bled#

1-1/2 o< 2 mo. 3k L7

2 to <3 mo. 152 11

3 te <} mo. 109 28

L4 to <5 mo. 78 33

5 to <6 mo. 72 1n

6 to< 12 mo. 157 20

1te<2yr. T g1l

2 to <3 yr. 3 30

3to {Lyr. 53 21

L to 5S¥yr. 62 21

Untknown & a3

All Apes 850 28

¥ Before vaccination.
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squirted the strain of virus, suspended in one
cubic centimeter of phosphate-buffered saline
solution, into an ounce of milk in the infant’s
bottle or into a cup of chocolate milk.

Serologic Sampling. Twenty-eight per cent of
the children were bled at random before vacci-
nation so that a significant sample (about 20 per
cent) of paired sera would be obtained (Table
1). Neutralizing antibedy titers were determined
in paired pre- and post-vaccination sera from the
same child by the metabolic inhibition test.*

Serologic Findings Before Vaccination. In the
group one and one-half to three months old only
17 per cent of the sera were without any detect-
able antihadies (titers <71:8), as shown in Table
2. However, by the age of four to five months
the percentage of sera without antibodies had
risen to 60 per cent, a rcflection of the rapid
loss of transplacentally acquired antibodies.
Antibodies had dropped to nondetectable levels
in virtually all children one-hall to one year uld
{Tuble 2). Thereafter, the percentage of sera
without antibodics declined until it was 40 per
cent in the three-to-five-year group, presumably as
a consequence of natural infection with polio-
virus.

Susceptibility of Population. During a period
of about three years—from four months to three
years of age—the children in the study were
highly susceptible to poliomyelitis: 66 per cent
of the children in this group were without polio
antibodies of any type. In addition, most of the
children less than four months, who had maternal
polio antibodies before vaccination, could be ex-
pected to become susceptible within two months,
as indicated by the sharp increase in children
without antibodies in the four-to-five-month group
{Table 2).

Health Inguiries After Vaccination. All chil-
dren were seen approximately four weeks after
receiving each dose of vaccine by a physician,
nurse, or city health worker in the clinic or at
home if the child failed to return. A summary of
the visits and the distribution of illnesses by
weekly intervals after vaceination is shown in
Table 3. The majority of children were well dur-
ing the course of immunizaiion, but many ill-
nesses were uncevered, mostly simple colds with-
out fever. Gastrointestinal illnesses and fever
without other symptoms were infrequently re-
ported.

TapLE 2. DistrRIBUTION OF POLIOMYELITIS ANTIRODIES BY AGE

Antibody Status Before Vaceination
Age of Serum Triple- Type 1 Type 2 Type 3
Children Titrations | Nepative | epative Negative WNegative
(No.) () 29 (%) (%)
1-1/2 to 3 mo. 52 17 27 5k 5
i to 5 mo. 20 60 75 85 80
1/2 to<1 yr. 17 82 88 ol 100
1 to<2 yr. 16 62 81 100 81
2 to <3 yr. 11 5S 91 82 73
3 to <5 yr. 10 L0 60 80 80
A1l Ages 126 Ll 58 70 67
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The miscellaneous illnesses were: earaches
(eight), mumps (four), insomnia (two), wheez-
ing, teething, pharyngitis, fretfulness, thrush, and
undescribed (one each). Seven children were
hospitalized: four for pneumonitis, two for bae-
terial meningitis proved by cerebrospinal fluid
culture, and one for herniorrthaphy. There was
one death: a three-month-old boy was found dead
five weeks after receiving Type 1 and ten days
after Type 3 vaccine; during this time the child
had seemed well.*

dren indicated a random distribution. In addi-
tion, no excess of any one type of illness was ob-
served in both study districts at a particular
interval after administration of a strain of
vaccine,

Community Surveillance. There were approxi-
mately 3800 persons, including 991 children five
vears old or vounger, in the 830 households of
vaccinated children.

Between the end of Janunary and the end of
July 1959, 97 cases of aseptic meningitis,

TaBLE 3. CoxpiTioN oF CHILDREN aND DISTRIBUTION oF JLLNESSES BY INTERVALS AFTER

VACCINATION
Interval Kind and Number of [llnesses Delin- Not
Vaeeine VAﬁ’” Cold Cold & Zxan— Fever GUough OCastro- Misc. | Total Well quent or Vacein~{ Total
agelnation Fever thema intast. 111 Iropped ated Children
\days} (No.) (Ro.) (No. } [CT]
1.7 2 6 6 8 b |3 2 52
8-l 24 6 5 3 N b )
Type 1 {1521 4 2 2 1 1 3 b 53 547 % 850
22-28 ¥ ¥ ud g 1 2 & 79
Cther# 25 10 7 3 6 3 3 °7
1-7 16 3 L 8 6 a7
81, 18 8 a L 1 3
Type 3 < 15-21 2y 10 2 1 ) Y 3 Ly S50 39 48 850
22.28 27 8 5 2 L 7 2 55
Cthers 25 9 & 1 1 2 2 b6
1-7 1 3 1 2 2 b4
Typs 2 1&-211{ g 13 H ! * %
I\ 3 1 16 251 16 51 B
2298 8 3 1 1 1 i 5 %
Other L 2 & 1 2 15

* Tllnesses occcurring after 28 days and after an unknown interval.

I Two from one district, 11 from the other.
& Three from one district, eight from the other,

The incidence of illnesses was similar during
each of the four intervals after administration of
each type of vaccine except for a slight predomi-
nance during the 22-28-day interval, possibly be-
cause the mothers tended to recall the illnesses
that had occurred during the period just before
the clinic visit.

Safety of Faccine. This was not a safety test.
However, no case of poliomyelitis, paralytic or
nonparalytic, occurred in a vaccinated child.
Analysis of the minor illnesses in vaccinated chil-

* Complete postmortem study, including histologic
exanmination of the hrain, the medulla, and the spinal
cord, and virologie study by The Pennsylvania State
Virologic Laboratery of frozen specimens of these
tissues in chick embyro, mice, and tissue culture failed
to reveal the cause of death or a diagnosis. No lesions
of poliomnyelitis were found,

encephalitis, and miscellaneous paralytic disease
that oceurred in the entire City of Philadelphia
were screened as possible cases of poliomyelitis.
Laboratory studies,t performed in each casc,
gave no evidence of poliomyelitis. On the basis
of these studies and the clinical findings, none of
the 97 cases was considered to be poliomyelitis
by the Department of Public Health.

The first isolations of poliovirus (Type 3) were
made in July 1959 from two children in whom
the onset of paralytic disease was June 11 and
June 19. The third case occurred July 19. The
three children, the only persens known to have
contracted po]iomyelitis during the study, lived in

T Courtesy of Dr. Klaus Hummeler, Chief, Common-
wealth of Pennsylvania Virus Diagnostic Laboratory,
Children’s Hospital of Philadelphia.
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TaBLE 4. Success oF VACCINATION AND MEDIAN ANTIBODY TITERS BY AGE AND SUSCEPTIBILITY

—Summary—
Mepian TITERR* QurcoME 0r VACCINATION
Aag Grour aAND PAIRED —_
YVACCINE PREvVACCINATION SERA Berorz AFTER SveckssruL  UNRUCOESSFUL
ANTIRODIES Vacc. Vace. (4-FoLp (Lesg Toan
RisE) T 4-FoLn RIsE)
(No.) (%) (%)
114 to 6 mos.
Presenti 7Y 8 64 97 3
Absent 22 <8 128 g1 9
(Total) (101) 8 (64) (96) 4)
Type 1
6 mo. to 6 yr.
Present? 34 16 64 65 36
Absent 32 <8 64 g7+ 3
(Total) (66) (8) (64) <7 (23)
114 to 6 mos,
Present. 30 16 64 93 7
Absent 19 <8 64 100
{Total) (49) (8) 64) (96) )
Type 2
6 mo. to 6 yr.
Present$ 7 16 128 20 71
Absent 25 <8 32 84** 16
{Tatal) {82) 8) (32) (66) (32)
114 to 6 mos.
Present} 63 8 64 100
Absent, 31 <8 32 g4 ¥ i}
{Total) (94) (8 (64) (95) (5
Type 3
6 mo. to 6 yr.
Present$ 32 16 128 69 3l
Absent, 32 <8 32 100+*
{Total) (64) (<8 (64) (78} (22)

* Tilers expressed as reciprocals of serum dilutions,

+In someg infants <6 mos. old with prevaceination antibedies, fourfold rises were calculated by comparison
with the expected titer based on the predicted decline of maternal antibodies (see text).

I Presumed te be of maternal origin.

#* Ineludes 2, 2, 3, and 4 sera, respectively, with & postvaccination titer of 8.

§ Presumed acquired by natural infection.

the study districts but were unvaccinated and did
not live in households of vaccinated children.
Thereafter, 19 more cases of clinically verified
poliomyelitis (16 paralytic) oecurred during the
remainder of 1959 in Philadelphia, eight in the
study districts but none in vaccinated children
or their households. Laboratory evidence of five

Type 3 and four Type 1 infections was ebtained,

An impression of the safety of the vaccine for
the community was obtained from the fact that
the vaccinated children were scattered through
the heart of the city, in which there were about
50,000 children less than five years old, About
half of these children were probably susceptible
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to poliomyelitis.¥ The three cases of poliomye-
litis that cccurred in Philadelphia during the
study were consistent with the pattern of the
disease, which has been seen early in previous
poliomyelitis seasons, both in Philadelphia and in
neighboring New Jersey.

Response to Vaccination. Vaccinalions were
judged successful if paired sera showed either
a fourfold rise in titer or a change in titer from
< 1:8 to 1:8 (the latter applied to 11 sera). In
children less than six months old who had con-
genitally acquired antibodies, vaccination was
considered successful if the observed titer after
vaccination was at least four times greater than
the expected titer at the end of Lhree months
(based on a predicted decline of maternal anti-
bodies of approximately four twofold dilutions
in three months).*®

The patterns of antibody
analyzed in Table 4 and Fig. 1.
bodies appeared in 91 per cent of the children
less than gix months old who huad lacked them.
Significant levels of Type 1 antibodies were also
found in 97 per cent of infants less than six
months old that had had antibodies at the time of
vaccination. A rise in Type 1 antibody Liter was
observed in only 65 per cent of children more
than six months old who had had antibodies;
however, in the same age group, 97 per cent of
children without antibodies had evidence of im-
munity after vaccination. The Type 2 and the
Type 3 rcsults in general showed similar rises
(Table 4).

The median titers for the three types showed
at least a fourfold rise in every group after vacci-
nation (Table 4). In contrast, the median titer
of 25 corresponding paired sera from children
who did not receive Type 2 vaccine remained
< 1:8 after vaccination.

Table 5 shows the distribution of the threc
types of antibodies in the same children before
and after vaccination. Before vaccination sera
from 33 children were without antibodies; after
vaccination 26 of these children had all three
types of antibodies, and seven had two types.
None of the 12 children with the three types of
pre-vaccination antibodies, which were in many

TESpOnses  are
Type 1 anti-

* Approximation based on figures in Table 2,
sssumed for the purposes of this estimuate 1o he
roughly representative of the population in the study
districts,

instances maternal in origin, lost them afterward.

Vaccination effected a substantial rise in antj-
body titer against all three types of poliovirus in
every age group, including infants, regardless of
the state of immunity (Table 4 and Fig. 1). (We
surmised that the Lransmission of virus to un-
vaceinated children was not a significant factor in
the analysis of this study, because the susceptibil-
ity of children entering the study did not vary
greatly, and because 92 per cent of the children
who did not receive Type 2 vaccine did not have
a rise in Type 2 antibodies.)

After vaccination all three types of antibodies
were detected in 85 per cent of the sera from
children given all three vaccine strains vompared
with 19 per cent beforc vaccination (Table 5}.
Few children appeared to be immunized against
only one type but left susceptible to ather types of
poliovirus,

SUMMARY AND CONCLUSION

Immunization with living attenuated poliovirus
of infants and children living normally in a large
city was essayed as a practical public-health
measure in rouline immunization clinics. CHAT,
Type 1, vaccine was given to 850 children one-
and-gne-hal{ months to six vears old; 805 of these
children were also given W-Fox, Type 3, and 335
were given P-712, Type 2, vaccine in sequence.

Serologic sampling disclosed that 44 per cent
of all the children were without any poliomyelitis
antibodies before vaccination; 66 per cent of
those four months to three years old lacked anti-
bodies of all three types hefore vaccination.

The illnesses uncovered during the study ap-
peared unrelated to vaccination. None of the 22
cases of poliomyelitis in Philadelphia in 1959
occurred in vaccinated children or their house-
holds.

Of children less than six months old 91 per
cent to 100 per cent had a significant antibody
response to T'vpe 1, Type 2, or Type 3 vaccines
regardless of the presence of antibodies of ma-
ternal origin. Children more than six rmonths old
without antibodies before vaceination responded
with a fourfold rise in titer in 84 per cent to 100
per cent of instances. The proportion of children
with antibodies to all three types of poliovirus
was increased from 15 per cent to 85 per cent
after vaccination with the three strains of virus.
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TanLe 5. REesponse To VaccinaTioN ofF CHIL-

pREN WIiTH Varlous PATIERNS OF SUSCEPTI-
BILITY
Antibodies Antibodies FPresent
Presant Paired After Vaccination
Bafora Serat Sera With Sera With
Vaceination 3 Types 2 Types
Types (No.) (No.} (No.}
C,0,0 33— 5 26 7
1,0,0 G ———— ] 2
0,2,0 J——— 3
0,0,3 B o————> &
1,2,0 2 — 2
1,0,2 l] — g 1
0,2,3 0
1,2,3 12 —— 12
Entire Group 62 53 ?

* The completely titrated sera ohtained from the
335 children given all 3 types of vaccine.

The vaccines appeared to he practical im-
munizing agents of high efficacy in conferring
serologic immunity during infancy and childhood
on a population at high risk.
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TOPIC III. EFFICACY. (A) LABORATORY
EVIDENCE (continuation)

5. EXPERIMENTAL INFECTION WITH CHAT ATTENUATED
POLIOVIRUS IN PREMATURE INFANTS*

JosepH S, Pacano, M.D., StanLEY A, PLoTkiN, M.D., DonaLp Cornery, M.D.,
anp Hivary Koprowski, M.D.T

The Wistar Institute and the Philadelphia General Hospital
Philadelphia, Pennsylvania

Iz, Pacano (presenting the paper): Several
investigators have estahlished that infants less
than six months old can be successfully vacci-
nated with living attenuated poliovirus admin-
istered orally. 1t has also been ohserved that
vaccination faflures occur with some frequency
in infants less than 60 days old, in contrast to the
usual success of vaccinalion in infants more than
60 days old.?
of the response to attenuated poliovirus was ex-
tended to vaccination of premature infants, in
order to elucidate whether the resistance to vac-
cination that was occasionally observed in full-
term infants was somehow relaled to biologic

1-4

Investigation of this age-variation

immaturity,? 3

Opportunitics were incidentally afforded to
study experimenlally several aspects of virus in-
fection including: the immunologic response of
premature infants to a viral antigen, the influ-
ence of passively acquired antibodies on vaccina-
tion with attenuated virus, and an estimation of

* This study was supportad by a U.S, Public Hcalth
Service grant from the Nutivnul Institute of Allergy
and Infectious Disease.

+ Dr. Pagano {Research Associate, The Wistar In-
stitute} ; Dr. Plotkin {Epidemic Intelligence Service
Ofllicer, Communicable Disease Center, 115, Public
Health Service, Atlanta, Georgia) ; Dr. Cornely (Di-
rector of Newborn Nurseries, Philadelphia General
Hospitai) ; and Dr. Koprowski (Dircetor, The Wistar
Institute), The participatton of Drs. Pagano and
Plotkin in this study does not imply endorsement by
the Public Health Service; the opinions are those
of the authors.

the hali-life ol antibodies of maternal origin in
premature infants,

In addition, the CHAT poliovirus was read-
ministered orally to some of the infants, in par-
ticular to those that had not responded pre-
viously with the formation of detectable anti-
bodies, despite obvicus intestinal infection with
the virus. The refeeding of these infants was
done to discover whether Immunologic tolerance
had been induced, that is, whether in such in-
fants there would he failure to produce antibodies
alter re-exposure to the same antigen later in life.

Subjects, Attenuated Virus Used. Forty-nine
premature infants ranging in weight from 990 to
2100 grams were given 10°7 TCID;, CHAT
Type 1 poliovirus ® by gavage on the third day of
life; 14 infants not given virus were retained as
conirols.

Specimens. Specimens of feces collected twice
weekly for the duration of the hospital stay ({our
to 10 weeks) were tested for cytopathogenic
effect; viruses isolated from the feces were identi-
fied by serum-neutralization tests.”

Neutralizing antibody titers were determined
in paired sera from the same infant by a modif-
Blood
specimens were obtained from the umbilical cord

cationf of the immurne-inactivation test.®

I With HeLa-cell tissue culture and 10° PFU
Muhoney virus,
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and by heel puncture at approximately monthly
intervals up to four to six months after birth.

Readministration of Attenuated Virus. Four-
teen infants were given a second feeding of 10%7
TCID,, CHAT threc to five months after the
first administration; four stool specimens were
collected at home during a two-week period after
readministration of the virus.

General Ghservations. As a preliminary trial,
five infants were given attenuated poliovirus and
were found to excrete virus without symptoms
and without evidence of transmission of the virus
to other infants in the nursery. Additional in-
fants were then given CHAT virus.

Ninety per cent of the infants were infected
intestinally, as evidenced by repeated isolations
of Type 1 poliovirus from fecal specimens begin-
ning within a day of feeding (Table 1}. Only 10
per cent of the infants were not infected.”

TanLe 1. INTESTINAL INFECTION AND ANTIRODY
Resronse Wit CHAT Virus
Intestinal Infents Antibody Response
Infection Positive Nepative
Infected 0% (LL)* 1 563 (1) L3 QA1)
Not Infeeted 0% (5) c w00% (5)
A1l Infants 1008 (L$) u7a () 53% (16)

* Number of infants in parentheses.

However, despitc a well-established infection
of this sort an antibody response was frequently
not observed (Table 1). Among infants who
excreted poliovirus enly 56 per cent had a sig-
nificant antibody response; the significance of
this lack of response despitc infection will be
taken up later.

Birth Weight and Excretion of Virus. There
was no notable relation (Table 2) between birth
weight and the duration of excretion of virus. Ex-
cretion regularly began soon after administration
of the vaccine and continued for an average of
three or four weeks regardless of the size of the
child.

The frequency of infection (Table 1) and the
lack of relation to birth weight indicated that

* Coxsackie B-5 virus was isolated from one of these
infants.

the capacity of human beings to serve as hosts
for poliovirus is well developed up to threc
months before term birth. Evidently the in-
testinal lymphoid or epithelial tissue in which
poliovirus may multiply is “mature” enough to
support virus growth in premature infants. Con-
serjuently the speculation thal the failure of full-
term infants to become infected with attenuated
virus is somehow related to bhiologic immaturity ®
was not supported. We inferred that some tran-
sitory phenomenon lasting about two months oc-
curs sometime after birth to induce resistance to
infection in a proportion of vacecinated full-term
infanis, an inference supported hy subseﬁuent
studies.® The converse interpretation is that the
susceptibility of newborn infants to attenuated
virus is transitorily lost in some infants.

Transplacentally Acquired Antibodies and In-
testinal Infection. Almost all the premature in-
fantz had transplacentally acquired poliomyelitis
antibodies before vaccination. The findings in
these infants (Tables 3 and 4) allow us to be
increasingly certain that both resistance to in-
testinal infection with attenuated poliovirus and
failure of antibody response are unrelated to the
presence of transplacentally acquired antibodies
in the infant’s circulation. The percentages of
infants that were infected, as well as the mean
duration of excrction, were ncither diminished
by high pre-vacciration titers nor incrcased by
low cord-hlood titers (Table 3).

Transpiecenially Acquired Antibodies and Im-
mune Respense. The antibody response that fol-
lowed administration of atienuated virus did not
appear clearly related to the presence or the
titer of such congenital antibodies, again, within
the limits of the titers of maternal antibodies that
were encountered, as indicated in Table 4.

There is, however, a suggestion of a trend that
higher titers of maternal antibodies may interferc
with the development of active antibodies.

However, as we test the equivocal group, shift-
ing them into the positive or negative groups, we
have been able to evaluate additienal data. There
is no clear-cut trend. If there is an effect, it is
difficult to discern within these levels of anti-
bodies.
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TapLe 2. BIRtH-welcHT, INTESTINAL INFECTION, AND DURATION OF LEXcRETION OF VIRUS

DiuraTioN oF [ixcrETION (WEEKS)
Birta- TwepeTED _
WricHT INvssTINALLY Mean RANCE
(Grams}
940 to 1200 100%  (8)* 4 {4) 2to6
1201 1o 1800 91% (1Nt 3-1/2 (6} 3 to b6
1801 to 2100 0% N1 3(7) 1-1/21t0 9

* Numbcr of infants in parentheses,
¥ Two infants in this weight group were nol infected.

TagLe 3. TRANSPLACENTALLY ACQUIRED ANTIBODIES, INTESTINAL INFECTTON, AND DURATION oF

Excrerion oF VIiRus

DurattoN ofF ExcreTion (WEEES)

Corp-BLoop INFECTED
TiTER* INTESTINALLY MEAN Roancs
B12-256 907, (Wt 3 (5) 1-1/2 to 7
128-64 83% (10) 4-1/2 (5} 3to9
32-16 9197, (10) 3-1/2 (3} 1-1/210 7
8- <8 1009, (15) 3 (6} 2106

* Type I antibody titers before vaccination; reciprocals of serum dilutions.
¥ Number of infants in parentheses. Four additional infants with cord-blocd titers of 32,
128(2), and 256 were not infeeted.

TapLe 4. TRANSPLACENTALLY ACQUIRED ANTIBODIES AND ANTIBODY RESPONSE

Corp-BLooD

NUMBER OF

Antmieopy Tiesronsk AFTER VACCINATION

TiTER* INFaNTS
Posirivet NEGATIVE FEquivacarn
(No.) {No.) (No.)
512-256 11 1 2 8
12864 12 3 4 5
32-16 10 4 4 2
8«8 20 8 6 i

*Type 1 antibody titers before vaccination; reciprocals of serum dilutions.
4 Fourfold rise or, in a few cases, persistent twefold rise.
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Tapre 5. AnTIRODY TITERS BEFORE AND AT INTERVALS AFTER VACCINATION AT BIRTH AnD IN Un-
YACGINATED INFANTS

BrroRre
ANTIBODY RESPONSE Y ACCINATION AFTER VACCINATION
Age - >
0 mio. FRTIR 2 ma. F mao. 46 o,
Positive*
Median 8 32 32 32 8
{16)t (12) (" (7 (7
Mean** 12 42 30 35 14
Negative*
Median 32 8 8 <8 <8
(16} (13) (7 (8 (12)
Mean 27 7 G 2 2
Uneaccinated
Median 128 16 8 8 <&
(14) N (0 (%) (10)
Mean 93 14 9 *] i3
Egquivocal*
Median 124 32
(23) (20)
Mean a9 44

* All infants infected,
** Titers of <8 =0 for calculation of geometric
t Numher of infants in parentheses.

The larger number of equivecal antibody re-
sponses secn in the children with high pre-vacci-
nation titers is probably a reflection of the fact
that the high titers of acquired antibodies often
prevented detection of masked antibody re-
sponses,

Magnitude of Antibody Response and Decline,
Table 5 shows that among infants with a positive
antibudy response the rise in median titer, al-
though significant, was not great; that a positive
responsc was usually evident (in infants with a
low cord-blood titer) within a month of vaccina-
tion; and that the titer in these infants may
diminish after {our to six months.

means.

Infants with a negative antibody response de-
spite definite and prolonged infection (a group
constituting 44 per cent of infants, when those
with an equivocal antibody response are exclud-
ed, as shown in Table 1) are of parlicular in-
terest. Table 5 shows the rapid decline of pre-
vaccination antibodies in this group, a decline
apparently uninfluenced by vaccination, which is
comparable to the decline of transplacentally ac-
quired antibodies in the unvaccinated infants.

These rates are illustrated graphically in Fig.
1 in the form of geometric mean antibody tilers
at monthly intervals after birth and vaccination.
(Preliminary analysis of these data indicated
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that the half litc of maternal poliomyelitis anti-
bodies in premaiure infants appears to be about
23 days).

Readminisiration of Virus. When the same
dose of the same virus was given a second time
three to five months after birth 1o infamis that
Lad previously been infected and had had a posi-
tive antibody response (Table 6}, in other words,
successfully vaceinaled, the response was as ex-

Mean
Type 1
Antibody

Titer
(log scale)

128 -

6l | ~

pected. Such infants were resistant to reinfect-
tien: only Lwo of six infants were detectably re-
inlected, and these two infants excreted virus for
less than five days, compared with an average
excretion of over four weeks in the six infants
after the first feeding.
had a rise in antibody titer.

Three of the six infants

In contrast the highly intcresting group of
five infants, who although infected had not had

.Successfu Ny Vace.

{(ODnsuccessfully Vace.

FUnvace, Control

0
{Cord Bloed)

Fie. 1.

4

‘o

Months After Birth

Antibody levels at intervals after birth in successfully and unsuccessfully vaccinated pre-

mature infants and in unvaccinated control infants.
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TasLk 6. Rrapmmistration oF CHAT Virus Turer to Five MontHs ArTER Birra
FIrsT ADMINISTRATION BrCOND ADMINISTRATION
QurcoME INFANTS REINFECTED Posrrive ANTIRODY
RESPONSE
(No.)
Infected, 6 2/6 3/6
POSITIVE
Antibody
Response
"
Infceted, 5 5/5 5/5
NO Antibody
Response
NOT Infected, 2 0/2 0/2
NO Antibody
Responsc

* Response in one infant uncertain,

an antibody responsc alter the first administra-
tion of virus, were readily reinfected in all five
cases (Table 6). Excretion of virus after the
second feeding was detected as long as the stools
were examined (up to lwo weeks}, despite a pre-
vious average excretion after the first feeding of
over four weeks. That is to say, instead of hav-
ing been rendered resistant lo reinfection these
five infants appeared to be as susceptible to in-
fection as previously unexpesed infants.
ever, the not  immunologically
tolerant, as shown (Table 6} by the antibody re-
sponse that followed reinfection in at least four
of these five infants.

How-

infants were

SUMMARY AND CONCLUSION

We found that neocnatal premature infants were
highly susceptible to infection with poliovirus,
but that detectable antibody production was
stimulated in only about half the instances of
infection. The presence of passively acquired
antibodies in the circulation of the infants seemed
to have no eflzet on either intestinal infection or
active antibody response to living attenuated
poliovirus.
virus was readily reestablished in infants who
had previously been infected but were without

Intestinal infection with the same

antibodies, in contrast to the resistance to re-
infection of successfully vaccinated premature
infants. However, immunologic tolerance to
poliovirus was not demonstrated, for all the in-
fants who were infected were shown to be capable
of an immune response to the attenuated palio-

virus.
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6. VACCINATION OF FULL-TERM INFANTS WITH
ATTENUATED POLIOVIRUSES*

StanLEY A. Prorkin, M.D., Joserr 5, Pacano, M.D.,
AND Hirary Koprowsky, M.D.T

The Wistar Institute of Anatomy and Biology
Philadelphia, Pennsylvania

Dr. PLoTKIN (presenting the paper): For vac-
cination with living attenuated polioviruses per-
haps the most important age group is infants less
than six months old. II not vaccinated, these
infants become highly susceptible to poliomye-
litis after they lose the puassive protection of
Further-
more, {rom a public health point of view, vaccina-
tion in hospitals shortly after hirth would be
maximally effective in reaching groups refractory

transplacentally acquired antibodies.

to vaccinalion campaigns.

Previous studies from this laboratory have
shown that it is possible to vaccinate infanls suc-
cessf{ully in the presence of maternal antibody,®
even on the day of hirth.* However, when per-
formed at ages under two months, vaccination
was found to he less effective than when done in
older infants.®* This relative resistance has been
further explored * and is the chief subject of the
present communication,

The subjects of these studies were infants liv-
ing in the nursery of an institution, under close
supervision. Because of their young age, contacts
bhetween infants included in these trials rarely
pecurred.  Specimens consisled of stools and
pharyngeal swahs collected twice weekly and
blood specitnens obtained at  approximately
monthly intervals, Isolation of virus from the
stools and tests for neutralizing antibodies against
poliomyelitis were performed in the manner just
described by Dr. Pagano.

* These studies were supported by grants from the
National Tnstitmrie of Allerry and Infcetious Discase.

1 Dr, Plotkin and Dr. Pagane (Epidemic Intelli-
gence Service Officers, Communicable Disease Center,
U.S. Public Health Service, Atlanta, Georgia, on as-
sighment at The Wislar Institute) ; and Dr. Koprow-
ski (Director, The Wistar Institute), The participation
of Dra, Plotkin and Pagane in this study does not
imply endorsement by the Public Health Service; the
opinions are those of the authors,

The viruses used were CHAT (Type 1),
P-712 (Type 2),° and W.Fox (Type 3):* all
feedings were done by allowing the infant to
ingest, by mcans of a dropper, the virus diluted
in milk.

A successful antibody response, as in the case
of the premature infants, was judged by the
presence of an antibody titer after vaccination,
which was at least four times greater than the
titer which would be predicted from the unin-
fluenced normal decline of transplacental anti-
bodies. The normal rate of decline was deter-
mined from paired serum specimens obtained be-
The arithmetic and geometric
means determined from these data are given in
Table 1, from which it was computed that the
average half-life of transplacental antibodies is
approximalely three weeks. Variability in the
hali-life fiure was moderate, the standard devia-
tion being eight days.

[ore vaccination.

These data may be compared with the half-lifc
values of 23 days which we have ohserved in pre-
mature infants; 21 days reported by Perkins and
colleagues in England; 25 days in a paper which
Dr. Gelfand very kindly allowed us to read, to be
published shortly; 21 half-day life of gamma
globulin reported by Dixen ef al.; and the 37-day
figure reported by Dr. Martins da Silva and as-
sociates.

Age at Vaccination. The success of vaccina-
tion in infants of different ages is summarized in
Tables 2 and 3. Intestinal infection with living
virus was established in more than 90 per cent of
infants fed during the first week of life and also
those fed heyond the age of 70 days. Paradoxi-
cally, between eight and 70 duys of age, intestinal
infection occurred at the significantly lower rate
of approximately 70 per cent (Table 3).

294



Vaccination of Full-Term Infants with Attenuated Polioviruses

295

TasLe 1. Gromerric Mean Havr-uives oF
PoLovirRys ANTIBODY

Virus Number nf Geometric Mean

Type Uetexminations  Half-Life (Days)

1 9 17

2 17 18

3 9 10

All 3n 18
Arithmetic Mesn = 19
Standard leviatien = + 0

TARLE 2, AcE AT VACCINATION IN RELATION TO
INTESTINAL INFECTION WitH ATTENUATED PoLio-

VIRUSES
Age Positive Intestinal Infections
(Days) Ratio Per Cent
Birth7 37/39 95
B8-35 55/75 73
36-70 01/109 74
71+ 70/76 92

X1 22174, n =3, p <L

Tarce 3. VanmatioNn WiTn AcE oF ANTIBODY
RrspoNsE TO ATTENUATED POLTOVIRTS

Age of Infections Followed by
Infants Positive Antibody Respenses
(Days) Ratip Per Cent
Birth-7 10/19 53

8-35 N 21/30 70

36-70 32/40 80

T1+ 26/2¢ 90

X* =075 n=3,p <05

In infants in whom an intestinal infection was
estahlished, the frequency with which a detect
able antibody response was observed varied di-
rectly with the age of vaccination, rising from 53
per cent within the first week of life Lo 90 per cent
after 70 days of age (Table 3). This variation
was also statistically significant.

TABLE 4. INTESTINAL INFECTION 1N RELATION
To LEVEL O0F TRANSPLACENTALLY ACQUIRED ANTL
gonies 1N INFanTS LEss Taanw 70 Days Oup

Homotypic Antibody Infections Established
Titer at Vacc. Ratin Per Cent
512-256 /9 100
128-64 14/21 67
32~16 a2/05 80
8- <8 40/48 83
TABLE 5. AnTwopy RESPONSE 10 INFECTION IN

Rerarion To LEVEL OF TRANSPLACENTALLY Ac-
QUIRED ANTIBODIES AT YACCINATION OF INFANTS
Less Traw 70 Days Oup

Homotypic Antibody Positive Antibody Response
Titer at Vacc. Hatio Per Cent
512-256 a/7 249
128-61 0/10 60
32-16 17/19 8y
6 -<0 23735 233

#*X* = 4,5 for twofold comparison, p <.05.

Transplacental Antibodies. In Tables 4 and 5,
the possible influence of transplacental antibodies
on live virus vaccination iz examined. The 512
category includes a few values of 10/24 also.
Only vaccinations done at less than 70 days of
age are considered in these tables hecause high
levels of maternal antibody were not frequently
encountered bevond that age. No demonstrable
effect of high titers of transplacental antibodics
on intestinal infection was noted (Table 4). The
infection rate in the presence of titers of 1:256 or
more was not less than the infection rate at
lower antibody levels. Analysis of the eflect of
passively acquired maternal antibody on the
active response lo vaccination is more difficult
(Table 5). Pre-vaccination titers of 1:256 or
greater, apparently tended to depress the rate of
response, but only seven feedings are included in
that group. Furthermore, the [requency of posi-
Live antibody responses did not show a progres-
sive increase with decreasing pre-vaccination
titers below 1:256,

Post-vaccination Antibody Response. The
post-vaccination antibody response is examined
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Tapre 6. AnTieopy LEVELS AT INTERVALS AFTER VACCINATION OF INFANTS IN WHOM INTESTINAL

InFECTION DEVELOPED

1] Age When Mean Pre- Mean Postvaccination Antibody Titers®

Vaccinated vaccination (Days After Vaccination)

(days) Antibody 21 - 43 46 - 75 I6 - 135

Titer®

0-7 30 (1g)=* 21 (10) 9 (10) 14 (14)

8 - 35 24 (17) 15 (11) 15 (16) 34 AN
36 - 70 10 (18) 17 (27) 54 (17) 128 (4)
71 = 140 7 (10) 151 (21) 83 (3) 51 (7
Entire
Group 16 (61) 29 (69) 26 (48) 31 (42)

* Geometric means; reciprocals of serum dilution. Titer of <8 taken as 4.

** Numher of determinations in parentheses.

qualitatively as well as quantitatively in Table
6, in which are analzyed the geometric mean
antibody titers according to the age of the child
at vaccination. In children older than 70 days at
vaccination, a prompt response was observed, re-
sulling in an average antibody level 20 {imes
greater than belore. The response of infants 36
to 70 days old alse reachcd moderately high
levels, but two months rather than one were re-
quired to attain such levels. Still younger infants
in Lhe eight-to-35-day-old group required two to
three months to show a low level antibody re-
sponse. Finally, newborn infants vaccinated dur-
ing the first seven days of life reacted poorly to
the antigenic stimulus of attenuated poliovirus,
showing only a slight rise in titer at three months
after vaccination. ‘These data are presented
graphically in Figure 1. Tt is interesting to note
that the time of development of immunologic com-
petence, as judged by the earliest appearance of
a definite antibody response, oceurred bhetween
eight and 12 weeks of age.

Immaunologic Telerance. The identical con-
cern mentioned by Dr. Pagano regarding the pos-
sible induction of immunclogic tolerance in pre-
mature infants Ied to the closer study of full-term
infants in whom detectable antibody response
failed to develop, despite intestinal infection with

living virus. As shown in Table 7, second infec-

tions of six such infants, three by wild and three
by attenuated virus, led to the development of
anlibodies.

Dosage. We have not systematically investi-
gated problems of dosage, but a number of {eed-
ings have heen dane with less than 1080 TCID,,
the majority heing hetween four and five logs.
A few feedings were done with more than six log
doses. In Table 8 we see that within the limits
of approximately four to six logs, and under these
controlled conditions, the virus dose did not exert
a marked effect on either intestinal infections or
the antibody response of subjects in whom multi-
plication was established.

However, the incidence of pharyngeal infection
did appear to be directly related to dosage, as
shown in Table 9. Despite the small numbers
in the high dosage group, the difference in the
rate of pharyngeal infection is highly significant.
It was noled also that none of six pharyngeal
virus excretors so far tested had detectable pre-
The probability of
this association occurring by chance along is less
than 1 in 1,000.

Sequence of Feeding. Various sequences of

vaccination antibody titers.

feeding monovalent vaccines were employed with
three to four weeks as the usual interval between
the feedings. With the CHAT, P-712 and W-Fox
viruses, no clear evidence of interference was
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Reciprocal Titer

256 +

128 —

AL AT VACCINATIGN
Py O—7 DAYS
Q== /—3% »
Grerer® IE—T0 0w
Pemewid) P1—120 »

Fic, 1.

12 16 24

Age in Weehs

Antibody titers at approximately 1, 2, and 3 months after the vaccination of infants

are shown. The infants are divided into those vaccinated at 0-7, 8-33, 36-70, and more than 71
days of age. The first value for each group represents the mean titer at the time of vaccination.

TapLe 7. Tests or HypoTHESIs oF IMMUNOLOGIC TOLERANCE IN FULL-TERM INFANTS

Infant First Infectien Second Infection

No, (Attenuated Virus) Virus Age  Fecal Post-Vacc,

Age Fecal Post-Vace. Virus Antibody

Virus Antibody

103 | 4 d, + <8 Atten, 17 m, + 16

119 | 3 d, + {8 Atten, 3,5m, + 312

139 | 2 d. + <8 Atten, 7 m. + 512

56 2.5 m. + {8 Wild 26 p, 2 120

99 |13 d, + {8 Atten, 24 d, 0 <

Wild 18m, 2 51024

100 |3 d. + <8 Atten, 24 d, 0 <0

Wild 18 m, ? » 1024
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TaBLE 8. ViRUs Dosace as A Facror 1v THE OUTCOME OF VACCINATION
'Uosage Intestinal Infection | Antibody Respnnse*l
(log Ratie  Per Cent fatio Per Cent
TCINLY)
IU5U
<5.0 37/40 77 19/26 73
75.0 117/147 B0 64/86 74
* In infected subjects,
TapLe 9. INFLUENCE oF VIRUs DOSAGE ON THE Stmultancous Administration of the Three

INCIDENCE OF PHARYNGEAL EXCRETION

Do sage Pharyngeal Virus Detected

(log)p

TCIDSO) Ratio Per Cent
{6,0 4/94 4
6,0-6,9 2/9 22
»>7.0 3/5 60

X2=226,n =2, p <.0L

found for any of the sequences of feeding, as
shown in Table 10, although there was a sugges-
tion that Type 2 virus was less effective when
given after Types 1 or 3. Tt was noted, however,
that in feedings given after 70 days of age, no
such difficulty was observed.

Types. Simultaneous administration of all three
virus types has heen studied. Our lack of suc-
cess is 1llustraled in Table 11, The Type 3 W-Fox
virus appears to dominate the other two strains,
perhaps hecause of higher infectivity. I might
note in passing, in relation to a suggestion made
earlier by Dr. Horstmann, that it has been pos-
sible in some infants to overcome interference
by Type 3 against Type 1, by feeding larger
doses of Type 1, maintaining the Type 3 dose of
five logs.

Persistence of Immunity. Persistence of hu-
moral immunity has been studied in 12 vaccinated
infants who have heen followed for periods up to
41 months. Table 12 gives the current antibody
titers of six babies given Types 1 or 2 viruses, 23
to 41 months before. Moderate to high antibody
levels are still present in each case. Heterotypic
antibodies, in contrast, are largely absent.

TapLe 10. InTeESTINAL INFECTION BY ATTENUATED PoLloviruscs FED IN VARIOUS SEOUENCES
Position
in Type 1 Type 2 Type 3

Sequence

First 92/111(83)* 16/17(94) 31/36(82)
After Type 1 - 9/13(69) 37/AT(T9)
After Type 2 5/6 (83) - 7/8 (88)
After Type 3 /9 (78) 27/37(73) -

* Per cent.
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Tapre 11, SmuLTANEoUs VacciNaTioN Wirnm Trarer Tyres
Subject | Age Log TCIDsy Doses of | Antibody Responses
No, Virus
Type Type

I II I1I I II II1
110 7 d, ) 5 5 0 o +
111 9 d, 5 5 5 + + +
WB101 10 y,. 5 5 5 0 0 +
B43 | 38 y.{ 5 5 5 ) 0 +

TasrLe 12. PERSISTENCE OF ANTIRODIES AFPTER LIVE-VIRUS VacciNaTioN oF INFanNTs (I)

Infant { Age :'n. Months eciprocal of Titer Against Poliovirus
No. Feeding| Since 1-3 Months Current
{(days) | Vaece, Post-Vaccination Determinations
I II II1 I i1 III
8 42 4] 1024 (16) 8 64 (<4} (<4}
9 108 39 256 (48) 4) o4 {(<d) ({4)
15 117 40 1024 1024 (4) 128 128 <8)
16 17 36 256 (16) (1 1024 (32 (16)
41 75 27 256 (4) 6 1024 (16) (8)
48 15 23 64 (€41} @) | »1024 (<16) (£16)

()} Titers in parenlheses are sgainst types not fed.

Six infants vaccinated sequentially with all
three types are shown in Table 13 to have re-
tained polio antibodies for 13 to 17 months after
vaccination with Tyvpes 2 and 3. Tvype 1 antibody
persisted in five cases, but hecame undetectahle
in the sixth.

Summary und Discussion. With the strains and
dusages described, the full-term infant is highly
susceptible at hirth to intestinal infection with
living attenuated poliovirus. At about one week
of age, however, he develops a significant degree
of relative resistance to infection, which persists
until about 70 days of age. Bevond 70 days of

age, the infant again appears to be highly sus-
ceptible, which is confirmed by other studies
using these same viruses.®® Transplacental anti-
hody plays no part in this phase of resistance.

The cause of this phenomenon is unknown.
Possible explanations include the following three
hypotheses:

(1) A physiological change in the gastro-in-
testinal tract increases the resistance of reccptor
cells to poliovirus during the age period of eight
to 70 days.

(2) The infant does not develop full suscepti-
bility to poliovirus until about 70 days of age;
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TanLE 13. PERSISTENCE OF ANTIDODIES AFTER LIVE-vIRUs Vaccmwarmion oF INpants (i)

Infant | Age at Months Recipracal of Titer Against Poliovirus
No, Feeding | Since 1-3 Months Current
(days) Vacc, Post-Vaccination Determinations
I II 111 1 11 ITI
64 67-106 17 512 128 64 16 16 64
65 3-60 17 256 512 1208 32 32 256
60 53-93 17 64 32 32 <8 32 32
82 1-78 16 5 ) 128 512 16 64 04
84 10-66 14 512 64 64 128 32 64
99 7-49 13 32 64 138 128 128 128

that is, he is born with a relative resistance.
However, an endocrine factor transmitted from
the mother via the placenta, enhances suscepti-
bility {for about a week after birth.

(3) The active colonization of the intestinal
tract by enteric bacteria, which oceurs during the
first two months of lifc, leads to destruction of the
poliovirus in the intestine by hacterial entero-
toxins.”

The antibody response to live virus vaccina-
tion varies directly with the age at the time of
vaccination, the poorest respense occurring in
newborns and the best in infants older than two
These observations are consistent with
what iz known concerning the development of

months.

human immunologic eapability: for example, the
fact that gamma globulin is first produced by the
infant at about six weeks of age.™

Thus there appear to be Lwo main reasons for
considering the period under 70 days af age less
than optimal for live attenuated poliovirus vac-
cination: difficulty in causing infection, and the
immaturity of the antibody forming mechanisms.
In addition, a small amount of data suggested
that transplacental antibodies of 1:256 or more
at the time of vaccination may depress the active
antibody response to live virus.

On the other hand, public health considerations
may dictate that vaccination of newhorns be per-
formed in an effort to immunize at least some
part of the population ordinarily refractory to

vaccination campaigns, Evidence has been pre-
sented that vacecination of newborns does mnot
carry the risk of induction of immunologic tol-
erance, and that when an antibody response does
oceur, it may persist for extended periods despite
the young age at vaccination.
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7. THE RESPONSE OF NEWBORN INFANTS TO VACCINATION
WITH LIVING TYPE 1 POLIOVIRUS (SABIN-LSc, 2ab)
PRELIMINARY REPORT*

Marria Lirsovy LErow, M.D., RoBerT J. Warren, M.D.,T NicEL Gray, M.B.B.S,,
AnD Freperick C. Rospins, M.D.

Department of Pediatrics and Contagious Diseases
Cleveland Metropolitan General Hospital
and
Department of Pediatrics
Western Reserve University School of Medicine
Cleveland, Ohio

Dr. RosriNg (presenting the puper): The pur-
pose of this study is to investigate the response of
the newborn infant to vaccination with living
attenuated poliovirnses. Newhorn infants are to
The
influence of certain other factors upon the success

These

include the antibody titer in the infant’s blood at

he compared Lo those three months of age.
of vaccination is also being considered.

the time of feeding and Lhe acidity of the stomach,
Data are also heing obtained relative to the per-
sistence of antibody, the immune response as de-
termined hy the susceptibility of the bowel on
refeeding and by giving a booster injection of
killed vaccine, the spread of virus within the
family, and the genetic attributes of the virns
cxcreted by the infants as compared to those
of the virus fed.

Unfortunately, the investigation is still in its
early stages and relatively few data are available
at the time of writing. Therefore, this can be no
more than a brief preliminary report and will
concern primarily the pattern of virus excretion
and antibody response of newhorns, as contrasted
with a group of three-month-old infants. Data
coneerning the influence of serum antibody upon
virus excretion and a few observations on familial
spread of the virus will also be included. Be-
cause of the preliminary nature of this report we
have not attempted to refer to the work of others.

* Aided by a grant from The Natienal Foundation.

t Epidemic Intelliccnee  Officer, Public Heallh
Service.

MATERIALS AND METHODS

Virus. The virus employed has been the Sabin
Type 1 (LSc, 2ab) strain and was obtained from
Dr. Sahin in sealed ampules of 1 ml. each. When
litrated in this laboralory in monkey-kidney cell
cultures, an 1D, of 10~="-% per ml. was obtained.
This agrees well with the titers observed on re-
peated titration in Dr. Sabin’s laboratory.

Each newhorn infant received 1 ml. of virus,
or 107-% TCID,, administered by dropper into
the mouth.
older infants have received 1 ml. of a 1:32 dilu-

In order to conserve materials, the

tion of the same virus, given in the same manner.

Antibody Determinations.
antibody has been determined by the metabolic
inhibition test of Salk, Youngner, and Ward.
Sera are diluted in twofold steps starting at a
dilution of 1:4, 100 1D, of virus are added to
each tube, and monkey-kidney cells are employed

Serum neutralizing

as the indicator system.

COLLECTION OF SPECIMENS

Blood. Blood samples are secured from preg-
nant mothers in the prenatal clinic one month to
six weeks before their expected date of delivery
and cord blood is collected in the delivery room.
A further sample is obtained from each infant at
the age of three months and additional ones will
be taken as indicated.

Those infants who are three months old at the
time of {eeding are bled hefore the vaceine is ad-
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ministered, ohe month aflterwards, and thereafter,
as circumstances dictate.

In the case of newborns, three fecal
specimens are collected from each infant during
their stay in the hospital, which is on the average
of four days. After their discharze home two
specimens are obtained per week for a minimum
of six weeks. In selected instances, fecal speci-
mens are also collected from other members of
the family, In addition to the specimens from the
infant, a specimen is obtained from the mother at
the time of delivery and other infants in the

Feces.

nurseries are sampled once a week.

Specimens are secured from the older infants
twice weekly for six weeks after feeding.

VIRUS ISOLATION

Virus isolations are performed in monolayer
cultures of monkey-kidney cells by methads that
have been in use in this laboratory for a number
of years.

THE STUDY POPULATION

Newborns. Mothers are interviewed in the pre-
natal elinies at the Cleveland Metropolitan Gen-
eral Hospital and at University Hospitals of
Cleveland. The program is explained to thein and
if they agree to participate, they are asked to
sign & permit for their baby to be [led the
vaccine. The infant is fed virus within the first
24 hours of life. In sume instances, this is done
before he has received any nourishment; in
others, shortly following a meal. The majority
of the babies are Negroes and the families come
from the lower sociv-economic stratum of society.

Three-Month-Qld Infants. The three-month-
old infants have been recruited from two sources.
One group has consisted of those atlending the
Well Baby Clinics conducted by the Department
of Health of the City of Clevcland. They come
from the same population group as the newhborns.

The other group consists of occupants of a
Catholic home for children. Most of them are
awaiting adoption. A higher proportion of these
children are white and the details of their back-
grounds are not available to us.

All of the infants accepted into the study, ex-
cept for those in the institution, are followed by
the staff conducting the study who ussume respon-

sibility for supervision of their well baby care.

RESULTS

Viral excretion. To date, 150 newborn infants
and 58 infants threc months of age have been
vaccinated. The data are still much too fragmen-
tary lo permit any extensive presentation of
results. It is apparent, however, that approxi-
mately B0 per cent to 85 per cent of the newborn
infants excrete virus in the feces for a significant
period of time., A small number is found to
have virus in the feces only during the first few
days after feeding. It is doubtful that this repre-
sents true infection of the bowel and more likely
is the result of simple transit of the fed virus
through the pastrointestinal tract. Unfortu-
nately, no guantitative estimations of the amount
of virus in the feces are availuble as yet. In
contrast to the newhorns, all of the 26 infants
three months of age on whom there are adequate
observations have excreted virus for one week or
more,

The length of time that the infants have con-
linued 10 excretc virus is summarized in Table 1.
It will be seen that approximately 70 per cent of
the newhorn infants tested in the first week after
feeding was positive. Only about 50 per cent is
found to have virus in their feces during the sec-
ond week, and there is a steady decrease in the
numbers excreting virus during the subsequent
weeks. However, a fow are still pasitive in the
seventh week. In examining the individual pro-
toculs, it is striking that many of the newborn
infants have negative specimens interspersed
with positive ones. The feces may be frce of
virus for a week or more, after which time virus
reappears. It is possible that this represents
reinfection from family contacts that were them-
selves infected [rom the vaccinated infant. Our
data do not provide an answer to this question.
No such irregularities in isolation of virus from
the consecutive specimens from three-month-old
infants was noted.

Ir is interesting to compare the results during
the second week in the older infants with those
in the newborns. Although the numbers are
small, 100 per cent of the 15 older infants were
excreting virus as compared to only 55 per cent
of the newhorns. This would suggest further that
the gastrointestinal tract of the ulder infant is
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TapLe 1. DuraTioN oF ExcrETION oF VInus BY NEWBORN AND THREE-MONTH-OLD INFANTS ForL-
LowinG FeepINg oF Type 1 Povtovirus (Samn LSc, 24B) VACCINE
NEWRORNS TnrEE-MONTH-OLD INFANTS
WEEES AFIER No. e No. %
VACCINATION No. ExcrETING | KXCcREBTING N, ExcrETING | EXCRETING
TESTED VIRus Virus TESTED VIrus VIrRus
1 120 85 71 21 20 a5
2 110 60 55 15 15 100
3 93 37 40 6 6 100
4 75 22 20
5 5 (62)* 16 30 (250t
g 30 (62)* 7 23 (100t
o 7 T 12 (82)* i3 42 (8)1

* Number in parentheses: Those babies tested <+ those who were no longer being foilowed because of con-

sistently negative specimens.

t Number in ( } == adjusted % calculated on the basis of habies tested plus those whose stools had been

consistently negative,

maore readily infected than that of the newborn.

Relationship of maternal antibody to infection
of the infant. In attempting to determine the
influence of maternal antibody upon the likeli-
hood of the infant to become infected we have
been handicapped by the fact that all but a rare
mother has a significant level of neutralizing
Type 1 poliomyelitis antihody in her serum.
Thus, few data are available concerning the
response in the absence of antibody and it has
been necessary to consider the data according to
the titer of maternal antibody. Such an analysis
is presented in Table 2. From these data it is
evident that of the 19 habies who failed ta
become infected, 13 were born to mothers who
possessed titers of neutralizing antibody in their
sera of 256 or greater. Looked at in another way,
69 women had titers of 128 or less and only six
{9 per cent) of their infants were not demon-
strated to he infected, whereas 19 of 45 (28 per
cent) from mothers with higher levels of anti-
body, did not excrete virus. Thus, if the maternal
titer of homotypic antibody is high enough, 256 or
higher, there is apparently some reduction in
susceptibility to poliovirus infection. Of course,

it is possible that suflicient antibady is present in
the secretions of the lower bowel of the infant
to neutralize the virus even though multiplica-
tion 1s occurring at a higher level. This seems
unlikely, but it can only be evaluated when the
immune response of these infants has been as-
seszerd. It is of interest, however, to note that
a nnmber of infants whose mothers possessed
serum titers of 512 or higher became infected
and excreted virus in excess of a week.
Antibody response of vaccinated infents. Anti-
hody determinations are available on 24 newhorn
infants and 37 infants three months of age. In
the newhorns, the antibody titer of the cord-blood
is compared with that of the infants’ serum at
three months of age, whercas for the older infants
the serum titer before immunization is compared
with that one month later. In Table 3 it will be
seen that three of 20 newborn infants who ex-
creted virus demonstrated an eightfold or greater
rise in antibody titer, 15 showed no change, and
only in two had the titer fallen to a significant
degree. On the other hand, none of the four
bahies whe did not excrete virus, demonstrated a
rise in titer and three showed a significant fall.



Response of Newborn Infants to Vaccination with Living Type 1 Poliovirus 305

Tanie 2. Revarmionsure oy Homoryeic NevTRALIZING ANTIBODY TITER IN THE MOTHER'S SERUM TO
1HE ExCRETION oF Tyre 1 Povtovirus (Samix LSc, 2an) By HEr NEwBORN INFaNT FoLLowiNg

VYACCINATION
DuraTioN or ViRUus LXCRETION
Trrer or Tyee 1 No. InvanTs 19 INFANTS' FECES
Neurrarizing Porro witH No Virus

AntiBODY IN MoTHER'S 88RUM]  EXCRETION 1 Wersk ONLY >1 WEEK TorAL

<4 2 4 6

4 1 1

8 11 11

16 2 3 5

32 3 1 9 13

64 2 1 10 13

128 1 3 16 20

SUBTOTAL: <4—128 B 9 54 69

256 2 1 12 15

512 8 2 10 20

1024 2 2 4 8

2048 1 1

4096 or > 1 0 1

SUBTOTAT: 256—4096 13 5 27 45

TOTAL 19 14 81 114

Although we have not attempted to analyze our
data accurately on the basis of the half-life of
the maternal antibody, most of those babies re-
corded as showing no change in titer would he
interpreted as having responded if this cri-

terion were applied. It is too early to draw many
conclusions from these data. However, provided
those infants who have not shown the expected
drop in antibedy can be assumed to have re-
sponded satisfactorily, it would appear that the

TaBLe 3. AnTiBOPY RESPONSE OF NEWRORN AND THREE-MONTH-OLD INFANTS FoLLowINg Vacciva-
o8 With Type 1 PoLtovirus Vaccine (Sasiv LSc, 2a8)

AnTiBoDY RESronNgE
FEcar ExcrETION NeEwBORNS® TEREE-MoNTH-OLD INFANTST
oF VIRUS
Rise No CHANGE FaLL Risg No CHANGE Farn
PRESENT 3 15 2 21 16 0
ABSENT 0 1 3 0 0 0
TOTAL 3 16 5 21 16 0

* Neutralizing antibody titer in cord hlood compared with titer in infant’s blood approximately three

months after vaceination.

t Neutralizing antibody titer before vaccination compared with that one month after.
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majority of the babies who excreted virus prob-
ably did develop antibodies. Only after a longer
period of observation will it be possible to de-
termine the frequency of antibody responses.

The observations on the three-month-old in-
fants are presented in the same table. It will be
seen that good antibody responses were noted in
21 of the 37, whereas 16 showed no change. In
no instance did the titer fall to a significant
degree, bul it should be noted that the period of
observation is only one month. The influence of
the serum antibedy level at the time of immuniza-
tion of these infants upon the frequency with
which a rise in titer was demonstrated, is ana-
lyzed in Table 4. Tt will be seen that 19 of 22
infants with a pre-immunization titer of eight or
less demonstrated a rise, as compared to only two
of 15 of those whose initial titer was 16 or
greater. The highest pre-immunization titer
noted in this group was 256,

The data might be interpreted to mean that
the higher levels of passive antibody prevented
the infant from forming antibody. However, it
would seem to us more likely that the amount of
antibody formed by the infant was in many in-
stances too little to be reflected as a significant
vise in the face of the large amount already
present. Quantitatively expressed, if the pre-
immunization titer was 64, the baby would have
to manufacture 192 units of antibody in order
for the total to add up to a titer of 256, which
wonld be a fourfold rise in titer.

pH of gastric contents. Just before giving the
vaccine, the gastric content of 39 newborns was
aspirated and its pH determined. The majority
were found to have a pH of between 1.0 and 3.0,
although the range was from 1.0 to 5.8. The vari-

ation from baby to baby was too little to permit
any correlation of the stomach acidity and the
rate of infection. However, no difference has
been noted when the virus was given before, as
compared to shortly after a milk feeding.
Familial spread of vaccine viruses. The only
data so far collected on spread of vaccine viruses
are those {rom two families. In one instance, one
of a pair of twins was fed virus, the other was
not. The vaccinated infant excreted virus for
approximately 12 days. On the 12th day the
other twin became infected and excreted for about
two weeks. Virus then re-appeared on the 33rd
day in the feces of the baby who had been fed
originally. Other memhers of the family, includ-
ing two siblings three and four vears of age and
the mother and father, did not become infected.
In the second family a four-vear-old sibling
became infected three weeks after the vaccinated
infant was brought into the home. The three-
year-old sibling and the parents did not excrete
virus during an obhservation peried of eight weeks.

SUMMARY

From the limited data so far available it would
appear that when fed in the first day of life, the
Sabin Type 1 poliovirus vaccine estabiishes an
infection in approximately 80 per cent to 85
per cent of the babies. Infants three months of
age are more uniformly susceptible.

The level of maternal antibody would appeur
to have some influence upon the susceptibility
of the infant to infection. Most of those babies
who never were found to have virus in their feces
had maternal antibody levels of 256 or higher.
However, this was not an “all or none” phe-
nomenon since a number with maternal antibody

TasLE 4. CORRELATION OF THE PRE-IMMUNIZATION NEUTRALIZING AnNTiBoDY TiTer WITH THE
DEMONSTRATION OF A Hisg IN ANTRODY FoLrowiNg IMMUNIZATION IN THREE-MONTH-OLD INFANTS

AnTiroDY RESPoONSE
PrE-IMMUNIZATION — e
ANTIBODY TiTER Rise No CranGE ToraL
8 or < 19 3 22
16 1o 256 2 13 15
TOTAL 21 16 37
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titers of 512 or higher excreted virus for one
week or more,

Relatively few of the newborn infants showed a
significant rise in neutralizing antibody three
months after feeding (three of 20), as compared
to approximately 21 of 16 three-month-old infants
who responded with an eightfold or better rise
in antibody titer. However, it is postulated that

the high levels of passive antibody in the serum of
most of the infanis studied, masked the antibody
produced by the infant, and only later observa-
lions will.give the true picture in regard to sero-
logic responsze of these infants,

Family spread from newhorn infants did ocour
to young siblings in two [amilies, but was limited
in extent.



8. PRELIMINARY REPORT ON THE SUSCEPTIBILITY OF
NEWBORN INFANTS TO INFECTION WITH POLIOVIRUS
STRAINS IN AN ATTENUATED VIRUS VACCINE

Henry M. Gerranp, Dororay R. LEBranc, Avronso H. Horeuin,
AnD Joun P. Fox*

Dr. GELTAND (preseniing the peper): A num-
ber of studies have been reported during the past
several years wherecin the efficacy of oral vac-
cination of infants with attenuated poliovirus
If practicable, the
practice of routine infant vaccination would
provide the easiest solution to the problem of

vaccines was investigated.’™

mainlaining the immunity of a community against
poliomyelitis after safety and efficacy of a live
virus vaccine has been assured and it has been
received by the majorily of the gencral popula-
tion.

In previous studies, use was made of virus
strains developed by Dr. Hilary Koprowski and
hy the Lederle Laboratories, administered in
monotypic or trivalent form, and under various
condiliens of infant age, dose, and method of
cvalunation.  Neverthcless, it was generally
demonstrated that infection may be induced in
very young infants, even in the presence of high
titers of maternally-derived neutralizing anti-
body. It had been suggested, however, that there
may he telative resistance to infection in the in-
testinal tracts of very young infants, a resistance
which might he overcome by the administration
of larger doses than are required by elder indi-
viduals.

The present investigation was undertaken to
exlend these observations by a study of infant
susceptibility to mfection with the “set” of at-
lenuated poliovires strains developed by Dr. Al-
bert B. Sabin. By means of the administration of
graduaied doses of each of the three types
separately, we hoped to perform infectivity titra-
tions in newborn infants in order 1o determine
the smallest effective doses which would result in

*Dr, Gelfand and Dr. Holguin (Communicable
Dizeuse Center, 1L.S. Public Health Service, Depart-
ment of Health, Education, and Welfare, Atlanta,
Georgia) ; Miss LeBlane {Division of Epidemislogy,
Tulane University School of Medicine, New Orieans,
Louisiana) ; and Dr. Fox (Division of Epidemiology,
Public Health Research Institute, New York, N. Y.).

virus excretion and subsequent antibedy Tesponse
in a satisfactory propertion of bahbies of an age
which would be suitable for routine use. In ad-
dition, the course of infection following trivalent
vaccination was to be examined in detail, and cer-
tain other variables of age and inoculation re-
zime were to be investigated.

MATERIALS AND METHODS

Study group. The original plan called for the
recruitment of 230 mothers and their two- 1o
threc-day-old infants at the time of discharge
from the maternity ward of a hospital in New
Orleans, and 45 mothers and their 30-day-old
babies at the time of the first post-partum visit.
Only lower-economic-group Negro mothers and
babies who were in good health following an un-
complicated pregnancy and delivery were se-
leccted, The program was fully explained and
written agreement to participate was obtained
from the mothers by the nurse-epidemiologist
(D.R.L.).

The entire group of bubies was divided into
the subgroups shown in Tahle 1. Groups 1, 2,
and 3 act as the hasic titration of each of the
vaccine types separately, and group 5 serves to
comparc older infants with the younger with
reference to Type 1 vaccine virus, Group 4 was
established to determine whether multiple feed-
ing of the same virus type on three successive
days and in maximum concentration would in-
crease Lhe likelihood of infection. Group 6 con-
sists of babies who received trivalent vaccine
either onee or on three successive days. Group
7 rescived no vaccine, and serves as an illness
and *“wild virus” infection control. Since groups
1-5 were fed only one virus type, they also serve
as builk-in “wild virus” infection controls for the
types not being fed.

Only babies of group 6 were selected on the
basis of birth order. Since these infants received
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TasLe 1. DescriprioN oF Vacone Feemve
SUBGROUPS
Yacei e adnialatered Ynsber of babies
Age of
Subgroap | Wrua tio, baby, Linttes Datatled
number | tyme b lution Auses [day=) study stndy
1a 1 andtloted 1 2.3 1 1
L 1 1:40 1 2.3 15 q
3 1 17103 1 [ 15
Za 2 wmdLlut ed 1 2-3 pu] 0
v 2 1:19 3 a3 13 L
¢ ? 1:lan 1 2.3 i 8
3a 3 uneiluted 1 7-3 hul w
b 3 1119 1 2.1 15 o
c 3 1:150 1 -3 1% 0
L 1 urliluted 3 -3 s L]
1 R
< a i woci Tnted 1 30 L4 n
5 1 1:20 1 » 13 0
o L 1:100 1 n It [l
&3 1,73 | undiiuned 1 2.3 1 1y
5 3,2,3 | undilutes 3 2.3 i 1
7 fene 2.3 ™ v
Total - - - - 213 w0

trivalent vaccine, it was desirable to minimize as
much as possible the opportunity for sibling con-
tact infection early after vaccine administration
with resulting intrafamilial eirculation of virus
and subsequent reexposure of infants to a virus
type which had failed to cause primary infection
because of intertypic interference. Therefore
group 6 babies werc all the first-hborn in the
family.

Vaccine feeding was done in eycles rather than
by subgroup, twe babies in each subgroup (a
total of 32) constituting a cycle. There were two
advantages to this method. First, it avoided the
possibility that all bhabies of a single subgroup
might be fed at a time of a hospital epidemic of
an illness unrelated to vaccination, and false as-
sociation of the illness with a specific vaccine
type or schedule. Secondly, it permitted us to
make continuous comparison of results of vaccina-
tion while new recruitment was still going on, and
therefore to modily the protoeol if indicated.

Vaccine administration. The vaccine strains
were kindly provided by Dr. Albert B. Sabin
from single large pools of each type designated
LSe¢, 2ab (Type 1), P 712, Ch, 2ab ({Type 2),
and Leon 12 a,b (Type 3). As reported by Sa-
bin,* these poaols contained approximately 10°°,
1073, and 107-* TCD,, per ml. of Types 1, 2, and
3, respectively, as titered in Cynomolgus monkey-
kidney cell tissue-culture tubes which had had
the serum contained in the growth medium

leached out of the cclls, and held in a roller drum
{ollowing inoculation. TUsing Rhesus cell cul-
tures held in stationary position after inoculation,
Dr. Dorothy Clemmer in our Tulane University
Laboratory obtained titers of 10™°%, 10°%, and
108+ TCD,, per mi. for Types 1, 2, and 3, re-
spectively, in the vaccine lots actually used in this
trial. Prior to the field use of any vaccine, the
stock vials of each type were thawed, emptied,
and pooled, diluted as required in Hanks' BSS,
and put up in 1 ml. quantities {except for tri-
valent use) in individual screw top vials which
were then stored at —20° C. until just before use.
A trivalent vaccine dose consisted of 3 ml con-
taining 1 ml. of each of the virus types, and it
was prepared and stored in that amount.

The vaccine was administered to the babies
without reference to the last meal. A smooth-
tipped “medicine dropper” of 1 ml. eapacity was
filled with recently thawed vaccine, genily in-

_scrted into the infant’s mouth, and emptied by a

combination of slow squeezing of the rubber bulb
and the sucking action of the baby. The vacecine
wug not squirted into the mouth, and therefore
no more than a drop or two was ever lost.

Specimen collection and wvirus isolation. A
venous blood specimen was collected from the
mother at the time of recruitment. Since pre-
vious work in our lahoratory " and elsewhere has
indicated that the nentralizing polic-antibody
titers in an infant’s umbilical cord serum do not
differ significantly from his mother’s, the ma-
ternal specimen will be used as the haseline for

_measuring serologic change. A blood specimen

will be collected from each infant at three to
four months of age and apain at six months.
These sets will be tested by titration in parallel.
No serologic study has vet been undertaken.

A [fecal specimen was collected from almost
every infant at the time of vaceine feeding. Occa-
sionally this was impossible, and one was pro-
cured by the mother several hours after vaccina-
tion, placed in an ointment jar, and refrigerated
until the nurse’s visit. A fecal sample was col-
lected from every child six days after vaceination.
In addition, certain babics were designated for
“detailed study” (see Table 1), and a series of
specimens  collected.  From such infants in
groups 1, 2, 3, and 5 (monovalent vaccine feed-
ing), they were collected on days: 0, 2, 4, 6, 8,
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1¢, 14, 21, and 28. From infants in group 6
(trivalent vaccine {eeding), they were collected
on days: 0, 1, 2, 3, 4, 5, 6, 8, 10, 14, 21, 28,
35, 42, 49, 56, 63, 70.

Fecal samples were prepared into 20 per cent
extracts by shaking with Hanks' BSS, followed
by slow speed centrifugation in the cold for about
two hours to removc gross particulate matter,
Acid extracts were brought to approximately pH
7.4 by the addition of a drop or two of dilute
NaOH solution, and then stored with antihiotics
in screw-topped vials at —20° C. until tested.
For virus isolation, each of four monkey-kidney
cell culture tubes was inoculated with .25 ml
extract. The tubes were examined every sccond
day {for eight days. Tf negative at that time,
supernates of the four tubes were pooled, and
0.2 ml. of the pool inoculated inte each of two
new MKC tubes. If the passage tubes showed
no evidence of a cytopathic effect after eight days,

the specimen was considered negative for virus.,

“Posilive” supernates were tested by mixing an
aliquot of a standard 1:100 dilution with potent
Type 1, Type 2, Type 3, polyvalent (three types),
and normal control antisera. These mixtures
were incubated for one hour at room temperature,
and then inoculated into two tubes each of MKC
culture, If the results of this test indiealed that
more than one poliovirus type was present, a sec-
ond similar test was performed using antisera
with the following mixtures of antibody types:
1 and 2, 1 and 3, 2 and 3, all three types, and
normal conirol. Combinations of any 2 or 3
types could thereby be identified. Tt should be
noted that if small guantities of a second virus
type were present in a fecal extract, it might he
missed because of the overgrowth of the pre-
dominant type. Because of this possibility
(among infants fed polyvalent vaccine), mix-
tures will be made at a later date of fecal ex-
tracts and antiscra against the virus type{s) al-
ready isolated, and a new attempt at virus iso-
lation will be made. Such retesting has not vet
been done, and the [ollowing results may be de.
ficient to that extent.

Clinical observations. At the time of a home
visit to pick up the sixth-day Iecal specimen, the
nurse examined the infant briefly and discussed
with the mother his health during the interval

since vaccination, A formal health record was

made at one and two weeks after vaceine feeding
on all babies designated for detailed study and
thosze in the illness control group.

RESULTS

Until the time of this writing (15 May, 1960),
138 babies have rcceived vaccine under one or
another of the indicated schedules, and another
11 have been ohserved as group 7 comtrols. There
have been no untoward reactions attributable to
the vaccine, Le., no diarrhea not readily explain-
ahle on another basis, no febrile or allergic re-
sponses, no symptoms referable to the central
nervous system. Two serious illnesses have oc-
curred in vaccinaled infants, onme case of pul
monary atelectasis, edema, and pneumonilis, per-
hups related to congenital cardiac defects, which
terminated fatally, and one case of hemolytic
jaundice probably caused by severe bacterial in-
fection.

Infection has thus far been investigated only
by the attempt at virus isolation, and [or those
infants in the “limited study™ category only one
specimen (six days after vaccine administration)
was available. It is therefore possible that some
infections have heen missed, and will he picked
up only upon serologic examination later. No
virus cytopathogenic in monkey-kidney cell tissue
culture has bheen dctected in a fecal specimen
collected prior to feeding, but two enteroviruses,
as vet unidentified but not poliovirus, have been
found in the excreta of children 28 days after
vaccine administration, who were 30 and 56 days
of age, respectively. Before it was realized that
a fecal specimen collected several hours afler
oral vaceination was unsuitable, several were ob-
tainced at two, four, or six hours after admin-
istration when none was available at the time of
feeding. In almost every such instance, homolo-
gous virus was isolated from the feces, undoubt-
edly representing the very rapid intcstinal pass-
age of vaccine.

As resulis were accumulated in the lahoratory.
changes in the study protocol seemed justified,
and new recruitment goals were established, as
indicated in Table 2. (Se¢ Table 1 for descrip-
tion of subgroups.) Because the cnd-point of
infectivity had not heen reached for any of the
vaccine types, new subgroups 1d, 2d, and 3d were
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added recently to comprise babies receiving vae-
cine in 1:1000 dilution. None of these has yet
received the vaccine. This table also shows the
number of babies vaccinated to date in each sub-
group and the numbers demonstrated to have he-
come infected or to have failed to become infected
as indicated by the presence or ahsence of
homologous virus in the sixth-day or later speci-
men, Considering first the monovalent feedings
in very young infants {groups 1-3), and realizing

TasLE 2. PreLimiNary Resvrrs oF Oran Vace
CINATION BAsSED oN FEcaL ExcrReTion oF Vikus
oF HomoLogous Type

Rumber ol babiea Presance of homclogous
virua in Seday apeeimen
Subgroup Modified vaccine
number{1) {new)goal | ta date yan o 1neosplete atudy
a 1 10 9 ] 1
b 10 12 ] Q 3
< 10 1 b b 3
d 1o a
2 & & & <]
b 10 10 ? 1 z
] 1 1 1 o 3
] 1w © !
3a 10 10 1 ]
13 15 10 5 1 H
[ 15 10 & 2 2
d pis] [}
b i+l 2 1 b o
5a 10 1 1 1
L] 1 3 & 0 0
€ 10 3 Q ]
én 20 1t I4 1 s
b 10 1w phaj Q ¢
T 15 n* o 8 1
Total a0 19 02 22 25 \

{X) Sec Table 1 for description of subgroups.
* Recrnited but not vaccinated.

the small numbers available in each subgroup,
the Type 2 component of the vaccine seems to be
the most highly infectious, followed by Types 1
and 3 in that order. A single failure was {ound
with Type 2 in 1:10 dilution, but none with the
1:100. The 50 per cent end-point of infectivity
with Type } vaccine may be st ahout the 1:100
dilution since only four of eight babies hecame
infected. The results following Type 3 admin-
istration are most scattered, some failures being
recorded throughout the range of dilutions used.

Since a single dose of undiluted Type 1 vac-
cine virus appeared to resunlt in infection, it was
decided to discontinue the recruitment of babies
[or group 4, those who were to be fed this ma-
terial on three successive days. Only two infants

were fed on this regime, and it was very surpris-
ing to note that one failed to excrete virus on the
sixth day after the first dose. Serologic study
later may reveal that infection had occurred
nonetheless.

The babies approximately 30 days old (group
5} who have so far heen fed have become infected
with the sole exception of one child who received
undiluted vaccine. The latter unquestionably re-
ceived the full dose without wastage, and almost
certainly failed Lo be infected since fecal speci-
mens collected every second day were consistently
virus-free. Whether this group as a whole demen-
strates the greater susceptibility of month-old
babies over newborns is difficult to decide from
the small numbers involved.

The duration of fecal excretion, and the con-
sistency with which viros may be isolated from
serial specimen collections is illustrated in Table
3. Note that the choice of the sixth day was a
fortunate one for the collection of a single speci-
men from the majority of children, since from
only one of these babies who were at some time
shown to have become infected was a negative
spceimen obtained on the sixth day. However,
note also that no single specimen can guarantce
to demonstrate the infection of every infected

TasLe 3. Durarion aND CoONSISTENCY OF FECAL

Excretion oF Homorocous Vikus FoLrLowing

ORrRAL ADMINISTRATION oF UNDILUTED VACCINE

10 First 24 BABES OBSERVED 1IN LONGITUINNAL
FasHION

Vaceins Prenencs or absenie of Virss an Speclmen
Subgroup virus collected on indicated day after maccination
rurser (%) | typa B I TE LR o T BT
ST T - T~
ue¥ + + + - + - - -
1a 1 - + e . - L. - -
S R I I I B R R
S DA IO I IR D A (O
S D I S DA R I
SO PV IR I I M M I
?a 2 - NC NC . * - - -
SO I N I o S
S DA AU I Rt SO O R
PO R e I I
NG + + + NC - - - -
: Sl DO B S
1a 3 w oo, PO P N . M z
S AR I T DG (N O I s
S N I I S B
SR S VA D I D IO I
1. R
HC + + . + + + - -
M SV IV I T DO O I A
Fa 1 A M DO A DO e
M D DO SO I I

(X) See Table 1 for deseription of subgroups.
* Not colleeted.
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child; negative “skips” in the series of positives
were cncountered in six of these 24 children.
The duration of fecal excretion in these habies
appears to be somewhal shorler than is usually
observed following the administration of the
Sabin vaccine strains, and there is, morsover, a
suggestion that duration may be somewhat long-
er among 30-day-old habies (subgroup 5a) than
among two-three-day olds {subgroup 1a}, all of
By

contrast, our previous observations of orally vac-

whom were fed the same dose of Type 1.

cinated older children and adults® showed the
substantially longer mean and median durations

summarized in Table 4,

TasrLe 4. Durarion or Frcar EXcRETION oF
“SapiN Vaccine” VIRUsEs FoLLOWING INFECTION
or Ouoer CHILDREN AND ADULTS®

All except one of the habies fed trivalent vac-
cine so far have become infected with at least
one virus type. The sole exception again is not
explainable on the basis of faulty vaccine ad-
ministration or the inadequacy of fecal ohserva-
tion; virus was not isolated from any of the fecal
specimens collected on nine ocecasions during two
weeks after feeding. Among those who did be-
come infected, the pattern of virus exeretion has
heen rather consistent, but with minor variations.
Table 5 presents the isolation results from the
first six babies studied. Note that fecal speci-
mens are daled from the first dose received, and
that, therefore, those receiving three doses had u
longer opportunity to excrete passively the vac-
Type 2 appears to become
Nevertheless,
Types 1 or 3 may appear from time to time and
even, as in baby No. 61, may be excreled for a
prolonged period of time,

cine material itsclf.
predominant in cvery individual.

Virus Number of Duration of wirus excretion ; .
tyve individvals Hedian Mean | DISCUSSION AND CONCLUSIONS
l ?'4 1~ 1% days L days r The major purpose of this investigation was to
2 1 -2 a o titrate in two-to-three-day-old infanis each of the
3 © Ho-e wo virus types included in the “Sabin vaccine,” in
' order to determine the 50 per cent and 90 per
* From reference (9). cent end-points of infection in children of this
Taere 5. SertAL REcorp or Povioviruses [soLatep vroM First Six INFANTS wHo RECEIVED
Unpituted TRIVALENT VACCINE
Day after Poliovirus type{s) isolated on indicated day
first Babies riven 1 dose Babies piven 3 doses
vaccine Baby Baby “daby Baby Baby Baby
dose # 28 # 60 # 61 #X # 31 # 62
o] [0} 0 0 Q- 0 Q
1 1,3 0 12 |[1,2,3 0 2,3
2 2 1,3 1,2,3 {1,2,3 1,2 2,3
3 2 1 0 1,2,3 1,2 2
L 2 i 2 1,2,2 2 2
5 2,3 - 2 1,2 2 2
& 2,3 1 2 2 2,3 2
8 2 1,2 2 2 2 2
10 2 2 2 2 2 -
14 2 2 2 2 2 ¢
21 1 o 3 2 2 0
28 1 2 3 2 ¢} 0
kL Q 1 3 o] 0 ¥
Lz 0 ¢ 3 2 0 o
49 0 0 3 o} 0 0
56 Q 2 [V ¢ 0 0
63 4] 0 Q 0 o] 0
70 0 4] 0 0 o} ]
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age. The D, , ID,, will be useful as the more ac-
curate basis for comparison with other vaccine
candidates and with other age groups. The D, ,
ID,, is probably the measure needed in aclual
practice since a vaccine can hardly be acceptable
as an immunizing tool which is not effective in at
least 90 per cent of those receiving it. The 30-
day-old hahies were included to permit compari-
son (using Type 1) with somewhat older children,
and further comparison is valid with our pre-
vitus experience with still older children ® since

the material, techniques, and investigative per-

sonnel involved were essentially the same. Qur
aim, therefore, was to complete Tahle 6.
TanLe 6. INFEcTIVITY ENDPOINTS OF “SABIN

YacciNe” Virus StraiNs IN CHILDREN OF
DIFFERENT AGES

irus Infectivity endpointa

tyve Age 1 D‘50 I DPO
? - 1days

1 X on
» 1 year” < 10840 < 109+
2 - 2 dnyma

2 *» 1 year® < 20543 < 1053
2 =0 days

3 » 1 year™ < 105 < 105k

* From reference (9).

Since virologie sludy is still incomplete, and
serologic study has not yet been started, it is
too early to make final judgments. However, it
appears now that Sabin’s Type 2 vaccine is the
most highly infeclious of the three types in young
infants, and a 1:100 dilution of this component
may be capable ol producing infection in almost
every recipient. The Type 1 vaccine may require
a greater concentration, and Type 3 may have
to be administered in undiluted form to result
dependably in infection. This result with Type 3
is surprising, since, on the basis of intrafamilial
spread, our previous work had led us to conclude
that this was the most infectious of the three com-
ponent types.®

It should be noted that the administration of
vaccine on which this work was based was done
with extreme care, by one person only, and using
a technique which permitied the baby to suck
the contents of the medicine dropper used. Under
the less optimal conditions of routine use, more
failures of “take” would be anticipated.

The duration of virus excretion in the feces
after infection appeared to be shorter among
young infants than had been observed with the
same materials in older children. It will be
interesting to observe in the future whether or
If 80 the
duration of effective posl-vaccinalion Immunity

not antibody titers are also lowcr.

may bc in question, and will require specific
It is hoped that it might be pos-
sible to challenge some of the babies in the

investigation.

prescnt study with a second dose of homotypic
vaccine alter several years have elapsed, and to
make ohservations on intestinal resistance to re-
infection. The possibility that the duration of
excretion may be related to the level of passive
antihody present in the babies’ serum will have
to await serologic study.

The ultimate result of vaccination with tri
valent material will alzso have to wait upon sero-
logic cvaluation. The predominance of Type 2
virus infection, as found in virologic study of
fecal extracts, might not be reflected in antibody
response since there is already a suggestion that
Types 1 and 3 may he continzously present in
lower titer. The predominance of Type 2 may
be related to the greater infectivity of this type
in the concentralion used, and it may be con-
troliable by using a greater dilution of this com-
ponent in a mixture,

The unexpected failure of infection in an acca-
sional baby fed undiluted vaccine despite the
demonstrated ability of a 100-fold dilution of the
same type to cause infection is difficult to ex-
plain. It is possible that an occasional individual
is refractory to infection, at least at the given
time, for purely personal physiologic reasons, re-
lated to gastric acidity or some other mechanism.
Similar occurrences among babies fed diluted
vaccine would pass unnoticed because of the an-
ticipated failures due to the smaller virus inocu-
lum.
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Finally, although expected, the complete ab-
sence of untoward reactions attributable to the
vaccine in infected children should be noted.
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Dr. KrucMAN (presenting the paper): Live
attenuated poliovirus vacvine was administered
to 400 newhorn infants during a three-month
period (October 1959-January 1960). This study
was designed to obtain information which might
provide answers to the following questions: (1}
Would the ingestion of larger doses permit
enough of the vaccine viruses regularly to pass
the *“acid barrier” of the stomach of newborn
infants and result in regular multiplication in
the intestinal tract? (Poliovirus may he de-
stroyed below a pH of 2.5 and the gastric con-
tents of newborns often have a pH of about 1.5) ;
(2) Would it be possible 10 by-pass the potential
handicap of high gastric acidity by swabbing the
vaccine directly on the posterior pharyngeal
wall?; (3) Would all three types maltiply fol-
lowing administration of a mixture of large doses
of Types 1, 2, and 3 poliovirus either by mouth or
by throat as determined by virus excretion and
antibody formation?

MATERIALS AND METHODS

Study Group. The study group included 400
infants born in Bellevue Hospital between Octo-
ber 1959 and January 1960. The mothers of
most of the infants were of Puerto Rican extrac-
tion and came from a low socto-economic group,
a relatively immune population. Consequently,
it was likely that most of the babies would
possess passively aequired maternal poliovirus
antibodies.

Administration of Vaccine, The following
strains of Sabin’s poliovirus vaccine' were em-

* Aided by grante from Chas. Plizer and Co., and
The National Foundation.

ployed: (1} Type 1 (LSc, 2ab) containing 107-*
TCD;, ml; (2) Type 2 (P 712, Ch, 2ab)} con-
taining 1072 TCD,/ml.; and {3) Type 3 (Leon,
122.b) coentaining 1072 TCD,,/ml. The vaccine
was given orally in the various dosage schedules
listed in Table 1. It was administered by in-
stilling a measured amount on the back of the
tengue or by swabbing the tonsiliar fauces and
posterior pharyngeal wall with an absorbent
cotton swab saturated with undiluted vaccine,

The first 330 infants were assigned in consecu-
tive rotation to the 11 different groups listed in
Table 1. The Jast 70 infants were placed in
groups 5 and 10 and each 1lth infant was an
unvaccinated control. The first dose of vacecine
was given within 11 hours of birth. The second
dose was administered between 12 and 35 hours
and the third dose between 36 and 59 hours.

Collection of Specimens. Stool specimens were
obtained from most infants on the day of dis-
charge from the hospital, usually the fourth or
fifth day of life. In exceptional instances, speci-
mens were obtained as early as the second day
and as late as the 23rd day.

Cord-blood was oblained at the time of de-
livery. Subsequently, at about three months of
age, a second blood specimen was ohtained in
the Well Baby Clinic. The serum specimens were
kept in the deep freeze until paired samples were
available for antibody determination.

Virus Isolation Studies. Ten per cent stool ex-
tracts, prepared as previously described,” were
tested in Rhesus kidney-lissue cultures in the
Cincinnati laboratory. When an initial test on a
total of 0.6 ml. of 10 per cent extract in three
tissue culture tubes was negative, the test was

315
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TaBLe 1. ScHEDULE ror Live PorioviRus VACCINE ADMINISTRATION To NEWBORN INFANTS
Vaccing MEeTHOD Dose & DiLurion Day
Frp* (Group OF VACCINE GIVEN**
1 MOUTH 1 ec undiluted 0
TYPE 1 2 “ “ i 0,1,2
3 “ 1 ce 1:10 0
ONLY 4 “ “ o« 0,1,2
5 THROAT Undiluted 0,1,2
6 MGOUTH 1 ¢e undiluted 0
TYPES 7 “ “ " 0,1,2
I4+IT411E 8 “ 1ce 1:10 13
9 “ W H 0,1,2
10 THROAT Undiluted 0,1,2
NONE m | .... 1 ...

* Sabin strains
Type 1 (LSc, 2 ab)

Type 2 (P 712, Ch, 2 ab)

Type 3 (Leon, 12 a:b)

repeated in an additional five tubes with an ad-
ditional 1 ml. of stocl extract. The isolates were
identified by appropriate neutralization tests. No
cytopathic agents, other than polioviruses, were
recovered.

Neuwtralizing Antibody Determinations. Tests
lor antibody were carried out simultaneously on
the stored specimens of cord blood and on the
three-month specimens by the pH, metabolic in-
hibition test at the Pfizer Research Laboratories.
The sera were tested in two-fold dilutions in
duplicale cups, and the titer was the dilution of
serum which neutralized the virus in both cups.

RESULTS

Clinical Observaiions. All 400 infants were
asymptomatic during the period of observation in
the nurscry. No untoward reactions were re-
ported or observed in 270 infants examined at
the ¢ne month and three-month follow-up visits,

Virus Isolations on Single Stool Specimens.
The incidence of poliovitus isolations from single
atool specimens is shown in Table 2. Virus was
detected in about 80 to 90 per cent of the cases.

wE irth to 11 hours

0="
1 =12 to 35 hours
2 =36 to 59 hours

A single 1 ce. dose seemed to be as effective as
three daily 1 cc. doses of undiluted vaccine. Simi-
lar results were also obtained with threc daily
applications of undiluted vaccine by throat swab.
None of the stools of 31 control patients yielded
virus.

Extent of Poliovirus Multiplicetion. Table 3
shows the extent of poliovirus multiplication
after a single feeding of either Type 1 or of
trivalent vaceine. Stool spccimens were obtained
from 20 infants two to 14 days after vaccine ad-
ministration. Ten infants received 1 cc. of
Type 1 undiluted vaccine; the remainder re-
ceived 3 ce, of the undiluted trivalent mixture.

Feeding of Type 1 poliovirus vaccine was fol-
lowed by evidence of multiplication of virus on
the fourth, fifth, and eighth post-vaccination day.
The amount of virus recovered from the stool
ranged from 10%¢ to 107 TCD,, per gram.
Triple-negative, five to 10-year-old children, who
had received 0.01 ml. of the same vaccine, ex-
creted 1047 1o 1052 TCD,, per gram of stool
at a comparable time.*



Immunization of Newborn Infants with Live Attenuated Poliovirus Vaceine

317

TanLE 2. INCIDENCE oF Virus IsorLaTions oN SINGLE STooL SpECIMENS OBTAINED ApoUT 4-5 Days
Arrer OraL PoriovirRus YACCINE

Resuvins
VacciNg DosE AND Day IsovaTioN IsoLaTioN
FED DiLurion GIvEN ONLY +ANTIBODY
TYPIR 1 ce Undiluted 0 8/10 9/10
I w “ 01,2 7/10 7710
1 ce 1:10 0 5710 s B/10
ONLY « 01,2 7710 8/10
Throat Swab 0,1,2 12/21 = 13/21
Undiluted
3 ce Undiluted 0 9/10 9/10
TYPES “ “ 0,1, 9/10 4/10
306 1:10 0 13/20 = 13/20
14243 €@ w 0,1,2 6/16 = 9/16
Throat Swab 0,1,2 15/22 s 15/22
Undiluted
NONE 0/35 0/35

Administration of the trivalent vaccine was {ol-
lowed by excretion predominantly of Type 2
virus. Evidence of multiplication of virus was
apparent on the second to the seventh day and on
the 14th day following vaccination. The amount
of virus recovered from the stool ranged from
10.%-¢ o 10%-¢ TCD,, per gram.

Evidence of Antibody Response 3 Months After
Administration of Poliovirus Vaccine to Newborn
Infants. The decline of 54 poliovirus antibody
titers from birth to three months in 1% unvacci-
nated control infants is illustrated in Table 4.
The decline in titer ranged between four and
128-fold. Consequently, any infant with only a
fourfold or greater decline in titer at three
months was assumed to have had no antibody
response. Evidence for active antibody response
included a two-fold decline, no change or an in-
crease in titer, although it was realized that lower
levels of actively produced antibody would thus

be masked by the higher levels of the residual
maternal antibody.

The results shown in Table 5 are bascd on the
above criteria. The adminisiration of Type 1
poliovirus vaccine was followed by evidence of
antibody response in about 30 per cent of a
group of 109 infants at three months. The re-
sults were nol significantly affected by the dose
or route of administration.

A mixture of Types 1+2+3 vaccine induced
evidence of an antthody response at three months
in about 50 per cent of 134 infants on whom
studies have been completed. The response was
confined chiefly to Type 2 antibody.

DISCUSSION

The demonstration of virus multiplication in
the intestinal tracts of 80 to 90 per cent of new-
born infants fed live poliovirus vaccine based on
examination of only a single stool specimen
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Tarre 3. ExTENT oF Portovikus MurtipLicaTioN aT Inprcaten Time Arter Sivere Ferpine of
UNmiLuten Tyre 1 oR TRIVALENT VACCINE

LOG 10 TCDsg/Gm. VIRUS IN 5TOOLS QF INFANTS
DAY STOOL
OBTAINED FED TYPE I ONLY FED TYPES I+ II + III
2 3z In
3 £ 0.8 3.2 (1D}
4 3.2 4.2 4.7 4,7 (IN)
5 3.2 3.7 4,2 4.7 £0.8 2.2(D 3.2 ({(+I) 5.2 (I+1)
[ £0.8 6.0 (II)
0 4.2 (I
| I— -
8 4,2
14 5.2 {I)

(IT) = Type 2 Poliovirus.

TaBLE 4. DrecLINE or 54 Passive Poriovirus NEUTHALIZING AnTiropY TiTERS IN 19 UNVACCINATED

IxranTs FROM BiRTH To TAREE MONTHS

ANTIBODY
LuveL v No. or FoLp-DEcLixE
Coun Broop TrrErs* AnrBonY TiTEns OBSERVED AT THRHE MoNTHS 8 TITER

1024 1 256 _, 1

512 - 4 128, 128, 64, 64 ) 4-8 -
e 9 64, 32, 16, 16, 16, 16, 16, 16, <4 4-128
o 128 8 32, 16, 16, 8, 8, 7;,_ 8 8 B 4-16 o
- 4 7 16, 16, 8, 8 8 4 4 ;:1-67— -----
o 572_7_- 77_- 8 4, 4 <£_1,_;t4, <4 4—16-

]U_ 18 7 MAll <4 o 4

* Types 1, 2, and 3 polinviruas,
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TaBLE 5. Evibence oF ANTiBopY RESPONSE AT 3 MonTis AFTER ADMINISTRATION oF Live PoLio-
VIRUS YAcCINE To NEwBORN INFANTS

Fvinknce oF ANTIBODY RESPONSE
VaccINg Frp Groupe NUMBER Per Cent
L 5,22 23
Type 2 6/16 37
1 3 7/21 33
Only 4 6/19 32
5 10/31 32
I I 111 I I1 IT1
Types 6 1/20 7/20 2/20 5 35 10
I 7 2/24 14/24 2724 8 58 8
o+ 8 1/24 12/24 2724 4 50 8
II
+ 9 2/20 8/20 3/20 10 40 15
111 10 2727 8/27 5/27 7 30 18
Nonce 11 /19 0/19 0/19 0 0 0

Note: See Table 1 for key to groups.

TABLE 6. ORAL PoLIOVIRUS VACCINATION OF NEWBORN INFANTS

Lack of effect of level of maternal antibody on poliovirus
multiplication in the intestinal tract

AntigoDY TrrER* No. oF Loag 10 TCDgp/Gum. oF
or Corp Broon INrANTS PorioviRUg EXCRETED
< 16 7 - 3.7—-6.2
32 8 2.7-5.2
. 64 - 22 1.9-5.7 ]
128 13 B 1.4-5.7
o 256 1 2.0-4.7
12 5 3.2—5.}]ﬁﬁ -
1024 ! Y

# Reciprocal.
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{usually at four to five days) was a significant
finding. Similar observations have been made by
Gelfand * in infants fed the same lots of vaccine
at two to threc days of age. It would appecar that
the factor of high gastric acidity in the newborn
infant does nol present a serious handicap in the
oral immunization of newborn infants, when the
larger doses of vaccine are used.

Gelfand,® working with aliquots of the same
lots of vaccine, has also observed a uniform pre-
dominance of excretion of Type 2 virus when
trivalent vaccine is administered. The inter-
ference with Types 1 and 3 is further sub-
stantiated by the evidence of a predominant rise
in Type 2 antibody.

The presence of high levels of maternally trans-
mitted antibody had no cffect on the extent ol
multiplication of virus in the inteslinal tract. As
indicated in Table 6 the amount of virus ex-
creted in the stool was essentially the same in
infants with low or high titers of maternally
transmitted antibody.

Evidence of an active antibody response was
more apt to occur in infants excreting virus than
in those with negative tests for virus in the
single stool specimens examined as shown in
Table 7. An antibody response was present in
42 per cent of 55 infants with positive isolations
as compared with 20 per cent of 30 infants with
It is ecually important to
note that in spite of active multiplication of virus
in the intestinal tract, 58 per cent of the infants
had no evidence of an active antibody response
on the basis of the eriteria that had to be adopt-
ed, Although there was no correlation between
the titer of antibody in the cord blood and the
extent of virus multiplication in the intestinal

negative isolations,

tract (Table 6), the reverse was true for the re.
lationship between antibody titer at birth with
the evidence for active antibody response at three
Figure 1 illusirates that antibody re-
sponsc was inversely related to the titer of pas-
sively iransferred maternal antibody. The lower
the Liter the higher the percentage of responses.
With an antibody titer of 1:64 or less in the cord
blood the evidence for antibody response ranged
between 55 and 77 per cent. With a titer of
1:128 to cqual or greater than 1:1024, the per-
centages dropped from 33 to 9 per cent.

The ahsence of evidence of an antibody re-
sponse in an infant with a high titer of antibody
in the cord blood does not necessarily mean lack
of active antibedy production. It is evident that
when the amount of antibody produced hy a
newborn infant is less than hall the residual
maternally transmitted antibody, its presence
would be masked. Tt is apparent, therefore, that
a more adequate evaluation of the active anti-

months,

body response is not possible until at least six
months or longer have passed.

CONCLUSIONS

These studies indicate that z single dose of 1
ml. of undiluted vaccine given on the day of
birth results in the establishment of intestinal
infection in about 80 to 90 per cent of the in-
fants. It is possible that 0.1 ml. of undiloted
vaceine may be equally effective, but a definitive
conclusion on this question will not be possible
until the final duta are available, Feeding of the
trivalent vaccine in maximal dozage led to regu-
lar multiplication only of the Type 2 virus and
only rarely of Types 1 and 3. At three months
aller [eeding, some children had definite evidence

TARLE 7. CorreraTion Brrween Poriovikus IsoLaTion anp ANTIBoDY RESPONSE IN INFANTS ON
Waom BorH TypPEs oF DATA ARE AVAILABLE

VIRUS NO. OF EVIDENCE OF ANTIBUDY RESPONSE
ISOLATIONS INFANTS PRESENT IN ABSENT IN

POSITIVE 55 23 (42%) 32 (58%)

NEGATIVE 30 b (20%) 24 (BO%)
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ORAL POLIOVIRUS VACCINATION OF NEWBORN INFANTS

RELATIONSHP BETWEEN LEVEL OF MATERNAL ANTIRCDY
AND EVIDENCE OF ANTIBODY RESPONSE AT 3 MONTHS AFTER FEEDING
ON BASIS OF FEASIBLE CRITERIA
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Relationship between level of maternal antibody and antibody respor.se in 224 newborn
infants three months after oral poliovirus vaccination.

of active antibody formation, while in others
it was either absent or still masked by high levels
of residual placentally transmitted antibody. At
the present time it seems wise to await the results
of further antibody tests at six months of age and
of sindies on intestinal resistance and antibody
response Lo reinlection, before reaching any de-
cision about the use of live poliovirus vaccine
during the first days after birth, One thing, how-
ever, is already clear: that monovalent rather
than trivalent vaccine will have to be used, and
the Type 1 should therefore be the first to be
administered.
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DISCUSSION

CHalrMAN HiLresok: Before we begin the dis-
cnssion of the five papers presented, Dr. Payne
has asked for the privilege of giving a brief report
from Switzerland.

Dr. Paywe: 1 have a report from Dr. F. Buser
and Dr. M. Schar of Bern, in couperation with
Dr. R. Martin Du Pan and Dr. M. Paccand of
Geneva, and Dr. P. Miiller and Dr. K. Knoepfli
of Basle, entitled “Vaceination of Children,
Infants, and Newborns against Poliomyelitis with
Live Avirulent Poliovirus.”

The summary of their communication is as
follows:

Four hundred individuals, including 145 triple-
negative infants, children, and 100 newborns,
have been vaccinated against poliomyelitis with
the attenuated poliovirus Type 1, the CHAT
strainy 90 of these individuals were also vacci-
nated with the Type 3 Fox strain. ‘

Infection was established in 99 per cemt for
Type 1 and 95 per cent for Type 3 of all indi-
viduals without homelogous antibody, whether or
not they had been vaccinated with the Salk vac-
cine previously, as well as of all passively immune
infants over two months of age. Naturally im-
mune children and adults became less frequently
infected, 66 per cent and 30 per cent, respectively.

Antibody titers over 1:200 were reached in
almost 80 per cent of vaceinated persons, and
only 2 per cent of the Type | and 5 per cent of
the Type 3 vaccinees remained witheur antibody.

These high antibody levels remained prac-
tically unchanged during an observation period
of two years.

After Type 3 vaccination, the heterologuus
response to Type 2 antibody, which did not per-
sist, was observed in more than 50 per cent of the
vaccinated individuals. The vaccine virus was
transmitted from a vaccinated child to nen.

Doramon oF Virus ExcreTION
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vaccinated siblings in 16 out of 50 families, with
two or more children. Nineteen out of a total
of 75 contact children became infected.

The virus excreted by the contact children did
not show any increased virulence on intrathala-
mic injection in monkeys.

Contrary to the excellent results obtained by
vaccination in infants over three months of age,
intestinal infection developed in only about 60 to
70 per cent of newborns and infanls younger than
two months of age; however, those newhorns and
young infants who became infected with the vac-
cine virus developed as high antibody titers as
older infants, regardless of the level of passively
transmitted maternal antibody.

The following figures and tables give addi-
tionzl data on the resulls ohtained by the Swiss
group:

F. Buskr, BErn aND K. Marniv Du Pan, GENEva

Level of antibodies against Type 1 poliovirus in
43 newborns belore and afler vaccination with
live avirulent polio vaccine Type 1 (CHAT
strain).
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F. Buskr anp M. ScuAag, BErn
Antibody titer against Type 1 poliomyelitis virus
in 63 2-12 months old infants before and after

vaccination with avirulent Type 1 poliovirus
(CHAT strain).
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Persistence of antibodies against Type 1 polio-
virus.

Retitration 2 vyears aller the vaccination with
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INFLUENCES oF ANTIBODY LEVEL oN VIRus ExcrETioN
PREEXISTING NuMEER Virvus ExcoeroRs
Tyee 1 oF
AnTIBODY TITER PERSONS NuMmpER PERCENTAGE

:2 < 0 <5 156 156 100
S 5 < 50 24 20 86
2B 50 49 3 64
= Om and above

0 <5 14 9 64
= 5 < &0 8 4 50
= 50 17 4 23
2 and above

Crairnman Hruieroe: Thank you, Dr. Payne.
The papers you have heard are now open for
discnssion.

Dr. LerinE: I should like to ask Dr. Plotkin a
question. Could he state whether the children
who have shown active resistance to vaccination
between the age of eight to 70 days were breast-
fed children or bottle-fed children? In eother
words, had they received human milk or arti-
ficial milk?

The reason for my question is that a few vears
ago, when we studied the establishment of carrier
state in chimpanzees after oral feeding of live
poliovirus, we found that, whereas the injection
of gamma globulin would have no effect on the
establishment of a carrier state, if gamma globu-
lins were simultaneously fed by mouth at the
time of infection and continued for some days, the
establishment of a carrier state could be pre-
vented in some cases, and thus the antibody re-
sponse resukting from infection greatly reduced.

Dr. Protkin: We have also been interested in
this point, Dr. Lépine, ‘

Unfortunately, we have been unable really to
sludy this. TIn reply to your question, very few of
the infants in this study were breast-fed, owing
to the circumstances of the institution in which

the study was conducted. Of course, in those
cases where there was breast feeding, we did fol-
low those infants; in those few we did not
observe any ecffect of the breast milk on the
feeding.

We did titrate some breast milk {rom the
mothers; to he sure, there was polio antibody
and although I do not recall the exact figures,
they were not at a remarkably high level.

Dr. Cox: 1 was very much interested in Dr.
Robbins’ comments about feeding Dr. Sabin’s
Type 1 virus to infants, in whose stools virus was
found for certain periods, followed by periods
when virus was not found, and then followed by
reappearance of virus again.

We also have been deing a study of this type.
We have fed a number of children, but have the
results on only a few at the present time.

However, one interesting observation has been
made. We fed trivalent vaccine, containing 6.1
logs per strain per dose, to a child aged five and
one half months, who happened to be the child of
the senior technician in charge of our serology
group. We found all three types to appear in the
stool for three consecutive weeks, Then Type 2
disappeared for two conseculive weeks and we
found only Types 1 and 3 to be present. Then,
much to our amazement, Type 3 disappeared, and
for two consecutive weeks we found the appear-
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ance of Types 1 and 2. This is contrary to what
we had expected because, as you all know, our
Type 2 strain is what you might call the weak
sister of the three types. Here is a case where
Type 3 disappeared and Type 2 reappeared.
Of further interest is the fact that this is the only
child in the family., We know that the mother is
solidly immune to all three types of polie, be-
cause we have re-fed her at six-month intervals
for the past three years. However, we have no
information concerning the serological status of
the father.

At any rate, much to our surprise, the Type 2
strain disappeared and then reappeared and this,
in our opinion, was contrary to all our expecta-
tions in view of what we know about our Type 2
strain.

Dr. SaBin: Since the same material was used
by Dr. Gelfand, Dr. Krugman, and Dr. Robbins,
I should like to say that many recent tests have
shown the titer to he 10™° plaque-forming units
or 107% TCD,, pet ml. Therefore, the dose used
by Dr. Robbins was about 10% TCD 4, for three-
month-old children and 107™¢ TCD,, for the
newhorn.

I should now like te comment on the question
of breast feeding raised by Dr. Lépine. I have
also heen concerned about that because, as Dr.
Lépine may recall, & number of years ago I car-
ried out extensive studies on feeding human milk,
which had been titrated and shown to contain
antibodies for polie, to monkeys, which were then
fed virulent peliovirus by mouth. The human
milk was given, not only hefore the virus, but
its feeding was continued for, I believe, seven or
14 days thercafter, several times a day; that had
no effect upon the incidence of infection of para-
Iytic polio in the monkeys.

I also have fed mixtures of gamma globulin
and virulent virus, in which the antibody was in
excess, and found that there was some dissocia-
tion in the intestinal tract of the monkeys, he-
cause some of them developed antibody.

For a time [ thought that this showed that
antihody-containing human milk had no effect on
infection of the ulimentary tract by peliovirus,
until I realized that the pathogenesis after feed-
ing in monkeys and chimpanzees is different from
what it is in human beings. In monkeys and
chimpanzees most of the infection occurs in the

posterior pharyngeal wall, while in human beings
the lower intestinal tract is also very susceptible.

So if monkeys swallow human milk and then
are given large doses of the virus by mouth, they
could have their posterior pharyngeal wall in-
fected, and the milk in the stomach or in the in-
testinal tract would have very little effect.

Therefore, I do think that at the present time
we should look into the question of what effect
antibody-containing human milk can have even
when taken in much larger quantities than I
could ever administer to monkeys—because a
child of a few weeks of age will take about a
quart of milk or so. For this reason, I think it
would be worthwhile if Dr. Krugman and Dr.
Robbins might, as far as possible, obtain a his-
tory of breast feeding, both during the first few
days and later, on those mothers who have been
involved in this study. Because in many of the
economically underdeveloped areas, subtropical,
and tropical regions, certainly in the Far East,
hreast feeding goes on for a long time. I think
that we should get more information on this.

There is one other point. Amazement has been
expressed aboul the appearance and disappear-
ance of individual types of virus in persons to
whom a trivalent mixture of polioviruses was fed,

I think if one will refer to the Proceedings of
the First Conference held here last year, one will
see a number of studies on individuals to whom I
fed trivalent or bivalent mixtures. These were
young adults in a federal reformatory without
contact with the outside, and there the same
phenomenon was evident.

Now, whether the virus can remain for twe or
three weeks in the intestinal tract without heing
detected in the stools I do not know, but there
is no question that when multiple types are fed
at the same time this is a phenomenon that has
heen repeatedly ohserved and confirmed.

It is of importance because I think that this
limited multiplication of any one type in the
intestinal tract after trivalent mixtures are fed,
even when all three types may appear, is reflected
in a poor resistance of the intestinal tract to
reinfection, months and vears later,

Dr. Gorpsrum: I should like to ask both Dr.
Plotkin and Dr. Krugman concerning the new-
borns and infants who were found to excrete
virus and failed to produce antibodies.
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Would they kindly give us the details on the
degree and duration of virus excretion. I am
bringing this up since this is in disagreement
with what we have found in older infants. In
our experience, therc was excellent correlation
between virus excretion and antibody response.

Dr. ProTtkiN: In answer to that point, let me
say that we have included only infanis in whom
excretion was established beyond a period of sev-
eral days after feeding, As for the data repard-
ing duration of excretion, we have not noticed a
difference in the duration of excretion of the new-
born infants and the infants fed later in life.

However, our data are somewhat influenced by
the fact that most of the infants are fed the vther
virus types sequentially, so that there is an arti-
ficial cutoff of excretion.

Tt may be that if we allowed excretion to go on
indefinitely, excretion heyond the period of three
or four weeks after the {eeding would oceur in
one group and not in the other, but insofar as 1
can answer your question, Dr. Goldblum, we
have no reason to believe that the newborns ex-
crete less than do the older infants.

Dr. Perkins: There is striking similarity be-
tween the problems that peoplc are facing in
obtaining antibody response after feeding of live
virus vaccines and those that we had when
attempting to immunize infants and the newhorns
with Salk vaccine. DBoth maternal antibody
interference and the lower response of the new-
horn infants are presenting problems.

Latterly, we attempted to overcome the inter-
fering effect of the maternal antibody in the new-
born by giving not two but three doses of vaccine,
each at four-week intervals, as a primary im.
munizing stimulus. While it appeared at first
that the response was no better than there had
heen 1o two doses of vuccine, all these infants
have now heen recalled at 12 months of age, given
a boosler dose (this was the fourth dose of vac-
cine}, and bled 10 to 14 days later. We now
sce that we have some excellent booster responses
in these infants, so that it is quite clear that all
those infa