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Preface

A survey of opinion among members of the scientific community, con-
ducted late in 1965, made clear the desirability of convening an international
conference to summarize present knowledge and future needs in the field
of vaccines against viral and ricketisial diseases of man, and to consider
chemotherapeutic and other approaches in the control of these diseases.
The Conference was organized by the Pan American Health Organization
and the World Health Organization and was held at the PAHO Headquarters
in Washington, D.C., from 7 to 11 November 1966. It was structured to
serve as 4 forum for the presentation of individual papers by acknowledged
authorities from all parts of the world, and for prepared discussions and
open debate on those presentations.

The current and new information on practically all important aspects of
the subject, presented by nearly 300 distinguished scientists from 27 nations,
is recorded in the following pages.

We wish 1o express our gratitude to all those who coniributed their efforts
to ensure the success of the Conference and the early publication of the
proceedings. We are particularly indebled 1o the Program Committee for
the excellent content of the agenda, and te the pariicipants for the high
quality of their presentations, which have made a contribution of inestimable
value 1o the body of knowledge in this field.

AsragaM HorwiTzZ
Director, Pan American Sanitary Bureau
Regional Office, World Health Organization



Editorial Note

The present volume coniains all the papers submitted by the
participants at the Conference, arranged in the order of their
presentation, by session, together with the statements presented
by the discussants on each topic, The transcripis of the general
discussions have been edited for the sake of brevity and con-
sistency of style; afl stotements relating to the opening or clos-
ing of sessions, and other non-substantive remarks, have been
deleted tn order (o condense the presentation as far ws possible.

T'he texts of the papers have been reproduced as submitted
by the authors, with a minimum of editorial changes. For the
most part, illustrations have been reproduced directly from the
original material submitted. This has made possible the early
publication of the proceedings but precluded the possibility of
standardizing formai in all the papers.
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INTRODUCTORY REMARKS

Asraniam HorwiTz

Director, Pan American Sanitary Bureau,
Regional Office of the World Health Organization

for the Americas

Dg. Horwirz: 1 wish to express, in the name
of the Pan American Health Organization and
the World Health Osrganization, our deep grati-
tude for your presence in this house during this
week, For you are going to benefit us—and
through us, millions of human beings all over
the world—with your knowledge and experience
in a field of deep significance for science and
for the well-being of man.

We consider this Conference to be a direct
continuation of the dialogue started a few years
ago, under our sponsorship, on live poliovirus
vaccines, The presence of many of you today
who also attended the two conferences on live
poliovirus vaccines is in the tradition of Aristotle
when he stated that a community is viahle when
everyone knows the face of his neighbor. We, of
thiz Organization, are anxious to ereate a true
intellectual community of the sciences and arts
of health as the most essential force 1n fostering
progress m the well-being of people.

A few years ago, in my introductory remarks
to the First PAHO/WHO Conference on Live
Poliovirus Vaccines, I declared that “in the evo-
lution of ideas in search for those truths which
bear on the lives ol many people it is indispensa-
ble, from time to time, to pause and to analyze
what is known, what still remains to be Jearned,
and to determine the course which must be fol-
lowed to reach the original objectives.” Thus
we are assembled here to analyze the past and
the present and to project the future of vaccines
against viral and rickettsial diseases, The pro-
gram for the week ahead is ambitious, but we
feel certain that the eminence and high compe-
tence of the speakers and participants are full
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guarantee that the Conlerence’s ohjectives will
he attained.

If there is a characteristic common to all or
most of the subjects to be discussed, it is their
complexily-—complexily in the sense that nature
still keeps many secrets to be unravelled. The
more we know, the greater the stimulus for those
cspecially endowed with an inguisitive mind and
great imagination Lo penetrale to the very es-
sence of each process in order to interpret those
forces revealing the existence ol new relation-
ships which require new principles and laws,
Ortega v Gasset wisely observed that facts
“cover” reality snd that the role of science is
precisely to “uncover” it. He symbolized science
as “construction” and judged it, as it related to
matters corporeal or spiritual, as much a prod-
uct of imagination as ol observation, the latter
not being possible without the former. He added;
“This characteristic, in part at least, the imagina-
tive elemenl of science, makes of her a sister of
poetry.”#®

In keeping with the best of their postulates,
hoth the Pan American Health Organization and
the World Health Organization are eager to
learn from your experience what knowledge is
ready to be applied 1o prevent or cure disease,
as well as to learn of those concepis that will
stimulate further investigation. The history of
the recent past is rich in accomplishments and
justifies these new explerations. We need only
to mention vaccines agammst yellow fever, smail-
pox, and poliomyelitis, Where the vaceines have
been applied in a systematic way, these diseases

* Ortega v Gasset, José. En torne a Galileo—
Esquema de las crisis, page 17, Espasa-Calpe, 5.A.,
Madrid, 1965,
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have been brought to comparative inconsequence
and we look forward to similar success in the
most recent initiative of Governments in their
agreement to undertake a world-wide effort to
eradicate smallpox, ccordinated by the World
Health Organization.

Tn view of such background and purpose, it
scems fitting that this international scientific
conference is being held in our new house and
iz devoted to viral and rickettsial diseases and to
measures that have been or are being developed
for their prevention. We would hope to be able
in the future to continue this dialogue so as to
consolidate some of the experiences, as well as
to explore others, such as those related to chrenic
and degencrative diseases, neoplasia, autoim-
mune and other maladies of long-term occur-
rence, which only now are beginning to demon-
strate or to suggest a viral etiology.

Since the days of Jemner and Pasteur, who
vsed intact animals, to our days in which cell-
culture procedures are commonly employed,
great progress has occurred in virus vaccine
production. Tt is to be regretted that the same
accomplishment has not been registered in their
application for human hetterment, even in the
case of those vaccines whose preventive capacity
is solid and long-proven and whose cost, through
industrial production, is relatively small. As a
consequence, millions of human beings living in
the so-called underdeveloped world are deprived
of the benefits of immunization and specific dis-
eases still show high incidence and mortality.
Under the circumstances, the question has heen
raised as to whether these countries should be
comcerned with advanced research and its ef-
fects, or whether they should concentrate on the
tradilional procedures for the solution of hasic
health prohlems.

Colm has stated that development derives from
“growth and change” involving the economy, the
organization and administration of services, and
social welfare. All of them are preconditions to
the application of modern technology. In this
complex interplay of forces, health care is one of
the essential components hecause, jointly with
education, it contributes to the development of
each personality and, through this process, to
productivity and production. Progress is mainly
the result of the spirit of creation, inventiveness
and ingenuity, as well as a recognition of re-

sponsibility and of the need for decision on the
part of those endowed with a sense of national
purpose. All other elements, capital investinent
included, are complementary., Development will
not be realized unless increasing social opporiuni-
ties are offered within each society, so that each
human being “will be more, knowing more.”

In the field of health, people do not accept
discrimination with regard to the quality of cura-
tive and preventive medicine to which they as.
pire. They want immediately for themselves and
for their children that which is modern as soon
as it becomes practical and is known. Govern-
ments must satisfy these aspirations, as a moral
imperative and as a Tundamental activity [or the
future of the country. For this very important
purpose, scientists and the other elements of the
intellectual community should keep in active as-
sociation with Governments, regardless of cur.
rents of political opinion, because it is the well-
being of the people that is at stake, Internarional
organizations, intergovernmental in nature and
in ohjective, such as the World Health Organiza-
tion and the Pan American Health Organization,
should contribute their efforts to spread modern
knowledge, to assist in its application, and to
creste the appropriate atmosphere for the best
minds in each discipline to coordinate and to
systematize their thoughts and experiences. In
this way, old concepts and techniques are mod-
ernized; new ideas are explored. As in any at-
tempt to explain all phenomena of the real
world, the process is never ending.

Under these conditions, we gather here this
week. You can be certain that the facts and
the proposals that you are going to leave with
us after your discussions—which we hope will
be both productive and lively—will be spread
throughout the world. You can count on the
interest of the Governments, regardless of their
stage of development, and on our decision to
provide them with the technical assistance needed
to organize programs of immunization against
the diseases included in the agenda of this
Conference, when circumstances will justify and
permit such action. In doing this, we interpret
the role of science as so well defined by our Ad-
visory Committee on Medical Research: “The
long-range goal is 1o promote the upgrading of
the community in jts most human aspects through
the cultivation of science. Indeed, science, if
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understood properly as a form of culture, is a
means of eventually providing the whole com-
munity with an objective awareness of the proper
context of man;: it gives a holisiic view of the
universe, in keeping with man’s intellectual na-
ture; it will eventually provide a basis ior
mutual understanding; and it is in any case a
proper basis on which to build education.”*

* Report to the Direceor. First Meeting, PAHO
Advisory Committee on Medical Research, 18.22
June 1962, Washington, D, C.

The opening address for this Conference will
be presented by Dr. Stuart-Harris, whe js Pro-
fessor of Medicine at the University of Sheffield,
England. Dr. Stuart-Harris has had many years
of experience in virelogy and rickettsiology as
teacher, laboratory experimenter, clinician, and
author, He is gifted with farsightedness tempered
by practical reality. We are pleased and privi-
leged to have him with us today to present the
keynote address on present accomplishments and
future needs for viral and ricketlsial vaceines.
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KEYNOTE ADDRESS:

PRESENT ACCOMPLISHMENTS AND FUTURE NEEDS

C. H. Sruarr-Hagrxis

Department of Medicine, University of Shefheld
Sheffield, England

D&, Sruarr-Harris: The infections that will be
considered by this Conference attack the popu-
lations of all countries throughout the world 1o a
greater or lesser degrec. Their control by means
that will be both safe and effective is the dream
of those charged with responsibility for rthe
health of the people. Yet the very success of
some ol the weapons forged in the laboratory
and applied in the field has served but to high-
light the failures in other directions. Sometimes
the failure has been attriboted to the weapons
themselves or to the characteristics of the in-
fectious agent; sometimes it has been in the
method of application of the prophylactic to the
population. Nevertheless, as it is my task to
ring up the curtain on this Conference, I prefer
ta deal first with success rather than failure, in
the hope that the principles that have led to
success may also guide us in the consideration of
future needs.

The Achievements

Tt is now a little over 200 years since Edward
Jenner emharked on the carcer that made him
the pioneer in the conlrol of disesse hy artificial
immunization, From the time of the first vac-
cination in a boy with lymph fram the vesicle of
a milkmaid’s cowpox, immunization against
smallpux has bad a chequered career. When
Jenner died in 1823, his work was only partly
recognized hy his countrymen, and it was bitterly
criticized after his death. Variolation with ma-
terial from cases of variola continued to be prac-
ticed in Britain until 1840 in spite of protests
and a firm recommendation for Jennerian vac-
cination by the Royal College of Physicians of

London. As vaccination gradually came to be
adopted during the latier half of the 19th cen-
tury, so did variola decline in Furope and
North America.

Today, however, the situation is different.
There remain foci of virulent smallpox in Asia
and elsewhere that threaten the rest of the world
where variola major has ceased to oceur. In
Britain the rate of acceptance for vaccinial im-
munization in babies and infants, 15 now only
about 30 per cent unless a special effort is made.
Thus every importation of variola iz a cause of
public alarm and perhaps mass vaccinalion cam-
paigns, with their attendant risk of severe re-
actions and hazards for cczemalous babies. Only
recently has the World Health Assembly decided
to devote large resources in an effort to vanquish
smallpox at its source. Truly, the achievement
3o far ohtained could have been infinitely greater
had the necessary effort been made.

But Jenner’s torch lit the path for Pasteur,
and it was Pasteur who showed the way to at-
tenuate microbial virulence artificially. The prin-
ciples enunciated by Pasteur in his work on fowl
cholera, anthrax, and rabies have stood the test
of time and are still in use today. They were
the inspiration for Theiler and his colleagues of
the Rockefeller Foundation in their successful
cultivation of the 17D strain of vellow fever
virus. They led also to the growth and develop-
ment of immunology, which today has become a
key scientific diseipline in its own right.

The control of disease by artificial iminuniza-
tion based on Pasteurian principles is of course
most strikingly instanced in our time by polio-
myelitis. The fact that in this vast country of
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the United States paralytic poliomyelitis has be-
come reduced from a disease numbered in thou-
sands of cases annnally to a mere 61 in 1965 is
an astonishing and solid achievement directly
attributable to immunization. The fact that this
has been brought abuout by the deployment of
two entirely different potent vaccines—those of
Salk and of Sabin—is also remarkable. Had
these weapons not been employed in dramatic
mass campaigns in both the United States and
the USSR, the course of history might well
have been different. The lesson that a vaccine
must be not only safe and effective but also ac-
ceptable to the people shonld by now have been
well and truly learned.

It is not for me to adjudicale upon the respee-
live merits of different forms of poliovirus vae-
cines, and I know that all those present would
prefer that T honor the one 10 whom the modern
work on poliomyelitis can be traced—John En-
ders. Not only did he und his co-workers at the
Boston Children’s Hospital provide the tissue-
culture tools requisite for the preparation of
virus vaccines in bulk, but he himself has since
tamed the measles viras and provided the world
with vet another potent weapon. Nar does the
story end here, for already a tissue-culture line
of rubella virus has heen established hy Park-
man and others at the National Institutes of
Healih, which may provide another safe and ef-
fective prophylactic against a disease that is
trivial for the child but hazardous indeed for
the fetus. The application of both measles and
rubella vaccines for the attempted control of
their respective diseases is an unfinished story,
but no one can {ail to be amazed at the pace
of development in the past ten ycars.

Present Chollenges

It is time now to turn to the challenges pre-
genled to us by the unconquered infections of
our several populations in order to assess the
present needs. The commonest, if not the most
deadly, infections in all parts of the world are
still the acute infections of the respiratory tract.
The fact that it is more than 30 years since the
recovery of the influenza virus in the Iaboratory,
and that influenza is still an undefeated disease,
is surely a sobering thought. Is it because our
weapons are too bluaot or inadequately applied,
or are we defeated by the changing virus whose

antigenic variation is so sharp a contrast Lo the
stability of the viruses of smallpox, yellow fever,
poliomyelitis and measles? Probably all three
reasons are valid bul the debate about to begin
may serve 10 assess the matter,

Then there are the hordes of cases of common
volds, of pharyngitis, and of the acute lower
respiratory tract infections that press upon peo-
ple of all ages and whose rule is one of etiolo-
gical diversity. The serological complexity of
certain species such as the rhinovirusez make
the immunological problem enormouns. The pos-
sibility of formulating polyvalent vaccines made
up of several species is to be discussed. If only
some common product of the virns particles
existed that would immunize against different
serotypes, the task might seem less formidable.
Moreover, the need 1o define the respiratory vi-
rus problems at different ages and in different
groups of the population is still outstanding. It
is perhaps peculiarly my prerogative in this
Conference to declare that immunization must
begin by defining its objective. Unless there is
a clinical problem whose etiology has been estab.
lished, then there is no basis for formulating
and using a vaccine.

Let us turn to the still relatively poorly under-
stood group of enterovirus infections. Among
these one would select aseptic meningitis as the
maost serious clinical condition, but the diversity
of viruses concerned makes illness a challenging
problem indeed. There are thosc who believe
in the possible harmful effects of Coxsackie and
echoviruses in obscure conditions of the nervous
system. Others point to the cardiac effects of
certain enteroviruses or to their role in gastro-
intestinal disease. The sum total of clinical
hazards of this ubiquitous group of viruses is
hard to fathom. How much these remarks may
apply also to the complex arbovirus field, others
more competent than [ must judge. But the
challenge of virus encephalitis is one that must
be {felt in many widely separated countries
throughonut the world.

The conquest of disorders in which there is an
acarine or insect vector raises the possibility of
control measures other than immunization. The
rickettsial infections illustrate this problem as
well as, if not better than virus diseases, Those
of us who witnessed the historical success of
insecticides in the contrel of louse-borne epi-

-3,
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demic typhus in Naples in 1944 are not likely
to forget the value of vector destruction. Im-
munization against epidemic typhus is now feasi-
ble by more than one method, yet other rickett-
siae such as those of scrub typhus and Q fever
are more recalcitrant. The clinical need for con-
trol measures has to be established before the
worthwhileness of immunization can be assessed.
Wartime epidemics revealed the existence of
Rickettsice orientalts, but the endemie import-
tance of this infection to populations of South-
east Asia and elsewhere has still o be assessed.
Much the same can he said of tick-borne and
Q fever rickettsize that flourish in the animal
kingdom in many countries all over the world.
Action against the numerous animal species con-
cerned seems difficult to effect. The existence
of salisfactory chemotherapeutic agents against
the rickettsial infections has taken away much
of the urgency of prophylaxis. Does the experi-
ence of the fight against the rickettsiae have a
wider message? The tantalizing prospect of

. chemotherapy against the true viruses is now

doubly attractive in view of the problems just
outlined. Chemoprophylaxis which has a better
theoretical chance of success is already being
explored against gmallpox. The future possi-
bility of extending thiz method, particularly for
epidemic control, must clearly now he taken

into account.

FPresent Needs

There is at the present time much talk of the
possible eradication of disease. Coming as I do
from an island that has successfully eradicated
at least one virus disease—rabies—by the simple
expedient of quarantine of potentially infected
animals, it might be thought that [ would speak
strongly in favor of this concept. On the con-
trary, the word “eradication” seems to me lo
foster an illpsion. Tt is perfectly possible to
eradicate a particular infection from one par-
ticular country or area, but the reality is that
the world is an epidemioclogical unit and that
other areas may continue to foster the infection
long after eradication has been achieved else-
where. The existence of animal reservoirs of
infection in any case makes eradication an im-
possibility for certain of the virus diseases now
to be discussed.

1 should like to propose that the primary aim

of preventive immunization may be stated quite
simply as the artificial induction of resistance
to infection so that children may be born healthy
and attain adult life without the risk of repeated
illnesses to which they are now subject. Where
the infectious agent is ubiquitous—as in the case
of the polioviruses, measles, and rubella-—it is
necessary to immunize each generation anew.
Where the agent persisis in localized areas, as
for instance, in the case of vellow fever or vari-
ola, the induction of resistance by immunizaiion
campaigns in these areas may be successful in
quenching the fire of inflection at its source.
This is essentially the technique of epidemic
control. We need at the present time to take
stock of the diseases caused by the major groups
of the virus infections of man. We need to define
our objectives anew. This may demand further
detailed clinical and epidemiological studies com-
bined with an assessment of the virus [lora.
Only then can it be stated whether the problem
is best met by basic immunization of children
or by some form of epidemic control.

Second, there is a great need for work on the
immunizing materials themselves with a view to
improving their purity and antigenic effective-
ness. As was pointed out by the WHO Scientific
Group on Human Viral and Rickeitsial Vaccines®
seme virus vaccines honored by tradition [ail to
conform to the standards set for the more re-
cently developed vaccines. Smallpox and rabies
vaccines are examples of this, and even yellow
fever and live influenza vacvines need to be
cleansed of accompaniments such as the fowl
leukosis complex. The existence of known ex-
traneous agents in living lissue and the possi-
bility of further as yet wnknown contaminants
frightens many workers and greaily complicates
the problems of safety and control of live at-
lenuated vaccines. The preparalion of such vac-
cines in cell strains that can be subjected to
defined criteria and experimenial tests is an
attraclive method that is already being explored
as an alternative to cultures from animal tissues.

Even where inaclivated vaccines furnish a
good alternative to living vaccines, from the
standpoint of protection there is much to be
learned in regard to ithe methods of administra-
tion, precise composition, and number of doses.
Take, for example, the question of influenza.

* WHQ Technical Reports Series 325, 1966.
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Inactivated saline vaccines exert so lransient an
effect Lhat they are only protective for relatively
short periods of time and injections must be
practiced annually. The oily adjuvants hitherto
used afford an excellent chance of prolonging
the antibody response, yet give troublesome local
reactions in a small number of recipients. The
recent introduction of purified hemagglutinin,
which avoids the pyrogenic effect of whole virus
vaccine, may therefore be the best approach to
the influenza problem. But will this afford merely
basic immunization for certain groups of the
population, and onght reliance for epidemic con-
trol be placed on an attenuated living vaccine?
Many in my own country feel unable to acccpt
the latter mode of immunization until a labora-
tory method of test for attenuation of influenza
virug is formulated which will provide the equiv-
alent for influenza to the monkey nervous system
for poliomyelitis virus.

Third, there is need to develop new vaccines
from etiological agents shown to be responsible
for a significant amount of illness. The respira-
tory virus field is one that cries out for explora-
tion and that can only be approached on the
basis of a vaccine containing many constituents.
Will the number of doses required for an inac-
tivated polyvalent respiratory vaccine be then
too great for acceptshility, or will needle-less
methods of administration soothe away the sting
and fear of injections?

Fourth, we need to obtain a far greater de-
gree of cooperation from the population in the
future. The extension of immunization demands
this, unless we are merely to substilute one vac-
cine for another. In my country, where drugs
are not only lolerated but requested, vaccination
still conjures up an unpleasant image of a pro-

cedure bringing with it the hazard of reactions
and only the negative benefit of freedom from a
disease which might never happen. Fear is,
however, not the basic reason for the low rates of
acceptance of vaccination. A recent example
may be given of the effect of improving the ad-
ministration of immunization by the installation
of a computer system for supervising the call of
parents to the clinic at the appropriate time. In
ong area in England where the rate of immuniza-
tion of children against smallpox was formerly
30 per cent, computer control raised the figure
to more than 80 per cent.

Perhaps this Conference will also give some
attention to the basic need for supervision or
surveillance of the population so that a watch
can be kept not only on the state of immunity
but on all possibly harmful reactions or ill-
nesses atiributable to immunization. This will
extend the present form of control exerted pri-
marily on the manufacture and test of the vae-
cines themselves.

Conclusion

The famous exhortation sent Lo Jenner by JTohn
Hunter—*Why think? Why not try the experi-
ment?”—was written about Jenner’s work on
hedgehogs. It has been Laken out of its context
and used repeatedly Lo uphold the experimental
method. This Conference is not concerned with
the hibernativn of hedgehogs but with man's
conflict with his environment, Even so, it would
do well 1o Lake heed of Hunter’s comments in
the unfinished business of the prophylactic im-
munization against infectious disease. May 1
paraphrase this by saying: “We need to think.
We need also to try the experiment.”

s
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SECTION A.

INFLUENZA VIRUS VACCINES

PRESENT STATUS OF INACTIVATED INFLUENZA
VIRUS VACCINES *

Frep M. DAVENPORT

Department of Epidemiology and Virus Laboratory,
School of Public Health, University of
Michigan, Ann Arbor, Michigan, U.S.A.

D, DAVENPORT (presenting the paper) : There
can no longer be any reasonable doubt that a
high degree of protection against influenza A and
B wiil be achieved by administration of inacti-
vated influenza virus vaccines of appropriate anti-
genic composition and potency. The largest
hody of dala to support this statement is that
developed by the Commission on Influenza of
the Armed Forces Epidemiological Board in
close and active collaboration with the military.

Figure 1 reproduces the results of a continu-
ous series of carefully controlled field trials on
vaccine efficacy carried out between 1943 and
1960, In mosi vears a high degree of protection
ranging from about 70 per cent to morc than
90 per cent was demonstrated. The prineipal
exceptions were in 1947 and 1955 when the A-
prime and B-prime straing emerged. These ex-
periences provided convincing demonstrations of
the significance of major strain variation in re-
lation to vaccine-induced immunity. The success
achieved by incorporating the newly emergent
subtypes in subsequent vaccines gave an equally
clear demonstration that vaccine eflecliveness
was not serionsly impaired by minor strain varia-
tions. The total experience uniil 1957 afforded
a firm scientific basis for decisions necessitated
by the recycling of A,like viruses in that year.
A high degree of protection was observed in
1957 and 1960 when polent Asian virus vaccines
were emploved. This impressive record of vac-

* A portion of the investigations reported was
conducted under the auspices of the Commission
on Influenza, Armed Forces Epidemiological Board,
and was supported by the Office of the Surgeon
Ceneral, U. 8. Army, Washington, D). C.

cine effectiveness does not stand alone; as is
summarized elsewhere, it is supported by data
from independent field trials conduected by the
British Medical Research Council (MRC} Com-
mittee on Influenza and by others (12, 8).

In recent years the Commission on Influenza
has been testing a different method for monitor-
ing vaccine efficacy. Since annual service-wide
vaccination is carricd oul in the military, while
coverage of the civilian higher risk groups is
spotty and by the mest optimistic cslimate does
not exceed 25 per cent (13), it seems reasonable
to use as an indicater ol vaccine performance
the comparative experience of the military and
civilian popunlations when challenged by epi-
demics.

Table 1 reproduces the Army’s expericnce
with respiratory discase {rom 1956 through
1665.4 The data shown are incidence rates of
gommon respiratory disease and influenza and
of influenza alone per 1000 average strength.
The advent of Asian influenza in 1957 causzed a
marked rise in admissions for respiratory illness.
Delivery of vaccine containing the Asian strain
could not be obtained before many of the
troops, especially those stationed abroad, had
been exposed. The year 1957, then, represents
the low point for vaccine coverage in the mili-
tary and the high point of respiratory morbidity.
From 1957 through 1965 the rates for common
respiratory dissase and influenza and for inflo-
enza itself fell almost progressively despite the

* The writer iz indebted 10 Colone! Herschel E.

Griffin, Chief, Preventive Medicine Division, Office
of the U.S. Surgeon General, for these data,
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Fig. 1. Results of vaccine field triuls {Commission
on Influenza).

oceurrence of sharp outbreaks of Asian influenza
among civilians In 1960, 1963, and 1965 and of
influenza B in 1962. The Navy and Air Force
figures show the same trends. Moreover, close
annual surveillance of the eticlogic agents re-
sponsible for acute respiratory diseases is main-
tained al five recruil-training cenlers that bracket
this country from California to New Jersey and
from Tllinois to Mississippi, and doring the pe-
riod in question it was shown that influenza did
not gain a foothold at these bases. Clearly the
difference in the military and civilian experience
with influenza during the four epidemics pro-

TaBiE 1. TwcinENcE kRATES—CRD&T AN
INFLURNZAT PER 1000 AVERAGE STRENGTH
amMonNG AD ARMY PERSONNEL AT ARMY FACILITIES

Year CRD&I Influenss,
1956. .. .. 74.46% 1.33§
1957 . ... 195.41% 52,958
1958, ..., 146.78 14.13
1959. ..., 113.19 6.98
1960, .. .. 108.12 7.98
1961.. ... 83.88 4.70
1962, .. 87.27 459
1963, . ... 80.05 4.15
1964 . . . .. G0. 10 3.12
065, . ... 71.57 2,84

*ORD&I = Common respiratory disease and influenza,

TCRD&I figures ute tatal; infuenza fizures ave separale.

FArmy at all Facilitios prior to October 19A7; thercufter, Army
ut Army facilities only.

Source: Statistical Summmary Reports.

vides compelling evidence that the inactivated
polyvalent influenza virus vaccines used in the
military continued to afford a high degree of
protection against influenza A and B.

Since 1957 the high prophylactic value of
influenza virus vaccines has also been confirmed
by the resulis of several studies carried out in
eivilian population groups, even though limita-
tions on the design and conduct of such vaccine
trials tend to vield an underestimate of protec-
tion rates {8, 15, 21). Yet Langmuir et ¢l., on
the basis of preliminary reports, suggested that
vaceine efficacy in 1963 was only 20 to 25 per
cent at hest and claimed that there was little
evidence that recent vaccines had afforded sig
nificant protection (13). However, Moffet et af,
subsequently described their findings in 192
vaccinated and 145 unvaccinated children ob.
served from 3 January through 4 April 1963
{17). They reported a crude relative reduction
in febrile illness of 30 per cent in favor of the
vaccinees. By the application of Stille’s formula
an intrinsic vaccine efficacy (IVE) of at least 68
per cent was caleulated (20). By definition, in-
trinsic vaccine efficacy is the clinical relative re-
duction rate divided by the infectivity rate in non-
immunized control patients, and the nse of this
device shuus the question whether vaceination has
created an antibody ceiling that hampers serodi-
agnosis in the vaccinces. Actually it has been
repeatedly shown that the masking of serodiag-
nosis in vaccinated subjects is not a serious
problem in the conduct of field trials of influ-
enzd virus vaccine efficacy. Nevertheless, the
IVE formula does provide an independent
parameter of protection, From Moffet’s serclogic
data an 80 per cent measurement of vaccine
efficacy can be derived, which is in fair agree-
ment with the IVE estimate.

In another study Bashe et al. ohserved 90
vaccinated and 90 control children resident in
two separate Inslitutions in Ohio during Febru-
ary and March 1963 (1). A crude rclative re-
duction in “influenza-like discase™ of 24 per cent
was recorded for the vaceinated subjects. At that
peoint the authors discarded their serologic dala
on theoretical grounds and did not check their
final negative conclusions by estimating intrinsic
vaceine effectiveness. However, their published
data show that the calculated intrinsic vaccine
effectiveness was 53 per cent and the serologic
measurement of protection was 59 per cent,



Section A~ Influenza Virus Vaccines »

Davenport 5

Monto et al, reported that the 1963 military vac-
vine was effective in preventing dissemination
{18). 1t is evident that the military data and
the findings in the 1963 civilian trials refute the
gloomy opinion that recent vaccines have nut
afforded significant protection against influenza.

Now, despite the fact that the record of vac.
cine effectiveness since 1943 is impressive, there
is no justification for complacency, Control of
inlluenza has not been achieved except in limited
segments of the population such as the military.
Clearly the application ol protective vaccines
has lagged far behind their development.

To date, the needs for vaccine have always
exceeded the supply. In 1957-1958, the vear of
peak effort, 65 million doses were issued in the
United Staies. Yet there arc in our population
over 50 million persons in the high-risk groups
alone (2), and ahout 10 million doses are
needed for the protection of persons in strategic
occupations. In addition, there is a popular de-
mand by persons who just do not want to he
sick if they can help it. Problems in the alloca-
tion and distribution of vaccing persist even
when the volume availzble is high {6).

On the basis of information collected by the
Communicable Disease Center, Atlanta, Georgia,
about 44.4 million doses were used in 1963, but
only 9.7 million in 1964 and 10.5 million in
1965, This decline in vaccine use iz deplorable,
since in 1963 only about 20 to 25 per cent of
persons over 65 received vaccine (13), and in
the subsequent years of low promotional activily
the high-risk groups were virtually unprotected.
It is no surprise then, in view of the recurrent
vaccine shortages, inadequate vaceine coverage,
and apathy in application, that we have not
made an appreciable dent in the number of
excess deaths encountered in epidemic vears.

Unfortunately, concentratiop of thought and
effort on the high-risk groups has diverted atten-
tion away from serious attempts to control the
morbidity of influenza by applicaiion of sound
epidemiological principles. It is well known that
at all times the attack rate is highest in school-
age children and that such children are the
principal means of intreducing infection into
families, whence the disease may spread to fac-
tories and to other places where adalts congre-
gate (7). The results of many field trials have
unequivocally demonstrated that inactivated vac-
cines can provide a high degree of protection in

childhood. Conscquently one would anticipate
that influenza could he as effectively controlled
in schoolchildren as in the military if uniform
were carried out. Vaccination of
schuolchildren and their families would not
only benefit the recipients, it would also previde
a shield against dissemination to the rest of the
commuonity. The shield eould be enlarged and
strengthened by moving systemaiically up lhe
age scale, with the attack rate progressively
declining until herd immunity is established.
Adoption of the policy of vaccinaling school-
children on a hread scale has heen hampered
in part by concern over vaccine reactions, even
though in this age group such reactions are infre-
quent and are easily controlled hy salicylates.
The development, then, of the purified hemag-
glutinin vaccines that do not induce febrile
toxic reactions even in infants constitutes a
practical step toward meeting some of the ob-
jections raised about vaccinating children. Since
it has been shown that the hemagglutinin vac-
cines induce antibody levels as high as or higher
than intact virus vaccines of comparable strength
do, there are adequate reasons to recommend
their use at all ages, including the school ages
(5, 11). Several large lots of experimental
hemagglotinin vaccines have been prepared com-
mercially, and it may he hoped that this type of
product will now move through the orderly steps
needed for licensing. About 50 million doses
would be necded for schoolchildren alone {6).
Another deterrent 1o the broader nse of influ-
enza virus vaccines is the requirement for annual
revaccination. This deterrent can be met hy
the use of mineral-vil-in-water adjuvant vac-
cines, since it has been shown that high anti-
body levels persist for 8 to 9 years after a single
dose (4). Moreover, {ebrile toxic reactions tu
vaccine are eliminated even in children, and the
dose of either virus or purified hemagglutinin
in adjuvant can be reduced to about one tenth
of that nceded to yield comparahle aniibody
levels with aqueous products. Experience with
mineral-oil adjuvant vaccines in the military
extends from 1951 to the present. Success in
application has led to the recommendation that
such preparations be adopted by the armed
services for routine immunization against influ-
enza. This recommendabion has been accepted
by the military, and the final data requested
prior to certifying the safety of the preduct are

vaccinalion
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now heing gathercd. Mineral-oil adjuvant infiu-
enza virus vaccines have been employed exten-
sively in the Uniled Kingdom and in continental
Europe, and their many advantages recommend
widespread adoption.

Just as there are unresolved problems in the
application of vaccines, so too are there prob-
lems in the formulation of vaceines, A recurrent
guestion i3, When should a strain change bhe
made? There is general agreement that when
a new subtype of influenza A or B emerges it is
crucial for maximal effectiveness that the new
variant be incorporated in the vaccine as rapidly
as possible. But how Irequently should strain
aubstitutions be made in response o the oveur-
rence of minor antigenic wvariations within a
subtype? Frankly, there are no ahsclute criteria,
One clue comes from the experiences encountered
in field trials. Table 2 shows protection data on
the various sirain components of the vaccine by
vear of isolation of the strains, indicaling in
each case the vintage interval, which is defined
as the number of years elapsed between the
date of isolation of the most recent vaccine
strain and the challenge. Inspeection reveals that
the Tevel of protection was not conspicuously
higher in the two instances (1943 and 1957)
when it was possible to incorporate the same
vear's virug in the vaccine. Indeed, in several
cases—1950, 1953, and 1960, for example—a
high level of protection was obtained against
influenza A prime or Aslan influenza using vac-

TABLE 2. VACCINE EFFECTIVENESS AND VACCINE

STRAINS

Pre-  Pro- Vin-

Epidemic wvailing teo- Vaceine straing Lape®
veur virus tion inter-

Tates val

1943, ... .. A 3.6 PRE&/34, WEISS/43 t
1945, ... .. B 12.9 LEE/40 5
1047 ... A L1 PRS/34, WEISS/43 4
a0, ... A 3.1 FM1/47 3
1952...... B 2.7 LEE/40 12
1953, ... .. Ay 4.5 FM1/47, COPPETT/50 3
1965, . ... B, 1.6 L.EE/40 15
1957... ... Ay BH AA/5G 1
&7, ..., A: 4.1 JAPAN 305/57 0
1960, ... .. Ay 17.0 JAPAN 305/57 3

*Years hetween dute of most recent vaccine strain and the
epidemie,

cine strains isolated three years previously. The
vintage interval in the studies of Moffet (17),
Monto (18), and Bashe (1) was six years. The
MRC Committee on Influenza reported a sue.
cessful feld trial using an cight-year-vintage
vaccine (14}, To date the champion is the Lec
strain of 1940, which afforded good protection
for twelve years—through 1952.

Another clue comes {from observations on the
breadth of antibody response of vaccinated hu-
mans and from knowledge of the relation be-
tween circulating antibody levels and resistance
Table 3 illustrates the first con-
sideration. Twenly-six subjects of military re-
cruit age were bled before and two weeks after
vaccinalion with a monovalent agueous vaccine
containing 200 CCA units of B/Taiwan/2/62.
Hemagglutinationdnhibition antibody levels were
measured with protolype-B strains in paired

to influenza.

specimens. The results are expressed as geo-
metric mean titers and as the proportion of

Tasre 3, HI awvisony rResroNsEs To B/Tawan/
2/62 MONOVALENT VACCINE

Lesponse 1o
AUOOUS VACIHNDEe
Serura
Lest strain Bpec- |
imen
Ceo.
mean. Rutio*
titer
Pre 17
B/Tee/40 25726
Post, 90%
Pre 58
B/GL/HM 24726
Post 230
T're 38
B/MD/5) 2526
Post 179
Pre 42
B/ Taiwan /62 25,/26
Post 203
Pre 54
B/LA /6L 23/26
Post 276

—— e ——

#Proportion of suhjcets showing twofold rise or greater, i
1Geametric mewn 1L notibody levels before and twoe weeks
after vaceination.
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subjects exhibiting an aniibody increase two-
fold or greater. It will be recalled that anti-
genic analysis of the Taiwan strain using the
sera of lightly stimulated animals suggested that
this virus was only remotely related to its prede-
cessors. However, the broader antibody response
of humans clearly identifies the Taiwan isclate
as another member of the B-prime subtype not
too distantly related to other strains, including
the Lee strain of 1940, Similar findings with
antigenic vartants of A, A-prime and A, sub-
types have been observed (3).* An important
component of the success achieved in using
vintage vaccines, then, is the fact that high
levels of antibody are induced to all members of
the same subtype, even to those that have not yet
appeared.

Since the incidence of influenza in vaccinated
subjects is inversely related to the level of cir-
culaling antibody capable of reacting with the
epidemic strain, and since the levels of vaecine-
induced antibody measured with different strains
of the same subtype are of different heights
(Table 3), the question recurs, How high is high
enough? From direct correlations of levels of
vaccine-induced antibody and resistance (19,
16), and from empirical ohservations made in
the course of the field trigls, it would appear
that the induction of a minimal HI antibody
level of 1 to 128 does confer a uniformily high
degrec of protection. Observaiion of levels he-
low that threshold creates coneern aboul the
sureness of predictions of vaccine efficacy. How-
ever, one cannot be certain of failure, since low
avidity of the tesl strain or destruction of anii-
body by harsh treatment of sera may he domi-
nant in the serologie results. The results of
tests with the sera of birds or animals are more
difficuit to employ for predictive purposes unless
the findings indicate a fairly close relationship
hetween vaccine and epidemic strains. Clearly
more information is needed to provide a firmer
basis for decision, since changes in strain com-
position can create serious problems in the
prodaction and testing of influenza virus vac-
cines and thereby contribute to vaccine short-
ages.

Concerning the question of whether it is worth-
while to retain in the vaccine strains of sul-
types not recently prevalent, such as swine, PRS,

* Unpublished observations,

A prime, and I.ee, there are two views—one for,
one against. To find 2 person who is undecided
is rare. The scientific background for the de-
velopment of the concept that it is advantageous
to create a vaccine comtaining a pool of antigens
derived from viruses of the known sublypes of in-
Auenza A and B has recently been reviewed (8),
and time does not permit a restatement in detail.
Basically, a prime ohjective is to develop by
vaccination at all ages a hroad compositie of
aniibodies that simulates the characteristic of
the older segments of the population, whose
resistance, acquired at the expense of repeated
natural exposures, is at all times the highest de-
spite the occurrence of major or minor antigenic
shifts. It has been shown that a broad composite
of antibodies can he induced early in Jife by the
use of pulyvalent vaccines and that vaccination
can establish a base upon which enhanced re-
sponses can be built through booster injections
(10). The thesis recognizes the importance of
heterologous as well as homologous antibody
coverage. It also recognizes thal, owing to the
wide sharing of the common antigens of influ-
enza A or B, both within and between subtypes,
the opporlunity exists to create resislance against
strains of future prevalence by the administra-
tion of a compound vaccine. The demonstration
by Meiklejobm et «f. that a PR8 vaccine pro-
vided mild protection against influenza A prime
(16) and by Gundelfinger et af. that a swine and
FM1 wvaccine provided moderate protection
against Asian influenza (9) are findings that
provide direct support to the basic concepts. It
would seem prudent, then, to retain the older
strains not only for present benefits but also for
their potential uselulness as a safeguard against
the possible abrupt appearance of a new sub-
type moving so rapidly that specific strain cov-
ecrage cannot be employed for protection,
Whether the currently available coverage is
broad enough to meet future needs adequately
i1s a question that can enly be resolved by fur-
ther investigation.

In summary, the available data re-emphasize
the fact that inactivated influenza virus vaccines
have a long and excellent record ol efficacy.
Conirol of influenza by annual vaccination has
been demonsirated in the military. Problems re-
main in the supply, allocation, and distribution
of vaccine that must be resolved by administra-
tive action if the benefits are to be extended to
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the rest of the population. Adherence to epi-
demiologic principles would appear to offer the
surest guide for directing vaccination programs.
The development of improved inactivated vac-
cincs shonld stimnlate a renewed effort to gain
effective control of influenza by vigorous appli-
cation of accumulated knowledge. Certain ques-
tions concerning the formulation of vaccines
have been mentioned and certain answers sug-
gested. The need for further information is ap-
parent. Ignorance, however, is mnot our major
handicap in the control of influenza.
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INFLUENZA VIRUS VACCINES

PRESENT STATUS OF LIVE INFLUENZA VIRUS VACCINES

V. M. Zenavov

Institute of Virology
USSR Academy of Medical Sciences, Moscow, USSR

Dr, Zupamov (presenting the paper): Live
influenza vaceines have heen known for the past
30 years—since 1937, when Burnet (1} and, al-
most simultaneously, Smorodintsev’s and Zilber's
collaborators (2, 3) emploved influenza A virus
after passages in ferrets and white mice to im-
mumize volunteers through the upper respiratory
tract, The history of the problem has been ex-
pounded in our reviews (4, 5) and hence need
not be dwelt on in detail here. Why the seem-
ingly rapid progress in this field was lollowed
by a deadlock that has not yel heen overcome
merits serious ailention.

In principle, intranasal immunizaton with a
live attenuated influenza virus should be recog-
nized as the most promising method of prophy-
laxis of this infection, since herd immunity is a
regulator of influenza epidemics and intranasal
immunization makes it possible to vaccinate large
masses of population rapidly.

However, scientific and technical difficulties
not yet overcome are hampering the develop-
ment of this method. Probahly the main diffi-
culty in solving the immunization problem with
either killed or live influenza vaccines has to do
with alteration in the antigenic structure of
influenza viruses during an epidernic or during
circulation among the population; as a resait,
each new epidemic is caused by a new variant
of the virus against which old sirains provide
only a partial defense. This is no longer dis-
puted, though the mechanisms are still under
discussion. Data obtained from study of the in-
fluenza A, viruses that caused the 1957 pandemic
and the subsequent cpidemics in 1959, 1962, and
1965, may be used by way of illastration.

1igure 1 represcnts these cpidemics as curves

on the graph of monthly influenza cases in
Mascow per 100,000 population; Table 1 sum-
marizes the data on the antigenic correlation
between influenza A, strains isolated during the
epidemics in tests of cross hemagglutination-
inhibition reaction with rat antisera. Fven a
brief analysis of thesc data convinced us that the
viruses isolated during the epidemics diffcred
in antigenic structure not only from the preced-
ing A, and A, viruses bul from each other as
well. The viruscs isolated in 1957 and 1959 are
an exception—the tests revealed no distinct dif-
ferences. A possible explanation might be that
the 1957 and 1939 epidemics were waves of one
and the same pandemic, or the method employed
to differentiate the aniigenic structure of the
strains studied may not have been sensitive
enough.

The immunclogic importance of these differ-
ences is demonstrated in Table 2. Mice were
infected with A, Bar/57 strains isolated during
the pandemic, and tests for immunity were con-
ducted by means of a chalienge infection hoth
with the same virus and with A, 16/65 virus
isolated during the 1965 epidemics, Since this
latter virus was avirulent for mice, the two
strains were used as variants adapted to chick
embryos. The resulis of these experiments sug-
gest stable enough homologous immunity and
rather weak heterologous immunity. Thus, the
loss of cross-immunity between corresponding
viruses is related to alteration of antigenic
structure within the limits of the same subtvpe
A, viruses, in the present case.

Because of this peculiarity of the viruses and
the fact that influenza immunity is gradually
lost even after a natural infection, live virus vac-
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cines—made as they are from strains isolated
during previous epidemics--—cannot be relied up-
on to confer effective protection.

Broad application of the live virus vaccines is
hindered by a second serious obstacle—the ge-
The well-
known degradation of laboratory virus strains
during passages in chick embryos may serve us
an illustration.

netic instability of influenza viruses.

Serial passages of influenza
viruses isolated from patients bring about a rela-
tively rapid loss of their pathogenic and im-

munogenic properties for man. These properties
are lost at different times and in different de-
grees. Pathogenicity is the first to go, which is
why mmost laboratory strains ol influenza virus
cannot provoke a typical case of influenza even
after administration in considerable amounts,
though they can still multiply in the human
nasopharynxy and cause mild local and some-
times general lesions (rhinitis, fever) together
with an immunologic reaction manifested as a
rise in the antibody titer. Later they lose this

TaBLE 1. ANTIGENIC RELATIONSHIPS RETWEEN INFLUENZA-VIRUS STRAINS IN RECIPROCAL
HEMAGGLUTINATION-INHIBITION TITERS

(0==less than 10)

No. Btrains e
1 2 3 4 5] G T

1 Ag WS/33........ .. 320 20 0 0 0 0 0
2 O ADRMMAT. . A 320 0 0 0] ] 0
3 Ay Bing L/67........ ] 0 640 320 80 20 10
4 A, Mow V/59. ... .. [ (v 320 320 40 2y 10
a A Mow K/62. ... .. 0 0 80 B0 320 40 20
&} Ay Eng 12/64. ... ... ] it 40 Hy o B0 160 L0
7 Ay Mow 51/G5. .. ... 1] + 40 4 8 160 320
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Tawrk 2. CROSS-PROTECTION TESTS IN MICE BETWEEN TWO STRAINS OF A, INFLUENZA VIRUS

Titers of virus in lungs

Primary Challenge (hours after infection)
infection viruses I
1 24 72 i 144
Ay Bar/57 As Bar/57 1.6 0 0 8] 0
A Bar/57 Az 16/65 4.0 6.0 2.0 0 0
Noninfected A Bar/57 2,0 6.1 4.3 4.0 2.3
Noninfected A. 18/65 4.0 6.3 6.0 4.0 2.0

property too, becoming nonimmunogenic. The
resuits of our experiments are summarized in
Table 3. Tt should be noied, in connection wilh
Lthis table, that dissociation of pathogenic and
immunogenie: properties in A viruses ocours most
often between passages 4 and 8, whereas the loss
of ahility to multiply in the mucous membrane
and to Induce antibody production is recorded
between passages 12 and 16. These rates might
vary, within rather broad limits, in different
vitus strains.

So far nobody has succeeded in elucidating
the reasons for these phenomena. They are
likely to be connected with lhe [act that viria
are composed of host antigenic components.
Rovnova and Kosyakov (6) revealed in influ-
enza viria at least three such components:
Forssman antigen, group A antigen, and species-
specific anligen. Naturally, the last two of these
are lost after the first passage in chick embryos
and are replaced by antigens of this species.
But the roie they play in the formation of influ-
enza immunity remains ohscure. On the other
hand, natural strains of influenza virus are
known to represent as a rule a heterogeneous

TABLE 3. PATHOGENIC AND IMMUNOGENIC
PROPERTIES OF INFLUENZA VIRUS A STRAIN
AFTER SFRTAL PASSAGES IN CHICK EMBRYOS

Moulti-
plication Fever
Na. of in nnsal  Antibody  abeve Locul
passages mucosa  response  37.5° € symptoms
{per cent (per cent) (per cent) (per cent)
of re-
isolation)
2-4. ... 60 70 10 a0
812, ....... 20 50 0.5 20
20 ... 10 40 0.1 20
20-30. . 2 25 0.1 2

population (7), and it is uite appropriate to
speculate that in the process of passage in chick
embryos a selection of variants occurs, with loss
of pathogenicily and immunogenicity for man.
This is mere supposition, based at present anly
on indirect experimental findings.

Dissociation of the pathogenic and immunoc-
genic properties of influenza viruses during their
serial passages outside 2 human organism is
the principal method of obtaining vaceinal
strains, but the imperfection of the method lies
in this very fact: each new passage results in
an alteration of their pathogenic and immune-
genic properties. So far nobody has worked out
a method of stabilizing these properties at a
given level, though such aitempis have heen
made (8, 9), chiefly by means of maintaining
the virus vaccinal strain during a certain pas-
sage. I need hardly say that genetic instahility
of the virns is a serious drawback of the live in-
fluenza virus vaccine.

Aggravating this drawback has heen the ab-
sence of stable genetic laboratory markers for
estimating the pathogenic and immunogenic
properties of influenza virus, as, for example,
with polioviruses. Thus far, attempts to obtain
such markers have failed. As a result, the test-
ing of vaccinal strains in voluntieers remains for
the present the principal method of selecting
them. Three groups of tests are routinely used to
evaluate the quality of strains: reactivity (local
and general}, ability of the virus to multiply in
the mucosa of Lhe nasopharynx (reisolation of
the virus jn vaccinated persons), and immuno-
genicity. It is quite obvious that the selection
and testing method js not perfect—it is very
laborious; it is not standardized; and groups of
volunteers, even if selected for low antibody
liters, cannot be similarly homogeneous, Table
4, which shows the results of tests of the same
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strains conducted according to the standard
teechnique in three different laborateries, clearly
jllustrates this sitnation.

Since the live virns vaccines employed up to
now are prepared in chick embryos, one more
difficulty in their production should be men-
tioned: the danger of contamination of chick
emhbryos by avian leukosis viruses, This diffi-
culty is primarily a teclinical one, since embryos
can be supplied from leukosis-free farms and
methods have been worked out to reveal con-
taminant viruses both In this case and in other
live vaccines prepared in tissue cultures.

These circumstances have proved a serions ob-
stacle to broad application of live influenza
virus vaccines, which were looked upon so
hopefully in the early fifties. The period of high
hopes gave place to one of great disappoint-
ment, the bitterness of which is still felt. Never-
theless, interest in live vaccines has recently
been revived, Investigalions arve in progress in
the USSR, in England, and in Japan {10, 11).
At our Tnstitute we have undertaken research
directed toward solving the problems I have
mentioned, and at the same time we have con-
tinued field tests of the available live virus vac-
cines. I should like to report on these tests here.

In Smolensk, a city of nearly 200,000 inhabi-
tants, and in neighboring small towns, our col-
laborator Dr. A. N. Slepushkin carried out two
sets of field tests during two recent seasons: a
detailed study of a coded series of vaccines and
placebo in a limited contingent and mass vacci-
nation of half the population.

In 1964-1965 a vaccine containing separate
components A and B was vsed, Vaccination was
carried out three times, and part of the popu-
lation was immunized twice with both ecom-
ponents. Table 5 summarizes the data obtained
in the coded experiments. It can be seen that
despite the positive serological conversion, the
effectiveness of component A ({which had caused
the outbreak) was low and the index of effec-
tiveness did not exceed the 1.6 manilested dur-
ing mass imomunization (Table 6). The cxpla-
nation should he sought in the strains them.
selves: the virus unsed was A,, which had been
isolated in 1959 and which by 1965, as was
shown above, had undergone two changes in its
antigenic structure—in 1962 and again in 1965,
It is curious that two vaccinations were almost
as effective as three (Table 7). Jdentical results
were obtained in Moscow, but lack of time does

TaBLe 4. SURVIVAL AND IMMUNOGENICITY OF CODED VACCINAL STRAINS

Survival Tourfold or greater inerease in antibody
Strain and ende Institution®

No. of No. of Mean
persans | Per cent | persons | Per cent | incresse
in titer

No. 4 Ao 1L /201 5b 12/10 63 6.5
A .. 6/19 3l 13/21 62 7.1
Mogcow ... 20/22 91 8/18 44 1.8
21/65 Do T 18 37 9/17 ha 3.2
No. 7 Ao oo, 8/20 40 8/19 47 3.3
A, B.............| 9/27 33 6/18 o33 3.1
Taningrad c 18/21 85 7/19 37 6.2
151/65 oo 0/18 0 3/15 20 1.8
No. 1 AL 10/21 a0 3/16 19 2.3
B/Rumanin B, .. 9/31 20 7/8 87 4.4
1/63 C... 15/21 71 4/19 21 2.6
Do 2720 10 1/10 10 1.5

*Numerator—number of positive results,
Benaminator—number of investigated.
1A, Tnstiluie of Viral Preparations.

B. Institute of Virology, USSH Academy of Madieal Seiences.

. Dnepropetrovsk bacieriological plant.

D. Institute of Vaceines and Sery, and Txperimentsl Medicine, USSR Acadewny of Medical Fciences,

Leningrad.
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TaBLE 5. EFFECTIVENESS OF IMMUNIZATION WITH LIVE INFLUENZA YACGINE, BASED ON THE MORBIDITY
DATA OF TOTAL ACUTE RESPIRATORY DISEASES AND SEROLOGICAL DIAGNOSIS OF INFLUENZA

Morbidity during ¥ebroary-April 1466

Per eent|  Decrense of

Croups of workers of pa- maorbidity
Findings of flux plant and Mor- tienls | Mcan

Voskhod piant No.in | bidity | scro- error of P
group | per 100 [logically Per- dil-

persons | sur- | Multi- | centapge | forence

veyed | plicity dif-

fercnec

Influenza and acute respiratory Nob immunized..| 18383 10.8 48.8

disenses
Immunized. . . ... 4633 3.5 80.0 3.0 7.3 0.65 0.001
Influenza morbidity (serologically Not immunized. .| 1883 4.3
diagnosed)
Tmmunized. ... .. 4633 1.06 — 4.0 3.24 0.38 0.001
TApLE 6. COMPARISON OF INFLUENZA AND OTHER ACUTE RESPIRATORY INFECTIONS MORRIDITY IN THE

TOWNS WITH VACCINATED AND NONVACCINATED POPULATION
(1962-1965 EPIDEMICS }

Maorbidity Morbidity Weekly
during Tereentage (per cent) morbidity
Town Vaceination dats epidernics differenee (| atpeakof
(per cent) 1462/1965 epidemics
Children Adulis {per cent)
1962 23.4 — — —
Kalugs No vaccination i.3
1965 23.1 26.3 1.8 8.1
1962 27.2 — — —_
Vitebak No vaceination 15.1
1965 22.1 40.5 17.0 7.1
1962 No vaccination 15,0 — — 6.3
Smolensk 32.6
1965 40.5% of population vac- 12.8 23.8 8.7 3.6
cinated
1962 18 — — -—
Roslav] No vaceination 13.6
1965 15.5 35.6 14.9 5.8
1962 15.7 —— — —_
Safonov No vaccination 1.9
19645 14.0 19,1 13.6 6.9
1962 No vaceination 18.3 — — —
Yartyevo 23.5
1965 01% of population vac- 14.0 21.4 10.0 4.3

einated
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TasLe 7. EFFECTIVENESS OF LIVE INFLUENZA VACCINE A,D

(1965 EPIDEMIC)

No. of Mesn
Vaceination daia porsans Morhidity | duration of Protection
in groups {per cent) illness ratio
{per cent)
Nonvaceinated . .. ... . .. ... 7,989 20,0 5.7 —
Vaceinated twice. ... ... .. ... .. 7,286 14.5 6.0 1.
Vaccinated three times. . ... ... .. 12,927 2.5 5.1 1.6

TarLE 8. EFFECTIVENESS OF LIVE INFLUENZA VIRUS VACCINATION, 1964 aAmo 1965-1966

Moprbidity, influensa and scute respiratory disenses,
February—April 1966

Vacrination data No. of Trecrcase
PErsGIs Mean |___ Mean
Por cent | duralion error of s
of illness | Protee- |Percentage) difference
(davs) tion ratio | difference

Not vaceinated 1965, ... ... .. ... ... 6,749 7.7 4.8
Vaccinated twice 1965, .. ... .. ... .. 18,656 4.0 4.3 1.8 3.7 0.31 0.001
Not vaceinated 1964 or 1965, .. .. ... 4,113 9.4 4.8
Not vaccinated 1965, vaccinated twice

or three fimes 1964, ......... .. .. 2+ 607 4.6 4.8 2.0 4.8 (1.64 0.001
Not vaceinated 1964, vaceinated twice

1964, . .. 6,660 4.7 4.5 2.0 4.7 0.49 (.¢0L
Vaccinated twice 1964 and 1065. .. ... 12,002 3.4 4.2 2.7 8.9 (.40 0.001

not permit me to consider these parallel experi-
ments.

During the next season, 1965-1966, we se-
lected for vaccination a strain isolated in 1964
that in antigenic structure corresponded in
most respects to the 1965 strains, Approxi-
mately the same contingents were immunized in
Smolensk and neighboring towns, and the same
coded experiments were carried ont amang
groups of workers at the Flax plant and the
Voskhod plant. The results are shown in Table
8. It is worth mentioning that during 1965-1966
there was no influenza A, epidemic and only a
moderate rise in influenza A and B morbidity
was recorded. This may explain the limited effect
of the influenza virus vaceine.

As can he seen, the results of the first iwo
years of our scheduled five years of observations
have not been promising. Bat they have taught
us a lesson—that vaccinal strains of influenza

viruses, especially A virus, need to be renewed
periodically, prelerably every year,

In short, many years’ study of live influenza
virus vaccines in the USSR have not yet over-
come the scientific and technical difficulties nor
made it possible to obtain standard prepara-
tions that might be recommended for broad
practical application. In order to solve the
prublem of specific influenza prophylaxis both
further studies of live virus vaccine and new
approaches, based on study of the fundamental
propertics of these viruses and their behavior in
the human organism, are required.
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ANIMAL RESERVOIRS OF INFLUENZA

I.. SYRUCEK

Institute of Epidemiology and Microbiology
Prague, Czechoslovakia

Dr. SyrOCEK (presenting the paper): As the
evidence of Tecent decades shows, the influenza
viruses are agents of infection both in man and
in animals. It is not surprising, therefore, that
many authors assign to animals an important
role as reservoirs of human influenza. This view
could explain the repeated shifts in the anti-
genic and bivlogical properties of the buman
influenza virus—especially Type A, and possibly
Type B also. Theories have been advanced pro-
pounding the development of new subtypes of
human irflpenza viruses in an upknown animal
source, and still other theories explain the sud-
den emergence of a new subtype by geneiic
intéraction between a known homan strain and
an animal straim.

Elucidation of the role of animal reservoirs of
human influenza is dependent on studies of anti-
genie, pathogenie, and genctic relations between
representatives of human and animal influenza
strains, Studies of the ecology and cirenlation
of these viruses in nature are ne less important.

Influenza viruses were isolated successively
from birds, swine, man, and horses. Antibodies
to influenza viruses have been detected in other
animal specics as well, as I shall mention below,
but the interpretation of these findings is as yet
incomplete, As Table 1 shows, more animal than
human subtypes of Type A influenza virus are
known.

The first group of studies establishing a rela-
tionship between animal and human influenza
viruses is concerned with the antigenic aspect
of the matter.

Animal influenza viruses themselves show very
interesting interrelations, even without regard to
the animal species from which they were iso-
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lated. A clear bilateral antigenic relationship
was demonstrated between strain Turkey Can-
ada/64-Wilmet and strain Duck England/62, or
strain A-Equi 2. Interestingly, A-Equi 1 is anti-
genically quite different from A-Equi 2. Strains
Duck Crechoslovakia/56, which are antigenically
related to the Engiish duck strains, show no
relationship to strains A-Turkey Canada/64 or
AEqui 2 (Tlmoevd, personal communication,
1066) .

Far more interesting, however, are the direct
and indirect velations between the antigenic
structure of human influenza strains and of ani-
mal slrains,

Persons in the older age groups have repeat-
edly heen found to possess hemagglutination-
inhibition, complement-fixation, and virus-neu-
tralization antibodies to slrain A-Swine. This
phenomenon iz explained in two ways.

Lief, Henle, and co-workers (1) have demon-
strated that guinea pigs and white mice exposed
repeatedly to experimental infection with hu-
man influenza A, A,, or A, virus develop com-
plement-fixation and virusmeutralization anti-
bodies to swine influenza {A-5-15) (Fig. 1, Table
2). This is probably due 1o the presence in
human influenza A virnses of a small amount of
antigenic substance similar to the swine antigen.
This explanation is supported by the finding of
Vobeck§ (pcrsonal communication, 1966) ihat
the inhabitants of isolated, far-off Iocalities in
Mongolia where there has been no contact with
swine for centuries possess anti-swine antibodics
(Fig. 2}.

Other authors interpret these findings by as-
suming that clderly persons have gone through
past influenza pandemics caused by viruses now
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TasLr 1. TYPE A INFLUENZA VIRUSES

Bubtype

Represantaiive variants

Tormer designation

Tominis 0... A/hominis 0/WS/33.. ...
A /hominis 0/PR/8/34 . . .

Hominis 1... A/hominis 1/FM/L/47. ..

A/hominis/Netherlands/36/56. .. ..., ...
A/hominis 2/Singapore/1/57. ... ... ..
A/hominis 2/Netherlands/65/63 . ... .. ..

Hominis 2. . .

A/WS

A/PRS

AL/FM1

A /Duteh/36 /56
AZ/Singapore/1/57
AZ/Netherlands/65/63

guinea pigs on multiple exposure to an active versus
inactive A, virus (Lief et al).

Ahominig 2/ngland /12764, ... ... ... A2/England /12/64
Suig 1....... A/suis 1/Shope/15/31. ... ... . . ... .. Shope/15
A/suis 1/Cambridge/4/3%. ... ... .. ... A/Cam.
Equit A/Equi 1/Crechoslovakin/1/56. ... ..., A /Bqui/Prague /56
Bqui 2. ... .. A/Equi 2/USA/L/63. ... ... A2/Miami/1/63
? A/CGalli 1/Tndonesia/L/27. ... .. .. Fowl plaguc virus
A/Golli 1/N/Germany /49, ... .. ........ Virus N
A /Meleagris 1/England/1/63. ..., ... Turkey virus
A/Galli 2 Sterna/Scolland /1/59. ..., ... “Smith’’ virus
A/Galli 2 Sterna/South Africa/1/01. ., .. Tearn virus
A/Anatis 2/Enpland /1/56......... ... .. A/Anatis/Fngland /56
- A/Anatis 1/Crechoslovakin/L/56. ..., ... A/Analis/Crech /56
A/Anatis 1/Tngland/1/62,......... ... A/Duck/Hnglamd /62
A/Turkey /Canada,/64 (Wilmot)........, —
A/Turkey/Qtaly/65. ... ............. -—
A/TDek/Italy/65. ... ... —
ete,
present only in animals. Persons displaying A-
Swine antibodies are held to have survived the
1918-1919 pandemic, and those with A-Equi 2
antibodtes to have heen involved in that of
1890-1891. This would imply that the antigenic
AT ey Titers with: similarity is not accidental but the result of a
S | LY ﬂmtgq,rjs2 A K ‘) direct etiological relation between the animal
w47 [Bwesure| & 5} Bgog $ise 734 strains mentioned and human disease {2-7).
o P S On the basis of present-day knowledge neither
g [m £ of the interpretations of these serological find-
s a;:.:c::‘:n l}“" § irgs can be confirmed or disproved. The possi-
I e R Toe §  Dbility cannot be excluded moreover, that both
&P _l_ft:,‘ & are valid and that the two phenomena exist in
T sk _ : —E:'asa § nature side by side. .
g o "';';’ J.____..-___..___;__{:M : a On the other haud, antibodies to human influ-
E‘E 2130 A I. . ’:E! enza strains of the A and B groups have been
N lsdbwe -'Easb detected in the sera of numerous animal species,
2 nitn I..- | The findings of antibodies to the human A,
Fig. 1. Comparison of antibody responses . of virus in horses sesm 1o confirm the possibility

of inapparent infection with human virus in this
animal species (8). Other serological findings
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TasLe 2. RESISTANCE OF MICE TO CHALLENGE
WITH VARIOUS STRAINS OF INFLUENZA VIRUS
FOLLOWING FOURFOLD RXPOSURE TO A
SINGLE A, STRAIN

Challenge virus No. dead in Lesion score
10 days

Test, Con- Tesi  Con-

Strain Doze mice  trol mics trol
mive mice

S/16. ... 100 L, | 075 5/5 1.0 5.0
A/PRE. ... 100 LDg | 2/5 5/5 3.0 5.0
AL/FM, WO Ly | 0/5 5/5 | <1.0 5.0
A,/Phita’58. 100 LIy, | 0/5 &/5 [ <i.0 5.0
B/lee. ... .. 1-16 .15 | 475 5/5 4.2 5.0

suggestive of infection in horses, calves, sheep,
ducks, dogs, and even wolves with A and B hu-
man viruses cannot be looked upon as conclusive
at this time (9). The question of the infection
of monkeys during human influenza epidemics
also remains open. There t.ave heen some nega-
tive findings (10}, and no further observalions
along these lines have been published o date.
Difliculties associated with the nonspecificity of
serological reactions have led many workers to
direct their attention to natural infection of ani-

e % of seronegatives
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Fig. 2. Hemagglutingtion-inhibition antibodies to

{ﬁ;ﬁSWine influenza virus in Mongolian population,
066,
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mals with bhuman influenza viruses, and vice
versa. Furthermore, experimental infection of
both animals and human volunieers has been
undertaken.

In 1957 Patofka and associates were success.
ful in eliciting experimental infection in pigs
with the A, virug (11). Natural infection, but
without clinical signs, was alse ehserved in this
animal species (8). This year T&movd and
Mensik infected 45 young pigs with the A-515
virus, The virus was repeatedly recovered from
sick animals. An interesting point is that one of
the six persons tending the infected pigs became
infected without developing clinical signs
{Tlmova, personal communication, 1966} .

Tn 1961 Kluska and co-workers descrihed a
case of laboratory infection with A-Swine virus
in a woman and transmission of the infection
to other members of her family (13). Thmovd
and co-workers attempted to infect human volun-
teers with the A-Equi strain in 1958, hut without
stccess.

In the past two years the resuits of Kascl and
associates have attracted attention. These work-
ers infected human volunteers with the A-Equi
2 strain and succeeded in eliciting infection in
22 out of 27 subjecls, obtaining a manifest,
though mild, influenza-like disease in 4 (14, 15).

Hence it seems that the infection of man with
animal strains is possihle, but probakly excep-
tional.

An important phase in the study of the rela-
tionship hetween human and animal influenza
viruses is the genetic research that has demon-
strated the possibility of genetic interaction
between the two groups, Of substantial impor-
tance here is the work of Tfunovd and Pereira,
who were successful in rteactivating a strain of
the classical fow] plague virus by a number of
human, swine, equine, and avian influenza sero-
types. Interesting are the hybrids ohtained
through interaction between fowl plague and
human A, influenza viruses (15). This has pro-
vided a theoretical premise for a possible ex-
planation of the development of new influenza
variants in the human population.

It should he stressed, however, that despite con-
siderable progress in this field there exists no
definite proof of the spread of human influenza
from an animal source. The ample results ob-
tained by serological studies in animal and
human populations are difficult to interpret,
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particularly hecause of the nonspecific reactions
of most of the tests in nse. Only the very recent
virus-neuiralization reaction in monkey kidney
tissue culture provides a means of largely elimin-
ating these nonspecific reactions.

The greatest attention, however, should be de-
voted to attempting to isolate further influenza
virus sirains hoth from man and from animals—
especially now, when the emergence of a new
subtype of human infiuenza virus and the devel-
opment of a new influenza pandemic can be
expected.
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PROBLEMS OF ANTIGENIC VARIATIONS AND
BROADENING OF IMMUNOLOGIC RESPONSE *

WEeRNER HenLe T

The Children’s Hospital of Philadelphia
Philadelphia, Pennsylvania, U.S.A.

Dr. Hewwe (presenting the paper): The
capacity of influenza A and B viruses to undergo
variations is too well known to require detailed
discussion. New variants arise and rapidly re-
place their predecessors. In the case of influenza
A, major antigenic changes, equivalent 1o a new
suhtype, appear every 10 or more years and are,
as a rule, nshered in with a pandemic. Minor
changes are noted subsequently at shorter in-
tervals during the reign of each subtype, Similar
variations occur among influenza B viruses, but
farther apart.

The frequent changes in antigenic patterns
have prevented dependable protection of human
populations by means of immunization, since the
viruses are apt to keep ahead of the latest revi-
sion in the compoesition of the vaecine. While
reasonably effective vaccines can he prepared in
sufficient time and quantity for second and fur-
ther rounds of a given subiype, this can he
achieved during its first pandemic spread only
by extraordinary effort and then merely in coun-
tries that enjoy an extended period of grace
before the new viras is introduced and bhecomes
widely disseminated. It is this situation that
requires particular attention and the explora-
tion of approaches 1o its prevention.

The answer to the problem would bLe rela-
tively simple i it should actually turn out, as
has been suggested, that the number of possible
major antigenic variations is limited (6, 7) and
that earlier subtypes will in time reappear alter

* The work described in tlis paper has heen sup-
ported hy Grant AT-02405 from the National Institules
of Health, U. S. Public Health Service.

T Research Career Award 5-K6-AT-22,683.
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absences of many decades (20, 1}. In that case,
a composite vaccine including all major antigens
Yooms in the foresecable future, Forthermore, in
combination with acceptable adjuvants snch a
vaceine may then aflord an extended period of
protection and reduce the present need of re-
vaceination in advance of every influenza season.
These expectations, if fulfilled, could well eli-
minate the frustvations of the past. Tt is not
possible, however, to say whether all major
antigens arc known at present or whether the
number will still increase—and, for that matter,
whether it will turn oul to be finite. Only the
future can provide a final answer, possibly a
few years hence when the reign of the current
A, subtype is expected to terminate, It will then
become evident whether its successor corre-
sponds to an earlier snbtype or constitutes a
hitherto unknown A, variant.

In the present state of uncertainty it seems still
justibed to consider steps to meet the possible
emergence of further major antigenic variants.
One approach, being explored by Dr. Florence
S. Licf, is based upon the broadening of anti-
body spectra observed in man and animals in
response to moltiple exposures to live influenza
A viruses (11-13, 15, 18).

Study of paired sera collected from patients
during A, and A, epidemics by strain-specific
complement-fixation tests (17) have established
a number of facts, In infants experiencing their
very first attack by a given type of influenza
virus, the antibody response is, as a rule, strictly
specific for the infecting strain or family of
strains. Antibodies to other subtypes may occa-
sionally be formed, however, when Lhe infec-
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tion is especially severe. In second or further
attacks patients not only develop antibodies to
the infecting virus but also recall antibedics to
the strains with which they had previons experi-
ence. Indeed, they respond mest rapidly, and
often to highest titers, with antibodies to the
family ol strains responsible for the earliest in-
fections, This is in agreement with the doctrine
of original antigenic sin (7).

In addition, patients may form antibodies to
subtypes with which they could not have had
previous contact—that is, to viruses that circu-
lated hefore they were horn or that had not yet
arisen at the time of the illnesses under study.
Thus many children born after 1947 responded
during the Asian pandemic with antibodies to
A and swine influenza family strains in addition
to the expected antihodies to A, and A, viruses.
More intriguing, a considerable proportion of
sera from A, patients ranging in age from 16
to 60 years revealed, on restudy after A, anti-
gens became available, the presence of antibodies
to this new subtype. This observation agrees
with an earlier report that human v globulins
processed well in advance of the A, influenza
period already coniained antibodies to this {am-
ily of strains (2},

There is no clear-cut evidence to show that
muyltiple fmmunization of man with inactivated
influenza vaccines per se leads to similarly
broadened antibody respenses, To be sure,
monovalent vaccines not only induce homologous
antibodies but also raise the levels of pre-existing
antibodies to other subtypes (3, 4, 14, 21).
These helerologous responses are undounbtedly
conditioned hy previous experience with other
homotypic strains and by the establishment of
broad antibody spectra in the course of past in-
fections. Seldom if ever do helerologous anti-
bodies appear de nove alter the administralion
of inactivated vaccines {15, 18). As will he dis-
cussed below, repeated injections of animals
with inactivated virus produce esscntially only
subtype-specific antibody responses,

The broadening of antibody spectra by multi-
ple infectioms can readily be reproduced in ex-
perimental animals. This was noted carly in
rabbits with swine and A family strains, which,
however, share some readily detectable common
antigens {9, 22). Experiments carried out in
guinea pige by Dr. Lief and her co-workers (12,
13) have given the following results: A first

intranasal inoculation always produced a strain-
specific antibody response. When in serial ex-
posures at two- to three-month intervals strains of
several subtypes were used in the historical or-
der of their appearance, beginning with swine
influcnza, the second and third exposures to A
family strains yielded some antibodies to A,
astrains; after a fourth exposure, which was Lo
an A; strain, some of the animals formed anti-
bodies to the A, subtype. Such bread spectra
of antibodies could be elicited also by mukiple
exposures of guinea pigs to a single sirain of
virus, Thus, with repeated exposures to an A,
strain the spectrum ultimately extended to
earlier and later subtypes; with a swine influ-
enza strain it moved all the way forward to the
A, family; and with an A, strain it reached all
the way back to swine influenza virus. The
spectra failed to include antibodies to equine or
avian influenza sirains, and repeated exposures
to an influenza Equi-1 strain elicited no anti-
hodies to human or porcine sirains.

In contrast to the results with live virus, intra-
peritoneal injections of large doses of inactivated
viruses or of ether-separated hemagglutinin com-
ponents repeated six to eight times yielded com-
plement-fixing antibodies only for strains of
the given subtype (5, 12, 13).

The broad antibody spectra ohtained afier
multiple exposures to live virus were measurahble
not only by the complement-fixation but also by
hemagglutination-inhibition and neutralization
tests in mice, employing mousc-adapied proto-
type strains. They also afforded protection
against inlection, as was demonstrated by Drs,
Lief and Syrtiéek, who exposed mice repeatedly
to egg-adapted strains of influenza vires by the
airborne route. After the fourth exposure to a
single subtype—e.g., A, or A, strains—the
animals resisted infection by mouse-adapted pro-
tolype strains of other subtypes, as was evident
from reduced pulmonary lesions and survival,

The results of these animal experiments sug-
gested the possibility of inducing in man a
broad spectrum of antibodies, including anti-
bodies to future subtypes, by multiple exposures
to attenualed live viruses. After sueh a condi-
tioning ene may expect that the whole spec-
trum of antibodies can be recalled rapidly in
time of necd by revaceination with presumahly
any available homotypic vaceine whether live
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or inactivated. Several observations tend to sup-
port this suggestion.

'That a broad antibody spectrum in man may
also reflect some corresponding protection is
suggested by epidemiological observations made
during the frst dissemination of new subtypes,
The attack rates in these instances are gen-
erally found t be lower among persons over
forty years of age than in schoolchildren or
voung adults (8). While this difference might
be due to different degrees of exposure, it might
cqually be explainable on the basis of an in-
creasing frequency of broad antibody spectra
with advancing age.

It has also been reporied that vaccines against
“outgoing” subtypes, while on the whole ineffec-
tive against the “incoming” subtype, neverthe-
less induced slight though significant reductions
in attack rates of the new viruses hoth in 1947,
when the A, virus was introduced {19), and
again in 1957, with the appearance of A, (10).
These results might well be due to a recall of
broad antibody spectra. The protective eflects of
heterologous, homotypic vaccines could conceiv-
ably be more pronounced if the development of
a broad antibody spectrnm were not left to
chance.

The problems of strain selection, production,
and evaluation of live influenza vaccines have
already been discussed (see Zhdanov, pp, 9-15).
The approach under discussion here presents
merely an extension of the use of live vaccines
to multiple exposures at yet-to-be-delermined
mmtervals in order te achieve, if possible, a
broadened antibody response. Thus, its explora-
tion depends upon the development of safe, po-
tent virus preparations that can be given without
significant ill eflects to all age groups, especially
children, and that call forth high riters of anti-
bodies. While a suitable single strain of virus
may, after appropriately spaced multiple expos-
ures, be capable of producing as broad an anti-
body spectrum in children as was observed in
animals, the successive use of different subtypes
is likely to be more efficient and faster becanse
it may permil exposures at shorter intervals, at
least initially, when the antibodies elicited are
expected to be still largely subtype-specifically
oriented.

Studics toward this goal are now being actively
pursued by Dr. Lief who has kindly given per-
mission to include some of her recent observa.
tions in this discussion. As a first step it seemed

to her essential to segregate variants from indi.
vidual strains of virus by appropriate manipula-
tiong; to ohtain a profile of the substrains so
selecled with respect to various bioclogical activi-
ties; and to compare cloned viral populations
with significantly different properties as imma-
nizing agents n small groups of volunteers. The
results of such comparative tests might ult-
mately permit the choosing of strains suitahle
for live vavcine preparations on the basis of
[aboratory tests rather than by trial and error.
The limited experience gained thus far tends
to support the soundness of this approach.

By relatively simple procedures (16) variants
were sepregated from parent A, or A, virus pop-
ulations that differed in their susceptibility o
nonspecific inhibitors in sera and, more impor-
tant, in human nasal secretioms. Paired S+
(sensitive) and S— {insensitive) lines, after
cloning by the limiting dilution technique, were
evaluated as to their antigenic patterns and their
capacities to induce not only homologous aati-
body responses but also broad spectra of anti-
bodies in guinea pigs and mice in response Lo
multiple exposures. The substrains were addi-
tionally evaluated in terms of pathogenicity and
toxicity for mice and chick embryos, neuramini-
dase activity and other pertinent properties. Of
several pairs of S+ and S— variants, one de-
rived from the A,/2946/1957 strain was selected
for the preparation of trial vaccines. These were
produced from the [fourteenth chick-embryo
passages by Wyeth and Company according to
current safety requirements and tested in small
groups of 18-10-20-year-old female prisoners who
volunteered for these studies and were housed in
strict isolation.

It has thus far been shown that 107 EID,, of
either strain, when administered by spray into
nose and throai, was noninfective, as evidenced
by failures to reisolate virus and to detect anti-
hody responses. However, when doses of about
1057 EID,, were given it appeared that it is the
inhibitor-sensitive (S-+) rather than the inhibi-
tor resistant (8—} variant that is most likely Lo
infect and that is recoverable from the upper
respiratery tract over a period of five to six
days after exposure. S4 virus was reisolated
from every one of 11 subjects exposed to it and
ail the volunteers responded with antibodies
measurahle hoth by hemadsorption-neutralization
and by strain-specific complement-fixation tests.
Furthermore, exposure to the S4- variant of the
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1957 strain was found to induce antibodies to
more recent A, viruses as well as to earlier
subtypes, None of the volunteers developed
clinical influenza, but three presented evidence
of a mild, afebrile coryza. In contrast, the S—
variant was reisolated from only 4 out of 12
exposed individuals and the period of excretion
was shorter than that seen with 54 virus. One
of these volunteers developed an afebrile rhini-
tis. Preliminary serological tests thus far sug-
gest that the antibody responses, if they occur,
are measurable mainly by hemadsorption-neu-
tralization tests and that they may be essentially
restricted to the A, antigens.

These ohservations, if confirmed by more ex-
tensive tests, may well explain the irregular re-
sults of some of the earlier live virus vaccine
trials in which predominantly S— strains were
employved. The data obtained by Dr. Lief with
S+ virus are ceriainly sufficiently encouraging
tor second and further exposures of the same
groups of volunteers to be planned in the near
future. Their sera will of course be preserved
for further stedy if and when an A, variant
should arise. Tt may turn out, however, that the
cycle is indeed closing and that earlier subrypes
will make a reappearance. In that event the
problem under discussion will find a more
rapidly attainable solution than thal proposed
here.
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CHATRMAN Frawcis: Thank you, Dr. Henle.
Qur formal discussion of thecse papers opens
with Dr. H. G, Pereira of the National Institule
for Medical Research at Mill Hill, T.ondon.

Drk. PEREIRA: Antigenic variation is one of the
most jmportant factors to be considered in con-
nection with influenza vaceination. A worldwide
surveillance of influenza viruses is therelore re-
quited in order to detcet the cmergence of new
antigenic variants or subtypes as early as possi-
ble. This is the main objeclive of the long-estab-
lished influenza program of the World Ilealth
Organization.

In the case of influenza Type A antigenic
changes occur either abruptly, giving rise to
new subtypes, or gradually, during the periods
of prevalence of given subtypes, The study of
such antigenic changes is of value in the choice
of strains to be used [or vaccination and, some-
times, in the forccasting of epidemics. However,
the only occasion on which such forecasts can
be made with reasonable accuracy is when a
new influenza A subtypc emerges. With influ-
enza B, the situation is more complicated—
first, because all antigenic variants arve directly
or indirectly relaled to each other; second, he-
cause occasional antigenic variants may fail to
spread, and third, because different antigenic
variants sometimes circulate concurrently, In
this conncction, I would like to ask Dr. Daven-
port a question. Scveral times he mentioned B,
or B prime, to use his texm. I should like to
ask what crilerion he uses to divide influenza
B into subtypes comparable to A. T find this
extremely difficult becanse 1 am not able to
detect a sharp demarcation between influenza B
strains if enough strains are compared at one
particular time. The transition is graduoal, and
it 1s difficult to delincate subtypes of influenza
B. With A, however, this is clear, at least when
human strains are considered.
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Aler a new influenza A subtype is discoy-
ered, urgent measures should be taken toward
the production of large amounts of vaccine, Un-
der these circumstances a live vaccine is un-
likely to be obtained quickly enough. In the
present state of our knowledge the most practi-
cable ohjective 1o be attempted is the prepara-
tion of an inactivated monovalent vaccine con-
taining an adeguate amount of the new virus
subtype. The difficulties in producing enoungh
vaccine in time to control the spread of a
pandemic are considerable and the best we can
hope for is to reduce the impact of the pan-
demic,

The origin of new influenza A subtypes re-
mains to be discovercd, One possibility is that
such subtypes originate from animals. Tnfluenza
A viruses have been found causing natural in-
feclions in pigs, horses, and birds. The number
of antigenically distinct influenza A viruses of
avian origin is rapidly increasing. When only a
few of these avian viruses had been compared,
it appeared that they also could be classified
nto subtypes analogous to those of human ori-
gin, Recent work with additional strains reveals,
however, a continuous antigenic chain without
clear delineation of subtypes,

CrHamman Francis: Thank you, Dr. Pereira.
The next discussant is Dr. Roslyn Q. Rebinson,
Director of the Virelogy Section, Communica-
ble Disease Center, Atlanta, Georgia.

Dr. Roeiwson: The papers presented this
morning covered very well our carrent eoncepts
regarding - influenza immunization, They also
discussed recent advancements that hold con-
sideralle promise for improvements in the fu-
ture. Immunization, whether with jnactivated or
live virus vaccines, is beset with the same prob-
lem of antigenic variation among viruses. This
problem was recognized in the papers of Dr.
Davenport and Dr. Zhdanov, and a potential
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method of overcoming it was presented by Dr.
Henle. The studies proposed by Dr. Syritiek
may, in the fulure, shed light on the origin of
new variants,

With Type A viruses we are quite aware of
the consequences of the emergence of a strain
of novel antigenic character bearing no resem-
blance Lo strains isolated in ithe past. Under
such circumstances I think we would all agree
that if we are to protect the population through
immunization the vaecines should contain a
virus that resembles the infecting strain as
closely as possible, Whal is more difficult to
agree upon is the significance of less marked
changes that occur every two or three years dur-
ing interpandemic periods. Perhaps even more
difficult to agree upon is the significance of mi-
nor antigenic changes that occur among Type
B viruses, which appear to be more variable but
show distinet relationships fo earlier strains.
lowever, with Type B influenza, where epi-
demics are not generally associated with excess
mortality, the factors leading to a decision 1o
immunize a population may be different from
those considered when Type A influenza is in
question.

Information collected by the World Health
Organization throngh a worldwide network of
laboratories shows that Type A epidemics oc-
cur with some regularity in a particular geo-
graphic area. In inlerpandemic periods the
viruses involved in each successive epidemic
show a certain degree of antigenic deviation
from viruses isolaied in a previous epidemie, al-
ihough by conventional techniques a great deal
of similarity does exist. VYarious procedures
have been used for antigenic comparison of In-
fluenza viruses. The magnitude of difference
among strains varies widely, some techmiques
tending to accentuatc and others tending to
minimize the differences. If antigenic variation
is among the important factors in the cause of
periodic ‘epidemics - of influenza, then what is
needed is a-much clearer iranslation of these
differences into terms that descrihe their po-
tential in causing disease even in the face of
related antibody.

Tt has been suggested that if antisera are pre-
pared in roesters with the virus currently used
for vaccine preparation and it is suhsequently
found in hemagglulination-inhibition tests that
contemporary strains react to a titer eightfold or

more lower than the homologous titer, then little
protection can be expected from that vaccine
and consideration should be given to changing
of the vaccine formula. Perhaps Dr. Hilleman
would like to comment on this further during
the open discussion. Unfortunately, not many
data so conveniently relating antigenic differ-
ences to vaccine efficacy have been accumulated.
This kind of yardstick could be extremely useful
in providing vaccines of greatest value in the
future.

CHAlrMAN Frawcis: Thank you, Dr. Rebin-
son. The next discussant is Professor Anatoli
A. Smorodintsev, Chief of the Department of
Virdlogy, Institute of Experimental Medicine,
USSR Academy of Medical Sciences, Leningrad.

Dr. SmoroptNTsiEv: Active immuanization
against influenza by intrarespiratory inoculation
of attenuated virus was first recommended in a
paper of ours 30 vears ago. At that time, we
described the favorable clinical and laboratory
results ohtained in more than 106 velunteers,
After this paper was published, some American
authors stressed the possible epidemialogical
danger of such vaccinations for susceptibie
adults and children.

While this kind of side effect was rarely ob-
served when well-atiennated live vaccine was
used, other complications arose because of the
mstability of influenza infection etiology and
also because of technological difficulties such as
lack of preparation standards and imperfect vac-
cination technigue.

The well-known periodic changes in the anti-
genic structure of influenza viruses require that
specific new A, strains be introduced into vaceine
production every five to ien years. Inoculation by
aerosol spray also demands more detailed stan-
dards for equipment and dosage. It is also impor-
tant to search for substances that can increase
the interaction of avirulent vaccines with the
susgeptible memhranes.

. It would be. particularly desirable to stimulate
greater immunogenic activity of the live vaccine
by using larger doses than at present—not 10 to
50,000 units but approximalely one to 500,000
units. This requires considerable improvement
in the technigue of virus production in develop-
ing embryos and an increase in the concentration
of live viruses through reduction of losses dur-
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ing the freeze-drying process and subsequent
storage of the vaccine.

Also to be stressed is the fact that pressuat
methods of assessing the effectivencss of live
vaccine are not more than 50 to 70 per cent
aceurate. This is because of the considerable
number of incorrect clinical diagnoses of influ-
enza, eveh in epidemics, which makes it very
difficult to assess the real eflectiveness of a
preparation on the basis of routine diagnosis.

However, even in its present imperfect state
live influenza vaccine can make a substantial
difference in the immunological structure of the
population and the course of an epidemic—
especially in children, who are particularly sus-
ceptible to respiratory immunization with aviru-
lent preparaiions in comparison with adults.

The live wvaccine does stimulate regular
changes in the morbidity of the population that
has been vaccinated, even though, as T have said,
quantitative evaluation is hampered by the great
number of incorrect clinical diagnoses.

I think that the future of active immunization
against influenza will he with live vaccines be-
cause they are much simpler o apply, much
cheaper, and much more eflective if specific and
standardized.

The accompanying figures illustrate the epi-
demiological effectiveness of live vaccine as
demonstrated by scientific observations in Lenin-
grad, made together with Drs. G, J. Alexandrova
and B. A. Mikutzkaya. Figure 1 shows the
results in 2,000 vaccinated children and in a
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control group, observed during a wave of influ-
enza A, and a second wave of B; Figure 2 pre-
sents similar data for the 1965 epidemic and
makes very clear the effectiveness of vaccination
in all three age groups, quite independent of the
lapse of time hetween the vaccination and the
outhreak,

CHamMaN Francis: Thank you, Dr. Smoro-
dintsev. The next discussant is Sir Christopher
H. Andrewes, of Salishury, England.

S CHristopHER ANpreEwes: The antigenic
changes that take place in influenza A virus from
time to time afford its most fascinating and at the
same time tantalizing characteristics,

The broad immunogenic response that Dr,
Henle told us about can be explained in one or
other of two ways., It may be simply a reflection
of a general immunological law that after
repealed inoculations, antigenic response tends
to get broader and hroader.

Dr. Davenport and Dr. Francis would probably
explain it otherwise, as a reflection of the fact
that all the viruses that Dr. Henle was working
with contained, unbeknown to him, antigenic
components reacting with the strange antibodies
that turned up.

Now, as many of you know, there are two pre-
vailing theories about antigenic variation in the
influgnza virus, One is the cyclical theory of
Francis and Davenport, which supposes that

r
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there are a limited number of antigens—A, B, C,
D-—and that each of these takes its turn in
becoming the dominant antigen, relegating the
other components to a relatively unimportant
position. The second view, which I think is more
widely held in Britain, is that the variation may
be not circular bul progressive, the virus heing
an adaptive, opportunistic cresture that varies
antigenically according te how it is being
inhibited by the herd immunity it is confronted
with.

The late Professor J. Mulder showed that peo-
ple who are 70 or 80 vears old have antibodies
against the A, viruses, and this was interpreted
as meaning that the 1889-1890 virus was related
to the A, virus of 1957. Dr. Davenport very
naturally upheld this as supporting the cyclical
theory: it was time that that antigen came
around again.

I would suggest that, besides the circle and
the straight line, there is still another possibility.
The antigenic variation may be wavy, perhaps
quite complicated—the
possibilily  for
direction.

It could be that, while this is going on, the
virus occasionally hits oh an antigen it produced
in a previous age; we would then get the sort of
resalt that Dr. Mulder suggested.

It does not follow that all the components that
the virus had produced along the road are always
incorparated in it. Nor does it follow lhat it will
continue in the same cycle as before. It can go
on varving in an unpredictahle way.

T do not know whether this idea is any better
than the circle or the straight-line theory. But I
do maintain that while theories are in consider-
able doubt, we should not place too much empha-
sis on them. I should like to take the role of an
uncoupling enzyme that would uncouple some of
these theoretical speculations from our practical
immunization procedures until it has been
definitely shown that the theories are ali right.,
And then we can recouple again.

exploiting  any
varying in  any particofar

VIFUS

CuamrMaNn—Francis: Thank vou, Sir Christo-
pher. The next discussant will be Colonel Edward
L. Buescher, of the Walter Reed Army Institute
of Rescarch in Washington, D. C.

Cor. Buesctuer: My comments will be con-
cerned with the epidemiology of the disease influ-

enza. You will recall that Dr. Stuari-Harris
emphasized two basic aims for immunization.
The first, he said, was to protect against overt
disesse and disability resulting from natural
infection; the second was lo suppress the epi-
demic dissemination of infective agents, Dr.
Davenport suggested that there are two target
populations in which the control of influenza is
of primary importance. Immunization against
influenza in these groups illustrates Dr. Stuari-
Harris’ two basic aims,

In the primarily urban communities of Scandi-
navia, BEurope, the United States, and large por-
tions of the Orient, influenza epidemics occur
and are perpetnated primarily in susceptible per-
sons in the younger age groups: children of
preschool and school age. 'Their ecological
association with one another during the winter
months especially in schools makes these chil-
dren ideally suited for disseminating influenza
virus in their communities. Clinical manifesta-
tions of infection in this age group are generally
mild, and rarely does the infection threaten life,
Ti is these infected youngsters, however, who
possess the maximal potential for transmission to
those in the population for whom influenza poses
particularly great risk to morbidity and mor-
tality: the aped, persons with organic heart
discase, and pregnant women. Clearly optimal
control of epidemic dissemination resides in
rendering ihe greater proportion of susceptible
children immune. For both professional and
administrative reasons, this has not been possi-
ble in the United States and other countries.
Conventional metheds for communicating the
desirability of immunization have little impact on
parents, whose interest is required to make any
pediatric immunization program sucecessful. It
is appropriate, therefore, to suggest that in addi-
tion to engaging in our scientific efforts to im-
prove vacecines we address ourselves to the prob-
lem of improving communication, bringing
scientific facts to practical application in medi-
cine, and making such improved practice not
only palatable but actually
community that we serve.

sweet to the

CHameMAN  Francis:  Thank  yow, Col
Buescher. Our final discussant on the program
is Dr. R. Schier, of the Virolugy Laboratory,
School of Medicine, Lyon, France.
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Dr. Somer: To be efficient, inactivated influ-
enza vaccines must contain an adequate amount
of each of the corrent A and B strains and also
a strain closely related or identical to the virus
prevalent at the time of use.

For this reason, it is necessary to izolate and
quickly identify the strains as soon as the first
cases appear and even more important to carey
out serological surveys of the immunological
situation of a population.

The World Health Organization, which is
awarc of the problems that must be solved, has
set up a network of international, regional, and
national centers to deal with the prevention of
influenza. The activiiies of one National Center
are sxamined here to determine what may and
what must be done in the future.

Since 1957 the Center has been trying to con-
duct a continuous survey, performing comple-
ment-fixation tests with soluble antigens A and
B in all sera obtained {rom acute respiratory
infections. This serologival reaction was chosen
because it permits detection of most of the recent
influenza cases and follow-up of the evolution of
the illness. We have been able to prove that
complement-fixing antibodies appear soon afier
the beginning of the infection and disappear
during the following weeks in such a way that
ninety days after the beginning of the illness

the antibody titer is generally =8, The CF test
fails only in a few cases in babies,

From 1957 to 1966 we have been able to detect
first cases of influenza quickly and to follow the
course of the epidemic. Most of these epidemics
appeared to begin in the same period of the
year (January-February) and to end in March
(Fig. 1). Some sporadic cases were detected
during the intervals between epidemics.

As soon as the first cases were notified, or
detected by the continunous serological survey
(CF test), the Center tried to isolate strains from
samples collected in communities where influenza
appeared or in institutions and hospitals.

The lability of influenza virus made necessary
the use of suitable methods te transport the
samples, Tsolation has been improved by the use
of double-walled containers packed with dry ice,
and by providing hospital departments regularly
with tissue calture bottles renewed once or twice
a week and sent to the laboratory a few hours
after harvesting, As soon as they arrive at the
laboratory large quantities of antibiotics are
added to the bottles.

A comparative study on the best method of
isplation showed the superiority of monkey kid-
ney tissue cultures (Cercopithecus aethiops)
over embryonated eggs for both A and B
viruses, but especially fur B. The isolated strains

CONTINUCUS SEROLOGICAL SURVEY ON A2 INFLUEMZAVIRUS [ASEATlC]
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were immediately identified by the CF test per-
formed with the culture medium of tubes showing
CPE used as antigen, and iwo immune sera
containing antibodies against solubde antigens A
and B respectively. Subtypes or variants were
then identified by means of the HI test, the CF
test with viral antigen prepared from the iso-
lated strain, and recently by the neutralization
test in lissue cultures,

A1l strains were sent as soon as possible to the
World Influenza Center. Since 1965 inoculations
in ferrets have been performed with the first
strains isolated at the beginning of an outbreak.

The results can be summarized as follows:

Influenza A,. Strains were isolated in 1957,
1962, 1963, and 1965. From observations made
in our laboratory and at the World Influenza
Center they appeared to be antigenically related
to those isolated at the same time or shortly
before in other European countries (Fig. 1),

It may be useful, however, to draw attention to
a strain isolated in 1963 (“Ruzuet” A,/France/
51/63), which seemed at first to be closely

related to the strain A,/Netherlands/65/63.
Later, when a major epidemic occurred in the
USSR and various other European countries
{Sweden, Poland, Hungary, Switzerland) we as
usual compared the strains isolaled during pre-
vious vears with the new ones isolated in 1965 in
France and in the USSR, Using the HI test and
the CF test with viral antigen we established,
and Dr. Pereira of the World Influenza Center
confirmed, that A,/France/51/63 is similar to
A,/Leningrad/29/65.

It seems, therefere, that the new variant A,
that in 1965 hrought on a major epidemic, espe-
clally in Evrope, had appeared in France {and
perhaps in other countries} as early as 1963.

Influenza B, From 1951 to 1966 a few sporadic
cases were detected by means of serclogical tests.
Because there was no epidemic it was impossible
to isolate strains.

In 1966 an outhbreak mainly among children
was studied by the CF test in the continuous
survey and by the isolation of 22 strains. The

Tapre 1, CYTOPLASMIC INCLUSIONS PRODUCED BY INFLUENZA VIRUS TYPE B

Days after inoculation
Date Noture|
. of No. of of
Strain Na. isola- | passages | inoc- 1 3 3 4 5 & 7
tion ulum [ -
CE &, oPE| T {cPE| I {CPB| I |CPE| I OPEICPE I
BO 1539 1966 1 MR — | 0 — ¢] =+ "
RO 1613 — 4 — + | oo .
TO 1538 — 2 — E ] 4 | ees + L]
BO 1602 — 2 — |~ ® = | e " .
B(O 1639 — 3 - — ++ e
BO 1543 — 3 — 4| oas
— — (& +2 | ALL +4+ 0
BO 1604 - 2 MK + "e
- — (1}+2 | ALL ++ 4| Hew
BO 1603 — 2 MK + [ 1] ]
RO 1615 — 2 — + "e
BO 1451 — 3 - +++| #
RO 1650 — 3 -— ++ 4| oo
BO 1524 — 3 — -+ 90
BO 1812 — 4+ | vee
B TAIWAN 1662 1 MK + 4] 4] 0
11 ALL +++ 0 NRVINE I
A PRE 1934 22 ATL + |0 440
Al/LYON/132 1957 14 ATL + 4 0 ++ 0
A2/BINGAPORE/L | 1957 21 ALT, =+ 0 + 0
A2/1536 1466 5 MK + 0

1) MK = Monkey kidnay.

(2) CPE = Cytopathic ellect (+ = 25%; ++ = 509%; 4 = 7%,

(3) 1 = Inclusions (0= ubsence; 8 = nresence).

(1) {1 *One passuge on tissue culture before two passages in eggs.
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TapLE 2. COMPARATIVE STUDY OF INFLUENZA VIRUS STRAINS TYPE B USING NEUTRALIZATION IN MONKEY
TISSUE CULTURE AND HEMAGGLUTINATION INHIBITLON TESTS

\ Straing B “Lee' /5304 B ‘"Bon” B/Jehélgn}'tesshurg/ B Taiwan/4/62 | B/Lyon/7/66
5
Year 1940 1943 1958 19462 1966
Dioses 130 30 30 30 10}

Sera HI NT HI NT HI NT H1 NT {8} NT
1B Lee/5394/1940 Chicken. .| 1536 32-64 48 \ <4 06 4 48 <4 10 <4
B 4Bon' /1048 Fervet. ... .. nd nd nd nd el il nd ud ncd ned
13 Johanmesburg/33/14958

Ferret. ..o .. <13 <4l <12 <4 | 3l 218 <L 4 10 32
B Taiwan/4/1962 Ferrel,. . .| <12 4| <12 <4 12 <4 | 1336 128 20 8
B/Lyr)n/?/lf)ﬁ()’ Terret.. .. .1 <10 4 ] <10 <4 410 4 | <10 4 _ii_ir[_) 128

B "Bon' = Strain “Corre”, type “Bon" B/Lyon/114/56.
HI = Hemagglutination inhibition.

NT = Neutralization test.

nd = Not done,

superiority of tissue cultures over embryonated
epgs for strain isolation was indisputable.

The importance of research on cytoplasmic
and somelimes nuclear inclusions in cells in-
fected with B virus was confirmed by the study
of 15 strains. These characteristic inclusions
were detected 14 times between the second and
the fourth day. They were not seen in cells
infected with A, influenza viruses —APR 8, A,
1957, A, 1957, and A, 1966 (see Table 1).

A variety of immunological techniques was
employed for identification of the antigenic char-
acters of strains. Sinece results obtained with the
HI test are sometimes unreliable, the CF test was
also used, with viral antigens prepared from ome
of the 1966 sirains (B/Lyon/7/66) and proto-
Lype strains and antiviral sera prepared by inoc-
ulation of guinea pigs with virus suspensions
treated with ether in order to eliminate the inter-
nal soluble antigen. Because some antiviral sera
react very slightly with a soluble antigen, re-
search is being carried out to determine whether
this is a specific reaction and whether the viral
suspension used for the preparation of immune
sera still contains internal soluble antigen.

The neutralization test was done on Cercopi-
thecus aethiops primary kidney cells using
titrated suspensions of various B viruses and
sera preparcd in ferrets with a single intranasal
inoculation, the biood sample being taken two
weeks later. The resulls appear in Table 2,

As the comparative results show, the antigenic
characterizstics of most of the B viruses isolated
up to 1965 are more clearly distinguished from
thaose of the 1966 strains by neutralization tests
than by any other serological test.

The meeting of Direclors of WHO Reference
Centers {Arhovirus and Respiratory and Entero-
virus) held from 19-22 July in Moscow sug-
gested that in vaccination programs the state of
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Fig. 2. Titer of neulralizing antibodies against
infiuenza viras B/Lyon/7/66 (80 human sera colleeted
hefore the onsct of the 1966 cpidemic) .
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immunity of the population be taken into ac-
count. Vaccination may be indicated if the
recently isolated virus differs greatly in its anti-
genic scheme from those previously isolated and
if the immunity level of the population is low.
We carried out a serological survey of 80 sera
using the neutralization test on culture cells with
the B virus strain isolated in 1966 (B/Lyon/7/
66). The results are shown in Figure 2. Neutral
izing antibodies were present in sera coilected
before the beginning of the outbreaks (helween
March and December 1965) among a small num-
ber of patients with low titers. A titer of =16
was found among subjecis 1 to 24 years old, but
not among those younger or older. This survey
is still in progress on a larger number of sera.

Summary

Rational preparation of vaccines is possible
only if we have continuing information on (a)
the antigenic characteristics of the virus involved
in interpandemic spidemics and in pandemics,
and (b} the state of immunity of the populatiorn.
Consequently, laboratories capable of collecting
all this information have an buportant role to
play.

For this reason WHO has set up a network of
national centers for influenza surveillance and
for the collection of immunological and virologi-
cal data. The work of one of these has been
examined here.

A continuous serological survey using the CF
test with soluble antigens for all sera collected
in cases of acule respiratory disease made possi-
ble continuous knowledge of the evolution of A:
and B influenza. During each epidemic, strains
were isolated, identified, and quickly sent to the
World Influenza Center. Changes in the antigenic
characters of A, strains were ascertained several
times. They were closely related to those isolated
in various European countries. A strain isolated
in France in 1963 proved to be antigenically
identical to those that caused important
European outbreaks in 1965.

Methods of sampling and isclating strains
have been improved through better transport
of samples, through the provision of tissue cul-
ture hottles 10 hospitals, and throungh the replace-
ment of embryonated cggs by tissue cultures,

Tdentification was made by the HI test and
the CF test for A, strains, and by the study oi

characteristic cell inclusions and the neutraliza-
tion test for B sirains. The classification of B
strains seems more precise with the neutraliza-
tion test and the CF test than with the HT test.
Henceforth, these three tesis will have to he
used for serological surveys.

CualrmaN Fraweis: Thank you very much,
Dr. Sohier. This completes the presentations by
the discussants on the program; however, since
time permits, it will be possible 10 hold a general
discussion,

Dr, Soroviev: In papers on influenza and vac-
cination a central place has been occupied by
the changeability of virus and the appearance of
new variants, which creates considerable difficul-
ties in preparing potent vaccines in good time.
In this eonnection, I shonld like to call attention
to an investigation carried out in our Jahora-
tories. Over a period of six years we collected
sera from hecalihy people belween twenty and
forty vears of age residing in the same locality.
Altogether, we investigated nearly 800 sera with
two strains of influenza virus A,: an old strain,
Singapore, isolated in 1957; and a new strain,
Moscow 21, isolated eight years later during the
1965 epidemic. For the detection of influenza
antibodies we wused the hemagglutination-
inhibition test. Al sera were processed with
carbon dioxide.

The fignre shows the resulis of this work, illus-
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trating the sharp difference hetween the two
variants of viras. For the old strain high titers
of antibodies were observed during all six years.
For the new strains antibodies were either ahsent
or low. Only after the epidemic outhreak in
1965 did the level of antibodies to the new strain
increase sharply, reaching the same Jevel that
had been ohserved for the ald strain.

A1l this leads to the {ollowing two conclusions:
{1) different anligenic varianis of influenza
virus A, created herd immunity that varied
greatly, which should be kept in mind in the
manufacture of influenza vaccine; and (2) sero-
logical prognosis of an influenza epidemic can
be misleading if virus strains inappropriate to
the epidemic are used as antigens for the
detection of antibodies.

Crairman Francis: 1 shoold like to call on
Dr. Davenport again, to reply to Dr. Pereira’s
question regarding Type B and also for an
additional comment on the animal part.

First, I should like to say, however, that Sir
Christepher Andrewes spoke as if it were our
notion that therc was a fixed cycle of recurrence
of strains and T should like to correct that view,
I think we have always considered the movement
more likely to be random, with the recurrence in
the rearrangement of antigens vather than in a
fixed cycle.

A second matter T might mention is the inter-
pretation of antibodies in older age groups.
What impresses us is that the pattern is not
fixed according to age and that antibodies to old
strains develop only beeause of repeated ex-
posure, but that the pattern of disiribution of
these dominant antibodies move with the passage
of time. 'The point is not that after age 40 a per-
son develops antibodies to this or that, but that
Lhese are definite patterns with specific time rela-
tions ; they move as time passes. What vou find in
a 19440 population is quite different from what
you find in a 1950 population. And this chrone-
logical alteration can he observed through re-
peated study which again emphasizes the fact
this is not just a natural broadening by virtue
of general experience alone.

Dr. Davesrorr: As Dr. Pereira knows, 1
would agree with him that there is wide sharing
of the antigens of B sirains isolated from 1940
to the present and that the divisions are nowhere

near as sharp as with the A strains. It is con-
venient to use the term B prime in presentation
because it saves time in spelling out precisely
the year, the sirain, and so forth.

One of the criteria used in support of the idea
of there being a B prime is the fact that in 1955
there was virtually no protection in field trials
using the Lee strain of 1940. And this was one
of the original eriteria used in developing the
A-prime nomenclature. With reference Lo the
following table, I shonld like to comment on it
very briefly and state that, as we have demon-
strated earlier, there is a high percentage of
positive antibody titers against the 1963 horse
strains in the sera of persons over 70 years of
age. These antibodies are neutralizing antibod-
ies. They react specifically in the photometric
test and were interpreted by us as indicating
another period of past prevalence of influenza A
strains,

The absence of antibody helow the age of 70
virtually indicated to us that horses obviously
did not constitute an active reservoir of human
influenza,

Recently, we have been examining the same
collection of sera for antibody against the avian
strains. With three avian strains—Tern South
Africa, Duck England/56, and Turkey England;
6l-no antibody was found in any age group.
However, with Duck England/62 isclate, anii-
body began to appear at the age of ahout 73 and
wags present in most of the age groups from 73
through 97.

TapLe 1. Distrisunion or Equine-2 awp Duck/
EneG./62 HI ANTIBODIES IN SERA OF HUMANS

Per cent  Per cent  Por cent

Age range No. of -+ Mil- -+ Live - For-

specimens  ford/B3  Duck/62  malized

Duck /G2
BO-97........ 17 G5 12 24
R7-83., ....... 20 75 Y 15
BH-86........ 25 76 16 24
83-84........ 25 44 16 16
BI-82. . ..., .. 26 52 a 4
T9-B0.. ..., .. 25 60 4 ]
T8, ... ..., 25 46 12 12
TH-T0. ... 23 44 0 4
Ta-T4. ... 24 29 4 4
TI-72........ 25 16 0 ¢
GU-70. ... ... 25 20 0 4]
66-68........ 25 4 N 4
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The Irequency of Duck/62 antibedy was al-
ways lower than that found with the horse
strains. The tiler values were also always lower.
And in no case have we found a serum that con-
tains Duck virus antibody that did not also con-
tain horse virus antibody. Even when the antigen
is formalized, which increases the sensitivity of
the reaction, the percentage remains helow that
found with the horse isolate. So far we have
failed to demonstrate the presence of neutralizing
antihody wvsing the live Duck virus as test
reagent.

Our working hypothesis, then, is that this anti-
body detected with the live Duck England virus
is heterologous and its detection is dependent
upon the presence in the same serum of Horse/63
virus antibodies. Antigen-sharing between Duck/
62 and Horse/63 viruses has been demanstrated
by Tdmovd and Pereira and by Lief.

Dr. Karran: Dr. Zhdanov mentioned that the
use of avian-leukosis-free eggs for vaccine pur-
poses was essential in the potential development
and use of living atlenvated inlluenza vaccines
preparcd in chick embryos. This applics equally
to any other vaccine—for example, 17D for
vellow fever, parainfluenza, and mcasles—using
chick embryos for culture of the virus. I should
like to point out the considerahle doubt recently
cast on the COFAL test as a means of ascerlaining
leukosis-free eggs and poultry flocks by Trager
and Rubin.

As you know, for several vears the World
Health Organization has been coordinating
studies on apimal Influenzas and their possible
relation to human disease and cpidemics. Reports
of this work are issued periodically by WHO to
collaborating laboratories.
report is of interest with respect to natural and
artificial infection with influenza B in pigs.

Farkas, Romvary, and Takatscy have reported
from Hungary the presence of antibody specific
for influenza B by the HI and neutralization tests
in serological surveys of swine herds following
the B epidemic in humans in that country in
1965. Experimental infections with B/Hungary/
65 were carried out in a small group of pigs.
Clinical and HI and SN antibody responses were
demonstraled, as was a sprcad to uninoculated
controls kept in an adjoining pen scparated by

The most recent

T

iron bars {rom the experimentally infected group.
These resulis indicate that swine are, or may
become, sources of influenza B for man. Shope
showed this to be true with respect to influenza
A in the late 1930°’s. Monkeys have already been
shown to be susceptible to natural infection with
mfluenza B.

CrARMAN Francis: Thank you, Dr, Kaplan,
Dr. Robinson asked whether Dbr. Hilleman would
comment briefly on his questions.

Dr. HiLemax: Tt seems important from the
practical aspect of influenza vaccine use to
arrive at some criterion, based on reliable labora-
tory data, to ascertain the significance of anti-
genic change in currently circulating influenza
A and B viruses in relation to the strains that
are in the current vaccine. The available data
suggest that when an antiserum prepared in
chickens against the strain in the vaccine gives
an eighifold or less hemagglutination-inhihiting
antibody titer against the current viruz than
against the homologous vaccine strain, then the
vaccing will afford only minimal or horderline
proteclion against the natural disease chailenge.
We found this to be the case in studies we
carried ont in vaccine evaluation studies in chil-
dren in the Philadelphia area during 1964-1965.
Tt was shown that the B/Md/1/59 antigen used
in the vaccine afforded only slight proteciion
against the 1964-1965 influenza B virus circu-
lating in the pepulation at that time. Serologic
analysis of strains showed that the titer of
B/Md/1/59 antiserum prepared in chickens was
eightfold Jess in tests with the isclates from the
epidemic than in tests with the homologous B/
Md strain. This same general relationship was
noted previously with influenza A viruses. In
interpreting the data and the significance of such
analyses, it is necessary to take into account the
variahle avidity of virus strains for antibody as
measured by the hemagglutination-inhibition
procedure.

Dr. StuasT-Harris: 1 have the following
question for Dr. Zhdanov: It was reported that
the Russian influenza epidemic of 1965 was fore-
cast in the USSR even though the 1965 virus
strain was not available before the epidemic. Ts
this lrue and how was it done?
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Dr. Zupanov: The method is founded on
ohservation of the level of antibodies for the 12
variants of the virus A,, including the one that
provoked the last epidemic, but one.

If the low level of the antibodies for this is
compared to the high level for previous strains,
conclusions can be drawn. [ refer you to the
publications of our laboratory.

In the history of the study of influenza, as in
the study of other problems, there are threc
periods. First, we start with the assurance of

ignorance. Then we proceed through a stage of
lack of assurance, due to increasing knowledge,
And then we come to a third phase—assurance
again, but this time based on knowledge. T hope
we ate getting to that stage.

CuatrMaN Fraxcis: We shall now proceed
with Section B of the program, which deals with
respiratory syncytial and parainfluenza virus
vaccines.
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SECTION B. RESPIRATORY SYNCYTIAL AND PARAINFLUENZA
VIRUS VACCINES

EXPERIENCE WITH INACTIVATED RESPIRATORY
SYNCYTIAL AND PARAINFLUENZA VIRUS VACCINES
IN INFANTS *

RoserT H. ParroTT, HYyun Wna Kiv, Jurira O. Arrosio,
Josg G. CawcHovra, CarrL D. Branor, Josern L. DeEMEIo,
KerrH E. Jensen, anp Rosert M. CiaNock +

Dr. ParroTT {presenting the paper) : Because
parainfluenza and respiratery syncytial (RS}
virus infections are among the most prevalent
causes of severe respiratory tract illness among
infants and children, these agents have received
a high priority in vaccine development(1).
Since there have been no genetic markers or ani-
mal hosts for indicating virulence and possible
attenuation of these viruses, immediate efforis
huve heen directed toward the development of
inaetivated vaceines.

Most children in previously reported sludics
on potential inactivated vacecines against these
agents have possessed natarally aecquired neu-
tralizing antibody for homotypic viruses before
vaccine injection. Nonetheless, several inacti-
vated parainfluenza vaceines are reparted to have
effected an jincrease in antibody tliter in such
children (2-6].

Over the past two years we have tested the
immunogenicity in infants with respecl to a
varieily of inactivated potential vaccines for para-
influenza virus Types 1, 2, and 3 and the
respiratory syncytial virus.

We have concentrated our stndies on the re-

* Supperted under contract PH 43-62-472, Vac-
cine Development Branch, National Institule of Al
lergy and Infectious Diseases.

Y Drs. Parron, Kim, Arrobio, Canchola, and
Brandt (Research Foundution of the Children’s Hos-
pital of the District of Columbia and Georgetown
University School of Medicine, Washingion, D. C.);
Dr. Chanock (the National Institutes of Health,
U.S. Public Health Service, Bethesda, Maryland) ;
Dr, DeMeio (the National Drag Company, Philadel-
phia, Pennsylvania); and Dr. Jensem (Pfizer Lab-
aratories, Groton, Connecticut}.
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sponse to these vaccines during the first 12
months of lile, since primary infection and
severe illness occur commonly during this period.
Furthermore, to be completely effective these
virus vaceines shoold be capable of stimulating
neutralizing antibody in infants without prier
homotypic experience.

METHODS

The wpaccines. The potential immunizing
agents tested included the following:

1. Two parainfluenza Type 2 vaccines derived
from a monkey kidney tissue culture (MKTC)
isolate from a human infant, grown in vervet
METC and {ormalin-inactivated. The viral anti-
gen was then prepared as an alum-adsorbed
vaceine at fonrfold concentration and as an alum-
adsorbed vaccine emulsified in Drakeol-Arlacel
at final twofold concentration of original anti-
genic material,

2, Two parainfinenza Type 3 vaccines derived
from a MKTC isolate from a human infant,
passed in embryonated eggs and then grown in
chicken embryo tissue culture {(CETC) and
formalin-inactivated. The viral antigen was then
prepared as an alume-adsorbed vaccine atb four-
fold concentration and as an alum-adsorbed
vaceine emulsified in Drakeol-Arlacel at final
twolold of original antigenic
material,

concentration

3. A group of vaccines for parainfluenza
virus Types 1, 2, and 3 derived from monkey
kidney isolates [rom human subjects and, after

passage in MKT(C, propagated in  embryo.
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nated heus’ eggs(7}. For parainfluenza Type 1
vaccine allantoic fluid harvests were concen-
trated 20 times; for parainfluenza Type 2 and
3 amniotic fluid was used without concentration.
The egg propagaled virys suspensions were inac-
tivated with formalin and tested without addition
of an adjuvant.

4. A parainflucnza Type 1 viras vaccine
derived from a primary human ¢mbryonic kid-
ney tissue culture isolate from a human infant,
which was propagated in human embryonic kid-
ney, then in vervet MKTC culture, and harvested
hrom the latter. After millipore fltration and
formalin inactivalion, the wviral antigen was
concentrated 100 times by ecentrifugation and
then precipitated in alom.

5. Two respiratory syncytial virus vaccines,
both derived from the Bernett strain, one grown
in eynomolgus MKTC and the other in vervet
MKTC. Both were formalin-inactivated, concen-
trated four times, and alum-adsorbed.

6. Another respiratory syncytial virus vaccine
derived from the Bernett strain and grown in
vervet MKTC. After millipore filtration and
formalin inactivation, viral antigens were con-
centrated 100 times by centrifugation and alum
precipitation.

All the vaccines were safety-tested according
to standards of the Division of Biologics Stan-
dards of the National Institutes of Health,

Neutralization Tests. Neutralization tests for
parainfluenza virus were carried out in rthesus
MEKTC tubes using hemadsorption as the indi-
calor system. Neutralization tests for respiratory
syneytial virus were carried out in HEp-2 roller
tubes tissue culture. Tn later studies, a modifica-
lion of the neutralization tests employing mie-
rotiter plates was used (C. B. Smith and J. G.
Canchola, unpublished data). In hoth types of
test the results were cssentially the same.

All the serums tested for neutralizing antibody
against parainfiuenza Type 1 and 3 virnses and
the respiratory syncytial virus were inactivated
for 30 minutes at 56°C, whereas those tested
against parainfluenza Type 2 virus were not
heat-inactivated. All serum titers are expressed
as the final dilution. The Jowest serum dilation
tested was 1:4 or 1:8.

Clinical Methods. After it was determined that
there were no untoward local or systemic reac-
tions in adult volunteers, a group of infants he.

tween 3 and 12 months of age were selected for
sindy (with parental consent). The infant sub-
jects were from families of relatively low socio-
economic status, primarily Negro. They lived at
home.

Upon admission to the study, each infant was
given a complete physical examination, after
which he was adtninistered an intramuscular
injection of 0.5 ml of one of the vaccines (025
il of Drakeol-Arlacel preparations). No infant
had fever at the time of vaccination.

One month after the first injection of the vac-
cine, another physical examination was carried
out and ancther (.5 ml intramuscular injection
of the same vaccine was given. Most of the
infants received a third, or “hooster,” injection
of the vaccine approximately three months after
the second injection. The exceptions were those
infants rteceiving the parainfiuenza Type 2
vaucine prepared in chick embryo, about half of
the ones receiving the fourfold concentrated RS
vaccine, and miscellaneous subjects who under-
went natural infection with virus of the same
serotype as that in the vaecine before completing
the series of injections.

To determine possible intercurrent respiratory
tract illness in these infants and their families,
careful and frequent clinical and virelogical sur-
veillance was carried out for eight months by the
members of the vaccine study team. This surveil-
lance included home visits and telephone calls
to determine possible reactions or illness and
the collection of throat and anal swab specimens
for virus and Mycoplusma studies at least weekly
and during any reported illness.

Infection with the agent against which the
vaccine was direcled did not oceur in vaccinees
or in the controels or other children in the com-
munily except in the cases specifically mentioned
helow.

Serum specimens were obtained before the
injection of vaccine, one month after the first
injection, two to three wecks after the second,
and just prior to and two to three weeks after
the booster injection.

An additional “control” for the possibility
that intercurrent natural infection might mfu-
ence scrological results was introduced in the
trials with 100 timos concentrated parainfluenza
Type 1 and respivatory syncytial vaccines. Each
of these vaccines was administered to infants

e~
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sclected aliernately [vom the same population
during the same time period.

CLINICAL RESULTS

Untoward Reactions. Esscntially no unusual
pain, tenderness, erythema, fever, or other imme-
diale or delayed local reactions or systemic reac-
tions have been observed in inlants recciving
these vaccines,

Immunogenicity. Although not all studies of
vaccines against a particular virus type were
carried out concurrently, we are presenting the
results by virus type in order 1o permit com-
parison among the various methods of prepara-
tion.

We have assumed that awmlibody present in
these infants at the outsct was passive, trauns-
placentally transmitted antibody. Therefore, not
only a fourfold rise in antibody bui also a per-
sistent level of antibody four times higher than
the lowest dilution of serum tested (ie. 1:4 or
1:8) was considered evidence of vaccine immune-
genicity if there had been no natural infection.

Parainfluenze Type 1. In the case of both prep-
arations of parainfluenza Type 1—the 20X chick
embryo vaccine and 100X MKTC vaccine—
slightly less than half the infants responded
after only two injections but most responded
after the third, delayed injeetion (Table I1).
With both vaccines there was a sixfold increase
in geomeiric mean antibody titer at the end of
the study period in infants that had no demon-
strable neutralizing anlibody at the outset,

Therefore, cither of these vaccines can produce
serum antibody responses in infants who have
had no prior natural experience with the agent.

Parainfluenza Type 2. There appeared to be
limiled immunogenicity with parainfluenza Type
2 vaccines grown in MKTC (Table 2). The
alum preparation was estimated to have antigenic
mass four to six times grealer than that of
Drakeol-Arlacel preparation and it induced anti-
hody response in two thirds of the infants, al-
though usually only after the third injection,

Drakeol-Arlacel seemed to be of na value as
an adjuvant in the infants; only one infant
receiving the vaccine with this potential adjuvant
showed a significant antibody response. Clearly
the aqueous, chick-emhryo-grown vaccine was
immunogenic even after only two injectioms.
There was a sixfold increase In geomelric mean
antibody titer of infants who had no demonstra-
ble serum antibody to the agent when they first
reecived this vaccine,

Parainfluenza Type 3. Similarly, the alum-
precipitated, tissue-culture-grown parainfluenza
Type 3 vaccine (60 per cent response) was more
cffective than the Drakeol-Arlacel preparation
(42 per cent response) (Table 3), and the aque-
ous, chick-embryo-grown vaccine induced a re-
sponse in all the subjects tested. After three
injections of this last vaccine, there was a six-
teenfold rise in mean geometric antibody titer in
infants without passive antihody at the outset.

In brief, among the parainfluenza virus vac-
cines tested, the aqueous chick embryo cavity
fluid preparations seemed to have the most pre-

Tagre 1. IMMUNOGENICITY OF PARAINFLUENzA VIKUS TYPE 1 INACTIVATED VACCINES

Passive

Parainfluensa Tvpe 1 anbtibody

vaccine prepurslion prior {0

injection

(20X) Present

Chick embryo Absent?
Total

(100X) Prescnt

METC alum Absent*
Total

No, of Pourfold rise or persistent level
infuuls fourlold over baselinet
testod

Aftler 2
injections

After 3
injections

9 2 2
8 2 7
10 4 9 (909
1 0 0
13 A 10
14 5 10 (71 %)

*Neutralizing antibody not detecied in 1:4 or 1:8 dilution of serum.
TBaseline refers to lowest dilution of serum tosted (L4 or 1:8).
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TaBLE 2. IMMUNGGENICITY OF PARAINFLUFENZA VIRUS TYPE 2 INACTIVATED VACCINES

Tourfold rise or persistent level

Tassive No., of fourfold aver bagelinef
Parainfuenzn Type 2 antibody infants
varcine preparation pTior to testad
injection  After 2 L After 3
injeclions injeciions
(4X) Present 1 0 1}
METC alum” Abgent* 11 2 &
Tatal 12 2 8 (67%)
MEKTC (2X) Present ] — —
Drakenl Arlacel Absent* 12 0 L
Total 12 0 1 (89)
(1X) Present 2 2 —
Chick embryvo Absent* B 7 —
Total 10 9 {90%) —

#Neutralizing antibody not detected in 1:4 ar 1:8 dilution of serum.

1Baseline refers ta lowest dilntion of serum tested (134 or 1:8),

dictable immunogenicity. We have no informa-
tion vet on the protective efficacy of serum anti-
body produced by any of these vaccines. We are
currently evaluating a trivalent vaccine prepara-
tion of the egg-grown parainfluenza Type 1, 2,
and 3 antigens.

Respiratory Syncytial. The fourfold concen-
trated respiratory syncytial virus vaccines grown
in cynomolgus or in vervet MKTC were clearly
not sufficiently immunogenic in infants—whether

or not passive antibody was present—to be con-
sidered for further study (Table 4). In fact, dur-
ing our studies with these agents we observed
that 20 (38 per cent) of the 53 infants who re-
ceived two or three injeclions cxperienced natural

RS virus infection during the subsequent period

of high prevalence. Nine of these infections were
associated with severe lower respiratory tract ill-

ness requiring hospitalization. Three of the hos-
pitalized infants had antibody levels at the time

TABLE 3. IMMUNOGENICITY OF PARAINFLUENZA vIRUS TYPE 3 INACTIVATED VAGCINES

Tourfold rikc or persistent lewel

Passive Ng. of fourfeld over baselinet
Parainfluenza Type 3 antibody infants | _ e
vaceine preparation nrior to tested
injeclion After 2 Alter 3
injeclions injertions
(4X) Present 4 0 2
CETC alum Absentf 6 2 4
Total 10 2 6 (60%)
CETC (2X) Present 10 2 4
Drakeal Arlacel Absent 2 0 1
Total 12 2 5 {429)
Chick embryo Present 4 4 4
Abgentt 12 4 12
Total 16 3 16 (100 55

*Raseline refers to lowest dilution of serum tested (1:4 or 1:8).

tNeutraliaing antibody oot detecied in 1:4 or 1:8 dilution of serum.

LY
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TABLE 4, IMMUNOGENICITY OF RESPIRATORY SYNCYTIAL VIRUS INACTIVATED VACCINES

Fourfold rise or persistent leve!
Passive No. of fourfold over baseline®
Respiratory syncy tial antibody infants o
vaecine preparation prior to teated
injectian After 2 Alter 3
injections injections
RS (40 Present 16 8 —
METC alum Absentt 7 1 —
Total 23 9(39%) —
LB, (4X) Present 20 Y 5
MEKTC slum Absentt 10 0 4]
Total 30 9 {30%} 5(17%)
R.8. (100X) Present. 10 10 10
METC alum Abgent} 0 — —
Total 10 10 {100%) 10 (100%)

*Naseling refers to lower dilution of serum tested (14 or 1:8},
1Neutralizing antibody not detected in 1:4 or 1:8 dilution of serum.

of their iliness, which reflected an immunogenic
eflect of the RS virus vaccine.

The immunogenicity of the 100X concentrated
respiratory syncytial vaccine has been more en-
couraging. Ten infants completed a series of
three injections without interruption by natural
infection (virus recovery or fourfold rise in anti-
beody). Five of the ten developed a fourfold or

greater rise in antibody, and at the end of the:

vaccination period all ten had an antibody titer
four times higher than the lowest serum diluiion
tested.

The group of RS vaccinees and a group of
infants whe had received parainfluenza Type 1
vaccine over the same period had cowparable

geometric mean RS antibody titers at entry into
the study. This liter represented maternal anti-
body {Table 5). The titer rose gradually in the
RS vaccinees from whom RS virus had not been
recovered, and it fell in the comparable parain-
fluenza vaccinees. Since all RS vaccinees had de-
tectahle aniibody at the end of the vaccination
period, and their mean titer was six times that
of the parainfluenza Type 1 vaccinees, it ap-
peared that the vaccine induced an immunogenic
response in most if not all of the young infants
tested.

During a period of high RS virus prevalenca
that overlapped and followed the test period for

TasLE 5. RS VIRUS SERUM NEUTRALIZING ANTIBODY IN INFANTS WHO RECEIVED RS VIRUS OR
PARAINFLUENZA TYPE 1 VIRUS VACCINE AND FROM WHOM RS VIRUS WAS NOT RECOVERED
DURING IMMUNIZATION

Geometric mean RS virus neutralizing untibody titer¥
(reciprocal) at indieated $ime

No. of
Vaceine infants
1 Montd 1 Mouth Befoare After
Preinjeetion after Ist after 2nd hooster bovster
injecticn injeclion injectiont injertionf
118 Vaccine (Lot 100}, . ... ... ... 12 16 16 32 458 48
Parainfluenza Type 1 virus vac-
cine (Lot 23). ................ 12 16 12 12 -] 8

* <114 considered as 1:2 Tor purpose of determining geormeleic mean titer,

+Three months sfter second Injection,
{Three wecks following hooster injection.
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this vaccine we observed two infants in whom
antibody that was apparently vaccine-indnced did
not protect against illness (Table 6).

Infant A was hosphalized with severe  bron-
chiolitis ahout 36 days after the second vaccine injec-
tior. Prior to the illness the infant had registered
a greater than fivefold rise of RS virus neutralizing
antibody after itwo 0.5 ml injections of the vaccine,
After infection the patient developed an additional
tenfold increasc in antibody titer, although RS virus
was not recovered,

Infant B was hospitalized with severe bron-
chiolitis 17 days afler the second vaccine injection.
RS virus was recovered on three occasions from
throat swoubs over a period of 12 days during hos-
pitalization, This infant had developed a fivefold
inerease in neutralizing antibody after the second
vaccine injection, This development of vaceine-
induced antibody appearcd to precede the onset of
the patient’s illness.

The findings in infant A and infant B sug-
gest that sn RS virus neuntralizing antibody
titer of 1:32 or 1:64 induced by vaccine did not
provide protection {rom scvere RS illness. We
have previously ohscrved that low to moderate
levels of maternal antibody did not protect
voung infanls against RS virus illness. It has also
been reported that naturally acquired serum an-
tibody at levels of 1:32 to 1:64 do not provide
cffective protection against infection(1).

We have noted that the respiratory tract ill-
nesses associated with RS viras infection in RS
vaccinees were more severe than those associated
with RS virus infection in the group of infants
who received the parainfluenza Type 1 virus

vaccine. Four of five RS vaccinees who were
infected with RS virus required hospitalization,
whereas none of five parainfiuenza Type 1 vac-
cinces infected with RS virus was admitted to
the hospital. These observations raise the ques-
tion of a paradoxical vaccine eflecl. Tossibly RS
vaceines of low potency in some way “sensitize”
an individual or potentiate the hosi’s response to
natural RS infection. Such a phenomenon has
been noted previously with rickettsial vaccines
(8), trachoma vaccine(9), and M. pneumoniue
vaceine (10},

Thus our findings indicate that it is possible
to stimulate homotypic serum neutralizing anti-
body in young infants with inactivated parainflu.
enza or RS vaccines but they introduce some
doubt as to the proteclive value of such antibody
in at Jeast RS infection. Most serum antibody
levels attained after use of these vaccines were
lower than those registered after natural infee-
tion., Recent studies suggest that antibody in
respiratory tract secretions is of signal impor-
tance in the prevention of infeclion, at least
against the parainfluenza Type 1 virus (11).

Clearly, if inactivated paramyxovirus vaccines
are to be effective against respiratory tract ill-
ness, either they must provide a massive anti-
genic stimufus which induces serum antibody
levels zimilar to those following natural infec-
tion, or some method must be developed whereby
they can stimulate antibody in respiratory tract
seeretions.

TagLe 6. EviDENCE FOR FAILURE OF VACCINE-INDUCED SERUM ANTIBODY TO PROTECT AGAINST RS
VIRUS INFECTION AND BRONCHIOLITIS

Reciproeal of aotibody titer at indicaled time afler injection of B8 virug vaccine

Intant Auntibody tested
Ist injection a:ld injection
0 1 month 2 months 3 months
A Neut. antib. 6 8 32 354
CT antib. 32 256 or >
*
Bronehivlitis*
RS virus not recovered
B Neut. antib. 24 12 64
T

Bronchiolitist
RS virus recoversad

*Qunset of illness six days after 2 mo. hlood obtained.
TOmnset of illoess 17 days after 1 mao. blood ohiained.

-~
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Dr. DinreR (presenting the paper): Parainflu-
enza. Type 3 virus (PIV-3) is widespread in
caitle and is apparently a frequent cause of res-
piratory disease in calves. Two types of PIV-3
vaccines for cattle have heen developed. One
consisis of inactivated virus with or without
the addition of adjuvanl, the other of a live
attenuated strain.

The present report summarizes the mode of
preparation and assay of these vaccines and also
the results of field trials. A short description of
the pathogenicity of PIV-3 and its role in the
etiology of respiratory disease in cattle is given
first.

THE ROLE OF PIV-3 IN DISEASE

The results obtained in transmission experi-
ments and serclogical and histological studies
must be treated sepavately from observations
made during natural outbreaks of the disease,
where agents other than PIV-3 might be causally
involved.

Betts et al. (4) delivered calves by hysterotomy
and reared them without colostrum. Afrer intra-
tracheal and intranasal inoculation with a freshly
isolated PTV-3 strain, all the calves reacted with
fever and most showed signs of respiratory
disease, When killed five and seven days after
inoculation, all showed extensive pneumonia. The
virus was recovered from the respiratory tracts
and regional lymph nodes of calves killed on
the fifth day but not from calves killed on the
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seventh. Bacterial infection could be excluded.
Working with celostrum-deprived calves and two
strains of PIV-3, Dawson et al. (8) {ound the
clinical response to inoculation mild. Although
lung involvement with one of the strains was
extensive, there was no ¢linical evidenee of
pneumonia. According to the experiences of the
British workers (26), PIV-3 produces character-
istic and consistent lesions. The pathognomonic
features associated with presence of the virus
are a syncytial gtant cell formation in the hron-
chiolar and alveolar epithelial cells with pleo-
morphic, eocsinophilic, and phloxinophilic cyto-
plasmic and nuclear inclusions (26), A super-
infection with pasteurellae, mostly supported by
stress (17, 19), may change this proliferative
pneummonia into an exudative type, resulting in
a syndrome that in the United States is often
called shipping fever.

The respiratory disease seen in the field and
presumed 10 be caused by PIV-3 varies in sever-
ity. In some European countries a mild form is
prevalent. A transient cough and anorexia are
most commonly observed. These signs are fre-
quently accompanied by diarrhea, particularly
in young animals. Prolonged coughing is con-
sidered a sign of complication. The disease af-
fects calves much more than adult cattle. Ap-
preciable weight loss and increased mortality
among calves were noticed on several Swedish
farms where outbreaks of such a “pneumoenter-
itis” are common during the eold season. The
more severe form, shipping fever, appears io he
prevalent in the United States, but eases of pneu-

e
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moenterilis in young calves (13) and outbreaks
of pneumonia (30), apparently caused mostly by
PIV-3 alone, have also been reported recently
from that country.

PARTTCTPATION FREQUENCY OF PIV-3 IN
INFECTION AND DISEASE

Antibodies to PIV-3 have been found in a
large proportion of both sick and healthy cattle
by several workers from various countries. Table
1 shows the distribution of antibody titers in
three selecled groups of Swedish cattle. A large
proportion of healthy calves three to eight weeks
old had low antibody titers or mone at all,
whereas a high incidence of intermediate Lo high
titers was found in old healthy cattle and in
cattle examined alter recent outbreaks of respi-
ratory disease (2).

Pette ez al. (27) analyzed serum samples from
595 cattle of various ages in Bavaria. Accord-
ing to this analysis, ithe number of seropositive
animals was highest in calves one to nine weeks
old. Up to one year, the number decreased with
inereasing age. However, in caitle older than
one year the number of seropositive animals was
again high. This fluctualion reflects changes
from an early status of passive immunity, medi-
ated by maternal antibodies, to a transitory
status in which the antibodies vanish, to be re-
placed by active immunity acquired by infection
{27). In the United Staies a higher incidence

TaBLE 1. DISTRIBUTION OF ANTIBODY TITERS TO
PIV.3 IN THREE SELECTED GROTPS OF
SWEDISH CATTLE

HI Liter* and number of

No. of eattle in per cent
Grong cuttle
tested
<8-8 16-32 G4-128 256-512 =512
AL 144 53 14 19 3 G
B....... 154 30 9 27 28 6
A+4B. 208 41 14 23 16 6
C.o..o... 244 18 13 20 33 7

#Reciprocal of serum dilution.

A—Slsughterhpuse calves 3 to 8 weeks old.

B—3laughterhouse calile ever 2 years old,

—Cuttle of various ages on 41 farms with recent ontbreaks
of respiratory disonse. o .

Sﬂu]:'ce.' K. Bakos and Z. Dinier, “'Antikiperrealktion des
Rindes anf die Infelktion mit dem Virus der Parainfiuenza 8."
Fentradbl Bakterdol 1, Orig. 1802 1-11, 1960.

of seropositive animals was encountered during
the cold season, when shipping fever is preva-
lent (1}.

The serological studies have further shown
that silent infections or very mild disease, and
also reinfections, occur frequently. Using the
rise in antthody titer as a criterion, the British
workers (26), found that PIV.3 had been in-
volved in 24 per cent of 150 outbreaks of respira-
tory disease occurring in the United Kingdom. In
a histological analysis, lesions characteristic of
PIV-3 pneumonia, including giant cell bronchiol-
itis, were seen in lung samples [rom 16 per cent
of the 125 guthreaks investigated (26).

It is thus obvious that a PiV-3 vaccine would
be of value in preventing pneumonia, whose
complicated [orms may cause severe losses in the
calf stock.

INACTIVATED YACCINE

It was early shown (24) that formalin-inacti-
vated PIV-3 is a potent antigen, particularly
when incorporated into a mineral-oil adjuvani.

Preparation. PIV-3 is usually grown in pri-
mary cultures of calf kidney cells, The cuiture
fluid is harvested when the titers of infectivity
and hemagglutinin reach maximnm levels. The
Swedizsh workers (unpublished data) used the
PIV-3 strain 23, Cultures in stationary flasks,
infected with thiz strain, showed only slight cyto-
pathic changes but produced high daily yields
of virus from the second to at lzast the zixth
day after inoculation (10}, as is shown in
Figure 1. It was found later {20) that no inter-
feron is produced during the growth of strain 23
in call kidney cell cultures. From a flask cul-
ture eontaining a 50 ml medium the virus could
thus be harvesied five times, resulting in a
final yield of 250 ml virus suspension per cul-
ture. No difference in aniigenic polency was
noticed between vaccines prepared with a pool
of such daily harvests and the total yield taken
the sixth day after the inoculation.

In experiments of McClelland et al. (24) the
virus was inactivated by formalin in & final con-
centration of 1:4000 at 37°C and pH 6.8. The
Swedish workers used 1:2000 formalin at 26°C
and pH 7.2. No differences in antigenic potency
were seen between the virus inactivated for 16
hours at 26°C and that inactivated for four days
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Fig. 1. Daily yields of PIV-3 strain 23 in primary
calf kidney cell cultures.

at 4°C. Table 2 shows the rates of inactivation
at both these temperatures. The final product of
McClelland et al. (24} was an emulsified mix-
ture of equal parts of the agueous vaccine and
an Arlacel A (10 per cent) /mineral oil {90 per
vent) emulsion, whereas the final product of
the Swedish workers was the agueous vaccine.

Laboratory assay. The antigenic potency of
PIV-3 vaccines can bhe measured on guinea pigs
(24). In the experiments of Swedish workers the
extinction limit titer of the vaccine was cstimated
according to Gard et al. (11). The vaccine and
serial tenfold dilions were inoculated twice

mtrammscularly  at three-week intervals  into

Tanre 2. Ivacrvation oF PIV-3 sthain 23 Ry
FORMALIN 1:2000 a1 4°C anp 26°C av PH 7.4

Inactivation time
at 4° G at 26° ¢
(in days) (in hours)

Amopunt of iuactivated virus
in logn units TCD
4% C#* 26 Cf

1 3 1.8 1.8
2 6 4.8 3.9
3 9 5.1 5.7
4 12 6.6 >6.8

#Menn of three experiments,
TMean of 14 exporiments.
Sowree: UTnpublished duta.

eight to ten guinea pigs per dilution. Serum
samples were obtained from these animals eight
to ten days after the second ineculation. Each
serum was tested Jor neutralizing antibodies
against 1000 TCD;, virus, and alse lor hemag-
glutination-mhibiting (1) antibody, Table 3
shows the resulis obtained with two Tots of
aqueous vaccine, The results suggest that Lhe
extinction limit titers can be roughly correlated
with mean HI titers estimated on serum samples
from eight to ten guinea pigs per undiluted
vaceine. The two vaccine lots, although prepared
in the same way, showed different antigenic
polencies, whereas no differences were seen in
this respect between viable and inactivated virus
of the same batch. In similar experiments of
MeClelland et al. (24) the mineral-oil adjuvant
vaceine proved to be superior to the agneons one,

Evaluation of the vaccine in calves. Tn the
experiments of Hamparian et al. (18), calves
devoid of measurable antibodies to PIV-3 and
held in isolation were inoculated once with the
mineral-oil adjuvant vaccine intramuscularly
into the anterior cervical region. In response,
HT antibodies appeared first, followed by eom-
plementi-fixing and neutralizing antibodies, The
highest levels of neutralizing antibody were
found between days 33 and 66 after vaccination;
they were then significantly higher than the
antibody titers encountered in groups of calves
that had recovered from a natural or experi-
mental infection with PIV-3. A control group of

TABLE 3. ANTIGENICITY OF VIABLE AND
INACTIVATED PIV-3 STRAIN 23 FOR GUINEA PIGS

Vuccine or virus 13-
dilution and HI titer® fing-
Tnoou- fiai
Vaccine lot Lated Hmit
titer,/
milt
1070 107t 102 10~ (logw)
B/6. ... ... Twice 2048 1024 128 " <8 2.7
Countroli... .. Twice 2048 512 256 <8 2.5
10/9........ Once 32 842 <R «8 1.7
Control, ... .. Once 32 32 «8 «R 1.5
WA ... ... Twice 256 266 16 <8 2.1
Control...... Twice 512 512 64 <8 2.1

*Heeiproeal of serum dilution; mean obtained on serum
szunples from 8 to 10 puinen pips per dilulion.

tEstimated accovding to Gard e a2l (113, 3

1Viable virus of the vaceinal bateh withdrawn prior to in-
aclivalion,

Seircer Unpublished datu.
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calves deveid of antibodies to PIV-3 was added
to these and the vaccinated animals. AN four
groups were exposed to challenge with a PIV-3
strain aerosol inte one of the nostrils, No signs
of discase appeared as a result of this challenge.
However, there was no postchallenge rise of neu-
tralizing antibodies in the majority of vaccinees,
whercas all the other animals responded with
a significant antibody rise. The virus was re-
covered from all control calves but not from
the vaccinges. Excretion of virus occurred in
calves recovered from natural infection and hav-
ing a prechallenge neuiralizing antibody titer
of 1:5 or less, but it was of short duration.

In a study by Mobanty and Lillie (25) the
calves were inoculated with the mineral-oil ad-
juvant vaccine of the Merck group. After a
single dose of this vaccine the neutralizing anti-
iodics developed slowly, reaching their highest
levels after six or seven wecks. These animals
and a control group were then subjected to the
stress of hauling and exposure during inclement
weather on two consecuiive days. The following
day all the calves were inoculated intranasally
with the vaccinal PIV-3 strain SF-4, and two
days later they were all inoculuted intratracheally
with Pasteurella multocida. All the ynvaccinaled
calves responded with a respiratory illness of
varying severity. The virus and pasteurellas
were recovered from the unvaccinated anjmals,
and thejr antibody liters against PIV-3 showed a
significant rise. Among the vaccinated animals
na signg of illness were observed, but a rise of
antibedy titers was noted. The virus was not
recovered bui pasteurellae were isolated from
all the animals. Thus, a vaccine directed against
PIV-3 was adequate in preventing the disease
caunsed by a cambined effect of PIV-3 and pas-
teurella. However, Hamdy and Trapp (16) had
to vaccinate against both PIV-3 and pasteurellae
in order to protect their experimental calves
from disease, and the challenge pasteurella strain
had to be of the same serotype as the strain nsed
for preparing the bacterin,

Quite recently an exhaustive study on call-
hood immunization against shipping {ever was
published by Matsuoka ef al. (23). The adje-
vant vaccine they used contained three formalin-
inactivated agents: PIV.3, Pasteurella multocida,
and Pasteurella hemolytica. The calves were
vaccinated at four to ten weeks of age and revac-
cinated at weaning age. Seven days after revac-

cination these calves and unvaccinated control
calves were subjected to stress and exposed to
challenge with an aerosol containing the three
agents, The observation time after challenge was
14 days. Clinical signs of disease were seen in
a {ew animals within five days. The tempera-
tures were higher and persisted longer in the
control calves than in the vaccinated calves.
One out of 17 vaccinated calves and 4 out of
14 unvaccinated calves dicd during the ohserva-
tion time. The vaccinated calves showed a rapid
rise of HI tilers within seven days after chal-
lenge, whereas the control calves showed only a
slow rise. It should be added that low titers of
maternal antibodies to PIV-3 were found at
the time of the first vaceination. Before chal-
lenge there had been only slight increases in
antibody titer or none at all. PIV-3 was jso-
laled from bolh conlrol and vaccinated calves.
However, shedding of the virus persisted Tonger
in the unvaccinated calves than in the vacecinees.
Fourieen days after challenge the animals were
sacrificed. The lungs showed lesions of a
severe pneumonia in 18 per cent of the vacci-
nated calves and in 54 per cent of the control
calves, The lungs of the remaining calves were
nortal or only slightly changed.

ATTENUATED VACCINE

The use of a viable, attenuated PIV-3 as a
vaccine for calves has been recommended by
Bégel and Liebelt (5) in West Germany.

Preparation and laboratory assay. A strain
S5d-2 of PIV-3 was passaged 65 times in pri-
mary cultures of calf kidncy cells and then
tested for innocuity by intranasal or intranasal
and inlravenous inoculation into colostrum-
deprived young calves held in isolation (5).
No signs of illness appeared within 14 days
after inocuolation. Serum samples of these ani-
mals, which had had no antihodies prior to
inoculation, showed HI antibodies on day 14
after inoculation, The virus was recovered from
nasal swabs taken {rom all the animals seversl
days after inoculation. Later the animals were
exposed 10 a challenge infection by intranasal
and intramuscular inoculations with a PIV-3
strain having a Tow number of passages in cell
cultures. No signs of illness were ohserved, and
the virus could not be recovered from the nasal
swahs,
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Field asswy. After 27 or 28 more passages in
calf kidney cell cultures the strain Sd-2 was
tested as a vaccine in the field. Large groups of
calves were inoculated under varying environ-
mental conditions, and the strain was found to
be inoffensive. The emphasis of the studies
(6, 7} was on the influence of pre-existing anti-
bodies on the antigenic stimulus of an intranasal
or a simultaneous intranasal and intramuscular
vacecination. The rise of HI titer was used as a
criterion for the immunizing effect of vaccina-
tion throughout the experiments, No significant
difference was noticed between the effects of
intranasal and of intranasal and intramuscular
inoculation. By this combination the authors
tried to differentiate a pre-existing passive im-
munity from a pre-existing active immunity.
After vaccination by both routes, the vaccinal
virus was excreted in calves with low titers of
maternal antibodies, The antihody rise was nil
or insignificant. On the other hand, the vaccinal
virus was not recovered from calves with low
Liters of antibodies acquired by previous natural
infection. The majority of these calves showed
a significant antibody rise. From these and
similar studies it was concluded (7) that infec-
tion of the nasal mucosa with the vaccinal strain
would guarantee the development of a local
immunity, since infection is not inhibited by
low titers of maternal antibodics. Further data
on this point have heen presented by Pette et
al. (27). According 1o these authors, the vac-
cinated calves showed a general decline in anti-
body titers beginning two or three months after
vaccination. A second vaceination was therefore
recommended. The second vaccination would
not only reinforce the immunity but also include
calves that at the time of first vaccination were
protected by maternal antibodies and hence
were insusceptible to infection with the vaccinal
strain (27).

FXPOSURE OF VACCINATED CATTLE TO
NATURAL DISEASE

The earliest attempt to immunize calves with
PIV-3 vaccine against field outbreaks of respira-
lory disease yielded inconclusive results. An
aqueous vaccine was used, mostly in a single
dose. The nomber of calves that became ill
during the ohservation time after vaccination
was small, but it was foand to be approximately

the same in vaccinated calves and in unvae
cinated controls. Further, a single dose of ap
agqueous vaceine was shown to he a very poor
antigenic stimulus when compared to a single
dose of an adjuvant vaccine (24). Later the
attempls to immunize calves were continued
using adjuvant vaccines. In a trial of Woods et
al. {29), 96 beef calves were vaccinated with a
single dose before weaning: 180 unvaccinaled
calves served as controls. Ten calves—five vac-
cinated and five unvacecinated—developed acute
respiratory dissase 30 days after weaning. One
of the difficulties encountered in the field trials
was that shipping fever, when desired as a “chal-
lenging epidemic,” apparently struck only a few
animals in a herd under observalion.

Two attempts to immunize calves against
shipping fever were carried out by Hamdy et
al. (14, 15). Since these attempts were similarly
corganized and showed similar results, the more
recent one (14) will be related here. An adju-
vant PIV-3 vaccine was inoculated into shipped
and native caives in three doses: the first dose
three weeks prior to shipment or weaning, the
second at the time of shipment or weaning, and
the third at the time of arrival in the feedlot or
one week after weaning. The PIV-3 vaccine was
given in a combination with one, two, or three
other vaccines containing either inactivated
Pasteurelle spp. or attennated infectious bovine
rhinolracheitis virus. The observation time was
three weeks after arrival or weaning, There were
125 wvaccinated calves and 175 unvaceinated
control calves, Clinical signs similar to those of
shipping fever were observed in 17 vaccinated
calves (13.5 per cent and in 25 unvaccinated
controls (14.8 per cent). Nasal swabs were col-
lected Irom all affected calves. PIV-3 was re-
covered from 36 calves, Escherichia coli from
35, Pasteurellg hemolytica from 13, and a myco-
plasma from 2. Attempts to jsolate other viruses
or miyagawanellae were unsuccessful. While
these results must be regarded as discouraging,
Matsuoka et al. (23} recently announced that
their vaccine, described ahove in the section on
inactivated vaccines, has given good yprotection
against a natural outhreak of shipping fever.

Vaccinations with two doses of an adqueous
PIV-3 vaccine were introduced on five Swedish
beef-raising farms in 1960. These farms had
their own brecd but alse imported young calves
from other farms. The vaccinations were ad-
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ministered either in September and Qctober or in
January and March, depending on when 2 new
supply of calves arrived. Vaccine lots showing
a potency similar to that of lot 9/6 (Table 3)
were used. Calves under six weeks of age re-
ceived 10.0 ml; older calves received 20.0 ml.
The vaccine was administered subcutaneously
and the vaccination was repeated four to six
weeks after the first inoculation. The veterin-
arians in charge of these farms reported that
after the vaccination campaign had started pneu-
moenteritis occurred in only a few calves and
the mortality became lower (Bakos, personal
communication). The mean figures available for
the five farms were 20 per cent average mortality

hefore and 5 per cent after vaceination,

Thousands of calves were vaccinated with the
attennaled PIV-3 strain Sd-2 in West Germany,
although the use of this vaccine was not much
publicized (Btgel, personal communication).
Unfortunately, no reporis are available showing
the effect of vaccination as a controlled attempt
to immunize calves against outbreaks of respira-
tory disease.

As of this date, no PIV-3 vacecine for ecattle
is in use in the United Kingdom (Lamont, per-
sonal communication).

DISCUSSION

There is at present no explanation for the
contradictory results of several attempts to im-
munize calves against experimental and natural
shipping fever. Reisinger stated (2B) thal the
“pathogenesis of shipping fever includes various
etiological agents which may appear singly or
in combination, plus various environmental stres-
sors.” In one of the field trials {14) the vac.
cinated ealves had high titers of circulating anti-
hodies to PIV-3 at the time of the outbreak, but
even so, several vaccinated calves showed signs
of shipping fever, and no other virus than PIV-3
was isolated. Tt is posible that the reduced
resistance was due to a stressor not present dur-
ing experimental exposare. The role of Pastewr-
ella spp. in the pathogenesis of shipping fever
has long been recognized, and therefore a vac-
cine against this disease wvsually containg both
PIV-3 and Pastenrella spp. In the field trial men-
tioned above, Escherichia coli was also found
to be associated with the disease, However, its
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role in the syndrome of shipping fever is at
present unknown (14).

The possible existence of variants of PIV-3
was discussed by Hamdy and Trapp {14, 15).
However, the vartations in PIV-3 with respect
to cytopathogenicity (10, 22}, hemagglutinating
activity (12, 21}, heat-inactivation (12, 22),
and virulence (4, 8} have not been found to
be associated with striking antigenic divergencies
between the variani sirains.

Quite recently Matsuoka et af. (23) reported
that a vaccine containing PIV-3 and Pasteurelin
spp. has given good protection against both the
experimental disease and a natural outhreak of
shipping fever. These authors followed a call-
heod vaccination schedule, whereas other work-
ers mostly vaccinated older calves. It is possible
that the causal agents of a natural outbreak may
be incidentally homologous te those of the ex-
perimental disease.

Common to all trials was the observation that
after experimental or natural exposure to dis-
case the majority of vaccinated calves showed a
rise in antibody to PIV-3. In some trials a
short term shedding of PIV-3 was alsa abserved
following exposure. Both findings indicate that
infection had taken place. It is conceivable
that, depending on the nature and severity of
stress and the type or types of bacteria invelved,
the infection might be converted into disease.

Discussing the attennated PIV-3 strain as a
vaccine, the German authors (5, 7, 27) pointed
out the importance of a “local immunity” in-
duced, they suggest, hy intranasal inoculation
with the strain. This mode of vaccination would
hence be superior to the parenteral administra-
tion of inactivated virus. However, no direct
proof was presented to support these suggestions.

The basis for a preliminary vaccination pro-
gram in Swedish farms resulted fram a review
showing that about 50 per cent of calves three
to eight weeks old were devoid of measurable
titers of antibody to PIV-3 (2, see Table 1}. In
farms that followed the vaccination schedule, the
pneumoenteritis common prior to vaccination oc-
curred in only a few calves after vaccination,
and the mortality decreased appreciably. Since
no calves were left unvaccinated, the beneficial
effect of vaccination is at present only presump-
tive. Even so, the vaccine will now be prepared
on a large scale so that successively more farms
can be vaccinated.
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1t is well established that other viral or non-
viral agenis—for example, infectious bovine
thinotracheitis virus or wmivagawanellae—do
participate in the etiology of respiratory disease
in cattle. Quite tecently it was shown by the
British workers (26) that adenovirus and reo-
virus participate, each with a frequency approxi-
mately similar to that of PIV-3, Two new sero-
types of bovine adenovirus isolated in Hungary
are cytopathogenic for calf testicular cells hut
pot for calf kidney cells (3} and may be over-
looked if only the latter type of cells is used for
isolation. One of them was found to prevail
among agents of pneninoenteritis in calves
{Bartha, personal communication). Further-
more, concurrent infections with two viruses
were also found to oceur, as [or instance with
PIV-3 and the agent of mucosal diseasc, daring
outhreaks of a severe respiralory-enteric disease
in 1958 in Sweden (9}. A significant increase in
antibody titers against more than one virus was
found in paired serum samples from 22 out of
107 outbreaks of respiraiory disease in calves in
the United Kingdom (26).

It is thus obvious thal a vaccination program
for respiratory disease in cattle should be hased
on an analysis of the prevalence of the causal
agenls similar to that carried out by the British
workers,

SUMMARY

Parainfluenza Type 3 virus (PIV-3) is wide-
spread in cattle and iz often a cause of respira-
tory disease. The pattern of disease varies. Tn
some places—uorthern Europe, for example—
the disease is wusually mild, although severe
forms with high mortality may oceur, especially
among young calves. In the United States a
more serious form—*“shipping fever™—is ob-
served, which is often precipitated by severe
transport stress, This latter form is aggravated
by baclerial superinfection, mostly by pastenr-
ellae, which effeet a change {from the characteris-
tically proliferative pneumonia into an exudative
form.

Both inactivated and attenuated vaceines have
heen developed. Vaccines against shipping fever
usually contain inactivated PIV-3 and pasteur-
ellae in oil adjuvant.

The results of the immunization experiments

are rather unclear. One report shows that inac-
tivated PIV-3 vaccine protecled against both
experimental shipping fever induced hy stress
and infection with PIV-3 and vpasteurellae,
while another claims that vaccine against pas-
teurellae has to be included to obtain this effect.
In several trials, however, both these types of
vaccines failed to protect against natural owl-
breaks of shipping fever. This can, of course,
be due to differences between the infecting
agents and those used in the vaccine. In Swe-
den, where the milder form of diseasc predomi-
nates, the use of an inactivated PIV-3 vaccine
has reduced the average mortality from 20 per
cent to 5 per cent in un uncontrolled study.

In West Germany an attennared PTV-3 vaccine
administered nasally was shown to be safe and
to provide protection against experimental dis-
ease. No data have heen supplied to show the
efficacy of this vaccine against nalural outbreaks
of respiratory disease.
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CraalRMAN Francis: We will turn now to the
discussion of these papers. The first discussant
is Dr. Robert M. Chanock, Chief of the Respira-
tory Virus Unit, Laboratory of Infectious Dis-
eases, National Institutes of Health, Bethesda,
Maryland.

Dr. Chanock presented ¢ summary of a paper
entitled “Resistance to Parainfluenza and Re-
spiratory Syncytial Virus Infection—Implications
for Effective Immunization and Preliminery
Study of an Attenuated Strain of Respiratory
Syncytial Virus,” which appears in full as an
annex to this section on pages 53-61.

CuamMaN Francis: The next discussant on
the program is Dr. 8, B. Mohanty, Department of
Veterinary Science, University of Maryland,
College Park, Maryland.

Dr. MoHANTY: As Dr. Dinter pointed out,
there is indeed inconsistency in the results of
vaccination against shipping fever in the United
States. There is no doubt that the interaction
of viral and bacterial multiplication along with a
stressor makes the so-called “shipping fever™
of cattle a ecomplex disease. It has been sue-
cessfully induced in calves exposed to myxovirus
parainfluenza Type 3, Pasteurelle spp., and
stress.

In the United States inactivated parainfluenza
Type 3 vaccine, with or without Pasteurella
bacterin, has heen used against shipping fever.
While fairly comparable results are achieved
under experimental conditions, variable results
have been obtained under field conditions. The
serologic responses of cattle are usually in gen-
eral agreement in these reports, but discrepancies
have been noted in prevention of the disease.
The vaceines have failed to protect cattle against
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outbreaks of shipping fever despite their high
circulating antibodies.

This inconsistency in vaccine efficacy may be
explained by the possible existence of variants of
myxovirus parainfluenza Type 3, the presence of
other viruses in this disease complex, and the
fact that the neutralizing antibody titers in the
nasal mucosa of the vaccinated catile are much
lower than the corresponding circulating anti-
bodies. Stress factors undoubtediy play an im-
portant role in the dissemination of shipping
fever. Variations in the stress conditions to
which catile are exposed may explain the differ-
ence in the incidence of the disease. The eattle
are vaccinated, shipped to a variety of locations
with different weather conditions, and observed
after their arrival. Recurrent parainfluenza
Type 3 infections arc also not uncommon in
man and cattle.

Furthermore, we have noticed that a multiplic-
ity of viruses are involved in the bovine respira-
tory disease complex. We have induced respira-
tory disease syndrome in calves experimentally
infected with a bovine adenovirus and reovirus
Type 1 of human origin., These clinical syn-
dromes are usually indistinguishable frem those
of shipping fever.

It is evident that the vaccine should be modi-
fied to protect cattle against naturally occurting
cases of shipping fever. We feel that efforts
should be made to modify the vaccine to increase
the nasal antibody titers in vaccinated ecattle.
Nasal antibodies are, perhaps, more important
than the circulating antihodies—for protecting
cattle against shipping fever. I understand
that a pharmaceutical company is in the process
of marketing a shipping fever vaccine in this
country. It will be interesting to follow the re-
sults of field trials of this vaccine.

CHamrMaN Frawcis: Thank you, Dr. Mohanty.
We have a few minutes that can be used for

g



=

Section B =

Respiratory Syncytial and Parainfluenza Virus Vaccines »

Discussion 51

{urther discussion. Are there any comments or
questions ?

Dr. McCorLum: I have a question for Dr.
Chanock. I would like to know about nasal
antibody, its source, the significance of the
levels measured, and whether these levels may
he taken as indications of antibody levels at
other points lewer down in the respiratory tract.

Dr. Cuavock: The nasal antibody that we
described in the discussion presentation was
characterized by Dr. Joseph Bellani, George-
town University, Washington, D.C., and was
found to be immunoglobulin 1ype A—that is,
TgA. The serum antibody in the same individual,
however, was found to be IgG. This indicates
that the nasal and the serum antibodies for
parainfluenza Type 1 are different immunoglobu-
lin species.

We also found that volunteers experimentally
infected with parainfluenza Type 1 virus devel-
oped nasal secretion antibody with high fre.
guency and this antibody persisted in the nasal
secretions for at least six to eight months in
most of the infected individuals. This finding
suggesls to us thal the antibody that develops
in the nasal secretions is not the result of filtra.
tion of antibody from serum but rather an anti-
body that is produced in a pararespiratory tract
lTocation or possibly within the respiratory tract
itself.

This is consistent, I believe, with information
available from studies on rhinoviruses and other
respiratory tract agents. It seems quite clear
that we are dealing with an antihody in the
respiratory tract that is different from that in
serum. Even though there is a rough correlation
between level of antibody in serum and level of
antibody in nasal secretions, it should be stressed
that these are different antibodies,

Dr. Kremi: Dr. Chanock peinted out that the
passive antibody from the mother does not pro-
tect against RS in the infant. We do know that
of the immunoglobulins only gamma G gets
past the placenta. Therelore, the infant gets
only gamma G and does not get gamma A from
the mother. Since gamma A may well be the
crucial neutralizing antibody in exudate, as the
only one that gels over, might the [ailure of pas-

sive antibody be due to the fact that the infant
only has gamma G and not gamma A?

Dr. CHanock: This was the theme, actually,
of my presentativn—namely that the RS virus
antibody transferred from the mother to the in-
fant’s serum does not protect the respiratory
tract,

Another point of interest is that the IgA
in nasal secretions is thought by many ohservers
to be quite different from the IgA that is
present in serum. Thus the simple filtration of
antibody from serum is not the source of anti-
body in nasal secretions. Nasal secretion anti-
body develops in response to an antigenic stimu-
los that is presented to the respiratory tract.

CHAIRMAN Frawcis: There is no time to go
into this matter further because it is a very
complicaled one. There are other perfectly
logical procedures that could also be used to
identify the nasosecretions, but that would
take us too far afield.

Dgr. Rasmussen: Does Dr, Chanock or any of
the other discussants have a hypothesis Lo
explain the apparent greater susceptibility in
the infants with higher levels of antibody?

Dr. Cuanock: The infant between one and
four months of age has the greatest risk of
developing a serious RS virus lower respiratory
tract illness. During an RS virus epidemic
there is an even greater number of infants be-
tween the ages of 6 and 15 months of age in the
population, but such older infants experience a
lower incidence of RS lower respiratory tract
illness.

One can explain this disparity in two ways:
(1) the antibody that passes from the mother
to the newborn infant in some way plays a role
in the pathogenesis of illness; or (2) the dil-
ference is related to the diameter of the respira-
tory air passages, which varies with age. At
present we do not know which of these two
explanations is correct. Possibly both faetors
are involved.

Dr. K. M. Jounson: I believe that the evi-
dence brought out by Dr. Parrott and the rea-
nalysis of the ecology of RS infection presente:]
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by Dr. Chanock, whatever its subsequent cluei-
dation, already find potentially strong parallel
in a rather exolic situation elsewhere in the
world. This is the situation with respect to so-
called “dengue shock syndrome” (hemorrhagic
fever) in Southeast Asia. Dr. Scort Halstcad
and his eolleagues have now, I personally be-
lieve, gone a very long way in showing that this
clinically severe disease, which is almost com-
pletely restricted to small children, may be
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associated with secondary rather than primary
dengue virus infection.

Thus it is possible that maternal antibodies
described here may be operating in a similar
way, and that severity of disease is somehow
related to unusual antigen-antibody reactions.
If further study reveals that this is so, new
problems of a very fundamental nature will have
to be faced in development of potent and saje
vaceines for certain agents.
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RESISTANCE TO PARAINFLUENZA AND RESPIRATORY
SYNCYTIAL VIRUS INFECTION—IMPLICATIONS FOR
EFFECTIVE IMMUNIZATION AND PRELIMINARY STUDY
OF AN ATTENUATED STRAIN OF RESPIRATORY
SYNCYTTAL VIRUS

R. M. Cravock, C. B. Smrra, W, T. FRIEDEWALD,
R. H. PagrorT, B. R, Forsyta, H. V. CoaTEs,
A. Z. Karikian, aNp M. A. GHARPURE *

Dr. Cuanvck {presenting the papery: 'The
most severe illnesses produced by the parain-
fluenza and respiratory syncytial (RS) viruses
are generally associated with primary infection,
which usually occurs during the first three io
five years of life with the former viruses and
during the first two years with the latter. Thus,
RS virus bronchiolitis or pneumonia is charac-
teristically a4 disease of the first or second year
of life, and croup or pneumonia caused by a
parainfluenza virus most commonly oceurs before
age five (4, 5). When reinfection ovccurs at a
later time the associated respiralory tract dis-
ease is usnally less severe than that occurring
with the first infection.

The patterns of illness just described sug-
gest that primary infection confers upon the
host a relative resistance to severe illness asso-
ciated with parainfluenza or respiratory syn-
cytial virus infection. The importance of serum
neutralizing antibody in such resistance, how-
ever, is not completely clear, particularly in RS
virus infection in young children and parainflu-
enza virus infeclion in adults. A hetter definition
of the role of serum antibody has obvious impli-
cations in the area of immunoprophylaxis, since
parenterally administered inactivated vaccines

*Drs. -C]mnuck, Smith, Friedewadd, Fursyth,

Coates, Kapikian, and Gharpure (T.ahoratory of Tn.
fectious Discases, National Institutes of Health,
Bethesda, Maryland, U.5.A.): Dr. Parrott (Chil-
dren’s Hospital, Washington, D. €., US.A).
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act primarily to stimulate the development of
antibody in serum.

In this presentation we will re-examine the
epidemiology of the respiratory “paramyxo-
viruses” for clues to the protective effect of
serum antibody. We will also present new infor-
mation indicating that antibody in respiratory
tract secretions plays a larger role than serum
antibody in resistance to infection. After dis-
cussing the relevance of these findings to “para-
myxovirus” immunoprophylaxis we will describe
preliminary observations with an  alienvated
strain of RS virus.

RS VIRUS

Effectiveness of serum neutralizing antibody
during early infancy. Tt has been shown by
Beem that serum neutralizing antibedy is trans.
ferred quantitatively from the mother to the
newborn infant (1), Using a relatively insensi-
live neutralization technique, Beem found that
seven of eight infanls aged four to six months
still possessed scrum neutralizing antibody, pre-
sumably of maternal origin, Canchola, using a
microtiter neutralization technique, tested 29
normal infants three to six months of age and
found that each possessed serum newtralizing
antibody ul a level of 1:4 to 1:64 (2). When
the sera of these infants were tested hy the
more sensitive plaque-reduction technique (60

per cent plaque-reduction endpoint), serym
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titers of 1:25 to 1:1280 or greater were found
(7). The plague-reduction serum titers for
normal infanis beiwecn three and five months of
age are shown in Figure 1.

Low to moderate Ievels of neutralizing anti-
body are commonly present in the serum of
young infants just prior to or at the time of
onset of RS virus lower respiratory tract disease
(3). In 1961 we found that 20 of 27 infanis
aged two lo six months had serum neutralizing
antibody tilers of 1:4 to 1:16 (as measured in
roller tube cultures of HEp-2) when they were
admitted to the hospital for RS hronchiolitis or
pneumonia. Using the sensitive plaque-reduction
technique, we recently found that 12 of 13
infants aged three to five months had serum
neutralizing anlibody in titers (based on 60 per
cent plague reduction) ranging from 1:40 to
1:680 at the time RS bronchiolitis or pneu-
monia was first diagnosed during the 1965-
1966 epidemic. It i1s unlikely that such acule
phase serum antibody represents a response to
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Fig. 1. Titer of neutralizing antibody in sera of
normal infants and in acute phase sera of infants
with RS wirus bronchiolitis or pneumonia as deter-
mined by plaquereduction technique.

concurrent infection, since the incubation inter-
val between exposure to RS virus and develop-
ment of lower respiratory iract disease appears
to be four days (11). Thus, the neutralizing
antibody present in acute-phase serum is prob-
ably passively acquired antibody of maternal
origin. As is shown in Figure 1, the normal
infants generally had higher serum neutralizing
antibody titers than did infants in the acute
phase of RS virus lower respiratory tract disease,
However, five of the infants with RS virus illness
had moderate levels of antibody—1:210 to 1:680
—in their acute-phase sera.

The observations just described suggest that
low to moderate levels of serum neutralizing
antibody do not provide effective vesistance to
RS-virus-induced lower respiratory tract disease.
Possibly in the absence of serum antibody RS
virus illness would occur more often and be more
severe, However, it is also possible that pas-
sively acquired antibody may contribute to the
pathogenesis of RS virus illness by combining
with virus in the respiratory tract to produce a
local anaphylactic reaction.

The age distribution of RS virus bronchinlitis
and pneumonia is unique for the known respira-
tory tract pathogens in that this virus is most
important as a cause of lower respiratory tract
discase during the first six months of life (4).
A further age analysis of bronchiolitis and
preumonta illnesses (Fig. 2) indicates that RS-
virus-induced disease occurs commoniy during
the first and second months of life; in fact it
ocours more often during this peried than dur-
ing the fifth, sixth, seventh, and eighth months,
This age-illness relationship is consistent with
the hypothesis that passively acquired neutraliz-
ing antihody may be an essential ingredient in
the pathogenesis of RS virus bronchiolitis. Fur-
thermare, the patlern of RS virns infection and
illness shown in Figure 2 supporls the contention
that maternally transmitted neutralizing anti-
body does not provide eflective protection. If
such antibody were protective, relatively little
RS-virus-induced illness would be observed dur-
ing the first few months of life when maternally
transmitied antibody is at its highest level.

Effectiveness of serum neutralizing antibody
during childhoad. First infection with RS virus
does not appear to provide complete protection
apgainst the eflects of a second infection occur-
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Fig. 2. Relation of age to recovery of RS virus
from infants with bronchiolitis or pneumonia. Chil-
dren’s Hospital, Washington, D. C., Junc 1959 to
June 1966,

ring within one to three years. In such instances
it is difficult to evaluate the protective effect of
serum aniibody alone since other immune mech-
anisms, such as local antibody production in the
respiratory tract, may also play a role in re-
sistance. In the young infants described pre-
viously this complication did not arise since
serum antibody of maternal origin was present
without the associated local responses stimmlated
by infection.

The most complete information so far on the
protection aflorded by primary infection was

obtained during an outbreak of RS virus infec-
tion in infants and young children eight months
to four vears of age that cccurred in a welfare
nursery (Junior Village) where a longitudinal
study of illness and microbial infection was un-
der way (11). Serum specimens collected prior
to the time thc outbreak occurred were available
from each of the nursery occupants. The outhreak
was explosive: it lasted only three weeks and over
90 per cent of the nursery residents developed
serologic evidence of infection; 40 per cent de-
veloped clinical signs of pneumonia. Children
with low to moderate levels of serum neutralizing
antibody—1:4 to 1:16—developed pneumonia as
often as those who lacked detectable antihody
(Table 1). High levels of serum neutralizing
antibody—1:32 or greater—were associated with
resistance; even so, the high-level group showed
only a twofold reduction in pnreumonia inci-
dence. A similar relationship was seen in the
group of nursery occupants from whom the
virus was recovered: serum neutralizing anti-
hody was associated with only partial resistance.
The lower respiratory tract illnesses seen in
the norsery outbreak, althongh definite, were
Tess severe than those that occur in primary in-
fection of infancy, That this was due to host fac-
tors such as age and net to antibody was shown
by the finding that children who had low to
moderate levels of RS antibody before the out-
break developed lower respiratory tract illnesses
comparable in severity to those observed in
children without such antibody. The patiern and
type of iliness seen in the nursery outbreak

TasLE 1. EFFECT OF PREINFECTION SERUM NEUTRALIZING ANTIBODY ON THE OCCURRENCE OF PNEUMONIA
DURING A NURSERY OUTBEREAK 0F RS VIRUS INFECTION

{(Juntor ViLrace 1960)

Includes those residents
Includes all nursery residents from whom RE virus
Reciprocal of recovered
preoutbreak
serum
neutralizing No. who developed No. who developed
antibody titer No. preumonia during No. poeumonia
outbreak assooiated with
RS virus*
<4 L 29 13 (45%) 13 11 {B5%)
4-16. .. ......1 28 15 (54%) 4 20,
) 21} {39 . 3 (43
Bor>... ... 23 5 (22%) (89%) 3 1 (43%)

#Onset of pneumeniu oceurred up to three days before, day of, or day after initial

RS virus isolation.
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suggests that primary infection is not highly
effective in conferring resistance to subsequent
RS virus illness.

One can only speculate about the capacity of
RS virus to snceessfully evade the host’s resis.
lance mechanisms and to produce significant ill-
ness during second infection. The successful
evasion of host defense mechanisms may pos-
sibly be explained by the fact that this virus
characteristically indnces the formation of syn-
cylia in tissue culture (6), plus the fact that it
enters the body, infects, and produces its patho-
genic clfect in the zame tissue (the respiratory
tract epithelium). Direct attack on respiratory
tract epithclium minimizes the protective role
of serum neutralizing antibody. Syneytium for-
mation permits incorporation of uninfected cells
into the disease process under conditions that
minimize the eflectiveness of serum or Jocally
produced antibody in halting the extension of
infection and tissue damage.

Effectiveness of serwm neutralizing ontibody
in adults. RS virus infection and associaled up-
per respiratory tract disease occur under natural
conditions in adults despite the presence of mod-
erate to high levels of serum neutralizing auli-
boedy (8, 9). Similarly, adult volunteers given
RS virus become infected and develop mild
illness even though serum antibody is present
(10). Infection and illness in volunteers are not
related to the level ol serum neutralizing anti-
body., With each of three different strains of
virus we have infected and produced mild respira-
tory tract illness in 50 Lo 90 per ecnt of the
volunieers {10).

PARAINTT.UENZA VIRUSES

Effectiveness of serum newtralizing entibody
during infency and childhood. Information on
the protective effect of Type 3 virus antibody
during late infancy and early childhood, was
oblained during a series of Type 3 virus out-
breaks occurring in a welfare nursery (Junior
Village) that was under longitudinal surveillance
for microbial experience and illness (5). Serum
neutralizing antibody correlated with resistance
o infection; this resistance was not complete,
bowever, since 33 per cent of the children with
high levels of antibody became reinfected
{Table 2). Sequential infection of children dur-
ing successive outbreaks was actually demon-
strated. Although reinfeetion occurred, serum
antibody still exerted an effect: the period of
viruz shedding was shorter than during primary
infection, Serum neutralizing antibody also cor-
related with resistance to febrile illness and
Iower respiralory disease. However, febrile ill-
ness occurred in children with moderate levels of
antibody (1:8 to 1:32) approximately 40 per
cent as often as in children undergoing firsi
infection. Similarly, lower respiratory tract in-
volvement during Type 3 virus infection oc-
curred less often during reinfection—-approxi-
mately 20 per cent as often as during first
infection. Tn these studies strict criteria were
used in analyzing the association between virus
infection and the occurrence of illness (5).

The correlations just described are similar to
those observed with RS virns with the difference
that parainfluenza Type 3 virus neutralizing

TaBrE 2. EFFECT OF PREINFECTION SERUM NEUTHALIZING ANTIBODY ON INFERTION wiTi Tyre 3
PARAINFLUENZA VIRUS AND ITS CONSEQUENCES, JuNIor VILLAcE, 1957-195%

Observalions on all nursery residents Observations on residents from whom virus recoverad*
Reciproeal | _ _ B _
of pre- .
infection Weutralizing autibody Virug recoveryt 4% with Type 3 virus
serum viset o Median No. associated illness
neutralizing - o of days virus _
antibody . - No.in group | recovered . .
Na, tested % positive | No. tested | 7 positive from throat Febrile Preumonia
or bronehitis
<8 46 104} 27 9B 4 b s 33
832 22 91 15 67 18 3 33 T
641024 50 34 37 33 43 1 19 f

*Outhroaks Nos, 2 and 3.
t0uihreaks Nos. 1 and 2.
IO0utbreak No, 2.

e
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antibody exhibits a stronger correlation with
resistance than does RS virus antibody. This
finding is in keeping with the epidemiology of
these two viruses, Like RS virus, parainfluenza
Type 3 virns is ubiquitous, however, unlike RS
virus, il does not produce an inordinately large
number of illnesses during the first six months of
life al a time when maternally transmitted neu-
tralizing antibody is present in serum.

Effectivencss of serum neutralizing antibody
in adults. In adult volunteers a poor correlation
was observed between scrum newiralizing anti-
hody and resistance to experimental T'ype 1 virus
infection as measured by virus recovery. Each
of the volunteers in the study reported in
Tigure 3 possessed neutralizing antibody prior
ta challenge with Type 1 virus (13). The re-
ciprocal geometric mean serum titer of those
who resisted infection was 34.7, whereas the
mean titer of those who were infected was 19.1.
This difference was statistically significant (P<C
0.01). However, the variation in titers in the
two groups was wide, and it was difficult to
predict an individual’s response to Type 1

VIRUS VIRUS NOT
ISQLATED ISOLATED
Reciprocal
of Tiler
256 B A
126 EABRAR
HER EAESEESN

FEm i EEENEN

ERAaFER SEEEEEREN
EGMETRIC
EEOME TRIC Gt
MEdy WENEAEED 3 BANENENE oy
TITER FITER
9./ EEEEN EEENERENE 747

FEpEEEFsEER ¢ EEEENENDR

EREENEN EERE

[ T ER AN EEmNbe
am s »
pEE 4

W - Voluntaer

Sowrce: Smith, C. B., Purcell, K. H., Bellanii, J. A., and
Chnoock, R. M. “Drotective Effect of Antibody to Parainfluenza
Type 1 Virus.” New Eng J Med 275:1145-1152, 1966.

Fig. 3. Serum neutralizing antibody ftiter prior to
challenge with parainfluenza Type 1 virus,

virus challenge on the basis of his servm anti-
body level.

Effectiveness  of newtralizing  antibody in
nasel seeretfons of adults. A more Impressive
correlation between neutralizing antibody and
resistance to experimental Type 1 virus infection
was ohserved when the data {or neutralizing ac-
livity in nasal secretions were examined.

As Figurc 4 shows, only 2 of 29 volunteers
with antibody in nasal secretions became in-
fecied, whereas on 33 of 51 occasions subjects
who Jacked such antibody became infected after
challenge {13}. Nasal sccretions from 34 of the
volunteers were concentrated 10 times in order
to deleet low levels of neutralizing activity, Con-
centration led to detection of neutralizing activity

VIRUS
ISOLATED

VIRUS NOT
ISOLATED

Reciprocal
of Titer

16

4 ARERAN

B =/ Volunlteer
Smitk, C. B., Porcell, R. H., Hellanti, J. A., awi
“Protaclive Effect of Aptibody te Parainfluenza

Source:
Chanock, R, M.
Type | Vires' New Kug J Med 275:1145-1152, 1966.

Fig. 4. Neutralizing activity of nasal secvetions
prior to challenge with parainfluenza Type 1 virus.
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in 10 of the secretions that were originally nega-
tive. The reciprocal geometric mean liter of
neutralizing activity in the group that resisted
infection was 11.8, whereas that of the group
from whom virus was recovered was 1.6—a
highly significant difference statistically.

The protective effect of serum and nasal neo-
tralizing antibody were analyzed separately by
a matching technicque (Table 3). The subjects
with high levels of nasal secretion neutralizing
activity (1:3 and higher) were infecied less
often than those with low levels, vegardless of
whether they had high or low levels of serum
antibody. In contrast, when the volunteers were
matched according to level of nasal secretion
antibody there was no diflerence in the rate ol
infection between those with low and high
levels of serum antibody. Thus the protective
effect of neutralizing antibody in nasal secre-
tions was demonstrable regardless of serum
antibody titer, Furthermore, when the effects of
nasal neutralizing antibody were matched out no
protective effect of serum antibody was demon-
strable. Thus the level of neatralizing antibody
in nasal secretions was a better index of host
resistance to reinfection than was the level of
serum antibody.

A subsequent study showed that the antibody

TaBLE 3. COMPARISON OF PROTECTIVE EFFECT OF
TyrE 1 PARAINFLUENZA VIRUS NEUTRALIZING
ACTIVITY IN SERUM AND NASAL SECRETIONS OF

VOLUNTEERS
No. of valunteers
infected/No. in group
Neutralizing | e
uclivity in
nasal Serum neu- Berum new-
sacTetions® tralizing tralizing
antihody titer antibody titer
<1:48 >1:48
<13......| 1013 3/4 P> 3f
>3, 1/% 0/8 P> .3t
P<.01% P <08}

*Naaul secretions and serum collected from 34 velunteers
prior Lo intranasal and orophuryngeal instillation of 1045
TCDg of Type 1 parainfluenza virns,  Nasal scerctions were
conicenirated 10 times before being lested for neutralizing
wetivity.

tNo significunt difference between low and high eerum
antibody greups matehed necording to nmsal secretion neu-
tralizing sctivity (Fischer exact test).

tSignificant difference in ivcitdence of infection between
groups with low und high levels of nasul secretion neutralizing
aciivity when matehed according to serum antibody titer
(Fischer exact test).

found in nasal secretions after Type 1 wirus
infection was predominantly IgA, whereas the
antibody in serum was predominantly TgG (12).
Tvpe 1 neutralizing antibody persisted in the
nasal secretions of 11 out of 17 men for a
period of six to eight months. This finding, plus
the fact that there is a difference between nasal
secretion and serum Type 1 virus immunoglobu-
lins, suggests that antibody in nasal secretions
is produced in or near the respiratory tract and
does not represent a simple filtrate of serum.

Contrast between immune response io infec-
tion and parenteral administration of inactivated
veccine. When 35 men who had serum neutraliz-
ing antibody for Type 1 virus were experimen-
tally infected with this virus, only 51 per cent
developed a fourfold or greater rise in serum
antibody, whereas 80 per cent of those who re-
ceived two injections of inactivated Type 1
virus vaccine developed a serologic response
{Table 4). Furthermore, the geometric mean
serum antibody titers were higher after vaccina-
tion than after infection. In contrast, the in-
fected volunteers developed antibody in their
nasal secretions with greater frequency and to a
higher mean titer than did the vaccinees.

Nine men (not shown in Table 4) who re-
ceived inactivated vaccine No. 1 and who de-
veloped a fourfold or greater rise in serum anti-
body were subsequently challenged with Type 1
virus; six became infected. This response was
similar to that of the volunteers who lacked
neutralizing antibody in nasal secretions. Thus
an inactivated vaccine that stimulated serum
neutralizing antibody more effectively than anti-
hody in nasal secretions failed to provide pro-
tection against reinfection. In contrast, infec-
tion did not occur in 20 volunteer chailenges
invoiving men who were infected previously and
who possessed antibody in their nasal secretions.

IMPLICATIONS FOR IMMUNOPROPHYLAXIS
OF PARAINFLUENZA AND RS VIRUS
INFECTIONS

To summarize, serum nentralizing antibody
does not appear to be highly effective in pro-
viding resistance to RS-virus-induced severe
lower respiratory tract disease in early infaney,
Serum antibody for Type 3 parainfluenza virus
is somewhat more effective in conferring pro-
tection, but its protective effect is only partial.
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TasLr 4. COMPARISON OF ANTIBODY RESPONSE OF VOLUNTEERS TO INFECTION WITH PARAINFLUENZA
TyPE 1 VIRUS OR IMMUNIZATIGON WITH INACTIVATED VACCINES

J Serum neutralizing antibody Nasal secretion antibody*
Reciprocal geometrie
mean biier Reciprocal
Group No. ol men | No. of men No. of men geometric
with fourfold who mean titer
or greater Pre- Five weeks developed after §
Tise vaceinution after antibodyt wachks]
0T Pro- vaceination
challenge or challenge
Virus infectiong. .. ... . ... . ... 34 18 (51%) 35 48 29 (83%) 5.2
Inwtivated vaccine #1 | ... . .| 14 11(79%) 36 87 3(219%) 1.4
Inactivated vaccine #21... ... ... 11 4 {829 40 96 0 0

*Nasnl secretions tested without prior concentration.

TSubjects who lucked antibody and developed detcetable antibody or who had antibody and developed fourfeld or greater rise.

tAdjusted for protein conceniration of 100 meg%.
?les infection indicuted by isolation of Type 1 virus.
[National Drug Co. lot 100,

1 Phzer Trrug Co. lol 23.

In adults antibody in nasal secretions was found
io be a better index of host resistance to Type 1
parainfluenza virus infection than was serum
antibody. Immunization with an inactivated vac-
cing was more effective in stimulating serum
antibody than antibody in nasal secretions;
failure to stimulate the latter aniibody effectively
was correlated with fallure of vaccination
io provide protection against reinfection. In
contrast, infection stimulated the development of
nasal secretion antibody in most volunteers, and
such men were found resistant to subsequent
re-challenge.

From these findings we deduce that the
measurement of antibody in nasal secretions
may provide more useful information concern-
ing the polential eflectiveness of “paramyxo-
virus” vaccines thap does the measurement of
serum antibody. Furthermore, efforts to develop
live attenuated vaccines for these viruses would
appear indicated, since infection with parain-
fluenza Type 1 virus stimulated higher levels of
nasal secretion antibody than did an inacti-
vated vaccine.

Oider children and adults who are undergo-
ing reinfection prohably constitute the major
source of infection for susceptible infants and
young children. For this reason it would be
desirable to develop immunoprophylactic pro-
cedures for the prevention of such reinfection

as well as for the prevenlion of primary infec-
tion in early life.

PRELIMINARY EXPERIENCE WITH AN
ATTENUATED STRAIN OF RS VIRUS

Stimulated by the considerations just de-
scribed, particularly the fact that Iow to moder-
ate  levels of neutralizing antibody
fuil to provide eflective prolection against
RS virus illness in early infancy, we have
pursued an active search for an attenuated vari-
ant of RS virus sunitable for use in a live virus
vaccine. About two and a half years ago we
began a systematic attempt to select such a
variant. Initially we cultivated the A, strain of
RS virus (kindly supplied by Drs. Lewis and
Ferris of Melbourne, Australia, in its first
human embryonic kidney tissue culture passage)
in bovine embryonic kidney tissue culture at
34°C for 21 passages. Five of the six volunteers
given this material by the intranasal and oro-
phatyngeal routes became infected and developed
minor upper respiratory tract iliness (Table 5).
Each of these men, like all the other adults we
have tested, possessed serum neutralizing anti-
body prior to challenge. The response of the
volunteers to the twenty-first bovine embryonic
kidney culture passage material resembled that
of subjects who were given other strains of RS
virus in early tissue culture passage. This sug-

gerum
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TasLk 5. EFFECT OF CULTIVATION OF A2 sTRAIN O RS VIRUS AT LOW TEMIERATURE UPON
INFECTIVITY AND VIRULENCE FOR ADULT VOLUNTEERS

X Temperature
Tisgue culture of
pussage history cullivation

HEKL &0 34° ¢
REKi 21

SBEK 2. 98° (]
+BEK 19, . .......... 26° ©

Number of men

With upper
respiratory

Civen 104 10 105 Infeeted traet ilness
TCIDs with RS asgociated
virus* with RS
VIris
infection
G 5 b
9 8 5
Study f1 6 1 0
Study £2 30545 | 750 1§41
Study #3 9 1 0)

*An indicaled by virus recovery and/or a rise in neulralizing und/vr CT autibody.

Flluman embryonic kidney eulture.
IBovine cmbryonic kidney culture,

§Volunteer had soncurrent infection with rhinovirus type 29.

gested that the twenty-first passage virus was
not demonstrably attennaled.

Subsequently, the A, sirain was cultivated for
12 passages at 28°C in bovine embryonic kidney
tissue eulture, This malerial was given to nine
volunteers; eight men were infected and five
developed a common-cold-like ijllness. These
findings suggested that cultivation at 28°C did
not affect the emergence of an attenuated vari-
ant.

The A, strain was then terminally diluted
three times at 28°C and cultivated for 16 pas-
sages at 26°C in bovine embryonic kidney tissue
culture, This material was given to six volun-
teers in one study and to a total of 45 volunteers
in three separate studies. A total of nine men
were infected and only one volunteer developed
minor upper respiratory tract illness, 'This may
not have been caused by RS virus, since the
subject developed a rise in neatralizing anti-
body for Type 29 rhinovirus. The lalter virus
was present in three of the volunteers of the
second study prior to administration of RS virus
(Table 5). The response of volunteers in the
Lhree studies suggests that the 26°C virus was
hoth less infections and less vivalent for adults
than the parent virus,

We plan to continue our investigation of the
26°C adapted A, sirain by a cautious step-by-
step evaluation of the virus in progressively

younger age groups. If in each instance the virus
infects but fails to prodoce illness it will then
he tested in the next younger age group. Ulti-
mately, if each of the graduated siudies is suc-
cessful, the low-lemperature strain will be evalu-
ated in young infants—the host for whom an
cffective RS virus vaceine is most needed.
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SECTION C. ADENOVIRUSES

EFFICACY OF KILLED AND LIVE ADENOVIRUS VACCINES

Mavrice A. Murson

Department of Medicine, University of Hlinois College
of Medicine; University of [llinois Medical Division;
and Kektoen Institute for Medical Research of the
Cook County Hospital, Chicago, 1llinois, U.S.A.

Dr. Murson (presenting the paper): During
the 13 vears since the discovery of the adeno-
viruses in 1953 by Rowe and co-workers and
Hilleman and co-workers, cumulative epidemio-
logic studies have demonstrated the major im-
portance of adenovirus Types 4 and 7, and to
a lesser cxtent Type 3, as eliologic agents of
acute respiratory tract disease among military
recruits (3, 5, 15, 26-31, 34, 39, 45, 48). The
contro! of adenovirus infections by immunopro-
phylaxis presents a continoing problem. Ex-
perimental inactivated adenovirus Types 3, 4,
and 7 vaccines, introduced soon after the recog-
nition of the major etiologic role of these
viruses, proved eflective in reducing specific
adenovirus respiratory tract disease (7, 11, 16,
26, 27, 42, 43). Ahhough large-scale studies
ameng military recruits confirmed the over-all

efficacy of killed adenovirus vaccines, these vac-

cines vary in effectiveness (30, 40}. Recently,
an enteric-administered live adenovirus Type 4
vaccine was introduced for the immmmoprophy-
Taxis of adenovirus Type 4 infection with en-
couraging results (4, 6, 9, 33).

This report summarizes the available infor-
mation on the immunogenicity, efficacy, and
safety of killed and live adenovirus vaccines.

Importance of Adenovirus Infections

The importance of adenovirus Types 3, 4, and
7 as etiologic agents of acule respiratory tract
disease in military recruits was established in
epidemiologic studies i the United Slates and

65

the Netherlands (3, 15, 29, 31, 39, 45, 48). The
conlribution of adenoviruses in acute respiratory
disease, assessed in a number of mililary-recruit
populations, is summarized in Table 1: in the
United States, adenovirus Types 4 and 7 infec-
tions predominate; in the Netherlands, Types
14 and 21 have also been assoclated with out-
hreaks of acute respiratory disease (45).

In military recruits, adenoviruses are associ-
ated with about 10 to 50 per cent of severe
febrile upper respiratory tract disease; these ill-
nesses  frequently necessitate hospitalization.
Pneumoniz illnesses due to adenoviruses are less
extensive (3, 34). However, about 70 to 90 per
cent of military recruits become infected during
lraining. .

In children and civilian adults, adenovirus
Types 3, 4, and 7 cause few respiratory illnesses,
Commonly occurring adenovirus serotypes in
childhood infections are Types 1, 2, 3, 5, 6, and
7 {2, 5, 46). In a large cross-secilional epide-
miologic study of respiratory tract disease in
children conducted heiween 1957 and 1961 in
Washington, I. C., only 5 per cent of 4,605 il
children showed evidence of adenovirus-associ-
ated disease (5). Adenovirus iniections were
detecled in 1 per cent of children with upper
respiratory tract illnesses and, depending upon
the clnical syndrome, in 2 to 4 per eeni of
In civilian
adnlts, the proportion of respiratory tract ill-
nesscs due to adenoviruses is usually less than 5
per cent (5). These findings contrast sharply
with the high adenovirus infeclion rates among

lower respiratory tract illnesses.
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TaoLr 1. ADENOVIRUS INFECTION IN ACUTE RESPIRATORY DISEASE AMONG MILITARY RECRUITS

Asute respiratory diseage

Location Study Testing - T
interval method Nuo. Percentage
Illness type tested adenovirus Hef
positive
Great Lakes, 1L 10541955 Serol. Upper 1,013 40 4%
regpiratory
Great Lakes, TI. 1954 Serol, und  Afebrile 222 8.1 39
isol.* Febrile 3561 13.1
Fort Dix, N.J. 1954-1055  Serol. All 704 50.0 15
"The Notherlands 1958-1962 Serol. and Upper 1,540 29.7 45
isol.§ respiratory
Keesler Air Force Rase, Miss. 1058-1959  Serol. Fehrile 232 20 31
Keegler Air Force Base, Miss. 19501960  Bernl. Afebrile 401 21 31
Great Takes, Il 1958-1959  Tsol.} TFebrile 850 52 29
Camp Lejeune, N.C. 1950-1963  Isol.f TFebrile 275 44.0 3
Irol.1 Afebrile 1,775 11.5
Parris Island, 8.C. 1959-1963  Serol. and Afebrile 387 0.5 3
isol.d TFebrile 068 29.6

*Type 4 Tecovered.
Flypes 4, 7, 14 and 21 recovered,
{Types 4 and 7 recovered.

military recruits and focus attention on the im-
portance  of the
recruits,

immunoprophyluxis among

Ecology of Adenovirus Infections

Among military recruit populations, the eco-
logic characteristics of adenovirus infection in-
clude endemic, litile seasonal variation of ade-
novirus Types 3 and 7, winter predominance of
adenovirus Type 4, high infection rates, and
moderately rapid person-to-person spread. At
most recruit training camps, adenovirus infec-
tions prevail at high levels throughout the vear
(5, 34, 45). Types 3 and 7 show little seasonal
variation, but Type 4 infection can occur pre-
dominanily in the winter. Among recruits under-
going advanced training at Camp ILejeune,
North Carolina, studies conducted between 1959
and 1963 detecled unnual sharply cireumscribed
winter epidemics of acute respiratory tract dis-
ease due to adenovirus Type 4 (3). Each out-
break began during January and lasted through
March or April. During the remaining months
of the year the recruit populalion was almost
completely free of adenovirus infection.

Among recruits in general, almost all sus-
ceptible individuals become infecied before the
completion of basic training—usually during the

fivst two to three weeks after arrival and start of
training. Among the recruits at Parris Island,
South Carolina, however, the level of adenovirus
infection is low, but a significant proportion of
acute respiratory tract discase occurring during
the winter months was due to adenovirus Type
4 or Type 7 infection (3).

Immunoprophylaxts with Inactivated
Adenovirus Vaccines

Because of the major etiologic importance of
Types 3, 4, and 7 in acute respiratory diseasc
occurring among military recruits, immunopro-
phylaxis bas heen restricted to these types. The
major experience is with inactivated bivalent
{(Types 4 and 7} and trivalent vaccines pre-
pared in monkey renal cells (1, 7, 11-14, 16-18,
25-28, 42, 43, 47}. Inactivated vaccines induce
a homolypic antibody response, which reaches a
peak in about 14 days (8). Types 3 and 7,
which share antigens, also produce heterotypic
antibody responses.

Initial studies with inactivated adenovirus vac-
vines demonstrated high protection rates and
encouraged wider use of these vaccines (7, 11,
16, 26, 27, 42, 43). The results of several vac-
cine trials conducted at a number of military
recruit camps during the past decade are com-

—
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pared in Tahle 2, Immunization with inactivated
bivalent or trivalent adenevirus vaccines effec-
tively lowers the incidence of total respiratory
disease cccurring in military recruits. Depend-
ing upon the study, the reduction in total respira-
tory tract disease ranged between 15 and 81
per cent. When these data are analyzed with
respect to adenovirus-positive respiratory disease,
the specific protecton rates are much higher-——
usually greater than 90 per cent and as high as
98 per cent, in several early studies.

Later, vaccines prepared on a large scale were
less effective. Sherwood and co-workers pointed
out that immunization with comiercially pre-
pared adenovirus vaccines failed 1o achieve the
effectiveness previously demonstrated with ex-
perimental vaccines prepared in small harches
(40}. These investigators observed only a 52
per cent reduction in hospital illness due to
adenovirus infection. In an extensive re-evalua-
tion of the efficacy of inactivated trivalent ade-
novirus vaccine, conducted in three phases dur-
ing 1962 and 1963 at Creat Lakes, 1llinois, pro-
tection rates were discouragingly low (30).
During the first phase of the study, the protec-
tion rate for adenovirus-positive respiratory dis-
ease was 86 per cent, but in the second and third
phases the reduction in adenovirus-specific res-
piratory iract disease was much lower—70 and
43 per cent, respectively. WNo differences in

antigenicity were detected by administering in-
activated adenovirus vaccines intramuscularly
or by “jet” hypospray.

Oncogenic Potential of Certain
Adenovirus Serotypes

Recently, the safety of parenteral adenovirus
vaccines was challenged by the isolation of latent
simian virnses from monkey renal cells; by the
demonstration of oncogenic potential in ham-
sters of certain adenovirns serotypes, including
Types 3, 7, 12, 14, 18, 21, and 31; and by the
discovery of a “hybrid” or transcapsidation of
Simian Virus 40 (SVy,) and adenovirus Type 7
vaecine strain (L.1.). Trentin and co-workers
first demonstrated that adenovirus Type 12 pro-
duced tumeors in suckling hamsters (44). Subse-
quently, Huebner and co-workers (21, 23},
Girardi and co-workers (10), and Pereira and
co-workers (32} confirmed these cobservations
and extended them to other adenovirus types,
including 3, 4, 7, 18, 21, and 31. Suckling ham.
sters inoculated with these serotypes develop tu-
mors, and these tumors contain neoantigen (or
T antigen), which reacts with antibody in the
sera of tumor-bearing hamsters. The neoantigen
is not part of the virjon, but it is alse produced
early in the cytolytic cycle in tissue culture (20).
The tumors are transplantable.

Tasik 2. EfrFicacy oF KILLED ADENOVIRUS TYPES 3, 4, AND 7 VACCINE

No, of men Percentage
receiving rednction inj
Vae- Dose _ .
Location cing* (ml)
Total  Aderovirus
- Vacceine  Placebo resp. specific Ttef,
digense disease
Treat Takes, THL Tri 2 2,713 11,309 65 —_ 11
Fort Tix, N.J. Bi 2% 311 313 81 93 42
Fort Ord, Calif. Tri 1 1,806 3,049 43 70 7
Fort Ord, Calif. Tri i 801 1,972 65 93 26
Fort Wood, Mo. Bi L5 2,471 5,767 ah 90 16
San Diego, Calif. Tri 1 1,203 1,240 15 72 27
Fart Ord, Calif. Tri 1 822 463 A8 90 43
Bridgenorth, Eng. Tri 1 402 661§ 40 70 47
Cireat Takes, III. Tri 1 3,283 2,030 55 &6 30
Creat Lakes, T11. Tri 1 2,126 2,202 49 70 30
Great Lakes, 11 Tri 1 1,847 2,741 52 43 an

*#Tri = Trivalent; Bi = Bivalent {Types 4 and 7).
tCaleulated exeluding respiratory iliness occurting during the firet 10 (0 14 days after immuniza-

tion. .
tTwo 1 1l doses, 6 to 9 day interval,

gIndividuale ohserved but net administerced placebo,
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In later studies, a “hybrid” particle of 3V,
and the adenovirus Type 7 vaccine strain {L.L.}
was discovered (22, 35, 36, 38). The L.L. strain
of adenovirns Type 7 had undergone 22 serial
passages in primary rhesus renal cells, and dur-
ing its twenty-third and twenty-fourth passage in
cell cufture—in greem monkey renal cells—-the
culturcs were trealed with antibody to SV,; a
later passage of the virus was employed for vac-
cine production (22}, Infectious SV, virus wus
not detected in subsequent passages. Tumeors
induced in hamsters after inoculation with the
hybrid virus contained the SV, neoantigen, but
infectious SV,, was not detected in the tumors.
The studies of Rowe and Pugh suggest that the
SV,, DNA and a portion of the adenovirus Type
7 DNA are contained in the same capsid (37).

The L. strain adenovirus Type 7 was em-
ployed in inactivated adenovirns vaccines ad-
ministered to military recruits. There is no evi-
dence, however, that any adenovirus serotypes,
including this one, are oncogenic for man, The
“hybrid” strain failed to elicit antibody against
SV,, or neoantigen of 8V,, tumors. Therefore,
the onecogenic SV, genome iz neither functional
nor immunogenic in an inaclivated preparation.
Nonetheless, hecause of an undetermined risk
associated with the use of inactivated adenovirus
vaccines, inactivated adenovirus Types 3, 4, and
7 vaccines were recently withdrawn from general
use by the Division of Biologics Standards of
the National Institutes of Health.

Development of Live Adenovirus
Type 4 Vaccine

To ecircumvent the unassessable hazards asso-
ciated with adenovirus vaccine prepared in

monkey rtenal cells and administered paren-
terally, Chanock und co-workers described in
1963 enteric immunization with a lve adenovirus
Type 4 strain, which lacked oncogenic potential
{4, 6). The virus was grown in fetal human
diploid fibrohlast cell strains and given in enteric
coaled capsules. The immunogenicity of this
vaccine was investigated in volunteer studies;
the resultz are summarized in Table 3. In the
first two studies, the virus was propagated in
human embryonic kidney and African green
monkey renal cells, respectively, but in the sec-
ond two studies the virus was grown in fetal
human diploid fibroblast cells. All volunteers
in cach of the four studies were free of homo-
typic neutralizing antibody prior to virus fecding.
Fourfold or greater homotypic neutralizing anti-
body respenses developed in the majority of
volunteers. The geometric mean antibody titers
ranged - between 1:10 and 1:20. Most of the
men shed virus in the stool, but in no instance
was virus recovered Irom the oropharynx, Es-
sentially similar findings in volunteers were re-
ported by Smorodintsev using a live attenuated
adenovirus Type 4 strain {41).

Alternate Methods of Immunization

Alternate methods of immunization with ade-
novirus Types 1, 3, and 7 have also heen invest-
gated (Table 4). Hitchcock and co-workers
demonstrated that a live attenualed adenovirus
Type 7 strain administered oropharyngeally in-
duced high levels of homotypic neutralizing anti-
body in four individuals free of neutralizing anti-
body (19). Of {four individuals receiving oro-
phatryngeal adenovirus Type 7, three shed virus
in the cropharynx. Only twe out of six indi-

TaBLE 3. IMMUNOGENICITY OF ENTERIC-ADMINISTERED LIVE ADENOVIRUS TYPE 4 VACCINE IN VOLUNTEEHS

Dose Fourfold Geometric No. who
Strain Cell passage® TCTDw Antibody No. or grealer menn shed Tef.
(Logn) atatust tested antinady fiter virus
rise
CL3865ES FITK ) 6.2 <14 3 3 1:20 3 G
WRAIR AGMK(16) 6.0 <14 3 2 1:10 3 4
CL68578 FHDC(T) 5.4-6.5 <14 22 3 1:18 20 4
CL68578 FHDC{11) 5.2-6.5 <314 18 13 1:13 17 4
Attenuated t 2.0-3.0 i 12 7 1 1 41

#Figure in parenthesis = passage level. TTRK = Tluman embryonic kidney; AGMK = African groen (Jercopithenus] monk ey
kidney; FHIDG = ¥etal human diploid fibrol:last cell strains,

FNentralizing antibody.

INeo data.

e
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TaBLE 4. EXPERIMENTAL METHODS OF IMMUNIZATION OF VOLUNTEERS WITH
apeNoviruses Tyees 1, 3, or 7

o -
Dose folocilf)r Cieometric  No.
Serotype Route Cell TCDg Antibody Ng. grealer mean who 1tef.
administered passage® {Loww) stufng tested  anti- titer shed
bady virus
riset
Type 7 Oropharyngeal PK{7or 2.7-5.7 <14 4 4 1:136 3 19
17) >1:4 6 2 1:137 2
Type 7 Futeric capsule HEK(4) 5.8-6.2 <14 15 12 1:37 14 6
Type 7 Enteric capsule hd 2.0-3.0 b 10 6 1 1 3
Type 3 Enteric capsule b 2.0-3.10 i 9 5 by 3
Type 1 specific  Intrarmuseular HEK({)  CF titer <14 6 6 1:20 — 24
antigen 1:128
Type 1 group Intramuseular  HEK (@)  CF titer <l:4 3 2 1:5 — 24
antigen 1:64

*Figure in parenthesis = pussuge level; HEK = Human embryonic kidney; PK = Pig kidney.

tNedlralizing antibody,
No datu,
CF = Complement fixing.

viduals with preinocnlation antibody developed
fourfold or grealer antibody responses. The
geometric mean aniibody titers were compara-
ble for the two groups, about 1:137,

Adenovirus Types 3 and 7 are also antigenic
when administered in enteric capsules (6, 41).
Twelve out of filteen volunteers administered
adenovirus Type 7 vacecine developed fourfold
or greater antihody responses, The geometric
mean neutralizing antibody titer was 1:37.
These data suggest that enteric immunization
might also be employed for adenovirus Type 3
or 7.

Kasel and co-workers investigated the feasihil-
ity of immunizing with purified adenovirus anti-
gens, as ap alternative to employing live or in-
activaled virions (24). Type 1 specific antigen
administered intramuscularly io six volunteers
without nentralizing antibody induced moderale
levels of antibody in all; the geometric mean
titer of antibody was 1:20. The Type 1 group
antigen produced much lower levels of neutral-
izing antibody in twe out of three individuals.
These findings suggest that immunization with
type-specific antigens constitutes an alternative
mothod of immunization for adenovirus. Addi-
tional studics are required to explore this ap-
proach fully.

Field Trials with Live Adenovirus
Type 4 Vacecine

From the resulls of volunteer studies, enteric
administration of live adenovirus Type 4 ap-
peared to provide 2 method for safe and success
tul control of acute respiralory tract disease due
to this virus. Tn 1964 limited studies among
military recruits were carried out by Edmond-
son and co-workers at Camp Lejeune, North
Carolina {9), and in 1965 a second pilot study
was conducted among naval recruils at Great
Lakes, Hiinois {33}, The resnlts of these
studies are summarized in Table 5.

Over-all enteric immunization with adenovirus
Type 4 proved highly effective; protection rates
were high, and few if any secondary infections
occurred in placebo-treated individuals as a
result of spread from fecal contamination. At
Camp Lejeune, North Carolina, febrile respira-
tory disease due to adenovirus Type 4 was re-
duced 97.6 per cent in the vaccine group com-
pared to the placebo group (9). Afebrile res-
piratory tract disease due to adenovirus Type
4 was reduced 70 per cent.

Homotypic neutralizing antibody developed in
all vecrnits free of neutralizing antibody whe
were fed adenovirus Type 4. The geometric
mean neutralizing antibody titer was 1:37. Auti-
body developed as early as the tenth day after
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TABLE 5. EFFICACY OF ENTERIC ADMINISTERED LIiVE ADENOVIRUS Tyrei 4 VACCINE

Percentage reduction in

No. of men

Location Time Lesting Antibody receiving Febrile respiratary Adenpyirua 4 Ref,
method  status disease pos. disense
Vaceine Plucebe  Hosp.,  Outpalient Febrile Alehrile
Cawmp Lejeune, N.C. 1984  Tsol. <1:4 89 90 * * u7.6 70.0 9
>14 38 38 * * — 15.3
Great Tnkes, T 1965 o— All 386 386 43 11 * * 33
*No data.
féeding of the virus capsule. None of the re- REFERENCES

cruits in the placebo group develuped neutraliz-
ing antibody or shed virus; secondary infection
was not detected in antibody-frec recruits fed
placebo capsules.

In the Great Lakes siudy, hospitalization for
acute respiratory disease was reduced 43 per
cent in the vaccine group and outpatient febrile
respiratory tract disease was reduced 11 per
cent (33). Tt is believed that the reduction in
acute respiratory disease duec to adenoviruses
gpecifically was much higher,

Future Prospects

Tnitial field trials of live adenovirus Type 4
vaceine suggest that this vaccine may answer
the need for successful control of one type of
adenovirus infection among military recruits and
other semiclosed populations. More extensive
field trials are obviously needed and are under
way in several recruit camps. Tt is important to
ascertain the effectiveness of the vacecine when
administered to large populations, the likelihood
of fecal-oral spread, the occurrence of possible
shifts in the ecologic pattern of adenovirus in-
fections in military recruits, and the impact on
the occurrence of respiratory tract disease due
to other viruses. Since volunteer studies indi-
cate the feasibility of enteric immunization using
monovalent like adenovirus Types 3 and 7 vac-
cines, enteric-capsule vaccines should also be
developed for these types. Perhaps polyvalent
live adenovirus vaccines will eventually be nsed
for the rapid, safe, and effective contro] of ade-
novirus infections,
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Dr. HutsNer (presenting the paper): Eight
of 31 human, and 6 of 18, simian adenoviruses
have heen shown to cause tumors in hamsters
(8, 14, 19) ; strains of avian, bovine, and canine
adenovirnses have caused similar tumors (3,
29, 30). Hamster and rat embryo cells have
been transformed in witro by adenovirus Type
12 (21, 22, 24), and Type 12 has also produced
tumors in rats and mice (18, 20).

Representative strains of the human serotypes
have been on test in newborn bamsters for
sufficiently long periods (300 to 400 or more
days) to permit a lentalive grouping of most of
them into three categories according to their
oncogente potentials: a highly oncogenic group,
A, a moderately oncogenic group, B, and a
nononcogenic group, C (6, 9, 14, 23} (see [oot-
note to Table 2}.

Antigenie Determinants of Adenovirus
Oncogenesis

The hamster and rat tumors induced by the
A and B groups of adenoviruses were found to
he completely devoid of infcctious virus; how-
ever, the viral specificity of the tnmors indoced
by each of the cight oncogenic human adeno-
viruses was confirmed by the demonstration of
virus-specific complement-fixing (CF) and
fluorescent antibody (FA) antigens in the tu-
mor cells (18, 24). The properties of these
newly recognized antigens are given in Table 1.

* This work was partially supported by the
Friology Area of the Natienal Cancer Institute, Na-
tional Institates of ITealth.
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The sera of the tumored hamsters contained
antibodies not only to antigens in the tomors
(8, 18) but also to the very similar T antigens
produced by adenoviruses in infected lissue cul-
tures (13, 18) (Tables 2 and 3). The T antigens
were particularly interesting because they rep-
resented a newly recognized group of virus-in-

TasLe 1. PHOPERTIES OF VIRUS-SPECIFIC BUT

NONYIRION TUMOK CF ANTIGENS IN HAMSTER AND

OTHER MAMMALIAN TUMOR CELLS INDUCED BY
ADENOVIRUSES

1. Persist indefinitely in cancer cells propagated
in wivo (by tumor transplants) or in vitro (tissue
cultures), despile absence of infectious virus.

2. Are not part of the virion and are distinct from
the *“C” subunit of adenoviruses found in some
adenovirus timors,

3. Are soluble, ie., are not sedimented at gravi-
tational forces that sediment vires particles,

4. Arc in part resistant and In part susceptible to
ether, and are reduced in titer by genelron. Some
are heat labile (36° to 60°C for 30 minutes) ; others
are slable,

5. Are present only in cancer cells; are ahsent
from adjacem normai lissue.

f. Serum antibodies progressively increase in titer
in relation to size of tumor and time of exposure to
tumor,

7. Surgical removal of tumor results In marked
decrease in serum antibody titers, which rebound to
high levels if and when tumor recurs.

8 Virus neutralizing antibodies are generally not
induced, except when tumor cells also contain virion
structural subunits {e.g., C antigen of adenovirus).

9. Are specific for inducing virus when present ir
cells of dilferent hests. However, there is sharing
of antigens between members of at least two on-
cogenic groups of adenoviruses (groups A and B).
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TABLE 2. ANTIBODY TITERS OF SERA FROM TUMORED HAMSTERS VS.
4.8 UNIT$ OF ADENOVIRUS-INDUCED AND FSA, TUMOR ANTICENS

Berurn titers vs, designated antigens

Tumor antigens

Adenovirus serotypea

12 18 31 3 7 14 16 21 F8As

Croup A®

Adeno 12, .. .. 160 40 80 <20 <20 <2 <20 <20 <20

Adeno 18. .. .. 160 40 80 <20 <20 <20 <20 <20 <20

Adeno 31..... 80 20 49 <20 <2 <20 <20 <20 <20
iroup B

Adeno 3.... .. <20 <20 <20 80 80 40 i 40 20

Adeno 7 ..... <20 <20 <20 40 160 40 40 160 <20

Adeno 14, ... <2 <20 <20 20 80 20 <20 40 <20

Adeno 21.. ... <20 <20 <20 20 160 <20 40 160 <20
Isoantigen

FSA;........ <20 <20 <20 <20 <20 <20 <20 <20 40-80

*Farty to 100 per ceut of newborn hamslers given maximum infectious tilers of Group A vi-
ruses developed tumors within 100 days, Group B viruses, on the other hand, almast never pradieed
fumors in less than 100 days; maximum virns titers induced tumors belween 100 and 200 daysin 5-5¢

peor cent of the newborn hamsters injeated (8).
1Mot tested,

duced antigens—they were non-virion in nature
vet virus-specific (7, 13, 24). In infected cells
the T antigens appeared within a few hours
after inoculation with high multiplicities of in.
put virus, reaching peak titers prior to the as-
sembly of new infectious particles. Like the tu-
mor antigens {Table 1), the T antigens were

TarLE 3.

soluble; that is, they were not sedimentable with
the virus particles (18). Sera of hamsters
carrying Types 12, 18, and 31 tumors contained
antibodies to heat-stable and heat-labile T anti-
gens (6, 13, 14, 18}, whereas sera from hamsters
carrying Types 3 and 7 tumors reacted only
with a heat-labile antigen (15); the heatlabile

ANTIRODY TITERS OF SERA FROM TUMORED HAMSTERS VS.
4-§ UNITS OF TISSUT-CULTURE-GCROWN ADEROVIRUS

T ANrIGENS

Serum titers vs. designuted antigons

T untigens Adenovirus serotypes
12 18 31 3 7 14 16 21

Group A

Adeno 12.. ... ... .. =80 =80 >80 <20 <20 <20 <20 <20

Adeno 18. .. ..... ... 20 =80 >80 <20 <20 <20 <20 <20

Adeno 31........... 20 80 >80 <20 <20 <20 <20 <20
Group B

Adeno 3. ..., ... ... <20 <20 <20 40 >80 R >80 20

Adeno 7............ <20 <20 <20 20 >BR0 =80 >80 >30

Adeno 14......... .. <10 <10 <1 10 10 <10 10 10

Adeno 16........... <20 <20 <20 80 40 <20 80 40

Adeno 2L........... <200 <20 <20 20 80 <20 >80 20

e

4
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adenovirus tumor and T antigens resembled ‘Types 12, 18, and 31, shared the same comple-
those described for 3V, (2) and polyoma (10) mentfixing T antigens, while the moderately
viruses. oncogenic serciypes—3, 7, 14, 16, and 21—

The tumor and T antigens of the oncogenic shared another guite distinct T antigen. Two
adenoviruses fell into two serologically distinet  adenoviruses, Types 4 and 1I, which shared T
categories (A and B) corresponding to the antigens with several representatives of the B
oncogenic Ppotentials of the eight recognized group, have not produced tumors in hamsters,
oncogenic adenoviruses (14) (Tables 3, 4, and  rats, or mice, despile extensive tests (6). As is
5}, Thus, the highly oncogenic adenoviruses, shown in Table 4, the rcmaining 21 serotypes,

Tasre 4. Reactions oF T ANTIGEN CELL PACK TRETARATIONS FROM
31 HuMAN ApENOVIRUSES crROowN IN KB or HEK ceLLs

Adenaovirus A group B uroup
______ Human o
Oncogenic anti-
adenvvirus group Serotype of virion Tumored hamster sera (4 units of anlibedy with howologous T antigen)

T Strain s 0 - T
antigen* 12 18 31 3 7 14 16 21
12 14510 >128 128 8 32 0 ] 0 0 a
A 18 D.C. »>128 >128 > 128 8 0 0 0 4] 0
31 1781/62 >128 >128 >128 32 0 0 0 (] ]
3 G.R. >128 0 0 0 >32t 32 16 5 8
7 Gomen >128 0 0 0 32 32 8 8 16

B 14 DeWit >128 0 0 0 32 18 0
16 Ch. 79 >128 0 0 0 >32 32 32 8 32
21 1645 >128 0 ¢ 0 32 16 8 0 32
1 Ad. 71 128 0 0 0 0 0 0 \] 0
2 Ad. 6 128 0 0 0 (] 0 0 1] 0
4 38558 >128 0 0 0 8 8 g 8
5 Ad. 75 128 0 0 0 0 0 0 0 0
6 Ton. 99 =>128 0 0 0 0 0 1] 0 (1]
8 Trim >128 0 0 0 Q 0 0 0 0
9 Hicks >128 0 0 0 0] 0 0 0 0
10 JJ >128 0 0 0 0 0 0 0 0
Nononcogenic 11 Slobitski >128 0 0 0 32 8 a 0 0
C 13 AA, =128 0 0 0 0 0 0 0 LI}
15 Ch. 38 >128 0 0 0 0 0 0 0 0
17 Ch. 22 >128 0 0 0 0 0 ] 0 0
19 3911 >128 0 0 0 0 0 Q 0 0
20 931 >128 0 0 0 [i] 0 0 0 0
22 2711 >128 0 0 0 0 0 0 a 0
23 2732 16 0 0 0 0 0 0 0 0
24 3153 128 0 0 0 0 0 0 \] 0
25 BP-1 >128 0 0 U] 0 0 1] 0 0
26 BP-2 =128 0 0 0 4] 0 1] 0 0
27 BP—4 128 0 0 0 4] 0 0 0 0
28 BP-5 >128 4] 0 0 0 0 0 0 0
29 BP-6 64 0 0 1] 0 0 0 Q 0
30 BP-7 >128 0 0 1] 0 0 0 0 0

*4pproximately 10 per cent packed cells to media; prepared by Dr. Kiaus Schell.
TReciproeval of dilution.
0 = No reaction at 1:5.
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all negative in tests for oncogenesis in hamsters,
failed to vroduce CF antigens which were cross-
reaclive with those induced hy the A and B
oncogenic groups. It was intcresting that the A
and B groups of oncogenic adenoviruses fell into
Rosen’s hemagglutination (HA) groups 4 and
1, respectively, whereas for the mast part the
nononcogenic types fell into groups 2 and 3
(Table 5).

Cenelic Determinants of Adenowirus
Oncogenesis

The oncogenic and antigenic determinants of
the adenoviruses described above were found by
Pina and Green (23) and Green (9) to corre-
spond to consistently reproducible differences in
DNA base composilions (G+C content) of the
31 purified adenoviruses (Table 5). These very
interesting studies revealed that the DNA’s of
the threc highly oncogenic adenoviruses (zroup
A) were each characterized by relatively low
hase compositions of 48-49 per cent G4C,
whereas the DNA’s of the five moderately onceo-

genic serotypes had intermediate G+C con-
tents of 50-53 per cent (23), Type 11, which
shares T antigens with the B group hut so far has
not produced tumors in hamsters (only one strain
has been tested), also fell into the intermediate
G+C group (Table 2). The remaining 22 non-
oncogenic adenoviruses, including Type 4, were
found to have significantly higher (36-60 per
cent) G4-C contents (9, 23). DNA-DNA homal-
ogy studies have shown similar relationships
and differences between the adenoviruses (9),

Recently Fujinaga and Green (4, 5, 9) re-
ported that the polyribosome fractions of adenc-
virus-induced tumors and transformed cells,
pulse-labeled with H? oridine, yielded mes
senger RNA (mRNA) that hybridized in highly
specific fashion with the corresponding purified
DNA’s, and with the DINA’s of adenoviruses be-
longing to the same oncogenic, antigenic and
base composition categories (Table 5). Thuas,
mRNA derived from tumor cells induced by
Type 12 reacted to very much higher levels with
the DNA’s of Types 12 and 18 than with DNA’s

TABLE 5. ADENOVIHUS ONCOGENESIS TN TeLaTioN To DNA, MBNA AND ANTICENIC DETERMINANTS

T antigen group Type Oneogenivity*
A 12 High (A)
A 18 i
A 31 it
B 3 Moderate (B)
B 7 13
B 14 “
B 16 “
B 21 ‘
B 11 Nepative {C)
B 4 i
Unclassified 4 1,2,5,6 *
i %-10, 13, 15,17, 19, o
22-24,26, 27, 29,30
¢ 20, 25, 28 ‘

HA DNA gomposition mRBRNA§
groupf G +C conlentt

4 Low (47-49%) A
4 i A
4 i A
1 Intermediate (50-53 %) B
1 “ B
1 “ B
1 “ B
1 £ B
i £ Unelassified ||
3 High (56-60%) “
3 [ o
2 43 o
] i I [

*Based on tests in newburn hamslers observed for 400 or more days, except for Types 8, 9, 10, and 27, which have been an

test betweet: 250 and 350 duys {6).
tHemagglutinin groupings (26).
IGuanine 4 cylosine content, {23),

§Mesgenger RN A isolated from ribosomal fraction of hamster tinors induced by the respective virses prouped necording to

hybtidizution with purified DNA of varivus adenoviruses (4, 5).

| Messenger RNA’s from tumors indueced by Types 12 (mIRNA gronp A} and by Type 7 (group B) were found nonreastive with

DA% of Typea 2 and 4 (4, 59,
Not in T antigen group A or B.
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of the nononcogenic Types 2 and 4, or of the
intermediately oncogenic Types 7, 16, or 21, On
the other hand, the mBNA of tumor cells in-
duced by Types 3, 7, 14, and 16 hybridized with
the DNA’s of the moderately oncogenic B group
{Types 3, 7, 14, 16, and 21), but not with the
DNA’s of Types 12 and 18 or with DNA’s of
Types 2 and 4 (Table 5).

Significance for Studies of Human Cancer

Despite the fact that both adenovirus infec-
tions and ecancer are highly prevalent, adeno-
viruses have so far not been shown to cause
cancer in man; but the evidence against such a
possibility is equally deficient. '

The current evidence, however, is clearly in
Tavor of the view that adenovirus oncogenesis is
a highly specific virus-directed phenomencn.
Thus the genes responsible for neoplastic altera-
tions have been found to be linked with certain
antigenic and biochemical determinants that are
found in some but not all representatives of the
adenoviruses. Furthermore, these uniquely spe-
cific antigenic and molecular fingerprints suggest
at Teast iwo promising approaches for assessing
the possible tole of adenoviruses in human
cancer.

Onc of these is a systematic search in human
tumors for T antigens specific for adenoviruses
and also for antibodies to T antigens in the
sera of cancer patients. Fortunately, acute
adenovirus infections rarely if ever induce anti-
bodics to Lhe nonvirion T antigens. A research
program designed to explore this approach is
now being sponsored by the National Cancer
Institule and is also supported in part by the
Collaborative Research T'rogram of the National
Institute of Allergy and Tnfectious Diseases.

Another technique {for detecting manifesta-
tions of specific adenovirus genes in virus-free
tumor cells is that described by Fujinaga and
Creen cited above {4, 5, 9). They propose to
examine fresh human cancer cells pulse-labeled
with radivactive RNA precursors for the pres-
ence of adenovirus-spceific mRNA  molecules.
This can be detected by testing for DNA-RNA
complexes using the purified DNA’s of the 31
human adenoviruses. The same procedure could
presumably be used to test mRNA reactivities
with purified DNA’s of other DNA viruses as
well. This procedure has the advantage of not

requiring the numerous specific serological re-
agents necded in the search for the T antigens
and antibodies.

Viral Capsids and Quter Envelopes as
Determinants of Oncogenesis

Recently my associates and 1 (16, 27, 28, 32)
and others (25) reported the incorporation of
genes responsible for the neoplastic and anti-
genic activities of SV, virus within various
adenovirus infectious particles including those
of strains used for vaccines. Infection of monkey
kidney cells with these “hybrid” viruses de-
pended on two-hit kinetics involving a “hybrid”
adenovirus-SV,, particle and a “helper” non-
hybrid adenovirus particle (27, 28). A potenlia-
tion effect was also noted in studies of malignant
iransformation in witre (1). The induction of
SV, ,like tumors and of tumor and T antigens
having the characteristics of those induced by
5V,, and by udenovirus depended entirely upon
hybrid adenovirus particles, since the tumors
were prevented by specific antisera to adenovirus
but not by antisera to SV,, (16, 32). The iu-
mors induced in hamsters by the various hybrid
viruses appeared much ecarlier and more fre-
quently than those induced either by SV, or by
the respective adenaoviruses alone (16, 32). This
potentiation suggested that the proiein coat or
capsid may be an important determinant of
DNA oncogenesis {14),

A similar concept was also proposed recently
for Rous sarcoma virus (RSV) by Hanafusa
and Hanafusa (11}, who found that the outer
envelopes of the defective RSV furnished by
various avian Jeukosis viruses constituted major
determinants of RSV oncogenesis in newborn
hamsters, a concept suggested earlier by Vogt
for RSV oncogenesis in chickens (33).

Sarma, Vass, and Huehner (31} reported the
transfer of the defective Bryan strain RSV
genome from virus-free hamster tumor cells to
chick embryo cells, which when transplanted
inte chickens produced virus-free tumeors that
served as rich sources of nonproducer (NP)
sarcoma cells. These NP cells readily yielded
infectious pseudotype KS5V’s when uvian len-
kosis viruses were added to them (29, 31). Re-
cently my associates and I (12, 17) found a
similar relationship between the defective Mo-

loney (murine) sarcoma virus (MSV) and
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various murine lcukemia viruses. By using virus-
free but genome-positive hamster tumor cells
induced by MSV, we succeeded in producing a
number of MSV pseudotype viruses by substi-
tuting other murine leukemias for the Moloney
virus envelepe. Thus “new” sarcoma viruses
with the immunologic characteristics of Rau-
scher, Friend and Gross leukemias (17} were
produced.

In all instances the sarcomas produced by the
adenovirus-SV,, hybrids and the sarcoma-leu-
kemia complexes were specific for the respective
genomes, Thus the adenovirus-SV,, hyhrid pro-
duced tumors with the antigenic and eytologic
properties characteristic of both viruses. The
pseudotype RSV's and MSV’s induced lumors
with the characteristics of the original sarcoma
genomes.  The outer capsids and envelopes,
however, played an important tole in oncogene-
sis; they appeared to determine the relative
efficiency with which the sarcoma genomes were
able to gain entrv to suscepiible cells. These
observations may be guite relevant in relation
to naturally occurring cancer and leukemia.

Oncogenic Viruses in Relation to Faccines

The problem of the oncogenic adenoviruses
in relation to vaccines cannot be considered
altogether separately from other oncogenic vi-
ruses known or suspecled to occur in viral vae-
cines, or from the general question of their
possible role in human cancer. There are several
reasons for this. First of all, there are three
distinct categories of viruses causing neoplasms
in animals that have been found in viral vac-
cines produced in the tissnes and/or celis of
chick embryos, mice, and monkeys. These
viruses are (1) the avian leukosis viruses
(ALV), which are members of the myxovirus
family; (2} SV,, and polyoma viruses, members
of the papovavirus group; and (3) various
simian and human adenoviruses. Secondly, vari-
ous recombinants and hybrids have been re-
ported as occurring hetween certain of these
viruses. Thirdly, additional oncogenic members
of these categories of virus are known or sus-
pected to occur in the tissues of additional ani-
mal species now being used for vaccine develop-
ment and production, particularly the canine and

the bovine species. Finally, should any of

these viruses that are oncogenic in animals be
found to cause cancer in man, cur present efforts
to eliminate them from the current vaccines
might well be replaced by even more determined
efforts to include them.

Perhaps the most significant recent develop-
ments in research on cancer viruses and molecu-
lar biology are the very recent findings that
demonstrate beyond any reasonable doubt that
viral-induced neeplasia is actually a highly spe-
cific “virus-directed” phenomenon. Unlike the
oncogenesis induced by physical and chemical
oncogens (which must be mediated by the cell
genome), viral oncogenesis is directed by new
genes introduced into the cell by the RNA or
DNA genomes of the infecting virus. The entire
viral genome may be incorporated and become
fully operative within the cell, as oceurs fre-
quently with the RNA leukemia and sarcorna
viruses of avian and murine species; more often,
however, as exemplified by the oncogenic DNA
viruses and frequently also by RNA viruses, only
part of the total viral genetic information is
transcribed in the cell, Since oncogenic trans-
formation of a cell can only oceur if the cyio-
lytic activity of these viruses is suppressed, the
transcription of only part of the viral genome
would favor survival of the cell so that trans-
formation could occur. It is interesting that the
avian leukosis and murine leukemia viruses,
which often do transmit their entire genome,
produce little or no cytolytic activity {as do
olher myxoviruses) even when virus is produced
at high levels in normal or transformed cells.

It is precisely the covert, yet highly specific,
behavior of the oncogenic viruses that accounted
for their undetected presence in various viral
vaceines in the past and now serves as a source
of concern for viral vaccines in the process of
development. Techniques must be developed for
unmasking possible covert leukemia viruses in
the tissues and cells of various animal species
now being used for the preparation of the newer
Since the RNA leukemia and
sarcema viruses are capable of inducing neoplas-
tic effects in heterologous mammalian species,
particularly when given parenterally, and since
many of the newer viral vaccines are designed for
parenteral injection of children, the need for
such techniques is urgent.

viral vaccines.
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DISCUSSION

CrAlRMAN AnNDrEwEs: Thank you very much,
Dr. Huebner.

Let us proceed to a discussion of thesc last two
papers. The first discussant is Dr. Robert M,
Chanock, Chief of the Respiratory Virus Unit,
Laboratory of TInfectious Diseases, National
Institutes of Health, Bethesda, Maryland.

Dr. Chanock presented a summary of «
paper entitled “Immunization against Type 4
Adenovirus by Selective Enteric Infection,”
which appears tn full as an annex to this section
on pages 85-93.

CHalrMAN ANDREWES: The next speaker is Dr.
Julius A. Kasel, Medical Virology Section, Lab-
oratory of Clinical Investigations, National Insti-
tutes of Health, Bethesda, Maryland.

Dr. Kaser: Tn humans, the degree of neu-
tralizing antibody response elicited by soluble
adenoviral antigens is comparable in titer Lo
that following experimental and natural infec-

The immunologic nature of serum anti-
body was studied fa) by comparing ihe classes
of immunoglobulins associated with neutralizing
activity afiter experimental infection or vaccina-
tion, and (b) by the ability to protect against
virus challenge. These studies were conducted
in collaboration with Dr. James R. Lehrich, Dr.
Robert H. Waldman, and Dr. John J. Mann.

In Table 1 are shown representative examples
of the sequence of appearance of neutralizing
antibody in immunoglohulin pools from aduli
volunteers who received adenovirus Type 4 prep-
arations. These individuals were either inoeu-
lated conjunctivally with infectious Type 4 virus
or vaccinated intramuscularly with a preparation
containing the fiber and hexon soluble antigens.
The sera were collected at the indieated intervals
and fractionated by gel filtration using Sephadex
G-200. After fractjionation of each specimen, the
fractions were combined to form three pools,
containing primarily IgM, IgA, or TgG, respee-
tively. As is shown in the table, in the subject
given infectious virus, antibody activity appeared
within three weeks in all three immunoglobulin

tions.

TaprLe 1. Apenovieus TYPE 4 NEUTRALIZING ANTIRODY IN IMMUNOGLOBULIN POOLS

Inaeulum [mmuneglobulin

Q
Tufections virus Unfract. serumn (*
{Conjunctival} TegM 4l
(Vol. IR. L.) TgA Q
TegG Q
Vaccine Unlract. serum 0
{Fiber & Hexon antigens} IgM 0
(Vol. L. G.) IgA 0
1gG 0

#Piters are exprosscd as reciprocals of sawple dilutions; 0 represents no peutralizing activity in undiluted samples,
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Weeks post-inocuintion

) 2 3 4 10 14 35

0 & 128 64

0 0 32 8

0 0 4 8

0 0 4 32
128 1024 A2 512 256 64
2 16 <8 <8 0 0
32 256 256 128 64 16
8 125 128 64 64 32
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pools and persisted for at least 14 weeks. In the
vaccinated volunteer, antibody was {found in each
pool one week after inoculation and persisted
for two weeks in the IgM pool and as long as 35
weeks in the IgA and IgG pools,

IgA pools from vaccinated volunieers were
absorbed with antiserum to IgG. The results of
ahsorption studies suggest that TgA neutralizing
antibody may be formed in response to vaccina-
tion with Type 4 soluble antigens. This IgA
antibody was present in addition to IgM and
IgG antibodies.

The protective effect of vaccination was studied
in a virus challenge experiment. The resnlts of
a preliminary study are shown in Table 2. Indi-
viduals without demonstrable antibody and those
who had antibody that had been induced either
naturally or by vaccine were given Type 4 virus
by a small-particle aeroscl; the vaccine group
had been immonized six weeks prior to chal-
lenge. After the virus challenge, febrile re.
sponses and virus shedding were markedly less in
the eight men with antibody prior to inoculation
than in the four control subjects; the serologic
response was similar in all groups. Although
the number of subjects was small in the two
groups with antibody, it appears that the
responses in each group were quite similar.

Since the available data suggest that soluble
antigens of adenovirus provide effective immuni-
zation against disease, this form of vaceination
should be further explored.

CHAIRMAN ANDREWES: Thank you, Dr. Kasel.
The next speaker is Dr. John J. Trentin, Head
of the Division of Experimental Biology, the
Baylor University College of Medicine, Houston,
Texas.

Dr. TreNTIN: In order to determine the pos-
sible adenoviral eticlogy of human tumors, we
have tested approximately 150 human tumors
against adenovirus Type 12 tumor-bearing ham-
ster sera containing antibodies against the
induced CF tumor antigens.* A significant per-
centage of the human tumors reacted to such
sera but not to normal hamster sera. However,
when the adeno-12 hamster tumor antisera were
pretested to eliminate those thai also reacted
against the hamster Fortner Sarcoma antigen,
which Sabin has shown to cross-react with some
human tissues, the human tumors now failed io
react with the adeno-12 tumor antisera.

We belicve that these data neither prove nor
disprove that adenoviruses play a role in human
oncogenesis, It is possible that human adeno-
viruses are more oncogenic in laboratory ani-
mals than in man. Except for one report of in
vitro transformation of human cells by haman
adenovirns Type 121 all adenovirus oncogenesis
and ir wvitre transformation that has been dem-
onstrated to date has involved the adenoviruses
of one species and the cells of another species,
with little or no eytopathic effect and incomplete
virus replication. Converscly, the simian, avian,
bovine, und canine adenoviruses, sumc of each of
which are oncogenic in hamster cells, are per-
haps more likely than human adenoviruses io
give little or no cytopathic effect, incomplete
virus replication, and oncogenesis in human
cells. On the chance that adenoviruses, whether

* McCormick, K. J., Van Hoosier, G. L., Jr., and
Trentin, J. J. Attempts to Find Human Adenovirus

Type 12 Tumer Antigens in Human Tumers. (In
prepatation. }
T Sultanian, 1. V., and Freeman, G. “Enhanced

Growth of Human Embryonic Cells Infected with
Adenovirus 12.” Seience 154: 665-667, 1966.

TapLr 2. INFECTION RESPONSES OF ADULT MALF VOLUNTEERS FOLLOWING

AEROQSOL INOCULATION WITH ADENOVIRUS TYPE 4
Fre-challenge antibody atatus No, of men Per cent. of No. of men
No, of with febrile  positive specimens with post-
volun- illness inoc. Ab tiier
tears Origin Titer (geo. (237.6°C) {=d-fold
mean) Throat Rectum increase)
4 None < 2% 4 18 A5 4
5 Naturally induced 10,5 0 0 3 4
3 Vaceine induced 10.0 0 3 10 3

*Reciprocal of serum dilution,
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of man or of animals, may he oncogenic in man,
we have studied adenovirus tumor immunization.

Tinmunity to trensplontation of iselogous tu-
mors induced by adenovirus Type 12 may be
prodnced in adult mice by live adenovirus Type
12:% by irradiated isologous adeno-12 mouse
tumor cells; by nonirradiated heterologous
adeno-12 hamster tumor cells; and, 1o a lesser
extent, by nonirradiated heterologous adeno-18
hamster Lumor eells,

Such tumor trapsplantation immunity occurs
in the absence of CF antibedies against the in-
duced CF tumor anligens. CF antibodies do
appear subsequent to tumor growth in animals
that were not tumor-immune. We have been able
to passively transfer such tumor transplantation
immunity by spleen cells but not by serum of
immunized hamslers.t

Perhaps most important, we have been able to
passively immunize newhorn hamslers against
induction of tumors by adenovirus 12—by simul-
taneous injection of rabhit anti adeno-12 serum
or by prior immunization of the prospective
mother with either live or killed adenovirus Type
12 vaccines. Such passive protection of the new-
born against tumor induction extended o second
and third litters born well over 200 days after
the last maternal immunization.§ 'This latter sys
tem, we helieve, constitutes an excellent model
for application o humans for the prevention of
tumors that might be induced by adenoviruses in
infants—if indeed any are, which remains to be
determined.

CHAIRMAN ANDREWES: Thank you, Dr. Trentin.
The next discussant will be Dr. H. G. Pereira,
Head of the Virus Division, National Institute for
Medical Research, Mill Hill, London.

Dr. Prkuma: I will limit myself to a few re-
marks on a point already mentioned ly Drs.

* Trentin, J. J., and Bryamn, E. “Virusinduced
Transplantation Immunity te Human Adenovirus
Type 12 Twmors of the ITamster and Mouse.” Proe
Soc Exp Biol Med 121:1216-1219, 1966.

¥ MeDougall, P. T., Van Hoosier, G. L., Jr., and
Trentin, J. J. Interactions between Sensitized Lym-
phoid Cells and Adeno-12-Induced Tumor Cells. (In
preparation.)

iTrentin, 1. J. Immunization against Tumors
Induced by Human Adenovirus. Viruses Inducing
Cancer. W. ]J. Burdette, Editor., Salt Lake City,
Utah: University of Utah Press, pp. 203-208, 1966,

Mufson and Kasel: the possible use of purified
soluble antigens in immunization against adeno-
viruses, Cells infected with adenoviruses pro-
duce large amounts of these antigens that can
be purified by relatively simple methods. The
scaling up of these procedores to an industrial
level should not present insuperable difficuities.
Chemically pure antigens free of delectable host
materials and of nueleic acids can be obtained.
These antigens are very stable and maintain their
immunogenic properties throughout the purifica-
tion procedures, Their capacity to provoke neu-
tralizing antibody responses in human subjects
has been demonstrated by several workers, The
exact nature of the most important antigen or
antigens in this respect has not been established,
but work along these lines is in progress.

The use of chemically pure adenovirus vac-
cines would overcome the problem of oncogenic-
ity, and even preparations derived from human
cell lines such as Hela or KB might prove
acceptable.

Cualrman ANpREWES: Thank you, Dr. Pereira.
Our last discussant is Dr. A. A. Selivanov, De-
partment of Virology, Institute of Experimental
Medicine, Leningrad, USSR.

Dr. Srrivawov: I should like to report on
“Studies on Live Adenoviral Vaccines,” co-
authored by Prof. A. A. Smorodinltsev and
myself. Monovalent or combined live attenuated
adenovirus Types 3, 4, and 7 vaccines inoculated
by nasal spray to the upper respiratory tract of
susceptible human volunteers were found to
stimulate excellent serologic response followed,
with some vaccinegs, by the development of early
toxic febrile reactions and weak to moderately
severe respiratory illnesses, including sore-throat
symptoms, The clinical reaction rate was pro-
eressively higher in children of preschool age.
Work with respiratory application of vaccine
was discontinued as soon as it had been estab-
lished thai the more attenuated, safer adenovirus
vaccines from low-temperature strains and strains
adapted to chick-embryo cells cannot induce
regular antibedy production. Among semi-
isolated groups of vaccinees having no contact
at all with natural adenovirus infections, the
postvaceinal humoral immunity tended to disap-
pear gradually during the two or three years
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TapLE 1. VIRUS NEUTRALIZING ANTIBODY TITER IN
TWO GROUPS OT VACCINATED YOLONTEERS (TYPE 4)

Average titer No, of prrsons

e having VN
antibodies in
No. a titer 1:10 and
Description in Be- lower ut duys
of group grouy| fore 60 8401 | after vaccination
vac- | davs | davs
rina- | after | afler
tion Be- | 60 | 810
fore \davs| days
Volunteers
izalated, no
contact

with adeno-
virus infec-

tlons.......| 40 | 1: 0 34

o)

1:58 1 10.3| 40

Volunteers in
community,
contact
with adeno-
virus infee-
tlong.,.....| 43 |1:7.5

LA 1221043 0 7

-3
o

{ollowing respiratory immunization. Where con-
tact occurs, the serological response was main-
tained at a moderate level {or iwo years and
more afler immunization (Table 1),

Since 1960 the oral route has been accepted—
live Types 3, 4, and 7 adenovirus vacecines en-
closed in enteric-coated dragéec-candy—as an
effective and convenient method of avoiding con-
tamination of the upper respiratory tract {Table
2).  Attenuated viruses grown in guinea pig
kidneys or in cultures of chick-emhryo cells were
used for the preparation of the vaceine. No clini-
cal illness was provoked by the oral-enteric
immunization after three inoculations. The al-
tenuated viruses multiplied intensively in the
intestinal tract and were excreted in the stools
without infecting the upper respiratory tract or
conjunctiva or being transmitted to contacts.

Small children who cannot swallow Lhe enteric-
coated honbon recsived the same polyvalent
vaceine in the form of a liquid containing origi-
nal nonheated bovine serum of high inhibitory
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TasLe 2. Errect or TYPE 4 ADENOVIRUS
VACCINE ADMINISTERED PERORALLY
IN DIFFERENT FORMS

Mo, of No. of | Average
persons | persons |untibady| Na, of
Tleseription of V- with titer DErROng
vaoeine fomn cinated | fourfold after showing
or greater Vie- resetion
antibody | eination
inercase
Futeric-confed
capsule. . ... .. 115 80 1:44 0
Iinteric-coated
boubon, ., ... 260 25 1:45.5 )]
Fluid with
inhibitors. .. .. 25 15 1:40 i

#8light caturchal symptoms,

potency against adenoviruses. In such a mixture,
prepared 30 minutes before vaccination, the
adenoviruscs are biologically neutralized and
cannot infect the respiratory tract in the process
of peroral vaccination. However, in the intes.
tinal tract the serum inhibitors are destroyed by
enzymes and the viruses are reactivated to the
original level.

In most of the adults and children who were
given three doses of monovalenl or trivalent vac-
cine, satisfactory antibody responses—similar
o thuse previously resulling {from respiratory
vaccination—were obtained. The persons thus
immunized were well protected against experi-
mental vaccinal infection and also against natural
infection by homologous types of adenoviruses.

Our present Types 3, 4, and 7 vaccine strains
were attenuated during prolonged passage
through the primary monolayers of guinca pig
kidney at low temperature. As preliminary an-
alysis has demonstrated, nonc of these strains,
including Type 7, induced tumor formation in
newborn Syrian hamaters.

We may therefore consider our live adenovirus
vaceine administered by oral-enteric means to he
safe, effective, and very convenient for mass
application.
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IMMUNIZATION AGAINST TYPE 4 ADENOVIRUS
BY SELECTIVE ENTERIC INFECTION

RoeerT M. Cnanock, R. R. Gurekunst, W. Lupwic, W. P. EpmonDson,
B. F. GUNDELFINGER, AND J. A. KasEL *

Dr. Cuanock (presenting the paper): Adeno-
virus infection produces its most dramatic im-

pact in semiclosed mililary recruit populatione,
where Type 4, and to a lesser extent Types 3, 7,
14, and 21 viruses are common causes ol epi-
demic respiratory tract disease (29). Less dra-
matic, but probably more important in terms of
total morbidity, is the role of adenovirus infee-
tion in acute respiratory tract disease of infancy
and childhood. In this age group Types 1, 2, 3,
5, and 7 viruses are those most olten associated
with illness (29, 30).

Although eflcclive vaccines are needed for the
eight adenoviruses that are significant causes of
respiratory tract disease—Types 1, 2, 3, 4, 5, 7,
14, and 21-—we have restricted our efforts to the
development and evaluation of a Type 4 virus
vaccine. This course was chosen because Type
4 virus epidemics in military-recruit populations
offer the ideal setting in which to evaluate vac-
cine efficacy. In such populations Type 4 virus
is often the major cause of respiratory tract
disease (16, 27), Thus, vaccine efficacy can be
determined from the reduction of crude respira-
tory tract disease incidence as well as from the
reduction of specific  adenovirus-assoctared
illness.

In the studies Lo be described it was not our

# Drs, Chanock, Ludwig, and Edmoendson (Labora-
tory of Infectivns Diseases, National Institutes of
Tlealth, Bethesda, Maryland); Drs. Gulekunst and
FEdmondson (Naval Medical Field Research Labora-
tory, Camp Lejeune, North Carolina); Dr. Edmond-
son (also, EIS. Officer, Communicable Diseasc Con-
icr, assigned to the Laboratory of Infectious Diseases,
N1H.}; and Dr. Kasel {Laboratory of Clinical Tn-
vestigation, National Institmes of Health, Bethesda,

Margland),
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intention to develop a comprehensive adenovirus
vaccine. Rather, we were interested in exploring
a new technigque, using Type 4 virus as our
model, with the expectation that if the method
was suceessful it could be applicd lo certain
other adenovirus types.

PAST DIFFICULTIES

In the past, vaccines werc prepared from
adenoviruses grown in monkey kidney tissue cul-
ture and then inactivated with formalin. The
first experimental inactived vaccines, which con-
tained Types 3, 4, and 7 viruses, were extremely
eflective in preventing adenovirus disease (2,
13). However, subsequent production lots of
similar vaccines exhibited variable potency; in
some  instances little proleetion  was
conferred (27).

In addition a1 number of problems have arisen
regarding the safety of inactivated adenovirus

VeTy

vaccines prepared in monkey kidney culture.
First, such vaccines were commonly found to be
coniaminated with SV,, virus, an oncogenic
viras of simian origin (7, 28). Afier the virus
strains in the vaccine had been freed of this
contamination by treatmenl with anliserum,
another cause for concern became evident.
Though treatment with SV, antiserum was effec-
tive in eliminating SV,, virus, such treatment
did not affect another virus contaminani—de-
iective 5V, adenovirus hybrid particles in which
a portion of the SV, genome was coated with
adenovirus capsid (15, 20, 25). Such defective
hybrids constituted a definite hazard, since they
possessed  the oncogenic potential of SV,
virus. Attempts to eliminate these hybrids Irom
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adenoviruses propagated in monkey kidney cul-
ture failed because the delective particles pro-
vided a helper function for adenovirus and
without them the adenovirus was unable to
replicate in simian tissue culture (26).

BACKGROUND

Faced with the various difficulties just de-
scribed, we considered it worthwhile to in-
vestigate an alternate method of adenovirus
immunization, This method was based on the
phservation that human adenoviruses exhibit a
marked predilection for multiplication in the
lower intestinal tract (1, 23). Except for a rare
infection that lcads to intussusception during
infancy, intestinal infection with adenovirus is
not associated with obvious symptoms or signs
of discase {9, 24). Since the usual disease mani-
festations of adenovirus infection oeccur in the
upper alimentary and respiratory tracts we rea-
soned that it might he possible to preduce a silent
immunizing inlection by bypassing these areas
and directly infecting the lower intestinal tract.
This was atiempled by administering adenovirus
in an enteric-coated capsule that did not release
virus until it had passed beyond the stomach.

The initiaj studies were performed in volun-
teers who were given Type 4 or Type 7 virus or
hoth enclosed in an enteric-coated capsule (6),
These viruses were isolated and grown in human
embryonic kidney tissue eulture. We found that
infection could be initiated by introduction of
enteric-coated virus into the lower intestinal
tract. Such infection remained localized to the
lower intestinal tract and did not spread to the
upper alimentary or upper respiratory tract. Tn-
teslinal infection was asymptomatic; however,
volunteers infected via the intestinal route de-
veloped moderately high levels of neutralizing
antibody. Interference was not ohserved when
Type 4 and 7 viruses were given simultaneously
to the same individual. Finally, infection did nat
spread from volunteers enterically infected with
Type 7 virus Lo susceptible contacts despite
prolonged close association.

After the completion of our preliminary
sludies, Type 7 adenovirus was found to be
weakly oncogenic in newborn hamsters (10),
For this reason we discontinued our work with
this serotype. All subsequent studies were per-

formed with Type 4 virus strains, which by all
available test procedures appcar to lack onco-
genic potential in the newborn hamster (4).

TYPE 4 VIRUS VACCINE PREPARED IK
HUMAN DIPLOTD TISSUE CULTURE

Diploid tissue culture. The initial studies of
enteric infection were performed with viruses
grown in human embryonic kidney tissue cul-
ture. Since this type of lissue is not suitable for
large-scale vaccine production, we sought an-
other hest system for the growth of candidate
vaccine strains. The Wistar Institute human
diploid fibroblasts were chosen since these cells
{a) relain a normal karyotype for as many as 40
cell divisions, (b} are free of demonstrable
microbial contaminants, and (¢} can provide an
extremely large vield of diploid cells a the
twentieth to thirtieth passages from low-passage
seedl stock stored in the frozen state (12).

Virus strain. Strain CL 68578 was recovered
by Dr. H. Y. Bloom from the throat-swab speci-
men of a Marine recrnit with acute febrile res-
piratory tract disease. The virus was recovered
in Wistar Institate $26 (WI-26) dipleid cul-
tures and was propagated thereafter only in
these cells or in Wistar Institwte #38 (WI-
38) cultures. Experimental lots of vaccine were
prepared at Wyeth Laboratories, Radnor, Penn-
sylvania, from virus in its eleventh diploid
cullure passage (Table 1).

Safety tests. Extensive safety tests performed
at Wyeth Laboratories failed to reveal the pres-
ence of adventitious microbial agents. Simi.
larly, exfensive tests for oncogenicity of the
Type 4 vaccine sirain in newborn hamsters were
negative (Table 2). Newborn hamsters were
injecied with the highest concentration of crude
infected tissue culture fluid or highly purified
virus which did not kil them. A total of 147
injected hawsters survived 500 days and 108 ani-
mals sarvived 600 days. Thirty-two hamsters
thymectomized at birth and then injected with
1072 PCD,, of the vaccine virus have survived
600 days without evidence of turmor formation.
Ouly one hamster developed a tumor, and this
was detected on the 468th day alter injcetion.
The tumor did not appear to he adenovirus-
induced, since it developed at a site distant from
the site of virus injection, its histologic appear-
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TapLE 1. BropHYSICAL AND BIOLOGICAL PROPERTIES OF TYPE 4 ADENOVIRUS VACCINE STRAIN

Type 4 (ther Croup A Croup BB Group C
Property vaeeins atrain Type 4 adenoviruses | adenoviruses adenoviruses
straing (12, 18, 31) [(3,7,14,18,21}| (1, 2, 4, b, 6, ete.)
Hemagglutination* Group 3 Group 3 Group 4 Group | Group 2 or 3
Guanine-cytosine ratio of DNAT 5859 % 58-59% 48-49% 48-74 9 57-60%
Oncogenicity in newborn hamsters Neg. Neg. High Low Neg.

*Rosen's hemagelutination grouping {22),
1Data of Dr. M. Green (19).

ance was unlike that of adenovirus induced
tumors, and, finally, we were unahble to detect
adenovirus T antigen in the tumeor or jts trans-
plants; nor were we able to detect T antibody in
tumored hamsters (4, 14).

Tnflammatory lesions developed near the site
of injection when a high concentration of Type
4 virus {1073 TCD,,) was inoculated into the
brain and spinal cord of monkeys. These lesions
involved 1he meninges, ependvma, choroid
plexus, and neurons. Demyelinization did not
oecur. The inflammatory lesions were produced
by the virus, as is evident from the fact that they
were not observed when a Type 4 virus-antiserum
mixlure was injected. Since the natural history
of Type 4 adenovirus infection does not include
central nervous system involvement, it was felt
that the response of monkeys to direct central
nervous system inocnlation did nol necessarily
reflect a neurogenic potential of the vaceine
virus for man. Similar inflammatory lesions had
heen observed previously with a Type 7 virus
strain. In this instance a more detailed study of
the Type 7 virus was performed, and it appeared
that the virus produced its inflammatory response
without undergeing multiplication (21).

Properties of vaccine strain. As has been
said, the Type 4 vaccine strain lacked oncogenic
potential in newborn hamsters. This strain
exhibited 2 group 3 hemagglutination pattern,
ie., partial agglutination of rat erythrocytes
(22}, Tte DNA contained a high proportion of
guanine-cytosine—58 to 59 per cent (19). These
properties indicated that the Type 4 vaccine
strain was identical to other Type 4 viruses that
had been studied in a similar fashion (Table 1).
Furthermore, the Type 4 vaccine strain and the
other Type 4 strains that had been characterized
were found to belong in Huebner’s group C

(14). Adenoviruses in group C exhibit group 2
or group 3 hcmagglutination patterns, have a
high guanine-cytosine ratio in their DNA, and
lack oncogenicity for newborn hamsters. Group
A adenoviruses, which the highly
oncogenic types 12, 18, and 31, and group B
adenoviruses, which include the weakly oncogenic
Types 3, 7, 14, 16, and 21, are clearly distinct
from group C adenovirnses in hemagglutination
properties and DNA composition (14). Thus,
the properties of the vaceine sirain were charac-
teristic of adenaviruses that lack oncogenie po-
iential in the most sensitive host system known—
the newhorn hamster.

include

Response of velunteers to conjunctivel inocu-
lation. The behavior of the Type 4 vaccine strain
during its early passages im diploid cultures sug-
gested that a variant had been selected during
growth in these cells. Initially the virus required
12 to 14 days to produce a complete cytopathic
effect in diploid cultures. During subsequent
passages the interval decreased to four days
{4).

We were interesied in determining whether
the variant that grew well in dipleid cultures
exhibited an alieration in virulence for man. For
this purpose we tested the response of volunteers
to conjunctival inoculation with the vaccine virus
(eleventh diploid culture passage). This route
of inoculation was chosen because previous stud-
ies had shown that Type 4, Type 5, or Type 7
adenovirus induced objective signs of disease—
conjunctivitis, pharyngitis, fever—in a high pro-
portion of volunteers thus challenged (3, 5). As
Table 3 shows, the six men who received 10%°
to 1055 TCD,, of the vaccine virus developed
only a mild conjunctivitis. Neither fever nor
pharyngitis was noted. The conjunctivitis index
scores shown in Table 3 represent low values
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TapeLe 2. TFST FOR ONCOGENICITY OF TYDPE 4 ADVENOVIRUS VACCINE STRAIN IN NEWBORN ITAMSTERS
Lnoeulalion Na. of hamsters surviving
Pagsapge of virus Material S [ ,
jn tissue culture tegted No. with twinor
Site Titer 500 days 800 days| 700 800
{Logu) days |days
Human diploid Tissue | 1C 1 6.7 TCDg* | 14 14 8 L 0
fihroblast culture | IP | 6.9 16 16 10 3 0
{WT 26 or 38) fluid 8Q] 7.2 g 14 3 4 0
passage 11 s5Q| 7.2 32 (thymecto- 0.T.¢ 1
mized af
birth)
5@ 6.2 TCDs* | 12 12 9 9 11 (Lay 46831
6.5 i} 9 9 1 0
6.9 [ 0 6 6 0
Diploid passage 11| Purified 7.2 i0 10 15 5 {
KB passage 2 virus§
6.3 PFU | 7 4 4 4 G
7.0 8 4 4 4 0
7.5 10 10 | O.T. 0
8.3 10 10 | O.T. 0
Total. ..o 47 1038 63 37 —

*Determined in human embryonic kidney tissue culture,

TOn test,

{No evideuce of adencvirus etiviogy.  Tumor developed at o location distant from the site of inaculation; histologieal appear-
ance ol tumor unlike that of adenovirus-induced tumors; extract of tumor and of transplanted tumor did not contain deteetable
T antigen; finally serum of tumored bameter amd of hamslers bearing trunsplanted tumors did not contain complement Nzing anti-
bady for the T antigen of 'Type 4 or Uype T adenovirus,

§Virus purified and eoncentrated by two eguilibrivin centrifugations in rubidumn ehloride.

| Deterinined in K tissue culiure dishes.

when compared to the response clicited by other
adenovirus serotypes, such as Type 26 and 27,
which are not known to cause respiratary tract
illness under natural conditions (17). Tt would
appear that the Type 4 vaccine strain had lost
some of its virulence for man.

Response of wvolunteers to enteric administra-
tton of virws. ‘The vacecine strain was admin-
istered in an enteric-coated capsule to 40 anti-
hady-negative volunteers {neutralizing antibody
titer of less than 1:4). Their response resem-
bled that observed previously with the Type 4

TasLE 3. RESPONSE OF VOLUNTEERS T0 CONJUNCTIVATL. INOCUTATION OF TYPE 4 VACCINE STRAIN

Number of men (neut. antib. <1:2) Conjunctivitis-index
L of severityt
Inoculun Temp.
TCIs-Logao Con- AN

Tnoe, Infected* | junetivitis or Total Maximum
pharyngitis sourel daily seore

5.5 2 2 2 0 13, 13 42

4.5 2 2 2 0 13, L1 3,2

+a 2 2 2 0 13, 10 2,2

*’1“ype 4 virus recovered from inoculnted eye and from throat and/or reclum.
TGrade 1 = Palpebral edema; grade 2 = paipebrul and bulbar edema; grade 5 = per-

iorbital edema and/or prepuricular adenopathy; grade 4 =

palpebral fissure and /ov severe eve pain,
t8um of daily scores.

edema sufficient to occlude
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and Type 7 virus strains grown in human em-
bryonic kidney tissue. The enteric-coaled Type
4 virus produced a selective infection of the
lower intestinal tract that was silent and was
associated with the development of moderately
high levels of neutralizing antibody (4). Virus
did not spread to the respiratory tract of the
invcnlated individuals or to susceptible cohorts
m close personal contact with them. The Type
4 vaccine virus was not detected in serum dur-
ing the 10-day interval that preceded the devel-
opment of neutralizing antibody.

Results of field trials with Type 4 vaccine
virus. Encouraged hy the response of voluntes=s
to the enteric Type 4 virus vaccine, we next
evaluated this mnaterial for its protective effect
against naturally occurring adenovirus disease.
The first field trial was initiated in 1964 at Parris
Island, South Carolina, where naturally oceur.
ring adenovirus infection was uncommon (8).
The enteric vaccine was given to 134 Marine
recruits, while 146 men from the same training
company were fed placebo capsules. A selective
intestinal infection, which was silent and was
associated with the development of moderately
high levels of neutralizing antibody, occurred in
the recruits given Type 4 virus. No signs or symp-
toms relerable to the central nervous system
developed in any of the vaccinees, The immune
response was relatively rapid; scrum ncutralizing

antibody was first detected by the temh day
after infeclion. The virus recovery data and
serologic findings for a random group of 52
vaccinces and 52 placebo men, who were studied
in a longitudinal fashion, are shown in Table 4.
Type 4 virus was not recovered from the oro-
pharynx of vaccinees nor did infection spread to
susceptible contacts who were in close associa-
tion with the vaccinees for three weeks.

The failure of the Type 4 vaccine strain 1o
spread to the oropharynx or to susceptible con-
lacts was confirmed during a subsequent study
at Parris Island and during a study at Fort Ord
in 1965 (11}, as is also shown in Table 4. De-
spite the rigors of recruit training, enterically ad-
ministered Tvype 4 adenovirus appeared to remain
Further-
more, enteric infection with the Type 4 vaccine
strain appeared to be essentially noncommuni-
cahle among recruits.

localized Lo the lower intestinal tract.

A specific protective eflect of the Type 4 virus
enleric vaceine was demonsirated when 253 of
the recruiis from the first field trial at Parris
Tsland were transferred to Camp Lejeune, where
Type 4 adenovirus infection was cpidemic. The
transfer took place three weeks after the men
had received the vaccine and at a time when
virus shedding from the inlestinal iract had
ceased (8). Thirty-two recruits in the placeho
group were ultimately hospitalized for acute

TapLE 4. PATTERN or SHEMHMNG OF TYPE 4 VACCINE VIRUS AND COMMUNICABILITY OF INFECTION

No. of men Na. from whom No, develop-
o virus recovered ing fourfeld
o oo ur greater
Loeation and tine Materinl given Withoul rige in
detectable Total Threst neutralizing
neut. antih. swab Anal swab antibody
(< 1)
Pacris [sland 1964 | Type 4 virus 52 0t 431 43
{(10°TCD54)
Placeho* 52 0t i 0
Parris Tsland 1965 | Type 4 virus 119 119 0f 84+ 84
[ <1N-1065TCD40)
Placebo* 24 01 0t 0
Fort Ord 1065 Type 4 virus 102 01 851 —
(10STCT0)
Placebo® 1060 (8 0f —

*Plucehn controls were in ¢loge personal contaet with vaceinens in same platoon.,

+Tested three times a week for foor weeks (8, 11)

tTestod once a week for four weeks (data of Chin and Leunetie, unpublished studies, 1966),
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febrile respiratory tract illness associated with
Type 4 adenovirus, whereas none of the vaccinees
had such an illness (Table 5). This finding indi-
cated that prier emteric Type 4 virus infection
was highly effective in preventing acute respira-
tory tract disease cansed by adenovirus of this
type (8).

A second field trial performed at Parris Island
in 1965 yielded results identical to those of the
first study. The Type 4 enteric vaccine provided
complete protection against the subsequent chal-
lenge of naturally eccurring adenovirus infection
at Camp Lejeune (Table 5) and there was no
evidence that the vaccine produced an untoward
effect (11).

A third field trizl was performed at Parris
fsland in 1966. Again there was no evidence
that the vaccine preduced an untoward effect.
In the 1966 study, which involved 6,883 vaccinees
and 6,972 controls, the enteric vaccine was esti-
mated to have provided 75 per cent protection
against adenovirus disease—somewhat less than
that seen during the first two field trials. The
basis for this difference is not understood. In
each of the trials at Parris Island the vaccine
was given three weeks prior to the transfer of
the recruils to Camp Lejeune. In addition, Type
4 virus was the only adenovirus recovered dur-
ing the 1966 adenovirus epidemic at Camp
Lejeune.

In 1965 a field trial was performed at Great
Lakes, Illinois, in which 50 per cent of the rec-
eruits in one company were given the enteric
Type 4 virus vaccine four days after the start of
training {18)}. This ecologic setting differed from
that of Parris Island in that adenovirus disease
was epidemic at the time the vaccine was admin-
istered. In fact, the peak of adenovirus illness
occurred during the second week of training,
whereas at Parris Island adenovirus infection
was uncommon. Thus, at Great Lakes the vaccine
was in direct compelition with rapidly spread.
ing natural adenovirus infection. Despite this
compelition, the vaccine produced a 46 per cent
reduction in hospital admissions for acute febrile
respiratory tract disease and a 69 per cent reduc-
tion in adenovirus-associated illness (Table 5).

A second field trial was carried out at Great
Lakes during 1966. Initially every recruit in
the first three weeks of training was given vac-
cine, and then all incoming recruits received

o

vaccine except for 50 per cent of the men in
every fifth company. Over-all, Dr. Peckinpaugh
and his stafl at Great Lakes observed that the
vaccine was associated with a 56 per cent reduc-
tion in hospital admissions for acute febrile res-
piratory tract illness. In ncither field trial at
Great Lakes was an untoward effect of the vac-
cine observed. None of the vaccinees developed
either central nervous system disease or hepatitis.

The Type 4 vaccine has also been studied at
Fort Dix, where adenovirus infection occurs com-
monly and constitutes the major cause of acute
respiratory tract disease. In the first field trial
Drs. Rose and Buescher and their associates
found that the vaccine was 67 per cent effective
in reducing all acute respiratory tract disease
requoiring hospitalization and 96 per cent effeclive
in preventing adenovirus-associated discase.

In a second field trial at Fort Dix, in 1966, all
the recruits in one training brigade were given
vaccine over a four-day period. Subsequently, all
incoming recruits to this brigade received vac-
cihe at the start of training. At the time of the
mass immunization the recruils in another bri-
gade were given placebos, and these were admin-
istered subsequenily to all incoming recruits Lo
this hrigade. As is shown in Table 5, the vac-
cine provided protection against scute respira-
tory tract disease during the first two thirds of
the study, when Type 4 virus was the prevalent
adenovirus in both the immunized and placebo
brigades. However, during the last third of the
field trial the illness rate in the immunized
brigade approached that of the placebo brigade.
This dramatic change was associated with a
change in the ecology of adenovirus infection in
the immunized brigade: Type 7 virus replaced
Type 4 virus as the prevalent adenovirus respon-
sible for the major share of acute respiratory
tract illness. Perhaps the supression of naturally
oceurring Type 4 virus infection had created an
ecologic vacuum into which Type 7 virus ex-
panded. The emergence of Type 7 adenovirus
as the major respiratory tract pathogen after the
suppression of Type 4 virus infection by the
enteric Type 4 vaccine was not observed at either
Parris Island/Camp Il.cjeune or Great Lakes,
although Type 7 virus was detected intermittently
at the latter location during the second field
trial.
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THE FUTURE OF ENTERIC
ADENOVIRUS TMMUNIZATION

Thus far approximately 35,000 young adult
males have received the enteric Type 4 virus
vaccine with no evidence of untoward effect or
indication that the vaccine was unsafe. The
results of the various field trials demonstrated
that the vaccine provided protection against nat-
urally cccurring Type 4 virus disease. For these
reazons we feel justified in recommending that
field triuls of the enteric Type 4 virus vaccine in
military-recruit populations he expanded.

Only one potential difficulty mars the generally
hopeful prognosis for the enteric vaccine. This
is the possibility that the vaccine may upset the
ceologic balance of adenovirus infection in mili-
tary populations so that Type 7 virus replaces
Typc 4 as the major respiratory tract pathogen.
Such a shift in adenovirus ecology vceurred in
one out of three immunized populations during
the 1966 field trials. If the vaccine is to be
used successfully in the {uture it will he neces-
sary to understand the conditions that affect a
shift in adenovirus ecology and then o prevent
such a shift from occurring. If this cannot be
accomplished a safe, effective Type 7 virus vac-
cine would suffice. Currently we are evaluating
various techniques for the concentration and
purification of Type 7 virus capsid subunits for
use in an inactivated vaccine,

The {uture of enteric adenovirns immunization
extends beyond its application to problems of
military medicine. A neced exists for effective
immunization against Types 1, 2, and 5 adeno-
virus infections during infancy and childhood.
Efforts should be made to evaluale the safety
and efficacy of enteric immunization with these
adenoviruses, since they lack oncogenic potential
in hamsters and belong to Huebner’s group C. At
present it would be unwise to consider the enteric
voute of immunizalion {for pathogenic adeno-
viruses that exbibit oncogenic activity in new-
born hamsters, However, it is possible that this
property of Type 3 and Type 7 adenoviruses has
ne relevance to human oncology. If so, enteric
immunization might then be used to prevent
infection by these adenoviruses.
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HerBerT A. WENNER T

Hixon Memorial Laboratory, Department of Pediatyics,
University of Kansas School of Medicine, Kansas City, Kansas, U.S.A,

Dr. WENNER {preseniing the paper): Prob-
ably rhinoviruses were propagated in cultures of
human embryonic lung cells during the early
studies of the Common Cold Research Unit at
Salisbury, England (1). With the reawakened
interest in cells cultured in witro, cytopathic
agente were detected in human respiratory
infections. Among the first of these were strains
2060 (2, 3) and JH (4), which were recovered
from human beings experiencing minor respira-
tory infection. These viruses and their relatives
were found using renal cells of monkeys. Shortly
thereafter additional strains were found using
human embryonic cell cultures. A major devel-
opment in recognizing the presence of rhine-
viruses was the use of embryonic human cells
maintained in acid medium and incubated at
33°C on a roller apparatus (5). Shortly after.
wards human diploid cells (6) became available;
these cells maintained in a proper miliex have
been remarkably adept at detecting many viruses,
including those associated with the common
cold.

By 1961 many cytopathic agenis had been
recovered from infants, children, and adalts dur-
ing respiratory illncsses. Some of these have
been identified {(e.z. the parainfluenza group,
respiratory syncytial virus). Others, however,
particularly those associated in adults with the
common cold syndrome, have stood apart. Most

* This study was supported hy rosearch contract
PH43-64-529 with the National Institute of Allergy
and Infections Diseases, National Tnstitutes of Health,
Bethesda, Maryland,

T Bescurch Career Award No, K6-A1-13976 granted
by the National Insiitute of Allergy and Tnfectionus
Diseases, National Tnstitutes of Healik.
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rhinoviruses were recovered in cultures of human
cells (the H strains), and a few in cultures of
monkey kidney cells (the M strains) (5-7),
Some of the “new” strains apparently require a
more selective biological milieu, such as is found
in organ cultures prepared from respiratory epi-
thelium derived from human embryos (8).

RIOPHYSICAL PROPERTIES

Although extensive studies using biophysical
procedures have been limited, largely because of
the Iow infectivity titers, relative labilities, and
specialized growth requirements of rhinoviruses,
still a number of the biophysical properties of
rhinoviruses have been defined (9-14). They
are small—approximately 18-23 my in diameter.
In several respects they resemble human entero-
viruses: they are the same size and they ave
ether-stabile; in infected cells they form discrete
clusters ¢f spherical particles arrayed in g crys-
talline pattern (%) ; they contain ribonucleic
acid cores; they display an identical symmetri-
cal structure of the virion (11, 13). They differ
from the enteroviruses with respect to primary
growth characteristics in eultured ecells (5),
relative but selective inhibition by 2 (q-hydroxy-
benzyl) -henzimidazole (14}, varying heat
stahility in the presence of magnesium ions
{10), and, possibly, structure of the nucleic
acid (11-13). Moreover, they differ completely
from human enteroviruses in that they are acid-
labile (10, 15), and relatively heat-stabile at
50°C (10} ; they are not known to produce neu-
romuscular disease, except for one report of
meningo-encephalitis {16), in mice and primate
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species; and their human habitat appears to be
in the nose and throat and they are rarely found
in the feces.

On the basis of these properties, rhinoviruses
have been placed among the picornaviruses (17).
They are separated from human enteroviruses
(18) by reason of their relative heat stabiliry,
acid lability, and occasional eytopathogenic effect
in selected cell cultures (Fig. 1). The single
eriterion for separating rhinoviruses from en-
teroviruses has been the extraordinary acid
sensitivity of rhinoviruses {(the acid-lability
test).

SEROLOGICAL PROPERTIES

The early epidemiologic studies of the com-
mon cold indicated the existence of multiple
serotypes. Six distinct serotypes were identified
at the Salisbury Unit (19}. Shortly thereafter
Ketler et al. (15) described 37 rhinoviruses,
representing 20 serotypes. Johmson and Rosen
{20) contributed five more viruses to the grow-
ing list: In rapid succession additional reports
came from the National Institutes of Health (21—
23), the Merck Institute lor Therapeutic Re-
search (15, 24), and several universities—
Tulane {25), Chicago (26-28), Virginia (29,
30}, and Baylor (31}. Investigators in the
Iaboratories of the States of California and
Wisconsin (32) also recovered rhinoviruses. By
1964 the large number of known agenis having
the properties of rhinoviruses (18) became a
matter of concern. Advancement of knowledge
toward an understanding of the common cold
depended on identity of serctypes aud the inter-
relationships between these and other rhino-
viruses. The shortage, or indeed the total lack,

CHARACTERISTIC ISOLATE

LGROWTH N HUMAN
DIPLOID EMBRYONIC LUNG CELLS

[ RDENDVIRVS, |
| ENTEROVIRUS
ND YES

peedaminantly H strains |

CALLECTED FROM ] ]
RESPIRATORY TRACT

ACID LABILE
{oH 3.0}

NO Y|
RESISTANT TO) T—H—J:ERPES-‘
i S0ER| [ty W svars

Soirce: Gwaltney and Jordan, with permission (29).

Fig. 1. Schema for preliminary identification of
rhinoviruses,

of satisfactory type-specific animal sera has been
a major ohstacle to the delineation of serotypes.
The Salisbury (19) and Merck (15, 24, 33}
stundies were unique in providing serologic evi-
dence of numerous serotypes. By 1964, 37 pro-
posed types had been reported—9 M strains and
28 H strains. At that time many more strains
were known, and since then a great many more
have accumulated. Sorting and classifying be-
came mandatory.

Efforts to resolve the problem of developing
strain-specific antisera were made by the Vac-
cing Development Board and by the Research
Reference Reagents Branch of the National
Institute of Allergy and Infecticus Diseases
(NIAID}. Advisory and research personnel
concerned with these agencies, collaborating
with the Common Cold Research Unit in Salis-
bury, drew up guidelines and implemented pro-
duction of antisera for rhinoviruses. Antisera
for & wide variety of thinoviruses were prepared
in rabbits, guinea pigs, goats, catile, and
monkeys. As far as possible, the rhinoviruses
and antisera were shared. Out of this collabora-
tive program developed a numerical classification
schema based on the serological specificities of
rhinoviruses. Many people were involved in
these labors; however, a large share of the
definitive work leading to numerical destgnation
of serotypes was done by Drs. Dorothy Hamre,
Vincent Hamparian and A. Z. Kapikian (for
others contributing strains' see the legend to
Table 1).

On 26 June 1966, serological data on 68 rhino-
viruses were reviewed by participants in the
WHO/NTAID Rhinovirus Collaborative Nomen-
clature Program. Tn the sorting, 12 strains were
found to be of similar identity. Strain B632 was
related but not identical to ECHO-28 and
accordingly was designated a relative thereod.
Finally, 56 strains were selected as prototypes.
Selection of straing as prototypes was based on
the sequence of published data relating to them
or, if they were not vet described, the chronologi-
val order in which they were received at the Ohio
State University reference laboratory. A listing
of the rhinovirus prototypes with eponyms ap-
pears in Table 1. Some 50 of those in the list
have been described in published papers (see
legend to Table 1).

Published data on rhinoviruses are surfeit

-
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TasLe 1. RHINOVIRUSES: STRAINS DESICNATER AS PROTOTYPE
Name Bource laboratory Name Bonree laburslory
KECHO 28/2060 NMR #4; Tulane Univ. NIH 11757 Natioual Insl. Health
B632 (M) Common Cold Research Unit* 33342 i o i
HGP (M) i it i3 13 L :%63 113 13 o
]_"‘EB (%3 if i3 (£ L lzl){) 1 ti i
16/60 it ic it K] X3 2[)9 (M) o L3 i
Norman i 2 g 2 “1794 « “ou
Thampson g w oo 2 “BELI (M) “ wow
Joryzavirus type 11 Merck Inst. Ther. Research “heE82 i " “
X8 113 12 il i3 111 I (14 587.5[) (43 (11 i3
ic L3 1:3 iy e 113 o 1] 7156(] ('hf[) i{ 141 i3
3 I3 14: it L o i 143 15()5 {4 143 i
(%3 3 15 ‘¢ ol L3 o 4] 8‘213 X3 2] it
H “ 16 i i i i Chicago 137-3 University of Chicago
(X3 1) 17 L1 113 t 11 13 140_]:‘(1\/[) o i e
il e 18 [ 113 X4 113 X3 1'5] 1 i I 113
ol i ‘I‘l) it 113 X3 {c 1] 164: 7A (K3 G te
i G 2] o ol G X3 1] 324fH " 13 143
ol i 22 [41 113 i 113 X 363 (hjl) o 13 te
“ 24 ¢ i i i Charlottesville 70 | University of Virginia
w “o25 ¢ i ““ i Baylor 1 Baylor University
o il 26 (K3 (2] (43 i 13 2 143 (X3
113 i 27 (X3 (13 it it 1] 3 (R;I) il (X3
i ¢ 28 i i i & A2 #58Y Tulane i
z “ 29 wooa « FO-1-3772% Calif. State Dept. Health
I L3 30 il I3 i o h‘{k173774T i [} 113 [
NIH 353 National Inst. Health FO-1-39287 “ “ i i
“1059 “ o FO-1-40811 W
f1734 “ “ ‘e WISC 315 Ef Wigeongin ¢ i

Modified from date presented st the Rhinovirus Workshop held in Bethesda, Maryland on 22 June 1966, The prototypes are

arrayed according to laburatory of origin, not by assigned number.

The numerical sehema will be reporied by the rlunovitus

eollahorators, to whom I am indebted for the information given above. \ . ]

For data pertaining Lo Lhese strains see reference (2) for echovirus Type 28, (19) for Salishury strains, {15} for coryraviruses,
(20-23), for NTH strains, (28) for Chicago strains, (29, 30) for Charlottesville strain, und (31) for Baylor strains.

NM

K — Naval Medical Research Unit No. 4.
#Clammon Cuold Research 1Unit, Salisbary, England.
1No data on M or H character,

with cryptic prefixes—Iletter-numbers, number-
letters, or simply numerical designates—but out
of this chaotic situation there is emerging an
orderly classification based on serospecificity.
Among the existing rhinoviruses there are sero-
types closely related to the chosen prototypes.
Already a number of these have been recognized
{Table 2). In addition, among the 30 or more
rhinoviruses still being sorted by Hamparian
and Conant (32) there are others that are
serologically identical.

PROBLEMS OF CLASSIFICATION

The early efforts at classification were ham-
pered by a multiplicity ol cross-reactions be-

(MY = M strains; olhers except as indieated = I strains, FO = Fort Ovd.

tween serotypes. In general, rhinovirus antisera
prepared in gouts and cattle have had consist-
ently low levels of neutralizing activity to hetec-
olegous rhinoviruses. However, similar cross-
reactivity has not been encountered so often
with the antisera of guinea pigs. Some of these
reactions have been described by Fenters et of.
{34). Several cross-reactions encountered with
bovine sera ate listed in Table 3, which shows
cross-reaclions belween two related rhinovivuses,
2060 and B632 (upper panel), und unilateral or
bilateral crosses between six unrelated serum-
virus pairs (lower panel). Although these data
might suggest that the latter rhinoviruses share
minor antigens, additional tests with antisera
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TapLE 2. RELATION OF S0ME OTHER STRAINS TG PROTOTYPE RHINOVIRTISES

{BY RECIPROCAL SERUM NEUTRALIZATION)

Rhinowvirus prototype Related strainfs) Rhinavirus proiotype Halated sirains)
13632 K779 NIH 56110 Chicago 137-F
Corymavireg iype 22 Chicago 2031 0 56BR2 ' 248-A

o 24 NIH 100319 ¢ 04394
“ “ 95 | Chicago 147-H “ 5875 }, ‘52}5;;;5‘" 2081
i 2B K 2218 Charlottesville 79 | Chicago 201-30C
NTH 55216
3 “ 97 | Chicago 127-1 Baylor 1 52 446 harzid
i 29 ¢ H3-T0 P Corysavirus type 50
e O30 4 179 T ' Charlottesville 202
« . . e . Coryzavirug type 46
38 Charlottesville 52 3 Charlottesville 310
¢ 00 Chigago 182-T8
Coryzuvirus type 45
‘¢ “ 45 « 313-CG FO-1-4081 NIH 19143
Chieago 313-G
NIH 209 “ H-00052 1 ama Coryzsavirus type 34
‘353 Coryzavirus type 23 1-3772 NIH 16413
h Y
1704 Chicagn 184-T0 1-3774 Coryzavirug type 44

See also Table 1. Prefix designales K and B2 from Tulone University.
‘}Sourae’: Dala presented by the Rhinovirus Collaborative Study Group.  Most of the date have been puh-
lished (23, 28).

TasLe 3. CROSS-REACTIVITY OF SEVERAL SERUM-
VIRUS PAIRS (SERUM NEUTRALIZATION)
PANEL A
Retween 2060 and B632

Bhinovirus Auntisera (hovine)
Straln Serolvpe 2060 JH BA32
2060 1A 3072 128 16
JH TA 2048 192 8
B632 1B 6 12 384

PANEL R

Between some others as yei thought type-specific

Rhinovirus Antigera {havine)

Btrain Seratype FEB 33342 1059 I64-A
FItB 3 1324 24 8 48
NIH 33342 17 48 1536 — —

“ 1059 14 — 16 512 96
Chic 164-A 35 * 8 6 | 768

*|'oxic sera. .
Source: Menters, Gillum, Holper, and Marquls (34).
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obtained from other animal species have not
been reciprocal.

Data such as those obtained by Fenters et al.
(34) may have several interpretations. For exam-
ple, it may be that large domestic animals, even
those without prior immunologic experience,
develop heterotypic antibodies more readily
than guinea pigs, rabbits, or monkeys. Conceiv-
ably these animals may have had prior stimula-
tion through infection with rhinovirus serotypes.
Although there ave lew published findings to
support such a concept, attention is directed to
that fact that the inoculation of heterologous
viruses inko cattle has occasionally resulted in
striking antibody response to sernlogically un-
related rhinoviruses to which the animal had
heen previously exposed (34). Such neutraliz-
ing activity was not found in preincculation
sera. Anolher interpretation relates to the de-
velopment of nonspecific viral inhibitors, a
phenomenon we have occasionally encountered
in monkeys and rabbits inoculated with human
and entcroviruses. Hamparian and
Conant (32} considered that nonspecific inhibi-
tovs might accounl for these reactions. Sera giv-
ing nonspecific responses were treated by dialy-
sis or by repeated ahsorptions with concentrated
HeLa cell suspensions or human liver powder.
The nonspecific serum inhibitors were removed
almeost totally by liver powder, pariially by Hela
cells, and hardly at all by dialysis. Specific neu-
tralizing antibodies were lelt intact after absorp-
tion (Table 4). The tentative conclusion wilh
respect to hovine antisera is that the cross-

simian

TapLr 4. ABSORPTION OF NONSPECIFIC INHIBITORS
FROM RHINOVIRUS ANTISERA

Rhinovirus Antisers {bovine)
Chv 82 B2 TCIDm
No. Strain —
Defore | After | Belore | After

? | Chv & | 96 96 1 — — 100
1B B632 — — 80 301 160
12 | OV 16 36 | <12 15 | <10 30
25 gy 6d, “ 30 “ 100
38| Chv 70 | 18 “ 441 r 40
50| A2 #58 | 36 “ 30 " 30

? = Unagsigned seroly pe.
Sotree: Hampurian snd Conant (32),

k These wsers were
ahsorbed with human liver powder.

reactive nonspecific inhibiters are protein in
nature—vpossibly globulins—engendered to some
antigen other than the rhinavirus virion.

Several interesting relationships have heen
described in a study by Tylor-Robinson and
Tyrrell (19). Rhinovirus B632 was consistently
neutralized by hyperimmune antiserum prepared
in monkeys against coxsackievirus AT (negative
preinoculation  serum).  The 2060  strains
(ECHO-28), close relatives of B632, were unaf.
fected by the same sera. Moreover, B632 was
not neutralized by A7 antisera prepared in
cockerels, In general the immediate scrologic
response was type-specific (33).

Cross-reactions between unrelated serotypes
have occasionally been encountered in sera ob-
tained from human velunteers (35, 36). The
citcumstances in human beings have been no
less complex than in animals. This is particu-
larly true with respect to anamnestic recall, and
it also applies to the intervention of suhcliuical
infection [rom a heterotype.

At the present time serum-neutralization tests
are the hest available means for measuring anti-
bodies and for differentiating rhinovirus sero-
types. The main problems encountered in tests
with human sera have been low levels of anmti-
hody and breakthrough when virus input in the
conventional sernm-dilution-endpoint method ex-
ceeds ~30 TCID,, British workers have used
a microplague technique that measures the ki-
netics of virus neutralization (37). Comparative
studies of sera containing wusual levels of neu-
tralizing antibody suggest that cither method
may be used when the amount of virus in lhe
convenlional test is adequately controlled with
respect to the virus-challenge doze. Available
data indicate that M sirains, as contrasted with
H strains, generally yield more virus in culture,
produce higher levels of antibody, and are more
easily worked with in neutralization tests.

There are other problems. One refates to the
best measure of serum-neutralizing antibodies
and selective sensitivities of cell-culture assay
systems. Data from our laboratory illustrate the
varying sensitivity of the cell-culture assay sys-
lems. Aplisera from monkeys inoculated with
rhinovirus obtained from KB cells engendered
high levels of type-specific antibody when deler-
minations were made in the KB cell line. These
high antibody levels were reproduocible and they
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were type-specific. On the other hand, the anti-
body endpoints obtained from some of these
antisera in W26 or WI-38 cells were 5 to 20
times lower. These results were reproducible
without notable varistion {rom onc laboratory
to another (Table 5}.

‘While the problem of breakthrough in the
conventional test has been noted infrequently
with animal sera, variabilities with different cul-
tural systems require continuing scratiny. To
date workers in this field have found little varia-
tion jn serum-dilution endpoint, even with some-
what larger virus inputs. Dose-response rela-
tienships have not heen fully described. Never-
theless, the data ebtained using the convenlional
test have provided the basis for rhinovirus typ-
ing. Recently Gwaliney (38) reported a micro-
titer system for measuring newtralizing antibodies
and for differentiating types. An intersecting sera
schema like the one developed for enteroviruses
may be useful in typing rhinoviruses {39).

Serum plaque-reduction may he more sensitive
than the conventional method for revealing anti-
hodies. A major ohstacle to the use of plaque-
reduction methods is the paucity of data avail-
able on plaque-formation by rhinoviruses. We
have added several more rhinoviruses to the
list of strains reporied to produce plaques (21,
40, 413, but far more work needs to be done.
The availability of a workable plaque-reduction
test would provide a sensitive method for analyz-
ing sirain differences among rhinoviruses.

Foriunately many of the problems discussed

above do not seem insurmountable. Antisera of
sufficient quality for recognizing serotypes can
be prepared. Indeed, there are excellent pros-
pects that well-standardized reference sera
without heterologous cross-reactivity, or with
very low levels thereof, can be prepared in ani-
mals, particnlarly in guinea pigs, vsing purified
virus stocks. Much remains to he Jearned, how-
ever, with respect to optimal antigenic mass, the
varying effect of adjuvants, and heterologous
overlap daring hyperimmunization. At this lime
the preference is for specific sera of sufficient
potency for revealing strain relationships. Un-
doubtedly interrelationships like those found for
strains 2060 and B632 will be encountered again.
No doubt subtypes exisl among other serotypes,

Summary

Recent collaborative efforts have brought order
to the bhurgeoning groups of rhinoviruzes. To
date, 56 of 100 or more existing sirazins have
been established as distinet serotypss; some
others will soon receive numbers. Information
regarding sublypes such as 2060 and B632 are
anly beginning to appear; intratypic variations,
such as those known among human entero-
viruses, can be expecicd, At the present time
even less is known about the sharing of minor
antigens between types. On the basis of present
knowledge the rhinoviruses appear to have the
same unique specificity recognized for other
picornaviruses (42).

TaABLE 5. VARIATIONS OF SERUM DILUTION ENDPOINTS WITH TWO CELL CULTURE S$YSTEMS

Rhinoviria Iomologous SDE's by serum neutrulization
(monkey antisera)
W aells WH eally
Protoiype .
Nu. strain
No, of SDE TC1Dw No. of S TN
tusts tests
3. .......... 353 6 ~Gt} | ~150 G SO0 ~0l)
4., ... 1059 6 ~3200 | ~100 i} 10, 004} ~100
16,0 o 1734 6 ~100 ~80 5 1250 ~50
16............ 11757 6 ~120 | ~200 3 G000 ~300
17............| 33342 6 ~2500 | ~30 5 S0H} ~200

Numerieal entries are geomelric mean values, expressed as reciproenl of serum dilution endpoint

(BDI1),

“ome lihertiea have been taken in rounding out the numerical entries.

To illustrate the

range of values obtained in individual tests, the fizures for Type 16—neither the hest nor the worst—

may he taken 1.8 an example.

For WI cells the SDE range is $4-420 and the TCIDy is 32-350; for

KD cells the 8DE range is 4096-8000 and the TCI Dy is [00-500,
Source: Unpublished data obtained at the University of Kansas, NIH, and the Virus and Rick-

ettsial Lahoratory, University of California.
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TESTS OF RHINOVIRUS VACCINES IN MAN

D. A. J. TYRRELL

Common Cold Research Unii, Salisbury,
Wilis, England

Dr. Tyrrent. (presenting the paper): Rhino-
viruses are now known to be one of the main
identifiable canscs of common colds and similar
diseases. [t has been shown during the past few
years thal vaccines can be made with rhinoviruses
and that such vaccines c¢an prevent colds pro-
duced by these organisins. However, we are still
far from having vaccines that can noticeably
reduce the number of common colds and similar
illnesses in the general population. In ihe next
few minutes [ shall attempt to indicate the
present state of knowledge and the points on
which additional information is required.

Fhe Cultivation of Rhinoviruses

Some rhincviruses (the M strains) can be
grown in tube- or bottle-cultures of trypsin-
disperscd monkey kidney cells. The techniques
are not hasically different from those used for
polioviruses, but it is necessary to incubale them
at a temperature of about 33°C, to control the
pH at shout 7, and usually to roll the culture
vessels (16). Many more rthinoviruses (H
strains) can be grown only in human embryo
cells—either primary kidney or semicontinuous
diploid fibroblast cell strains. These cells also
support the M strains. The M and H rhinoviruses
belong Lo numerous serotypes. Fifty-five of them
have now heen designated as prololype strains
and a numbering system has heen internationally
agreed upon (Kapikian et el, in preparation),
There is also a significant number of rhinoviruses
that can be recovered from clinical specimens
only by the use of organ cultures of human nasal
or tracheal epithelinm (15). Certain of these

viruses can subsequently be cultivated in human
diploid fibroblast culiures of suitably sensitive
cell sirains. Some, however, have so far been
proepagated only in organ cultures, probably be.
cause they can muliiply only in highly differ-
entiated and specialized cells (7).

Preparation of Vaccines

Monkey kidney cell cultures have been used
as the substrate for the production of antigens
of M strains and human diploid cell strains have
been used for both H and M strains (12, 11, 5).
Although high yields of viruses can be obtained
in organ cultures, the tissue is too scarce to he
used for vaccine prodnction. Neverlheless, hy
using diploid fibroblast strains it is possible lo
prepare pools of infectious virus from a high
proporiion of rhinoviruses.

Some of the first baiches of rhinovirus vac-
cines were made by inactivating tissue culture
fiuids with formalin. When administered by in-
tramuscular injection these vaccines induced
antibody responses. It was shown that live
virug given intramuscularly produced no better
response and that an attenuated live virus given
intranasally only produced an antibody response
when it produced a cold (5). Virus given by
mouth produced neither symptoms nor antibody
response, possibly because the acid-labile virus
particles were destroyed by gastric juices; even
if the virus had reached the lower alimentary
tract, where the related enteroviruses multiply,
it might not have been able to reproduce because
the temperature there was over 33°C. Altempts
have nevertheless been made to induce antibod-
ies with 4 viras strain enclosed in enteric-toated
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capsules. One published attempt was unsuccess-
ful (8) and another unpublished attempt had
only limied success (Draper, unpublished)
(Table 1}. Further exploration of the possi-
bilities of using larger doses of virus and
adapting the selected strain to grow freely at
37°C might be worth while,

Antigenic Potency

Only in the case of inactivated virus vaccine
is there any quantitative information known on
the amount of virus required to induce antibedy
formation. In gemeral one m) of undiluted tissue
culture fluid has heen administered to volunteers.
The fluids have been harvested when an exten-
stve cytopathic effect occurred in the cell sheet,
and the infectivity titer of (luids before Iormalin
treatment has usually been 10° TCI);,/ml or
greater. Purified and concentrated antigens
have not yet been tested in man. Tt is possible
to adsorb vituses onte aluminium phospharte,
retaining their antigenicity, and then to elute
them in a somewhat purified and concentrated
state (3). They may also he purified and con-
centrated on a fairly large scale by zonal ultra-
centrifygation. Some such procedure would
probably be necessary in order to combine a use-
{ul number of antigens into one injection of
polyvalent vaccine. Little is known about the
stability of formalin-inactivated  rhinovirus
vaceines, but they seem to be quite stable on

storage at 4°C. However, we have noted a slight
decline in the capacity of Type 1A vaccine to
induce antibody in man after storage for a year
or so (13), and recently it has been found that
a vaccine against the H strain DC declined in
potency after storage for about six months
{Stones and Ramsbottom, unpublished}. Tt
would obviously be desirable to enhance the
antigenic potency of rhinovirus vaccines by the
use of adjuvants, but preliminary studies have
shown that incomplete Freund-iype oil adjuvant
does not improve the response of young adults
to an M strain vaccine (13).

The Antibvdy Response

The antibody response to rhinovirus vaccines
has usually been assessed first in animals and
then in human aduits. The results in man have at
times been better than those in animals, and
this may be becanse frequent exposure of human
adults to natural infection with related serotypes
of rhinoviruses may have “primed” the antibody-
producing system to some extent. Tt is not yet
known whether similar antibody responses would
also result from the injection of vaccine into
young children without antibody. The titers ob-
tained in adults may be as high as or higher
than those resulling from natural infection. Good
antibody responses have heen obtained to vac-
cines made with H rhinoviruses grown in diploid
cells as well as with M rhinoviruses grown in

Tapre 1. ANTIBODY PRODUGTION FOLLOWING ADMINISTRATION OF VYARIGUS DOSES OF VIRUS BY
DIFFERENT ROUTES TO ADULT VOLUNTEERS (SELECTED RESULTS)
Serobyps Active Poreentlage
Heference and tissue Dose or Route of administralion No. of subjects showing {ourfold
Lype TCDs  inactive or greater anti-
bdy Tesponse
]joggett el al. 20 104 A BY moith 11 adulls 0
“ 2M M= A Nasal 5 adults 40*
Draper 2M ¢ A By mouth, enteric-coated 9 adults 22
capsules
Muscoli et al. 32 M 1028 A i 9 children 0
i 44 H 108 A i 9 children 0
Doggett el al. 2 M 1082 A Lutramuseular injeetion 7 adults 100
e 2 M 1048 A e ” 5 adults )
“ 2 108 A “ “ 7 adults 43
u 2 M — 1 Twaintramuseularinjections 40
Mufson et al. 1M — 1 o i i 29 adults 79

*Infoetod volunteers developed colds.
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monkey kidney and diploid cells (Stones and
Ramsbottom, unpublished). Considering that
antibody responses are substantially less fre-
quent after infection with H rhinovirnses thun
with M thinoviruses, this indicates a reasonable
basic technology for producing antigens. An
increase in the antibody titer of nasal secretion
as well as of serum has been found after vaceina-
tion. This is an indication that antibody in-
duced by vaccination can reach the most suscep-
tible region of the mucous membrane—the one
by which the virus probably enters the hody in
natural infection (1, 2). It is therefore reason-
able to expect a protective eflect against experi-
mental and natural infections.

Protection by Vaccination

To tcst monovalent rhinovirus vaccines in
small-scale field trials is probably not worth
while, since colds may be due to many different
serotypes of rhinoviruses and also to other
virnscs. However, since the diseuse is so mild it
is ethical to administer vaccine to volunteers and
then to challenge them by the intranasal admin-
istration of a live virus. Such experiments have
been done using  formalin-inactivated  virus.
Some of the results are summarized in Table 2.
In one study (11) voluntecrs who had been vac-
cinated against Type 1A were challenged with
g large dose of a living virus that had been
passed in tissue culture. Although they shed less
virus than the unvaccinated controls, they still
developed colds. That is to say, there was no

TanLE 2. ATTEMPTS TO PROTECT VOLUNTEERS
BY INTHKAMUSCULAR VACCINATION AGAINST EX-

PERTMENTAT. TNTRANASAL INFECTION WITH
RMINOVIRUSES
Response of volunteers
Beroly pe Berotype  No.
of vaecine of inoculaled . No.
challenge No. infected
virug with enlds virus
igolated
2.0 1A 13 6 11
2 2 28 L &
None....... 2 23 11 14
A ... 1A 22 11¥ 14

*All 11 subjects in this experiment were inilially free of
antibody and only one cold oceurred in the nine volunteers
who had antibody tilers of 1:32 or preater after vaccination.

protection against infection with an unrelated
rhinovirus. In another trial a group of volunieers
challenged with a small dose of rhinovirus Type
2 after vaccination with the same serotype of
virns was found to bhe protected against hoth
infection and disecase, whereas another group
challenged with rhinovirus Type 1A was not
protected (13). It has heecn shown repeatedly
that the resistance of volunteers may he corre-
lated with the possession of significant titers of
serum neutralizing antibody against the chal-
lenging virus, whether the antibody is induced
naturally or by vaccination (11, 2, etc.). It
may be concluded from these experiments that
vaccines are likely to protect against challenge
with homologous virus.

Serological evidence shows that the neutraliz.
ing antihody produced after natural infection
and vaccination with Type 1A induces heterolo-
gous antibody against 1B {5). However, these
two viruses are nnusually closely related sero-
logically (10, 14). Consequently, vaccination
with any one serotype would not he expected lo
protect against more than one or two per cent of
colds occurring in the general population. In one
small study, never reported in full, it was stated
that vaccination with Type 1A vaccine gave
protection during an cpidemic due to the same
serotype in a closed community (12). However,
a large-scale field trial of Type 1A rhinovirus
vaccine combined with ather components was
made in several populations of young adults and
it secmed that the rthinovirus component pro-
duced a reduction of only about 15 per cent
in the rate of respiratory disease (9). This is u
strange Tesult, [t is possible that the vaccine
boosted antibody to a number of heterclogous
viruses. Mogabgab beuars out this hypothesis
with the results of cross tests using the com-
plement-fixation method, but other work does
not support the idea, and natural infections with
thinoviruses seem to be followed by a rather
specific antibody response. On the other hand,
it would not really be surprising if administra-
tion of a potent monovalent vaceine to an adult
induced antibody that neutralized some of the
other rhinoviruses, probably at least 100, to
which he might have been exposed.

We have found that a complement-fixing anti-
gen prepared from HGP virus reacts with the
sera of young children that do net neutralize the
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same serolype of rhinovirus. This complement-
fixing antibody may be produced in response to
infection  with other viruses—probably other
strains of rhinoviruses (Tyrrell et al., unpub-
lished). The antigen may represent the “empty”
virus particles that can be scparated by ultra-
centrifugation from crude virus preparations and
that react with experimental scra less specifi-
cally than “full” particles do (4). This antigen
may thus be equivalent to the C antigen of polio-
virus and to similar anligens found in prepara-
tions of other enteroviruses. In our expericnce,
the antigen is of no diagnostic value, except pos-
sibly in first infections with rhinoviruses,

Passibie Field Use of Vaccines

As far as I know, rhinovirus vaccines are not
at the moment heing used to control colds, even
on an experimental basis. Nevertheless, we do
know how to make antligenically active vaccines,
and we know that they can prevent infection and
liness induced by the same serotype of virus.
There is more to be learned about this subject
and in particular about how to make a polyvalent
vaccine conlaining at least a half-dozen sirains.

On ithe other hand we know bhut littie about
the detailed epidemiology of colds. In some
areas of England a fairly high proportion of
isolates has been typed over a number of years
using a limited number of sera (Pereira, un-
published), whereas in Glasgow the majorily of
viruses isolated do not belong to the presently
recognized serotypes {Scott, unpublished). Since
alimost all of the M rhineviruses isolated in
Britain over the past five years belong to known
serotypes (Stott, Pereira, and Higgins, unpub-
lished), we might try to make a polyvalent vae-
cine with a reasonable chance of protecting
against all colds produced by M rhinoviruses.
However, M rhinoviruses cause a rather small
proportion of colds and we do not know how
many serolypes of H rhinovirnses might be
needed as well, nor do we know whether the
viruses isolated in organ cultures, which cause
a significant proportion of colds, will turn out to
be different serotypes from those we have met
ulready. It is therefore important to discover,
through Jahoratory and epidemiological study,
the basic pattern of the distribution of strains.
It secms clear that some serotypes are wide-
gpread, thai a given type does not stay long in
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any one geographical area, and that several
may circulate at once {(6). We do not know
whether there is a tendency for certain viruses
to frequent particular parts of the world. 1f this
should turn out to be the case, we might con-
sider producing different vaccines for different
areas, We do not know either whether there is
a large but fairly fixed range of different sero-
types constantly in circulation or whether new
types are continually appearing. Rhinovirus
varianis can apparently be selected in the labora-
tory by passage in the presence of guanidine or
immune serum (Doggett er al., in preparation),
and it is therefore possible that a similar process
may occur when viruses are spreading in a
partially immune population.

Concluston

There is obviously a long road to tread before
rhinovirus vaccines can be widely used. Some
say they never will be. Of one thing I am
certain, however: ultimately successful measures
for the control of colds will have to maintain
immunity against rhinoviruses. The modicum of
antibody that we now carry is undoubtedly a
valuable safeguard against frequent and trouble-
some infections. Although this level may be
difficult te raise, 1t certainly should not be al-
lowed to decline.
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PROBLEMS AND APPROACHES TO CONTROL OF
RHINOVIRUS INFECTIONS *

WiLriam S. Jorpawn, Jr.
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Dr. Joroan (prescating the paper): Investi-
gators searching for the common cold virus have
been defeated by success. Instead of one virus,
or a few, that might be used for immunization, a
great number have heen identified in recent
vears, and the prospect of a centavalent vaccine
looms as a virologist’s nightmare on the acute
respiratory disease horizen. This irenic turn of
events is exemplificd particularly by the case of
rhinovirnses.

Rhinoviruses are at present the most imporlant
known cause of the common cold in young
adults, having been associated with 10 to 30 per
cent of respiratory illnesses in schoolboys (20,
universily students {13, 15, 16, 30), military
recruits (2), and industrial populations (15, 21,
Gwaltney et afl., in press), Tsolation rates in
children, however, have seldom excceded 5 per
cent (2, 15, 21, 25)-—a puzzling difference, that
will be considered in some detail later.

In the 10 years since rhinovirus Type 1 was
firsi isolated, all the conditions believed neces-
sary for the development of an effective cold
vaccine have heen satisfled (22): rhinoviruses
can be propagated readily in the laboratory;
their etiologic relationship to the common cold
has been confirmed In volunteer subjects (4, 5,

% Studies in the author’s lahoratory referred to
in this paper were conducted under the sponsership
of the Commission on Acute Respiratory Diseases,
Armed Forces Epidemiological Board, and were sup-
ported in part by the Office of the Surgeon General,
Departinent of the Army, and in part by the
Vaccine Development Bramch, National Institute of
Allergy and Inlections Diseases, National Tnstirutes
of Health, Bethesda, Marylund.

107

27, 35, 38) ; it has been shown that immuanity
follows infection, with resistance being directly
related to antibody level (5, 13, 14, 19, 21, 27,
35); and experimental vaccines have provided
varying degrees of protection (26, 31, 35}. But
despite these achievements, the immediate pros-
pects for the prevention of rhinovirus infections
by immunization are slim indeed. Data from
field studies indicate that there are at least 100
rhinovirus serotypes, and possibly more than
that (13-16, 28-30). These types are anti-
genically distinct and induce highly specific anti-
body responses in man (4, 14, 21, 22, 35). Such
antigenic multiplicity and immunologic specificity
must be responsible in large part for the fre-
quent recurrence of common colds, and they
certainly present great obstacles to the prepara-
tion of a proteciive pulyvalent rhinovirus vae-
cine.

Nevertheless, there might be hope for such a
vaccine within the capabilities of present tech-
nology if it could be shown that a limited num-
ber of types, even 10 or 20, were responsible for
the majority of rhinovirus ilinesses. The data so
far available on this point are not encouraging.
In longitudinal studies of three to four years’
duration in Charlottesville, Virginia (Gwaltney
et al., in press), Chicago (16), and Philadelphia
(15}, the number of different types identified has
been 48, 50, and 53, respectively; the number of
types represenled by single isolates has been
17, 8, and 27, respeciively. In these and other
areas rhinovirus types have shown a random
distribution with respect to lime. Occastonally
focal epidemics have been caused by only a few



108

Session II ¢  Acute Respiratory Discases

types, but most often multiple types have circu-
lated simultaneously and then disappeared, to
be replaced by other types in successive seasons.
As a vesult, even the most commonly occurring
rhinovirus serotype will account for only a small
portion of all rhinoviras infection (28). It is
not known how many diflerent rhinevirus anti-
gens can be compressed inlo an inactivated vae-
¢ine, but the number of known types has prob-
ably already exceeded this limit. Many isolales
have not yet been typed hecause they are not
neutralized by available antisera, so the data
cited actually understate the prohlem.

In the face of this dilemma, we may ask
whether live virus vaccines have anything 1o
offer. Might it he possible t0 administer single,
attenuated types seriatim by mouth, as for polio-
viruses or adenovirus Type 4, or intranasally,
as has been tried for influenza? With good anti-
gens and a lot of public education, an immuniza-
tion program entitled “Rhinovirus of the Month”
could be instituted. Given 100 serotypes and
starting at the age of six, a well-dosed child
would be protected by the age of 16, provided
immunity lasts for 10 years. Antibody has
been shown to persist for over a vear after
immunization (35) and for as long as seven
to eight years after natural infection (37), but
the duration of type specific immunity remains
to be determined. The duration of immunity
may vary with the type, and there is evidence
that antibody to H strains persists less well
than antibody te M strains (37). More data
are needed on this point. Unlike other picorna-
viruses, rhinoviruses are not excreted in the feces
{2), and viruses fed in milk (9) or in enteric-
coated capsules (24) have failed to provoke
antibody responses. Tt has not vet been shown
that prolonged laboratory passage can attenuate
a strain of rhinovirus so that it will induce anti-
body without illness when given intranasally
{9). T believe this approach should be pursued,
for reasons T shall give later.

While we debate whether the frequency and
severity illnesses such
measures, and while we wait {or the dense, type-
specific antigens (7) of many of these viruses
10 be packed into a reasonable volume and en-
hanced with an adjuvant more effective than
these tested to date (17, 35), we must in the
meantime continue to carry out epidemiologic

of rhinovirus justify

studies directed toward clarifying the behaviour
of rhinoviruses. From such studies may come
information to guide us in the formolation of
vaccines and to suggest other approaches to
control.

As tedious as it will be, serotype identification
and ¢lassificalion must continue if the {ull scope
of the problem is to be defined. This effort has
been aided hy the WHO Collahorative ’rogram,
and it will be greatly facilitated when adequare
quuntitics of typing sera are provided by the
Vaccine Development and Reference Reagents
Programs of the MNational Institutes of Health,
How many types are there? What are the con-
temporary immunologic deficiencies of various
populations? Is there any consistency to the
cycling of serotypes? Why did Type 1 virtually
disappear for several years after its simultaneous
prevalence in the United States and Great
Britain? More attention must be paid to both
host and environment. What are the factors
affecting host resistance? TIs there such a thing
as meterological activation of latent infection?
What factors facilitate transmission?

It is now clear that scasonal factors lead to
fluctuation in the incidence of rhinovirus infee-
tions (16, 20, 29, 39). Although December and
January were peak months during one 14-month
study of a military population (29), a consistent
pattern of prominent peaks in September and
October with low periods from January through
March has heen observed in several civilian
populations in the United States (16) and Creat
Britain (20, 39). During a three-year surveil-
lance of a group of young adult insurance com-
pany office workers in Charlotiesville (Gwaltney
et al., in press) there was a regular annual peak
of illness in September and early October asso-
ciated with a high rhinovirus isclation rale.
Data for the three years were pooled to obtain
the curves in Figure 1. Rhinoviruses were iso-
lated from 23 per cent of all the illncsses sam-
pled, and rhinovirus infections occurved during
all months of the year, Because an epidemic of
thinovirus infections initiated the respiralory
disease season each year, and rhinovires isola-
tion rates were lower at other times, 40 per
cenl of all rhinavirus illnesses oceurred daring
the early fall. Since the etivlogy of most of the
nonrhinovirus illness was not defined, the figure
illustrates the unhappy fact, documented by
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The curves above, which represent combined data for a threc-ycar period, depict the seasonal variation
in the occurrence of respiratory illness and of rhinovirus infections in an industrial population of young
adult office workers. Rhinoviruses were isolated from 233 per cent of the illnesses sampled. The rhino-
virus illness rate was derived by applying the jsolation rale for a given interval to the total respiratory

illness rate.

Fig. 1. Seasomal occurrence of respiratory illness—Combined data, March 1963-March 1966,

many other studies, that the agents responsible
for nearly half of all acute respiratory illnesses
are vet to be identified.

A number of things happen in the [all. People
return from vacation; the weather changes;
children go back to school. Since school-age
children are said to be greater spresders of
respiralory infections than adults {1, 8), my
associales and I undertook a short-term study
of 50 families of the Charlottesville insurance
company employees in the fall of 1965 (J. O.
Hendley et al.). There were 68 respiratory ill-
nesses in 37 of the 50 families during the four-
week period that included the peak of rhinovirus
infections in all employees. Sixiy-four (94 per
cent) of the family illnesses were sampled. The
rhinovirus iselation rate for adults was 42 per
cent. Much to our surprise, none of the speci-
mens from ill children were positive, although
their illness rate was just as high (Fig. 2). The
illness rate was highest in children not attending
school, and the rate increase in schoolchildren as
in all children, lagged slightly behind that in
adults. Whether the {ailure to isclate rhino-
viruses from children at this time was due to
our decision not to take nasal specimens from
the young children or to other factors is not
known. The data are consistent with the low
isolation rates reported for children by others

(2, 15, 21, 25) and with the observation that
antibodies to rhinoviruses currently prevalent
in adnlts are infrequent in children (34, 36).
Certainly, here in a seiting in which to seek
confirmation of a role for interferon or for
depression of relative susceptibility through some
nonspecific blockage of cell invasion by viruses.
We hope to obtain clearer answers from a more
extensive family study conducted in the fall of
1966, in which ohservations were begun sooner
and continued longer. Preliminary results for
the first six weeks indicate that agents resem-
bling rhinoviruses have been isolated with equal
frequency from children and adults with illness.
This time nasal specimens were collected from
all children. Mowever, these specimens yielded
only a few more isclates than concomitant
pharyngeal swabs, and the dilference between
the two years remains vnexplained. Of particu-
lar interesi is the fuct that a mass testing of all
members of the families in August, one to two
weeks hefore the respiratory illness rate began
to increase, yielded rhinoviruses from 7.6 per
cent of asymptematic children, as against 2.4
per eent of asymptomatic adults. It is too early
o tell whether enough other agents were izsolated
from iil children to support the suggestion that
interference by other viruses later suppressed
rhinovirus illness in these children.
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The curves above show the occurrence of illness in 50 f{amilies (100 adults, 53 schoolchildren, and
16 preschool children} during a four-weck period beginning at the cpening of school. Thirty-eight illncsses
oceurred in adults, 30 in children. Both nasal and pharyngeal swabs were coliected from adults and older
children; a pharyngeal swab only was cellected from 23 children under 10 years of age. No rhinoviruses were

isolated from children.

Fig. 2. (ceurrence of respiratory illness in families, Septemhber 1965,

With regard to nonspecific resistance, very
interesting data have been derived from both
epidemiological and voluntecr studies. A tran-
sient period of resistance has been noted fol-
lowing respiratory illness in adults (3, 22, 23,
32), but not in children between the ages of 5
and 14 (3). During a study of illnesses in fami-
lies, Dingle and his associates (8) sought evi-
dence for such a period by siudying secondary
attack rates, Chiidren had slightly reduced
secondary attacks through the 22nd day; rates
for adults were slightly reduced for a period of
10 to 69 days. In this study the specific etiologies
were not known, and persistent susceptibility
following a recent infection, rather than re-
sistance, was the impressive feature.

Investigators at the National Tnstitutes of
Health (5) noted that volunteers rechallenged
with the same thinovirus after one month, when

induced homologous antibody titers were rela-
tively low, exhibiled complete resistance to ill-
ness and almost complete absence of virus
shedding. In another series of experiments (12),
resistance to homologeus virus was demonstrated
at two weeks, when no serum antibody was de-
tectable; after this same interval no illness was
induced in a group of volunteers inoculated with
a serologically unrelated virus. Some degree of
resistance to heterologous reinoculation was still
present afler five weeks, but it was gone by 16
weeks. The nature of this resistance mechanism
is unknown. It is not due to type-specific nasal
antibody, and perhaps not to interferon. The
phenomenon certainly warrante further study,
particularly since prospects for a vaceine are so
gloomy. 1f only such resistance could be in-
duced by infectious, bul atlenuated, intranasal
rhinoviruses, it might he possible to provide non-
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specific protection while one serotype per month
was being sniffed to gain specific immuniry.
The nose appears to be nol only the most sus-
ceptible route of rhinovirus infection but also
the principal site of viral multiplication. There
is increasing evidence that nasal antibody is
important in resistance 1o respiratory infection,
including that due to rhinoviruses. Perhaps this
is another argument for attenuated nasal vac-
cines,

Two other major approaches to prevention
remain: interference with the spread of rhino-
viruses through environmental control, and anti-
viral chemoprophylaxis. What scant informa-
tion is availahle indicates thai rhinoviruses
spread rather poerly (19, 30), and I detect
little enthusiasm for {further trials of such
measures as ultravielet irradiation (10, 11, 40)
or the control of dust (6, 40) or humidity (33),
which have failed in the past. Perhaps when we
know more about how rhinoviruses spread and
initiate infection new approaches teo environ-
mental control will hecome obvious. As for anti-
viral chemoprophylaxis (18), the availability of
safe drugs that would block the attachment or
replication of rhinoviruses in the respiratory
tract might well make all other approaches oh-
solete. Such drugs are being sought in a num-
ber of lahoratories, Should any compound show
promise in volunteer experiments, early fall
would seem to be the logical time for field trials.

Tt seems appropriate to conclude this discus-
gion of prevention with a word ahout treatment.
The mechanism by which rhinoviruses produce
tissue damage and sympioms is unknown. If
this mechanism were understood, perhaps it
would be possible to devise iherapeutic agents
more useful than the ineffective antihistamines
and popular cold remedies.

In summary, the baitle against rhinovirus ill-
nesses and other respiratory infecttons has just
been joined, The multiplicity of rhinovirus sero-
types and the existence of agents yet to be identi-
fied present a formidable chalignge to the pre-
vention of the common cold by immunization.
Apart {from chemoprophylaxis, “the hest hope,”
our chairman Dr. Andrewes has said, “of pre-
venting not only the common cold but all these
respiratory infections may lig in understanding
their natural history™ {13,

1i1
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SECTION D. RHINOVIRUSES

DISCUSSION

CuairmMAN Anorewes: The first of the dis-
cussants is Dr. William J. Mogabgab, Depart-
ment of Medicine, Tulane University, New O1-
leans, Louisiana,

Dr. MocaecaB: It is generally recognized that
a limited number of strains within most families
of Infectious agents are responsible, by virtue of
properties known as virulence or antigenic pat-
terns, for most infections or illnesses, at least
within a variable peried of time and in certain
kinds of populations.

Tahle 1 shows that a limited number of rhino-
virus types were recovered from two groups of
young adults. Although such resulis are de-
pendent on sensitivity of the isolation techniques,
the data from serologic studies shown in Table
2 reveal that a majority of the colds in uni-
versity students were associated with neutraliz-

ing antibody responses to six of these types. A
similar study of young military personnel in an
adjoining state (Table 3) demonstrated that the
same six types—1A, 1B, 2, 29, 30, and 31—ac-
counted for almost a half of the common colds.
The Type 2 recavered from the university group
was actually a variant of HGP and probably
should be designated as 2B,

Analysis of the neutralizing antibody levels
{Table 4) demonstrated that half of the univer-
sity students were susceptible to infection with
these lypes, since most infections occurred in the
abhsence of detectable antibody. Table 5 re-
ports similar observations in young military per-
sonnel. The individuals in both groups were
from a variety of areas in the United States.

These findings suggest that an inactivated vac-
cine containing a limited number of anligenic
types might have a considerable effect in pre-

TasLr 1. RHINOVIRUSES RECOVERED FROM UNIVERSITY STUDENTS WITH
UPPER RESTPIRATORY ILLNESSES, NEw Orrrans, Louisiana

Rhinovirns types
No. of -
Year speci- ] Tutals
mens 1A 18 2 15 25 24 30 31 38 435
(GL2060) (K779) (K2211) (1734) (K2218) (179E) (108k) (140F) (CH7H) (E248)
No. of tsolales
W62-63........ 190 () 2 2 { 0 4] 0 0 0 0 4
1063-64........[ 292 2 1 0 0 4 4 0 1 0 1 13
1964-65........ 372 4 ﬂ (} 1 1 3 b3 0 1 0 15
1965-66........| 376 2 0 20 { 2 0 1 21 0 0 52
Totals, . .....| 1230 8 3 25 1 7 7 G 22 1 1 84
In Trainees, Keesler Air Forve Buse, Mississippi®
1962-63........ 414 6 3 1 G 1 1 20

*Also vne T32 and T43.
In WI-2G, WI-38, or MK-2 cultures.
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TABLE 2. SEROLOGIC INCIDENCE OF RHINOVIRUS INFECTIONS IN UNIVERSITY STUDENTS AS DETERMINED BY
NEUTRALIZING ANTIBODY RESPONsSES, TULANE Uwmiversiry, New Orirans, Loursiawa, 1958-1966

TypelA | Type 1R Type Type 29 Type 30 Type 31 Type 45
Mlness (GL20GDY | (K7™ {K2211) (UofC, (Unf(, (UnlC, (E2—46)
179E) 106 F) 14017)

Mild respiratory illnesses 4 /total 6/66 | 28/505 | 38/4656 | 17/440 | 3/14 18/09 2/1
%+ 9.0 5.5 8.4 3.9 21.4 18.2 18.2
All other respiratary + /total 0/19 8/263 | 13/280 | 7/277 | 6/24 3/24 0/3
illnesses A 0.0 3.0 4.6 2.5 25.0 12.5 0.0
All respiratory illnesses + /total 6/85 36/768 | 51/735 | 24/717 9/38 21/123 2/14.
7+ 7.1 4,7 6.0 3.3 23.7 17.1 14,2

TABLE 3. SEROLOGIC INCIDENCE OF RHINOVIRUS INFECTIONS IN AIRMEN AS DETERMINED BY
NEUTRALIZING ANTIBODY RESPONSES, K#ESLER AIR Forck Base TRAINEEs, 1958-1963

Type 1A | Typs 1B Type 2 Type 25 | Type 29 | Type3d | Typedl
Tnesz (GL2060) | (K779 (E2211) | (K2218) {Uofl, (Uof(3, {Uof(,
1751 106F) 140F)
Afebrile upper + /total /100 | 68/475 | 13/310) 2/18 7/169 2/36 117
respiratory
ilinesses (eolds) %+ 9.0 14.3 4.2 11.1 4.1 5.6 5.9
All other +/total 14/51 | 11/303 7/255 0/12 3/160 2727 (/20
respiratory
illnessea % 27.5 3.6 2.7 0.0 1.9 7.4 0.0
All respiratory +-/total | 23/1581 § 79/778 | 20/565 2730 10/329 4/63 1/37
illnesses %+ 15.2 1.2 3.5 6.7 3.0 6.3 2.7

Candidate
(K2305)

0/24
0.0
0/18
0.0
Tpiar
0.0
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TABLE 4. DJsTRIBUTION OF RHINOVIRUS NEUTRALIZING ANTIBODY TITERS IN TINIVERSITY
STUDENTS WITH RESPIRATORY JLLNEssks, TULANE UNIvERsITY campus, 1958-1966

—E Percentage with reciprocal neutralizing titers Tntal
Virus illnesses
<A1 4 2 16 32 64 64
Type 1A abTA | 83 17 G
{GL2060) C 17 50 17 17 .
1958-1065 no abT 46 18 13 G 2 6 11 79
Type 1B abTal 78 17 5 36
(IK779) C 47 20 17 3 8
1058-1966 no abT 37 9 18 16 7 7 6 732
Type 2 abTA | 80 B 12 2 51
(K2211) o 25 18 18 18 21
1958 1964 o ah T 50 13 13 ¥ 5 5 3 B34
Type 25 abTA | 100 4
{K2218) C 50 25 25
1963-1066 no ab’ 0
Type 29 abTA| 58 13 25 4 24
(UofC, 179E) C 33 46 8 4 38
1962-1966 noab? 65 9 14 8 2 1 1 643
Type 30 abTA | L1DD 9
(UofC,106T) C 23 33 11 22 11
1963-1964 no ab T 38 14 14 25 3 3 3 29
Type 31 abTA| 71 19 10 21
(Uof(,140T) C 24 10 28 24 14
1965-1966 no abT 53 19 8 10 7 3 102
Type 45 abTA | 100 2
(E246) C 50 50
1963-1064 noabt 75 8 8 8 12

ab 1 = Weutralizing antibody increment of fourfold or greater.
A = Acule. C = Convalescent,
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Tawrk 5. DISTRIBUTION OF RHINOVIRUS NEUTRALIZING ANTIBODY TITERS IN AIRMEN
WITH RESPIRATORY LLLNESSES, KEESLER AIr Forcrk Bask, 1958-1963

Percenlage with reciprocal neutralizing titers Total
Virus illnesses

<d 4 & 1% 32 64 >B4
Type 1A abTA| 70 12 9 1 23
{G12060) c 22 39 22 4 13
195819463 no ab | 54 3 11 13 5 5 4 127
Type LB abTA| 76 13 10 1 79
(K771 C 34 34 18 9 5
19581963 no ah 1 41 10 19 14 6 4 6 699
Type 2 abTA} 85 5 5 5 20
{K2211) g 51 20 00 20
195811453 no ab § 55 12 14 11 4 3 1 545
Type 256 s TA | 100 2
(K2218) C 5() 50
1962-1963 no ab (8 11 11 7 3 28
Type 29 ab T A 100 10
(TiofC), 179ED C 10 20 10 40 2
1962-1963 no ab | 61 13 13 10 1 1 1 319
Type 30 ab T A | 100 4
(UofC, 106F C 75 25
1962-1963 no ab 1 51 5 6 14 2 7 15 89
Type 31 ab T A | 100 1
(TIofC, 1401) C 100
1962-1963 no ab T Al 14 L] 22 i 2 36
Candidate ab T A 1]
(K2305) C
1962-1963 no ab 1 Y 5 5 9 2 42

ab § = Neutralizing antibody inerement of fourfold or grealer.
A = Acute. C = Convaleseent,
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TasLe 6. PROTECTIVE EFFECTS OF RHINOVIRUS TvPE 1A vAcCings
Qbserva-  [espirniory  Helative
Year Populations Vaceines* No. of tion digeaso reduetion
sulzjecis period (rale/1000/ m rate
{wecks) wenkt) ()
1958 -5 Universily A Placeho 58 16 2T (A) )
Riunovirus, T1A al HG. Y
University B Placebo 86 28 17.4 ™) 19
Rhinovirus, T1A 86 14,1
1958-59  Industrial Influenza, 72 14 43.6 « 23
Influenza, Rhinovirus, TIA 72 33.6
1959--60  Tndustrial Influenza 125 26 24.8 (15 13
Influenza, Rhinovirus, T1A 125 2217
1960-61  Industrial Influenza 500 20 5.8 () 17
Influcnaa, Rhinovirus, T1A 500 4.4+
1961-62  Industrial Influenza 335 22 7.5 () 33
Multivalent 335 5.0
1962-63  Military Placebo 1430 L 11.8 () 20
Rhinovirus, TLA 1427 9.4 7

#Rhinovirug, TIA vaceine was prepared from virus grown in monkey kidney cultures.

vaccine. Multivalent vaceine ineluded influensa Types A
monkey kidney cultures,
of each proup received only one dose.

Influenza was standard polyvalent

2, Bl, parainfHuenza Tvpe 1, and rhinovirus T1A. all pr(ﬁ)ugated in
Twa injections of 1 ml subcutaneously, separated by intervals of 3 u & weeks, wure given.

hout 507,

F(AY and (B) rales were determined from cases appearing ot the ecampns digpensary. (C) and (D) included all wpper respira-

tory illnossca that ocenred in each group excepl febrile illnesses (influenza-like) in (I},
{G} were trainees ut Keesler Air lForce Base.

ahsence from work.

venting the common cold. The use of just one
of these types (1A) in a vaccine was found to
be capable of reducing rates of alehrile respira-
tory illnesses (Table 6).

Although these were preliminary experiments
in small groups, the results were uniformly con-
sistent. Tt is noteworthy that viruses antigeni-
cally related to thal in the vaccine were not re-
covered in the last sindy. Nevertheless, they still
might have been present in the population and
these resuits conld have been due to heterotypic
antibody responses. Thus, there appears 1o be
reasonable basis for a positive approach to im-
munization against many ¢oinmon colds,

CuairmaN AnprEwks: Thank you, Dr. Mo-
gabgab, T will call next on Dr. Dorothy M.
Hamre, Department of Medicine, University of
Chicago, Chicage, INinois.

Dr. Hamre: There now seems to be litile
doult that the reason for repeated acute respira-
tory infections is the large number of viruses,

(EY and {F} included illnesses Lhatl caused

particularly the large number of serologic types
of rhinoviruses that can cause these infections.
All of the evidence presently available indicates
that there is no cross immunity among the 55
serologic types of rhinoviruses characterized to
date.

Observations on medical students enrolled for
four years in our study of acute respiratory
illnesses support this apparent specificity of im-
munity to rhinovirus serotypes. Over the four-
vear period 425 specimens were obtained during
the acule phase ol respiratory illness from 55
medical students. On the basis of virus isolation
and/or fourfold-or-greater rise in antibody titer,
42 per cent of the illnesses could be specifically
diagnosed and 29.5 per cent were rhinovirus
infections. Thus, 125 rbinoviruses were isolated
from acute specimens, From these same studenis
eight rhinoviruses were isolated from control
specimens. At least 41 serotypes are represented
among the 133 rhinoviruses recovered from these
students. Not all of these rhinoviruses have been
typed.
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TagLe 1. RHINOVIRUSES ISOLATED FROM
55 STUDENTS OVER 4-YFAR PERWOD

No. of No.of IDercentnge
viruses students

4] S 14

3 & 12

2 18 33

3 i2 22

4 6 12

kil ] 2

b 3 5

7 1 2

These studenls averaged a wotal of seven
common colds during their four vears as medical
. students, with a range from 2 to 15. Eighty-six
per cent of the students yielded specimens posi-
tive for rhinoviruses, The number of isolations

from each student ranged from 1 to 7 (Table 1).
Tn no case was the same serologic type isclated
twice from diflerent llnesses {rom the same
stndent {see examples in Table 2),

Our study of acute respiratory illnesses among
medical students hus been in progress for seven
vears.®* Qver this period we have isolated strains
belonging to 41 of the 55 characterized thine-
virus types and strains of 23 apparently new
types. Antigenic variation such as that ocenr-
ring among nfluenza Type A viruses is probably
not common among rhinoviruses, but variants
relaled to but not identical with known types
are being isolated in increasing numbers as the

¥ References,
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TarLk 2. VIRUS ISOLATION FROM I'WQ STUDENTS

Student 0452 Student 0483

Dste Virus Date Virus
10/23/61 RA3 5/21/63 UR*
1/23,/62 K16 10/15/63 R43
4/16/62 Ro4 5711764 Neg.
4/15/63 43312 6/8,/64 1R,
[/13/64 B4t 4/21/64 UL
5/11/64 Neg. 1/4/65 UR
12/9/64 Neg. 6/7/65 U

#*Untyper thinovirua,

tNot ill,
volume ol rhinovirus serotyping inereases. Each
year there has been an increase in rhinovirus
isolations during the fall and spring season.
During these periods of high prevalence many
serologic types are isolated, but it has not been
possible to detect any pattern of periodicity for
any rhinevirus type.

Prevention of common colds by means of the
usual killed virus vaccine does not appear en.
couraging, The use of Jive attennated strains of
rhinoviruses certainly merits investigation. Fur-
ther consideration should also be given to en-
vironmental or host {actors that affect the spread
of these viruses,

CHatmAN ANorewEs: Thank you, Dr, Hamre.
We have a few minutes for free discussion if
there are any here who would like to take part.

Dr. Meiwick: Dr. Huebner referred to po-
tential problems in regard to forcign oncogenic
determinants being present in adenoviruses,
particularly the papovavirus SV,, tumor deter-
minant. I would like to mention some recent
studies by Dr. Butel and her colleagues at -
Baylor that bear on the attempts to adapt can-
didate vaccine virases to monkey kidney cultures
in the absence of the SV,, determinants.

One of the monkey-kidney-adapied adeno-
viruses was recently subjected to close study.
Even though ihe virus does not have SV, tumor
delerminants, the virus stock was found to be
made up of a mixture of two particles—true
adenoviruses and defective adenoviruses that will
not grow unless an ordinary adenovirus is pres-
ent. This was demonstrated by showing that
infeclion required two-hit kinetics.



Section D * Rhinoviruses * Discussion

119

Transcapsidation procedures have made it
possible to transfer the genome from this delec-
tive virion to another ademovirus so that the
genome governing monkey adaptation is now
covered by an adenovirys capsid of another type.
This is similar to the situation with the SV,
adenovirus hybrid. We do not know where this
new genetic material comes [rom, but we do
know that it carries with it the determinant for
growth in monkey kidney cultures. There is no
evidence that it is derived from SV,

Those who are interested in developing adeno-
virus vaccines, particularly live vaccines, by use
of monkey-kidney-adapted virus will have to
consider whether such adapted viruses carry
genetic material in addition to the adenovirus
genome,

Dr. Fox: I would like to speak of both adeno-
viruses and rhinoviruses, referring to a coptin-
uing study of families that we conducted for
four and one half years in New York.

Jt has heen a real problem to determine
whether or not adenoviruses canse disease. Dr.
Mufson, I believe, indicated that some 5 per
cent of respiralory illnesses studied were attrib-
uted to adenoviruses. Another way to approach
the subject is to lock at adenovirus infections
that are picked up without reference to illness
and, from these, to make an esiimate of the
proportion of infections that are temporally

related to illness. In our experience it turned
out ta be about 45 per cent. This is not to say
that all of these illnesses were necessarily due
to the adenoviruses that were infecting these
individuals, but it gives an idea of the upper
Hmit of illness potential. From this, we peed
to subtract a proporlion atiributable to back-
ground illness, which I do not know how to
estimate.

Also notable is the high proportion (over 60
per cent) of adenovirus associated illness mani-
festing fever. ’

On the rhinovirus front T did wanl Lo say that
in New York the fall peak of rhinoviruses was
not observed. Our pesk was in the winter and
spring. Also, we found children infected just
as frequently as adults. Finally, we found that
about 30 per cent of the infections occurred in
the ahsence of illness,

Dr. Tyrrer.: I suppose that children are
said to be less frequently infected with rhino-
viruses than adults because they also suffer
[rom respiratory infeetions due to a lot of other
viruses, Therefore, if you calculate the ratio of
those infected with to the total
number of illnesses, then the ratio appears to be
smaller in children than adults, T{ you use the
number of rhinovirus infections per year, the
frequency would probably be the same in both
children and adults. 1 believe Dr. Fox was re-
ferring to the latter figure just now.

rhinoviruses



SECTION E. MYCOPLASMA VACCINES

CLASSIFICATION OF MYCOPLASMA OF MAN

D. G. rr Epwarp

Wellcome Research Laboratories, Beckenham,

Kent, England

Dr. Epwarn (presenting the paper): The
first isolation of a mycoplasma from man was
made nearly twenty vyears ago by Dienes
and Edsall (6). Subsequent reporis by Dienes
and co-workers showed that mycoplasmas could
frequently be isolated from both male and fe-
male genital tracts. These reports were con-
firmed by other investigators, who were content
only with reporting the isclation of pleuro-
pneumonia-like organisms, the strains not being
examined further, In some cases the method of
identification was not such as to distinguish he-
lween mycoplasmas and bhacleria in the T-phase
(9).

Tn 1951 Morton and colleagues {18) isolated
mycoplasmas from the mouth hy aerobic cultiva-
tion. Subsequent observations by Dienes and
Madoff (7) suggested that the buccal sirains
differed from the genital ones.

Work in my laboratory with animal strains of
mycoplasma showed thal modifications of stan-
dard bacteriological techniques permitted quite
large numbers of strains to be studied in detail.
Moreover, strains could he grouped according
to hiological and serological properties and as-
signed to species. Using these methods, 91
strains isolatcd from the human genital tract
were cxamined. All the strains except one were
found to belong to a single species, first lermed
“Human Type 17 {21) but later, as part of a
comprehensive attempt. at nomenclature for the
mycoplasmatales, named Myceplusma hominis
Type 1 (10}, Serological examination was aided
by the coincidental discovery that antisera pro-
duced a specific inhibition of growth. Isclalions

of M. hominis were made both from patients
with urethritis and from healthy contrels, thus
discounting any etiological role of this species
in nongonococeal urethritis,

Three strains received {rom other laboratories
as human genital isolates—Campo being the
prototype—differed in their serological and other
properties and were classified as M. hominis
Type 2. Subscquently Lemcke {17) showed that
these strains belonged to M. arthritidis, a species
pathogenic for rats. In view of this finding, the
Type 2 serotype of M. hominis has been with-
drawn (11) and the Type 1 strains may be called
simply M. hominis. There remains the probiem
of the real origin of the few Campo-like sirains
allegedly isolated from the urethra in the United
States. If they did not come From the urethra,
they could have resulted from laboratory mis-
adventures during their long subcultivation, It
is noteworthy that no Campo-like strain has been
found among the many genital isolates made in
Europe or among a group of 100 subjects ex-
amined in Canada.

Mycoplasmas requiring anaerobie cultivation
were isolated from cases of ulcerative balanitis
by Ruiter and Wentholt (26). They were as-
signed 10 a seeond species, M. fermentens (10},
Subsciquent studies have shown this species to
be represented among the inhabitants of the
urethra and vagina.

Nicol and FEdward (21}, using anaerobic
cultivation, isolated mycoplasmas from the saliva.
These organisms differed from the genital strains
and were assigned to a third species, M. seali-
varium {10).
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Chanock, Hayflick, and Barile (3) isolated a
mycoplasma from tissue cultures infected with
Eaton agent—a cause of primary atypical pneu-
moenia; it was named M. pneumonice (4). The
pathogenic role of this organism in causing
respiratory infection is now firmly established,
as is ils identily with Faton agent. The demon-
stration that a mycoplasma was definitely patho-
genic for man produced the current interest in
the mycoplasmas among medical microbinlogists.

, And the need to identify this species in the

sputum and throat led to the recognition of
other species resident in the oropharynx, pre-
sumably as commensals. Tn independent and
concurrent tnvestigations by two groups, newly
recognized isolates were named M. pharyngis
{5} and M. orale (32), respectively. Since these
strains admitledly belong to the same species, an
opinion as to the correct name has been sought
from the Judicial Commission on Bacteriological
Nomenclature. A second growp of isolates has
been provisionally named M. orale Type 2 (33),
M. hominis itsell has been isolated from the
oropharynx, and in volunteer studies ils intro.
duction into the throat has caused exudative
pharyngitis and tonsillitis (19). A single sirain,
“Navel,” unique in its properties {17), was iso-
lated from a skin lesion allecting the ymbilicus
(27}. Tt has not been classified further.

The “T strains” represent a subgroup of myco-
plasma, differing in the small size of their colo-

TasrLe 1.

nies (T fer Liny) and in their ability to metaho-
lize urea {23)}. They were first recognized by
Shepard (28), who isolated them from the geni-
tal tracl but at {first was unable to subeuliure
them. Unfortunaiely, for some time his waork
was discredited because an early attempt at
subcultivation in chick tissue culture led to con-
tamination with an avian mycoplasma (29).
Successful serial subculture was obtained by
Ford {13), and there is now no doubt that the
“T strains” belong among the mycoplasmatales.
Serological studies have shown that there are at
least six serotypes (23}, Nomenclature and fur-
ther classification is premature until more is
known about their properties and relationship
to large colony mycoplasmas, Their role in
genitourinary inlection is also uncertain. Myco-
plasmas of the “T sirain” type may he more
widespread, for their isolation has already been
reported from cattle (Taylor-Robinson, to be
published).

These species and strains, together with the
regions of the body {rom where they have been
isolated and comments on their pathogenicity,
are listed in Talle 1.

The classification of Mycoplasma was orig-
inally based on biclogical properties and find-
ings from a limited number of serological tests,
It has now bcen confirmed by other serclogical
tests and by the use of the newly developed
nucleic acid homology technigue (25). Species

HUMAN MYCOPLASMAS

Species {or strain)

M. pnermoniae

Clenital tract
Oropharynx

Af. himanis

Location

Respiralory iract

Genital tract {Jenkemnis,

'athogenicity

Pureumonia
Low grade pathogen
(abscesses, ote.)
{Not eause of non-
gonococeal urethritis)

M. fermentans . Unknown
’ abe., by Ussue culture)
M. sulivarium Oropharynx Carmmensal
¥
Jommensal
Oropharvnx :

M. orale
M. pharyngis

M. orale Type 2
Strain “Navel”

P straing’’
(6 serolypes)

Bone marrow m leukemia

Oropharynx
Skin lesion

{venital tract

Unknown relationship
to leukemia
Commensal
Unknown
Unknown, including
relationship to non-
gonocoecal nrethritis
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differ antigenically, although the presence of
common antigens is revealed by some techniques.
Moreover, sirains within one species can differ
quite markedly, There is a general problem in
mycoplasma classification as to how one should
define species and serotype. In practice, growth-
inhibition tests, including the recently devel-
oped metabolic inhibition tests (24, 34), are the
most useful serological methods for identifica-
tion. The latter method is also applicable to
the study of the “T straing” (23) and, because
of its sensitivity, can be used to study antibody
response in human sera.

Biological properties are most useful in dis-
Linguishing M. prewmoniae, which ferments glu-
cose and is unique among the human species in
producing a potent hemolysin for guinea pig
erythrocytes, helieved to be peroxide (30); in
causing hemadsorption; and in reducing tetra-
zolium (Table 2}. Tt is also less sensitive to
inhibition by methylene blue, a property that
facilitates its selective isolation (15). The abili-
tics «f certain species Lo ferment glucose, of
others to metabolize arginine with the formation
of alkali, and of “T strains” to metabolize urea
have recently been used for the development of
metabolic inhibition tests (23, 24, 34). The
property of forming “film and spots” was found
by Edward {8) to he useful in diflerentiating
species.

The foregoing covers all the “human” myco-
plasmas known to date. In the last few years
there have been a number of reports of the iso-

lation of “animal”® mycoplasmas from human tis-

sues, usually after preliminary passage in lissue
calture. There has been a tendency to assume
that mycoplasmas are always host-specific, This
is perhaps dangerous and should not itself he
used to discredit as laboratory contaminations
all reports of the isclation from man of myeo-
plasma species normally found in animals, It is
true that many of these reports should be looked
at with cavtion for other reasoms, particularly
because the isolations were made from tissue
cultures, which are notoriously lisble to con-
tamination. But the question of host-specificity
of mycoplasmas should be appreached with an
open mind, especially as it is already known not
to be absolute among the animal mycoplasmas.

I will now list the animal mycoplasmas whose
isolation has been reported from man. The
Negroni agent, isolated in England [rom cases
of human leukemia by passage in human fetal
tissue cultures, has been identified as M. pul-
monis, a pheumonia-causing pathogen for mice
and rats (12, 16). Strains isolated from leu-
kemia by another U.S. group by means of tissue
culture have now also been identified as M.
pulmenis (16), although at first they had been
named M. mergenhagen hecause they differed
from other human species. This is not the occa-
sion to discuss the etiological role of myco-
plasmas in leukemia, but to avoid any sugges-
tion that M. pulmonis in particular is associated
with leukemia 1 would like to peint out that
M. fermentans has also been jsolated hy means

TaBLE 2. B10LOGICAL PROPERTIFS OF HUMAN MYCOPLASMAS

Growth Lahibi-
Species Colonial Glucase He- “Film Tetlra- [Splitling| tion by
{or strain) morphology fermen- molysis and " zolium of 0,002 %,
Aerobic | Anaerobic | tetion spots raduction |Arginine metl]l\}l"l:eﬂa
M. pneumonige  Granular  + slow  + slow + -+ {B) — + — —~
M. hominis  “Fried egg” + + - — or &= — — + +
M. fermentans  “Fried egg” Tr + + —or & + — + +
M. salivarium  “Fried egg” Tr + - —or-+ --or+ - + +
M, orale P .
Type 1 Fried egg B + - + o - + +
M, orale ,
Typ:;u; } “Tried ege” 4+ + - + . o -+
“T straing’ Tiny —* + - — —1

*#Crovwa aerobically in fluid media.
tMetabolizes uroa.
... No observations uvailable.
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of lissue culture (20) and that the few success-
ful isolations from hone marrew directly on to
cell-frec media were of M. orale (1, 14).

Butler and Teach (2) described an agent that
appeared suddenly in an HEp-2 ceil line during
maintenance. This agent, called GDL, has been
subsequently identified as M. hyorhinis, a patho-
gen for pigs (22, 31). There have been 2
number of reports of the isolation of GDI-like
organisms from tissue cultures of human tumors
(16}. Dartholomew (to be published}, using
preliminary passage in tissue eulture, isolated
mycoplastnas from rheumaioid arthritis and
lupus erythematosis; these were also identified
as M. hyorhinis, An iselate similarly obtained
through tissue culture from Reiter’s syndrome
was {ound to be Campo-like, Three isolations of
Campo-like strains were made directly in cell-
free media by Jannson and Wager (to be pub-
lished), two of them from the joints of rheuma-
loid arthritis patienls. As stated previously,
Campo-like strains belong to the species M.
arthritidis. Earlier reports of the presence ol
this species in the genital tract should be re-
garded with suspicion.

These reports are summarized in Table 3.
M. pulmonis, a pathogen for rats and mice, M.
hyorhinis, a pathogen for pigs, and M. arthriti-
dis, a cause of polyarihritis in rats, have heen
isolaled from human material after preliminary
passage in tissue culture, There is one recent
report of the isolation of M. arthritidis directly
in cell-free media, These isolations may have
resulted from contamination or other technical
errors. Only future work will show whether
mycoplasmas pathegenic for animals do in fact
inhabit human tissues aud to what cxtent they
are significant as a cause of disease.
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SECTION E. MYCOPLASMA VACCINES

FIELD EVALUATION OF KILLED M. PNEUMONIAE VACCINE*

WiLLiaM J. MocaBcas

Department of Medicine
Tulane University School of Medicine, New Orleans, Louisiara, U.S.A.

DRr. Mocascae (presenting the paper): The
amount of lness, especially pneumonia, cansed
by Mycoplasma preumenioe in young airmen
at Keesler Air Force Base, Mississippi, provided
a need for as well as an opportunity to evaluate
means of prevention (1-3)}, Because of the ready
growth of this organism in media saitable for
vaccine preparation for human administration,
un inactivaied vaccine was the most direct ap-
proach. This type of vaccine had heen shown
to be well tolerated in man and it was capable
of evoking an antibody respeonse (1, 4, 5). Anti-
genicily as well as protective cffects of an in-
activated M. preumonige vaceine administered to
young military personnel are described in this
paper.

MATERTALS AND METHIODS

Population. Young airmen 18 to 21 years of
age in training at Keesler Air Force Base on
the Mississippi Gulf coast for periods of 6 to 12
months were housed in dormitories, usually
three or four men in a room. These men had

* These investigations were conducted under the

auspices of the Commission on Tofluenza, Armed
Forces Epidemiological Board, and were supported
in part by the Office of the Surgeon General, U.S.
Army, Washington, D.C., and in part by grant A
10131 Irom the Tlnited States Public Healih Ser-
vice, Bethesda, Maryland.

These investigations were presented as part of a
Scientific Fxhibit, 115th American Medical Associa-
tion Convention, 1460.

Dala processing by the Division of Medical Com-
puting Sciences, Tufane University School of Medi-
cine.
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completed hasic training during a peried of a
few weeks at ancther hase and were now en-
gaged in technical and classroom work. Medical
facilities, including outpatient clinics, were
mosily concentrated in the hospital. Data for
illness rate determinations and for special case
studies are derived from the men who appeared
voluntarily for medical care. Specimens for lab-
oratory study were obtained each week from
15 to 25 individuals who had respiratory disease
of four days’ or less duration. These people
served as a sample of the illness spectrum for
each period. The clinical features of the cases
were tabulated by a nurse who had been trained
for this purpose. The lollowing classification
system was used: (a) URT, afebrile—common-
cold.like with temperature < 101°F; (h) URI,
febrile-—influenza-like with temperature > 101°
F; {¢) pharyngitis with dysphagia; {d) laryngi-
tis tracheitis, or bronchitis, and (g) pneumonia.
The diagnosis of pneumonia depended on the
demonstration of definitive infiltrales in chest
roentgenograms (10). As controls, persons with
a variety of other conditions—allergies, gastro-
enteritis, chronic cough, sinusitis, otitis media,
and no obvious disease—were included.

Most of the Lrainees arriving at Keesler Air
Force Base between March 1964 and June 1966
participated in the vaccine ftrials, Men were
omitted at intervals only when the vaccine sup-
Immunization was usually
performed during the first few days of reception

ply was exhausted.

on the hase. Vaccine and placebo were admin-
istered on the basis of the last dign of the service
number,
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Fuccine and administration, Inactivated alum-
adsorbed Mycoplasma preumonice vaccine was
prepared by the Merck Imsiitute for Therapeutic
Research (5). The organism was propagated in
a serum-free artificial liguid medium, concen-
traied and refined, inactivated with formalin, and
incorporated into alum adjuvant. Vaccine and
placebo were administered intramuscalarly to
aliernate individuals in a dose of 1.0 ml. After
October 1965 a second injection was given one
month later to some of the men. All lots of vac-
cine had previously been shown to he antigenic
in animals (5). Pre- and post-vaccine blood
specimens were obtained from a sample of the
nmen inoculated with each lot to determine anti-
body response. Tn addition Lo the men reporting
to the hospital with possible vaccine reactions,
15 individuals reported to the immunization
clinic until the {ourth day for checking of local
or systemic reactions.

Data processing. Names, service numbers,
date of immunization, and other information on
each vaccinee was recorded on lape at the Tulane
Biomedical Computer Center. Data on change
in status of the individual or departure from
the base were also noted. In addition, informa-
tion on all subsecuent visits to the hospital for
any type of respiratory disease, diagnoses, and
days hospitalired were included for analysis.

Recovery of M. pncumoniae. Recovery was
made from throat swabs and pharyngeal wash-
ings. Throat swabs were streaked on 0.002 per
cent methylene blue agar plates, and pharyngeal
washings with Fagle’s solution were inoculated
into diphasic PPLO broth cultures containing 20
per cent horse serum, Fleischmann’s 20-40 yeast
extract, 1 per cent glucose, penicillin, thallinm
acctate, and amphotericin (6-8). Tdentification
was accomplished by subculture after 10 days’
incubation to PPLO-agar plates followed by
overlay with 10 per cent sheep’s blood agar for
ohservation for heta-hemolysis. Reduction of 2-,
3-5-triphenyltetrazolium  chloride (TTC)  was
also used (4).

Antibody determinations, Aoligen for com-
plement fixation was prepared by growth of
Mycoplusma pneumoniae strain FH in PPLO
broth for 16 days, which was then treated with
phenol or treated hy hoiling (9). In testing, two
units of antigen and two exact units of comple-
ment were used with fixation overnight at 4°C.

Neutralizing antibody was measured by colony
reduction with sera that had been inactivated at
56°C for 30 minutes. Approximately 100 colo-
nies per plate were used as the challenge dose,
with one hour at 37°C as combination time for
the agent with antibedy prior to plating. Con-
valescent sera reduced the colony counts ten-
fold or more. Subsequently, ncutralizing anti-
body was determined by mixing 10 inlectious
doses of M. pneumonige with twolold dilutions
of inactivated serum in 1.0 ml of PPLO hroth
(unheated horse serum). Growth of the agent
in each cultare was then determined by redue-
tion of tetrazolium, and tilers were calculated
on the basis of initial dilution of serum-inhihit-
ing growth (9).

Antigenicity of vaccine. Blood samples were
obtained at the time of vaccination and three
weeks thereafter; they were also taken three
wecks afler the second injection, when given.
Antibady response was determined by comple-
ment fixation and by neutralization through in-
hibition of tetrazolium reduction. In some in-
stances neutralizing antibody was determined
by colony reduction. In all cases serum was
inactivated at 56°C for 30 minutes, but the
PPLO medinm conlained 20 per cent unheated
horse serum.

RESULTS

Antibody responses following vaccination.
The amount and distribution of complement-fix-
ing and neutralizing antibody responses from
successive lots of M. prneumeniae vaccine arc
shown in Table 1. Neutralization was a more
sensitive index of antihody increments than
complement fixation. Antibody determination
using tetrazolium-reduction inhibition (TRT)
provided quantitative results that were not obh-
tained from the colony reduction procedure,
Variations in potency of different Tots of vaceine
werg not appreciable, but an increase in the size
of the dose or a sccond injection cne month
later both cansed an increase in response. In
order ta preclude the possibility of inhibition
by nonspecific substances, no serum supple-
ments, fresh or heated, were nsed in these anti-
body determinations.

To predict the degree of efficacy of M. preu-
manine vaccine, the distribution of initial anti-

t
“a
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TaRLE 1. ANTIBODY RESPONSE TO INACTIVATED MYCOPLASMA PNEUMONIAE VACCINE IN YOUNG AIRMEN,
KzresLen A Force Base, Mississierl, 1964-1966

CF antibody increment Colony TRI neutralizing antibody increment
Dose reduction
Totals 0 2x 4x 8x 18x AZ2x @4x [Tatals No, |Totals O 2x 4x 8x 16x 32x G4z > 64x
T.0ml V [ 268 108 486925 10 G 21210 131 268 73 4 5038 36 23 7 42
No.
Pl 257 240 11 3 2 1 197 91257 243 4 3 3 1 3
A4 40 182610 4 2 1 G2 27 2 1914 13 10 3 12
o
P 9 4 1 1 1 5 95 2 11 1 1
1.0 ml A 60 23 2110 4 1 1 A8 12 2 4 7 11 8 3 U
X2 No.
{1 mo. Pl 45 32 8 3 2 45 38 3 31
apart) —_— — | —— = = — -
v 38 3517 7 2 2 21 3 1012 1% 14 5 16
%
P 71 18 7 4 84 7 7 2
THI = Tetrazolium redustion inhibitiou; V = Vaccine; ' = Placebo.

body titers in individuals with subsequent incre-
ments in convalescent sera was compared to the

of the men with antibody increases had lower
initial tilers than Lhose who did not demonstrate

distribution in persons with none. Complemenl-
fixation and tetrazolium-reduction inhibition were
used for determination of amount of antibody.
low titers were probably protective, since most

a rise (Table 2},

Reactions to vaccination, Reactions to admin-
istration of vaccine consisted of tenderness to
palpation of the injected sile in aboul a fifth of

Tasrk 2. ThstriBUTION 0F MYCOPLASMA PNEUMONIAE ANTIBODY TITERS IN AIRMEN WITH
PNEUMONTA, KeesLEr Ak Force Base, Mississiprr, 1965-1966

By complement-fixation
(no. with antibody Liter)

<4 4 8 16 32 64 128 256 >256  Total
With antibody D
rise No. | 79 10 23 8 11 1 132
% | 598 76 174 6.1 8.3 0.8
No antibody No. | 51 16 32 29 22 18 E 2 20 198
ingrement
o, 25.8 8.1 16.2 14.6 11.1 u.1 4.0 1.0 10.1
By TRI neutralization
(no. with antibody Liter)
<4 5.7 11.3 >16  Total
" With antibody T T T T s e
Tise No. | 39 2 41
% 95.1 49
No antibody No. | 52 11 12 93 168
tncrement
% 309 6.5 6.5 56.4
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TasLk 3. COMUARISON OF VARIOUS DIAGNOSTIC PROCEDURES FOR MYCOPLASMA PNEUMONIAR
INFECTION TN YOUNG AIKRMEN WITH RESUIRATORY DIskast, KessLeR Ak Force Bask,
Mississiepi, 1959.1966

With sntibody response by

Diagnostic procedure .
Complement-fixation

Coluny reduciion

. With isolotion
TRI neutralizaticn

+/No. g
4 /N, 8% -/ No, % +/No. % /Mo %
Complement fixation. ... ... A36/3240  16.5  28/55 50.9 37749 75.5  149/245 60,8
Caolony reduction....... ... 28/60 46.7 5% /3% 4.6 23/59 9.0
TRI neulralizgation, ... .. ... 37/112 33.0 49/253 19.5 22/61 36.1
Lsolation. . ...... .. ........ 149/328 45,4 23/44 52.3 20/48 41.7  277/2122 131

Bern were inuctivated at 56°C for 30 minutes for all proeedures.

TRI = Tetrazolium-reduction inhibiticn.

Number positive/tolal determinutions is nonderlined for each procedure.

the men examined on the following day. Im-
mediale pain was not observed. Considerable
variation in different vaccine lols was noted.
Systemnic reactions were rare and could not be
clearly associated with the vaccine.

Evaluation of diagnostic procedures for M.
preumoniae infections. The rtesults obtained
from various techniques for antibody titer deter-
minalions and from isolation of the organism
are shown in Table 3. Complement fixation ap-
peared most sensitive in determining serclogic
response to infection. Certainly it was the mosl
practical techmique. WNevertheless, any of the
procedures used were successful for detecting
from a half to twa thirds of the infections, An-

other indeterminate factor in laboratory diag-
nosis was the time of onsct of infection, Many
of the individuals had had some symploms of
an upper respiratory illness for one lo three
weeks prior to onset of the acute sickness under
study. Another prohlem was antibiolic admin-
istration, especially in the case of erythromyecin,
which caused growth-inhibition serum titers of
1:64 to 1:256 in the TRI neutralization test.
Antibiotic adminisiration undoubtedly affected
recovery of the organism as well (10).

Table 4 afiords an analysis of complement
fixation and isolation as determinants of infce.
tion by M. pnewnoniae. A crude antigen con-
sisting of broth cultures treated with phenol was

TapLe 4. SEROLOGY AND RECOVERY OF MYCOPLASMA PNEUMONIAE AS DETERMINANTS OF TNFECTION,
Keesirr AR Force Base, Misstssteer, Sevtemeer 195¢-Juxs 1066

Diagnostic procedures
- —_
Clinieal categorics Complement fixution Isolation Complement
fixation or
All With iselation Al With CF igolation
positive positive
No. positive/No. cuses
URI ouipatients., ... ......, .. 110/1862 28/62 90/1230 28/72 106/1169
UR! hospitalized. ... ... ... .. 39/508 8/16 25/261 8/15 25/252
Total percentage positive. ... ... .. 6.3 46.2 7.7 41.3 9.1
Preumonia. ... ................ A87 /879 113/250 162/631 113/158 2027623
Percentage positive. .. ... ... .. ... 44.Q) 45,2 25.7 71.5 46.9
Totals, . ... ... .. ... ... 536/3249 149/328 27772122 149/245 421/2044
Perceniage pusitive. ... ... ..., 16.5 45.4 13,1 60.8 20.6
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Tapre 5. Rreouertion v MycopLASMA PNEUM

ONIAE. INFECTIONS 1N VACCINATED AIRMEN WITH

RESPIRATORY 11,NEssES, KErsLEr Ak Force Base, Mississtepr, Marcua 1964-June 1966

Sarolugy Isulation
Clinical elussificulion - ) —_—— e -
Vuvcine  Placebo  Percenfage | Vaccine  Placebo Perc-e]fltage
yueeine - Flacebo p: _vasune  laceio o
No. of cases reduction Wo, of rases rednetion

URI, afebrile... . ... .. .. 9 8 0.0 11 14 21.4
URL febrile,....... .... 1 7 85.7 1 5 80.0
Pharyngitis. .. ......... 0 1 100.0 1 1 ¢.0
Bronchitis. .. ... ... ... 0 2 100.0 0 1 100.0
ADNURL.,.......... ... 10 18 44.5 13 21 38.1
Prneumonig. .. .......... 46 72 36.1 22 33 33.4

*Onsel of illness wus more than a month afier vaccinalion with u single dose of 1.0 ml.

By complement fixation,

used, Probably a purified complement-fixing an-
tigen with less anticomplementary activity, as
described by Kenny et al,, would have resulted
in greater sensitivity (11). Fragility of the orga-
nism and requirements for growth lowered the
sensitivity of isolation as a diagnostic procedure.

Determination of vaccine effectiveness in air-
men with laboratory evidence of infection by
M. pneumoniae. Results of laboratory studies on
airmen with respiratory disease are shown in
Table 5. Reduection in incidence of pneumonia,
although quite appreciable at 36 per cent,
probably could have been greater, since cases
documented by antibody response were found
after vaccination. Conversely, there were more

individuals without serologic evidence of infec-
tion in the placeho group than in the vaccinaled
group. This might have been predictable, since
the serologic diagnoesis methods have not been
sufficiently sensitive. Also, many individuals
were first seen one to two weeks alter onset
of illness, when antibody titers had already
risen. In fact, reduction in the incidence of
serology-negative illnesses provided an index of
the number of infections that were not detected
by these procedures.

Similar results were obtained from analysis
based on recovery of the organism (Table 5).
Thus, the protective effect of the vaccine was
demonstrable with two different laboralory diag-

Taere 6. Errect oF MYCOPLASMA PNEOMONIAE VACCINE TN YOUNG AIRMEN, KEESLER A Force Bask,
Mississiper, MArcH 1964-June 1966 *

Vavcine  Piscebo Vaceine  Plugeho | Percent-

Clinical elusst age of
reduction

No. of cases Rate/1000 in rate

URI, afebrile. ........ . 704 680 65.2 65.4 0.0

URIL febrile. . .......... 156 155 4.4 15.3 1.9
Pharyngitis. ... ......... 439 481 | 40.7  46.2 8.7%
Rronckitis. . ............ 45 68 4.2 6.6 33.8%
ANURI.......... 00 1344 1388 124.5 133.4 3.2
Poeumonia. . ..,........ 85 144 7.9 14.3 42.91

*Vuecine: 10,797; placebo: 10,402,

Single injeclion, 1.0 ml intramuseniarly,

yillnesses that ocvurred more than gix months ufter vaceination were excluded.
ISignificant sl the 95 pereent confidence level.
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nostic procedures for infcction by M. pneu-
moniae, hut with both procedures vaceins fail-
ures were observed.

Protective effect of Mycoplasma pneumoniae
vaceine as determined by rotes of wpper-respira-
tory illnesses and pneumonia in vaccinated and
placebo groups. Occurrences of respiratory dis-
eases according Lo clinical
shown in Table 6. Except for bronchitis and, to

classification are

a lesser degree, pharyngitis, there was little
reduction in incidence of upper respiratory ill-
nesses. However, the protective effect of the vac-
cine on pneumonia rates was quite evident, as
shown by the marked decrease among the vac-
cinated airmen. :

Since these results were based on clinical
diagnoses (including chest roentgenograms),
but without specific laboralory evidence of
M. pneuwmoniae infection, they may fail to rep-
resent the full eflectiveness of
Nevertheless, this demonstrable by
anulysis of the illnesses that received complete
laboratory study. Such results suggest that
mosl of the pneumonia was caused by M. pneu-
moniae and that the vaccine did not produce
immunity in all instances.

the wvaccine.
wids  not

DISCUSSION

In the absence of sufficient knowledge of the
bislogy of M. pneumoniae, an inactivated vaccine
was a more practical approach to prophylaxis
than the attenuated live vaccines or antibiotic
suppression. Obviously these and other means of
prevention must alse be investigated. On the
other hand, inactivated vaccine can be preparcd
in sterile medium and without living cells or
animal serum for growth of the organism, thus
avoiding many vexing problems of production,
Tn addition, the scarcity of local tenderness,
febrile reactions, or other loxic effects from
adminisltration of inactive vaccine provided an-
other incentive for its use. The fact that most
of the pneumoniss in young airmen in training
were caused by Mycoplasma preumonige in-
dicated a need for definilive action.

Determination of the antigenic potency of Lhis
vaccine for man presented problems, since there
was no means ol measuring antigenic content
directly and the fraction that stimulated pro-
tective antibody was not known. Complement

fixation proved to be the most practical ap.
proach for rapid evaluation of the potency of
successive lots of vaccine even though it under-
estimated the number of responders and the
amount of antibody stimulated. Determination of
neutralizing antibody by colony-reduction did
not supply quantitative information, bhut tetra-
Zollum-reduction inhibition did provide Lhese
data and was a much more sensitive means of
detecting responders. This method was also
suitable for deriving an index of the amount of
antibody that could be considered proteciive,
Whether or not the protective effect of inac-
tive Mycoplasma preumoniae vaccine can be in-
creased by concentration of the antigen has not
vet heen determined. Antibody response was
enhanced by this procedure, but sufficient in-
crease in potency to prevent most of the infec-
tions was not achieved. It did not seem likely
that meore preparations  would
cause serivus local or systemic toxic reactions.
Although a booster dose appeared to bs a rea-
sonable solution, the percentage of responders
did not increase markediy. However, the num-
her of men who received a second jnjection was
inadeyuate for evaluation of an index of pro-
tection. The administrative problems of a two-
dose program in a military population with an
intensive training schedule make this method
less desiruble and probably account for the small
number of men wha received both injections,

concentrated

Summary

An inaclivated Mycoplasma pneumonice vac-
cine was administered parenterally to young air-
men in training. Over 21,000 men received
alternalely vaccine or placebo during the period
from March 1964 to April 1966. Local or sys-
temic reactions to the vaccine were inconsequen-
tial. Almost three fourths of the men demon-
strated a neutralizing antibody response follow-
ing a single injection of vaccine. A second dose
did not increase the level appreciably. Fewer
responders were shown by complement-fixing
antibody.

Serology and isolation of the organism showed,
respectively, a 36 and a 33 per cent reduction in
the number of men with pneumonia. However,
the over-all lowering of the pneumonija rate was
43 per cent. This discrepancy was explainable on
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the bhasis of lack of sensitivity of the diagnostic
brocedures and by failure to detect many of the
illnesses until the first or second week after
onsct.
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MYCOPLASMA PNEUMONIAE INFECTION—
PROSPECTS FOR LIVE AND INACTIVATED VACCINES

R. M. Chanock, C. B. Smith, W. T. Friedewald, R. Gutekunst,
P. Steinberg, S. Fuld, K. E. Jensen, L. B. Senterfit, and B. Prescott *

Dr. CaANOCK (presenting the paper}: Myco-
plasma preumonite is an important lower res-
piratory tract pathogen of man (1, 2, 7, 10). Tt
is a common cause of bronchitis and/or pneu-
monia, particularly in the 5-t0-30 year old age
group (2, 7). The need for an effective vaccine
is guite clear: morbidity has been estimated at
one pneumonia illness per 1,000 persons per year
in the civilian population (1), and this figure
prohahly represents an underestimate of consid-
erable magnitude. In addition, there are sev-
eral high risk populations, such as mililary
recruits and college students, in whom morhidity
may excead that of the general population by as
much as twentyfold (3). Finally, an effcolive
vaceine is needed because of the often prolonged
interval before illness caused by M. prneumoniae
is identified correctly and therapy can be insti-
tuted.

PROPAGATION OF ORGANISMS
FOR VACCINE PRODUCTION

In the initial studies in which M. preumoniae
was ijdenlified as a mycoplasma, a complex
medium was employed for growth of the orga-
nism (4). It contained a high concentration of
horse serum (20 per cent), veast extract (2.5
per cent), and an infusion of beef heart (4).

* Drs, Chanock, Smith, Friedewald, and Prescotl
{ Luboratory of Infectious Diseases, National Tnstitotes
of Health, Bethesds, Maryland); Drs. Gutekunsi,
Steinberg, and Fuld (Naval Medical Field Researel
Laboratory, Camp Lejeune, North Carolinad; and
Drs. Jensen and Senterfit (The Chas, Plizer Company,
Ine,, Terre Haule, Indiana).

Although useful for experimental and serodiag-
nostic studies, such a medium was clearly not
suitable for the preparation of either a live or
an inactivated vaccine because of the danger of
sensitization, especially to horse serum antigens.
Two difflerent solutions to this problem have
recently been developed.

First, it was found that the organism grew
to moderately high titer when a chloroform
extract of egeg yolk was substituted for horse
serum and a chemically delined tissne culture
medium was substituted for beef heart infusion
{11). In this manner, sensitizing components of
the original medium were replaced by materials
safe lor topical or parenteral administration.

The egg yolk cxtract medinmn was used for the

production of several lots of experimental inac-
tivated vaceines thal were tested in 11,693 young
adults with no evidence of untoward effect (9).

Second, it has been found that under proper
conditions M. pneumonige can be adapted to
grow on a glass surface a5 a confluent layer of
mycoplasmas (22).
bottle in which M. prewmoniae has grown as a
confluent layer. Figure 2 illustrates the dynam-
ics of mycoplasma growth on a glass surface.
With an inoculum of 1077 colony forming units
{CFU), maximum growlth of viable organisms

Figure 1 shows a large '

is attained by the fourth to fifth day in horse

serum-yeast extract-beef heart infusion medium.
During subsequent incubation the number of
viahle organisms decreases, bul the total mass

of antigen (measured by complement fixation) -

increases for another three to four days. The
otganisms that have grown on the glass adhere

132
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Fig. 1. Mycoplasma
tached te glass surface of Povitsky bottle, Leftr--
Layer of Myecoplasma prenmonice on glass surface,
cubiure fluids decanted. Right—Uninoculated hroth
control, eulture fluids decanted. Both susfaces stained
by Diencs method.

prenmonige colonies at-

tenaciously to the surface of the boitle and re-
sist remaval by maltiple washings with saline or
balanced salt solution (Fig. 2). Divalent cations
do not appear to be Involved in the attachment
process, since versene does not remove the orga-
nisms from the glass surface. However, they ean
be removed either by scraping or by treatment
with 0.25 per cent trypsin solution.

Large quantitics of organisms can be produced
by the glass surface technigue. For example, ap-
preximately 287 mg of wet weight of organisms
can he grown roulinely im a Povitsky bottle
that has 540 cm? of glass surface available for
mycoplasma growth, Organisms on glass can be
washed {ree of detectable traces of growth me-
dium constituents and then suspended in hul-
fered saline to the desired concentration. This
method has bheen used for the production of ex-
perimental vaccine lots in which the residual
serum conveniration was reduced to 4x 10772 by

O— Qrgomisms in
brolh / N
- Orgonisms in U\.\ E
Lrothfsonicated)t s
Orgonisms on ¢lass ~r

Y surfoce

NO. OF VIABLE MYCOPLASMAS 1N BROTH OR ON GLASS SURFACE

+.
" Wt~ Orgonisms on glass s
surface fsonicafed)
O~ First saling wosh
o A Second seline 4 (&) (&)
@ wash et oot
S Lt | i
ol ! 2 3 4 5 [
oaY

Fig. 2. Crowth curve of Mycoplasma pneumoniae
cultured in Povitsky hottles,

multiple washings of the glass-surface-grown
mycoplasma sheet. Tlsing a sensilive guinea pig
anaphylaxis technigue, we have been unable to
detect the presence of serum in such prepara-
tions (17}.

CORRELATION OF GROWTH-INHIBITING
ANTIBODY WITH RESISTANCE TO
M. PNEUMONIAE INFECTION AND JLLNESS

Before vaccines could be evaluated for im-
minogenicily it was necessary to determine which
antibodies to M. preumonige corvrelated with
resistance to infection and illness. In a series
of volunteer studies involving 135 men we oh-
served a significant correlation between growth-
inlibiting antibody (measured by the tetrazo.
linm-reduction inhibition technique) and resist.
ance to febrile illness caused by M. pnewmonioe
(Table 1). This correlation was evident for
illness produced by organisms grown in iissue
culture and by those grown in mycoplasma
broth medium, Trommofluorescent antibody also
exhibited a significant correlation with resist-
ance, whereas indirect hemagglutination anti-

body did not (23).
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Tasre 1. PROTECTIVE EFFECT OF GCROWTH-INMIBITING ANTIBODY AGAINST EXPERIMENTALLY INPUCED
M. PNEUMONIAE ILLNESS

Pre-existing

Ne. who developed febrile
respiratory iract disease

Challenge strnin growth- Wo, of .
(108 21D inhibiting e
wntibody* With =~ Without Totul
pneimonid punelitmonig

P1 808 monkey kidney eulture No 25 3 it 13
passage 2 Yes 27 0 Q a
FB hroth passage 9 or PI 1428 No 14 0 2 2
brath prssage 4 Yes 49 0 4] 0
FI broth passage 12 or 55 or P Not A5 3 14 i7
1428 broth passage 2, 25 or 27 Yest 35 0 3 3
Tatal No B4 4] 26 32
Yes 71 0} 3 3

#*Presence of growth-inhibiting austibady in wndiluted serum.

1Tests performed with 5 per cent innerivated guines pig serum in medium; other tesis per-

formed without this additive,

Two recent epidemiologic studies of M. pneu-
monige infection in a population of military re-
cruits indicated that growth-inhibiting antibody
was associated with resistance to naturally oe-
curring infection (3). Serum was obtained from
227 men prior to thelr exposure to the orga-
nism, and the presence and level of growth-
inhibiting antibody were determined (Table 2).

In the first study infection occurred two to
three times more often among recruits whao
lacked antibody than among those who possessed

it. However, approximately one {fourth of the men
with pre-exisiing antibody became infected,
which suggests that rsinfeciion was nof un-
common in this population. Thus the protective
effect of antibody was only relative, not absolute,

In the second study shown in Table 2 10 men
had high levels of pre-existing antihody—1:64 or
greater. These men apparently escaped infection,
since we were unable to detect an antibody rise
or to recover the organism from oropharyngeal
swab specimens collected at weekly intervals.

TasL 2. M. PNEUMONIAE INFECTION AND ASSOCIATED PNEUMONIA IN SEVEN PLATOONS OF MARINE
RECREITS STUDTED DURING May-Ocrosrr 1965 a1 Parris Ispano, S.C. anp Camr Lejruwe, N.C

Cirowth-
inhibiting
Bindy Tntesval antibody at
shact of
training
1 May-Sept. No*
(14 wks.} Yos
Totad
2 July-Oet. No#*
{14 wks.} Yes
Total

Infection detecied by

rige in growih- No. &,
No, of inhibiting antibedy Priewtn.
recruity e ___ associafed
pRAt-
No, of Per- maniss
mes centage
45 (4997) 23 581 9
47 10 231 a
62 3 41 2
41 {30%) 33 &0 2
04 22 23 G
135 55 41 2

#Antibody not detected in undiluted serum.

tForty-five repruitis studied dm"m% firgt nine weeks of training: thereafter vnly 24 men studied;

imlicated percentage equals combined

percentage of both phases of study.

$Bimilar 10 1; 47 vecruits studied during first nine weeks and 31 studied during sulsequant five

weeks of training.
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Complete resistance in this setting was impres-
sive, for the men with high antibody levels were
exposed to a challenge that successfully in-
fected 80 per cent of the seronegative recruits.
These findings suggest that highly immunogenic
vaccines might well be capable of eradicating M.
preamoniae from populations with a high inci-
dence of infection.

Growth-inhibiting antibody was also associ-
ated with resistance to illness caused by M.
prewmonige. During a ld-week period of sur-
veillance, 4 of the 86 recruits whoe lacked anti-
body developed a pneumonia associated with
M. pnewmnoniae infection, whereas such illness
was not detected in the group of 141 men with
pre-existing growth-inhibiting antibody (Table
2y.

Growth-inhibiting antibody may not be solely
responsible for resistance te infection and ill-
ness, Possibly another immune mechanism, which
develops parallel to growth-inhibiting antibody,
may be more important. In any case, growth-
inhibiting antibody is a vseful barometer of host
resistance to M. pneumoniae illness, and for
this reason we have chosen to use it to evaluate
the immunogenicity of experimental vaccines.

INFECTIVITY AND VIRULENCE OF TWO
STRATNS OF M. PNEUMGNIAE AT
DIFFERENT PASSACGE LEVELS IN
MYCOPLASMA GROWTH MEDIUM

Previous studies in volunteers indicated that
serial passage of Mycoplusma pneumoniae in

TarLE 3.

broth medium was associated with a decrease in
the virulence and infectivity of this organism in
man {5). Hopes were raised that an attenuated
vaccine could be developed using organisms
propagated for a certain number of passages in
broth medium. Unfortunately, subsequent studies
have not justified our original optimism, but this
approach to immunoprophylaxis is certainly far
from exhansied.

A summary of recent experience with orga-
nisms propagated m broth medium is shown in
Table 3. In these studies each of the volun-
teers lacked detectable growth-inhibiting anti-
body prior to administration of M. preumoniae.
Afier scrial passage in broth medium both the
FH and PL-1428 strains exhibited deereased
infectivity in man (19). Early passage material
of both sirains infected all the volunteers tested,
whereas only some of the volunteers were in-
fected with the 55th passage of the FH strain or
the 27th passage of the PI[.1428 strain, Although
the infectivity of the high passage FH and PL
1428 suspensions was reduced, five of the volun-
teers infected with these materials developed
respiratory tract illness, in two instances asso-
ciated with fever. From this we conclude that
virulence and infectivity were not completely
dissociated during serial passage of the organism
in broth medium. For this reason, the high-
passage suspensions that were evalnated did not
appear suitable for use as immunizing agents.

Continued attempts to select attenuated vari-
ants of M. preumoniae appear indicated in the

RespoONSE OF VOLUNTEERS WHO LACKED DETECTAELE GROWTH-INHIBITING ANTIEQDY TO

INFECTION WITH TWOQ STRAINS OF M. PNEUMONIAE

Number of antibody-negative ment

Pagsage
Level in
Birain of braoth or
M, preuntoniae® agar Chal-
medium lenged
¥R, 12 9
55 8
2 22 2
PI-1428. ..., .. 25 i3 1
27 6

Tlness

[nfestedf
Total Fehbrile Preu-
monis
9 (1009) 3 1 0
3 { 38%) 3 1 0
2 (10067 17 11 3
3 (100%) 7 5 0
4 ( 669 2 1 0

*Inotulum contained approximately 100 colony forming units (CFU).
tGrowth-inhibiting antibody not detectable in undiluted serum, |
tAs determined by fourfeld ur greater rise in growth-inhibiting antibody 3-4 weeks following

challenge.
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light of recent findings with M. myceides, the
agent of bovine pleuropneumonia, and M. myco-
ides var. capi, a cause of pneumonia in goats.
Single eolonies werc picked from avirulent and
virulent strains of these organisms. The progeny
of these single colonies were then tested for
virulence in the appropriatc susceptible host
(13). A virulent strain of M. mycoides was
found 1o be a mixed populatiom containing
avirulent as well as virulent organisms {13).
Similarly, an attenuated strain of M. mycoides
was shown to be a mixed pepulalion containing
bath avirulent organisms and organisms of mod-
erate virulence. Perhaps high-passage suspen-
sions of M. pnewmoniae are heterogeneous with
respect to virulence. For this reason it would be
worlhwhile to continue the search for an aviru-
lent strain of M. pneumoniae by testing the prog-
eny of single colonies derived {rom a high pas-
sage broth grown suspension of this organism.

INACTIVATED VACCINES

Preparation and immunogenicity, At present
the development of an acceptable live attenu-
ated vaccine does not appear imminent. In
contrast, the prospects for a safe, highly im-
munogenic, inactivaled vaccine are cxeellent.
During the past three vears inactivated vaccines
have heen prepared by two different techniques.
The first vaccines were prepared from organisms
grown in broth containing a chemically defined
solution of amino acids and vitamins (Bugle's
medium or Leibovitz's medium) enriched with a
chloroform extract of egg volk. After maximal
growth in this medium the organisms were in-
activated by formalin and then concentrated by
centrifugation (11)., More recently, vacecines
have been prepared [rom organisms grown on
glass using a medium containing calf serum,
yeast extract, and a chemically defined solution
of amino acids and vilamins. After mycoplasma
growth on the glass surface reached a maximal
level, the organisms were washed iree of broth
medium constitnents. Concentration was achieved
by scraping the organisms from the glass and
suspending them in a small velume of buffered
saline. The concentrated purified suspension
was then inactivated with formalin (18).

The relative potencies of vaccine lots grown
in egg yolk extract broth and on a glass surface
are shown in Table 4. In rabbits, the egg volk

exiract vaceine lots were comparable in potency
to the first glass-surface grown vaccines (lots
799 and 808). Apparently the latter prepara-
tions had heen harvested 100 early, for when a
longer period of incubation was employed (for
example, see lot 821 in Table 4) immunogenicity
for rabbils was greatly increased. A preparation
with such increased immunogenicity could be di-
luted 1:500 and still stimulate the development
of growth-inhibiting antibodies in all inocu-
lated rahbits, Indeed, rabbits injected with un-
diluted vaccine prepared in this manner devel-
oped @ mean antibedy titer of 1;2048 or greater.

Potency tesls were also performed in ham-
sters, which were injected with varying dilutions
of vaccine and lailer challenged with 108 CFT}
of M. pneumoniae. Failure of the challenge sus-
pension to grow in the hamster lung was inter-
preted as evidence of resistance induced by the
vaccine. In hamsters the glass-surface-grown
vaccines were more potent than the cgg volk
extract vaccines {Table 4}, The glass-surface-
grown vaccines induced resistance to pulmonary
multiplication of M. preumoniae in 65 to 96 per
cent of hamsters injected with a 1:125 dilution
of vaccine.

When the vaccines shown in Table 4 were
tested for immunogenicity in man an anomalous
result was ohserved. The cgg volk extract vac-
cine lots were more potent in man than the glass-
surface-grown vaccines, despile lhe latter vac-
cines’ higher concenlralion of organisms and
their greater immunogenicity in rabhits and ham-
sters, The explanation of this difference in
immunogenicity for man and animals is not
clear. Conceivably, the egg yolk extract pro-
vides an adjuvant effect in man but not in rabbits
or hamsters, The composition of the growth
medium is known to influcnce the lipid com-
position of the membrane of M. laidlawii (16).
Another possibility is that the egg valk extract
favors the production of a more highly antigenic
lipoprotein membrane than does the medium
used for glass-surface propagation of M. preu-
monige. These two possibilitics are currenily

under invesligation.

Alum appeared to enhance the immunoge-
nicity of a glass surface grown vaccine that was
initially of low potency (Tuble 4), Similar
reports of an adjuvanl ¢lfect of alum have been
deseribed by others (12).
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TapLr 4. EVALUAT[ON oF M. PNEUMONIAE VACCINES IN LABORATORY ANIMALS AND MEN

i Linmunogenieity v laborutury animals Immunpogenicity in
Vneeine _ B} anlibody-free
votunleers]
Rab:bits Hamsters
- T~ Titerof M, |” —
PréwmMonIae Arilbmetic mean Percentage
before Highest titer of growth- reslulanl
formulin dilution of inhib, antibody to M. No. who
inactivation | vaccine that 4 weeks after prewmonine developed
Type Lot CFU /b siimnulated |injection of vaceine | challenge 15 No. growth-
Nuo. growth-inhih, days after Lested inhihiting
antib. in all injection antibody
animals will 1:125
Undiluted ] 1:125 dilution
vactine
40 1108 1:5 128 2 20 28 17 (61
Tee volk hroth X ) 61%)
205 110 1:25 272 6 35 12 7 (589
799 | AXI0F 1:5 50 | — 75 14 | 5369
803 5108 1:5 66 2 65 17 3 {I89%,)
(Glass surface
grown organism 821 B3 1o LAY | >2048 | 290 93 13 2 (16%:})
821
plus 5 1010 1:500 2048 | 544 86 12 7 (AR%)
alum

*¥C¥FU = Colony forming units/ml.

TGrowth-inhibiting antibody nat deteetable in undiluted serum.

Protection against experimental disease. Ear-
lier in this presentation we indicated that natu-
rally induoced growth-inhibiting antibedy corre-
lated with resistance to M. preumonice infection
and illness. To determine whether vaccine-in-
duced antibody exhibited a similar correlation
with resistance, 19 adult volunieers were given
two 0.5 ml injections of lot 40 egg yolk extract

vaccine (20). This vaccine was inactivated with
formalin and the organisms were concentrated
by centrifugation. Each of the 19 volunteers
lacked detectable growth-inhibiting antibody
prior to injection of the vaccine. Ten men re-
sponded to the vaccine by developing detectable
levels of growth-inhibiting antibody (Table 5).
When challenged with 10° CFU of a virulent sus-

TapLk 5. PROTECTIVE EFFECT OF GROWTH-INHIBITING ANTIBODY INDUCED BY INACTIVATED
M. PNEUMONIAE VACCINE

Nu. who became ill following challenpge with

Antibody 108 CIU of PL-1428 pass, 2 M, prewnioniice
deleciable -
6 wkas. after No. of
Muterial injerted injectinn.' i.e, men Tehrile Afebrile
al the time Pnru- respira- trachen-
of challenge* Total DG tory hranchitis or
disease systermnic
symptoms§
Tnactivaled vaccine Yes 10 11 O 1 0
No 9 7 3 7t 0
None or placebo No 13 10t 0 47 G

#BEueh roan lucked detectable growth-inhibiting antibody prior (o adminisiration of vaccine or

piucebo,

T8ignificant difference P <004 (Figher exact test).
{Significant difference P <05 (Iisher exact test).

EMalaise and/ur hendache,
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pension of M. pneumoniae, only one of the 10
men who had developed vaccine-induced anti
body became ill. This man developed a brief
febrile illness. In contrast, 10 of 13 antibody-
negative men who did not receive vaccine be-
came ill. Although the numbers involved were
small, the difference in illness rates between the
men who responded to the vaccine and the con-
trol volunleers was statistically significant (P <
004}, This difference suggested that vaccine in-
duced growth-inhihiting antibody was associated
with significant bul nol complete protection
against experimentally produced illness.

Tn contrast to the protective effect deseribed
above, an anomalous effect was observed in vol-
unteers who did not develop detectable anti-
body after the injection of vaceine (Tahle 5).
Experimental infection in this group led to more
severe illness than that observed in the control
volunteers. Although the vaccine did not stimu-
late the development of detectable growth-inhib-
iting antibodies in the former group, it ap-
peared Lo affect their reactivity Lo infection. A
similar paradoxical effect of vaccines of low
potency has been observed by other workers
(6, 8). The present experience suggests Lhat
cauation should be exercised in evaluating inacti-
vated vaccines of low potency in man. Since the
paradoxical enhancement effect was observed
in those volunteers who failed to develop anti-
body, it is probable that such an effect will not
be seen when vaccines of greater potency are
tested.

Protection eguinst naturally occurring disease.
The protective efficacy of inactivated egg yolk
extract vaccine was evaluated at the Parris Is-
land Marine Recruit Training Center in South
Carolina. Vaccine was administered to 11,693
young men, while 11,813 were given a placebo.
During the field trial four different vaccine
lots of similar potency were used. Untoward
reactions were not noted (9).

For the past seven years M. preumonige infec-
tion has been both endemic and widespread at
Parris Tsland (3). During this period the or-
ganism was responsible for 38 per vent of X-ray-
confirmed pneumonia illnesses, the average inci-
dence being 1.5 per 1,000 men per month (3).
In such a setting the development of vaccine-
induced resistance faced cbvious competition
from nalurally occurring infection. Despite this

handicap a protective effect of the egg vyolk
extract vaccine was observed {Table 6). There
was a 24 per cent reduction in crude pneumonia
incidence: 55 pneumonias occurred in the vae-
cine group, whereas 72 occurred in the placebo
group. More striking was the reduction jn X-
ray-confirmed M. prewmonice pneumonia, We
observed a 46 per cent reduction in such pneu-
monia: 13 cases were identified in the vaccine
group and 24 in the placebo group. This dif-
ference was statistically significant (P =.05).

Although a definite protective effect was oh-
served in the field trial, it is clear that the egg
yolk extract vaccine was not of sufficient potency
to recommend its widespread use. Vaccines of
greater potency are needed if effective protec-
tion is to hs provided for most susceptible indi-
videals. The importance of the field trial lies in
the finding that an inactivated vaccine was capa-
ble of inducing resistance to naturally occurring
M. preumonia illness.

Future of inactivated vaccines. A number of
approaches to the development of a more po-
tent inactivated vaccine are currently under
study, The possible adjuvant effect of egg yolk
extract for M. pneumoniae and the role of lipid
nutrients in the antigenicity of the organism are
both under investigation. In addition, glass-
surface-grown suspensions of the organism,
which were of low immunogenicity in velunteers,
are being further concentrated and precipitated
with alum in an attempt to increase their anli-
genicity for man. Success in any one of these
areas could lead to the rapid development of an
acceptable and potent immunogen for the pre-
vention of M. preumonige illness.

For the next few years M. pnewmoniae vac-

TapLe 6. PROTECTIVE EFTECT OF INACTIVATED
ECC YOLK EXTRACT M. PNEUMONIAE VACCINE,
Pannis Istanp, Sourn Carorina, 1965-1966

No. af

No. of preuinenia

Ciroup MNo. of illnesees (diagnosis M, pneumoniae
recruits conlirmed by PLENINOLLLY
K -ray findings) itlnesscs*
Vaccine 11,693 55|24, 13146%,
Placebo 11,813  72freduction  24[reductiont

*Repovery of M, preuwmonice at the onset of illness and/or a
fourfold or greater rmse in CI or growth-inhibiting uontibedy
during ¢onvalescence,

{8ignificant dilference P = .04,
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cines will probably be prepared from whole or-
ganism suspensions grown either on a glass sur-
face or in egg yolk extract broth. However,
the Tuture of inactivated vaccines may well lie in
the use of highly purified antigens derived from
the organism. Recent studies have shown that
the major serologically reactive comstituent of
M. preumoniae is a low molecular-weight phos-
pholipid (14, 15, 21). This material represents
only 1.5 per cent of the dry weight of the orga-
nism, yet it accounts {or almost all of the comple-
ment-fixing activity of M. preumoniae. Although
not capable of stimulating the development of
antibody in animals, the active phospholipid
combines with and bloeks Lhe activity of both in-
direct hemagglutinating antibody and growth-
inhibiting antibody, In this sense the phospho-
lipid material is a hapten thal requires a pro-
tein carrier to be immunogenic,

The active phospholipid is soluble in acetone
or chloroform-methano] and can be extracied
from the oragnism with either of these lipid
solvents. Subsequent purification and concen-
tration of the hapten can then be achieved, with-
out Yoss of activilty, by silicic acid column chro-
matography followed hy thin-layer chromatog-
raphy (Table 7). During the various purifica-
tion procedures complement-fixing activity can-

TasLE T.

not be dissociated from growth-inhibiting anti-
body blecking activity. The phospholipid hap-
ten, which has an approximate molecular weight
of 1.000 to 2.000, containz glycerol, phosphaic
and two fatty acids one of which contains 16
carbon atoms, while the other contains 18 car-
hon atoms. Thus the hapten resembles lecithin
in struclure but differs {rom it in lacking choline
{14).

We are currently attempting to couple the puri-
fied phospholipid hapten to a purified protein
aceeplable for parenteral injection. In this way,
it may ultimately be possible to prepare a highly
purified vaccine for the prevention of M. pneu-
monine illness.
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DEVELOPMENT AND FIELD EVALUATION OF COMBINED
POLYVALENT RESPIRATORY VIRUS VACCINES

M. R. Hilleman, R. E. Weibel, A. F. Woodhour, J. Stokes, Ir.,
C. C. Mascoli, M. B. Leagus, A. A. Tytell, and P. P. Vella *

Dr. HiLLemaN (presenting the papery: A
rational approach lo immunologic control of the
acute respiratory infections of man necessitates
the discovery of the agents responsible and the
assessment of the importance of each of them in
relation to the amount and severity of illness
they cause. Spatial and economic considera-
tions impose severe restrictions on the nomber
of agents that can be included in a vaccine and
make it imperative that only the important ones
be used.

During 1962, on the basis of a combination of
laboratory study and survey of the literature re-
lating to persons in open populalions, we pre-
pared an estimate of the relative importance of
cach of the various known respiratory disease
agents that would he reflerable to natural oc-
currence of illness in the community (7, 12, 16}.
There is nothing in the newer developments to
alter the 1962 appraisal significantly, and it is
reproduced in slightly modified form in Figure
1. The estimaies are presented in the figure ae-
cording to age group and clinical circumstance.
In general, illnesses among the outpalients were
mild and confined to the upper respiratory tract,
while those among hospital patients were more
severe and involved the lower respiratory tract.

It is quite clear that respiratory syncytial
{RS), adenovirus, parainfluenza, influenza, and
Mycoplasme pneumoniae iniections contribute
prominently lo respiratory illnesses in ¢hildhood

* T'rom the Division of Virus and Cell Biology
Reseurch, Merck Institute for Therapeutic Research,
West Point, Pennsylvania, and the Department of
Pedialrics, School of Medicine, University of Penn-
sylvania, Philadelphia.
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and that rhinovirus, influenza, and mycoplasma
infections are of prime importance in adults.
With this information at hand, we sct about de-
veloping vaccines against the respiratory syncy-
tial, parainfluenza, influenza, and mycoplasma
agents, Work on adenoviruses has been mini-
mized owing to the known carcinogenic quality
of a large number of adenovirus serotypes (10).
The rhinoviruses comprise at least 54 distinct
serotypes (4, 13, 23) and offer little hope at
this time for practicable control by killed vac-
cines. Live virus vaccines have also shown little
promise to date. Live rhinovirus Types 32 and
44 fed in enteric-coated capsules by our group
(24) to seronegative volunteers failed to demon-
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Fig. 1. Estimate of relative importance of

respiratory disease agenls, according to age amd
severity (modified from Hilleman et al. (16)).
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strate antibody response against the homoelogous
serotypes.

The multiplbicity of important agents in acute
respiratory  illnesses nccessitales the effective
combination of vaccines into polyvalent formu-
lations. Though competition and immunologic
exclusion might attend single dose administra-
tion of two or more antigens (1, 2), this has not
been a serious problem to date with mixed viral
antigens such as polyvalent inflluenza or polio-
virus vaccines or influenza.adenovirus combina-
tion. In spite of the promise of polyvalent vac-
cines, few attempts have been made to prepare
and cvaluate such vaccines except for the lormu-
lations just mentioned (3, 5, 17-20, 25, 27, 29,
41).

The past several years’ studies in our labora-
tories (6, 8, 11, 12, 14, 21, 22, 26, 31, 33-35, 40)
have been devoted in large measure Lo the devel-
opment of polyvalent killed virus vaccines using
highly purified and concentrated viral antigens
that were precisely quantified. The vaccines in
alum formulations proved completely safe, and
the antibody responses in animals and in man
were of such magnitude as to give consider.
able promise. Accordingly, large-scale studies
were initiated during 1964 among children in
the Havertown-Springfield suburb of TPhiladel-
phia for the purpose of evaluating antibody re-
sponses to the vaccines and of measuring protec-
tive efficacy against the nalural discase.

STUDY 50: TRIAL OF HEPTAVALENT
VACCINE IN 1964-1965

A controlled study of a mixed heptavalent
vaceine containing RS-parainfluenza 1, 2, 3-
Mycoplasma  pneymonige-influenza A and B
agents was carried out by our group (34) during
the respiratory disease season of 1964-1965. The
subjects were 407 children three to five vears of
age in kindergarten and nursery schools, who
were alternalely selecied to receive vaccine or to
serve gs controls. The children in the vaccinated
group were given three doses of vaccine one
month apart and were bled prior to vaccination
and one month after the third dose. They were
ohserved twice weekly for respiratory illness for
18 wecks during January through May of 1965,
and specimens for virus or mycoplasma isolation
were taken from the children who were il with

respiratory disease. Further detail is presented
elsewhere (34).

The vaccinated and control groups had a simi-
lar serologic status lor each agent prior to vac-
cination, which indicated their comparability.
Figure 2 summarizes the serologic responses to
the individual components of the vaccine based
on comparison of the prevaccination antibody
titer and the titer following the third dose of
vaccine. Parainfluenza and influenza antibodics
were assayed by the hemagglutination-inhibition
(HI) methed, and those against RS virus and
Mycoplasma pneumonice were measured by the
scrum-nentralization procedure. The responses
to the parainfluenza and influenza viruses were
excellent while those against the RS and myco-
plasma agents were less.

The same findings are presented in simplified
form in Figure 3, which shows the seroconver-
sion rate for each vaccine component. The hep-
tavalent vaceine stimulated homologous antibody
in 94 per cent or more of the children initially
seronegative to parainfluenza and influenza
viruses, in 79 per cent of those seronegative to
Mycoplasma pneumonine, and in 33 per cent of
those withaut antihody to respiratory syncytial
virus, The geometric mean titers were lowest
against the RS and mycoplasma components.

The antibody response was less striking in per-
sons who displayed antibody initially: 49 to 89
per cent of the children who were initially sero-
positive to the parainfluenza or influenza viruses
showed a fourfold or greater increase in anti-
body after vaccination; 6 per cent responded
similarly to RS virus; and 19 per cent to the
mycoplasma component (Fig. 4). The lower
rate of response m children who had antibody
initially compared with initial seronegatives was
of no greal concern since the human subjects
without antibody were those most vulnerable to
severe infection and consequently in greatest
need of protection by vaccine.

The protective efficacy of the heptavalent vac-
cine was evaluated by comparing the cumula-
tive attack raies, by week, in the vaccinated and
control groups (Fig. 5). For analysis, the mild
afebrile or weakly febrile (100°F or less, oral)
were separated from the severe cases, all of
which had a fever of above 100°F. The figure
shows that there was a reduction in total respira-
tory illness, in mild iliness, and in severe illness
as a result of vaccinaltion. The reduelion was
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alum-precipitated RS-parainfluenza-mycoplasma-influenza vaceine in 1964 1965 trial (Study 50).
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Fig. 2. Antibody responses against homologous agents among childrer who received three doses of heptavalent
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Respiralory syncytial and M. preumoniae titers were by neutralization and others were by hemagglutination-
inhihition,

Fig. 3. Seroconversion rates among initially seroncgative preschool children given three doses of heptavalent
respiratory viris vaccine in 1964-1965 trial (Study 50),

ANTIBODY | NO. | PERCENTAGE WHO SHOWED 4-FOLD OR GREATER INREASE
AGANST PERSOM) o 10 20 30 40 50 & 70 80 %0 10

N

RESP. SYNC. 130
- PARAINFLU. 1 104
PARAINFLU. 2 102
PARAINFLU. 3 190
MYCO. PNEU. 84
INFLUENZA AZ | 113

INFLUENZA B 183

Respiratory syncylial and M. prenmonive titers were by neutralization and others were Ty hemugglutination-
inhibition in 1964-1965 trial (Study 50).

Fig. 4. Fourfold or greater antibody increases among inilially seroposilive presclinol children given threc
dozes of heptavalent respiratory virus vaccine in 1964-1965 trial (Study 50).
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Fig, 5. Cumulative attack rates for total, severc, or mild respiratory illnesses, aceording Lo time, among
all children vaccinated with heptavalent respiratory syucytial-parainfluenza-myeoplasma-influenza vaccine or
held as unvaceinated controls, in 1964-1965 irial (Study 50),
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greatest in the cases with febrile disease. This
was expected, since the agents represented in the
vaceine are those most likely to cause severe
febrile disease.

The reduction in respiratory illnesses result-
ing from vaccination oceurred during the first
10 weeks of observation, the period when the
respiratory disease rates were the highest. No
effect was apparent during the subsequent nine
weeks, when the over-all rates were low. A sum-
mary evalnation of vaccine efficacy is presented in
Table 1, in terms of attack rates for total, severe,
or mild illness for the entire period and for the
first 10 weeks of study. The protective effect
was mainly against severe illness, and this was of
the order of 36 per cent for the first 10 weeks of
study and 28 per cent for the entire period. Both
these values are significant statistically. The 15
per cent reduction in all respiratory illness shown
during the first 10 weeks was of borderline sig-
nificance. The finding of the protective cfficacy
of the vaccine was substantiated in further analy-
ges in which the vaccinated and the control
groups were compared for average occurrence
of respiratory illness per child and average ill-
ness severity score assigned to the cases,

The rates for isolation of viruses and myce-
plasma from the cases were too low to permit an
estimate of agent-specific attack rates of iliness.
However, the rate for recovery of Mycoplasma
pneumonige from vaccinees compared with con-
trols was in the ralio of 1:8, which indicates
that the mycoplasma component of the vaccine
was effective. The marked absence of influenza

TaprLe 1. EVALUATION OF EFFICACY OF THF
ALUM-PRECIPITATED  HEPTAVALENT RS-rarain-
FLUENZA-MYCOPLASMA-INFLUENZA  VACCINE IN

1964-1965 vr1aL (STuny 50)

Ratio
Allack Difference Significunce
Time periodd  Tlness Tates {eflicacy) ™
vace./
control
Total Total 1/1.08 —7% None
period  Bevere 1/1.33 —289 0.05
Mild 1/1.04 —487 None
First 10 Total 1/1.18  —156% 0.05-0.10
weeks Severe 1/1.67 —369%, <025
Mild 1/1.12  —10%, None

Respiratory illness rate/100 observations.

A, in the Philadelphia area during the period of
study, the occurrence of influenza B only during
the period of observation (22) and the sero-
logic response data, together with the agent
isolation results, supported the judgment that
the vaceine efficacy was due mainly to the para-
influenza and mycoplasma components, The
findings in the study were viewed as highly
promising and as indicative that substantial pro-
tection against acule respiratory illnesses can
be achieved by prophylactic immunization,

STUDY 70: TRIAL OF MONOVALENT AND
TRIVALENT VACCINES IN 1965-1966

After the promising trials of heptavalent vac-
cine in 1964-1965, it was decided to carry out
tests of monovalent RS, monovalent Mycoplusma
preumoniae, and trivalent parainfluenza 1, 2, 3
vaccines in nursery and kindergarten classrooms
in the Havertown-Springfield community (35}).
Simplified formulations were used in order to
facilitate identification of the active agent or
agents in the vaccines which were responsible
for protection. The vaccines were prepared in
essentially the same manner as the heptavalent
preparation except that the content of RS viral
antigen in the RS vaccine was markedly in-
creased and the influenza virus antigens were
not used. Further, only two doses of vaccine
were given in the 1965-1966 trial, in contrast
to three doses employed in the 1964-1965 tests
of heptavalent vaccine.

The subjects were 750 children three to five
vears of age in 45 kindergarten and nursery
school classrooms in the Havertown-Springfield
area. The children were divided at random in
each classroom into four groups to receive one
of the three vaccines or to serve as unvaccinated
controle. The children in the vaccinated groups
were given the two doses of vaccine one month
apart during October and November 1965, Blood
samples for serclogic testing were taken prior to
vaceination and again one month after the sec-
ond dose. The children were observed twice
weekly for respiratory illness for 20 weeks dur-
ing January through May of 1966. Specimens for
virus or mycoplasma isolation were taken from
the children who were ill with respiratory dis-
sase. Details of the data on the irial are pub-
lished elsewhere (35).

The vaccinated and the control groups had a
similar serologic status for each agent prior to



Section F »

Combined Respiratory Virus Vaccines *

Hilleman 147

vaceination, which indicates the comparability
of the groups. Figure 6 summarizes the homol-
ogous antibody responses in the children to the
vaccines. Parainfluenza antibody was measured
by the HI technique, and antibody against the
RS virus and Mycoplasma prewmeonige was as-
sayed by the serum-necutralization method. The
antibody responses to the parainfluenza viruses
were excellent and those to the RS virus were
considerably greater than had been obtained
carlier with the heptavalent vaccine, This was
due to the use of a greater amount of antigen in
the RS vaceine. The response to mycoplasma

was somewhat less than to the other agents;
this appears to be related more to an insensitivity
of the means for detecting neutralizing antibody
than to the response itself, since the vaccine is
highly protective against the natural disease.

The findings in Figure 6 are shown in simpli-
fied form in Figure 7. Ninety-five to 96 per cent
of the initially seronegative children developed
antibody against the parainfluenza viruses after
only two doses of vaccine. Seventy-four per cent
showed a serologic response to RS virus and 60
per cent to the mycoplasma.

The percentages of persons who displayed

PARAINFLUENZA | HI ANTIBOOY PARAINFLUENZA 2 HI ANTIBODY
1280F
QZSBO- 640F 2 1 2 | \
L 1280 320F 5 2 4 5 |
L 640 160} 78 5 4 31
g 320 B0k 5 5 3 3
160 aok 25 5 2 1
E 80 20 3 s
0 40F [QF 21
0 20 | Y G.M. Pre: 2.2
= 10 Post : 43.4
g e GM. Pre: 1.9 N A
% ¢ —/e/ Post: 24.2 RSP, SYNCYTIAL, NEUT, ANTIGODY
Z PRRARFLUENZA 3 oo ] o] e
Z UENZA 3 HI ANTIBODY a0k 3 8
= 2560F 2or 4 5 %08
% 1280F 2 | [OF 25 22,10 S MPre: 3.8
£ 640F 1 l l / 5F 19 .8
G301 11331 2 i g Post: 99
U|60—4411352/ AN
ogls i onn M. PNEUMONIAE NEUT. ANTIBODY
}[ a0l 4 5 72 8y 40} 2
{D20—839|/ 20 4 73
IOF ¢ 2 2 : [OF 10 26 7
ﬂO. s5F 1 v G'Mﬁgﬁég:? 5k 46 35’,1 G.M.Pre: 2.2
sk |/ e v Post: 4.7
i | | 1 Il | 1 [ — 1 1 1 I 1 Il il i 1
<5 % 10 20 40 80 160 320 640 <5 5 10 20 40 B0 160 320 640

PRE-VACCINATION ANTIBODY TITERS -

Fig. 6. Homologous antibody responses against respiratery syncytial or parainfluenza Types 1, 2, 3 viruses
or M. pnewmonige in children who received two duses of killed almm-precipitated RS, myeoplasma. or para-

influenza 1, 2, 3 vaceine in 1965-1966 trial (Study 70).
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ANTIBODY NO. PERCENTAGE WHO DEVELOPED.ANTIBODY SEAOH
AGRINST  [PERSONS) 1y 20 30 40 50 60 70 80 90 00| TITER
S A S A Y W A
RESP. SYNC. 65 | THIINENEGEGNGEGEEEEEEEEE 47
praineLy. A | 125 | 15,2
paraiNFLU. 2 | 120 | T |
piraiveLL. 3 | 25 | R | s
MYCO. PNEU. oo | 3.0

Respiratory syncytial, and M. preumonige titers were by neutralization and parainfluenza by hemagglutina-

tion-inhibition.

Fig. 7. Seroconversion rales among initially seronegative preschool childven given Lwo doses of killed alum-
precipitated RS, Mycoplasma prenmontge, or parainfluenza 1, 2, 3 vaceine in 1965-1966 trial (Study 70).

antibody initially and who showed a fourfold or
greater increase in antibody after two doses of
vaccine are shown in Figure 8. Striking booster
responses were observed for the parainfluenza
agents, ranging from 61 to 95 per cent. The four-
fold or greater rises in titer against RS and
mycoplasma were each 11 per cent, and this was
consislent with Lhe findings in the study with
heptavalent vaccine.

The prolective efficacy of the vaccines was
evaluated by comparing the cumulative attack

rates, by week, for each vaccine group with
those of the controls. The findings are shown
in Figure 9. The rate for respiratory illncss
during 1965-1966 was only about one third as
high as in the preceding year, when the hepta-
valent vaccine was Llested, Hence, the rates are
very low. The analyscs were made n terms of
total, severe, and mild disease, as for the hep-
tavalent vaccine study. There was a striking
decrease in illness among children who received
Myecoplasma prewmonige vaccine as compared

ANTIBODY NO. |PERCENTAGE WHO SHOWED 4- FOLD OR GREATER INCREASE | _BEC: MEAN
AGAINST  |PERSONS 0 0 ® 3 4 H 0 D W 0 0 RE o051
RESP. SYNG. 39 | R 92 |16.3
paraveLu | se | N 7.2 |65.3
paraveie. 2 |63 | N (05 (60
parainiy, 3 | 158 | 196 | 74.3
MYCO. PNEU. 83 | R 5.6 | 8.0

Respiratory syneytial and M. pneumoniae liters wore by neulralization and others were by hemagglutination-

inhibition {Study 70).

Fig. 8. Fourfold or greater antibody increases among initially seropositive preschool children given iwo doses
of killed alum-precipiiated RS, M. prenmonige, or parainfluenza 1, 2, 3 vaccine (Siudy 70).
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Fig. 9. Cumulative altack rates for tolal, scvere,

or mild respiralory illnesses, according to time, among

all children vaccinated with killed alum-precipitated vespiratory syneytiul, paruinfluenza types 1, 2, and 3
niixed, or myecoplasma vaccine, or beld as unvaccinated controls in 1965-1966 trial (Study 70).

with the controls, and this diflerence was statis-
tically significant when total respiratory disease
and mild respiratory disease rates were observed.
As might be expected, the greatest reduction,
35 per cent, was observed for severe illness. The
numbers, hnwever, were too small to permit sta-

tistical confirmation. The efficacy demonstrated
for the mycoplasma vaceine was consistent with
the findings ohtained in the 1964-1965 heptava-
lent vaccine study and with the very substantial
reduction in lower respiratory iract illness demon-
strated in large-scale field tests of the same vaco-
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cine at Keesler Air Force Base by Dr. Mogabgab
{28). There was also an 8 per ceni reduction
in severe disease among children who received
RS vaccine and of 11 per cent among recipients
of parainfluenza vaccine. Though consistent in
pattern of devclopment, these figures were not
confirmed by statistical analysis. The rates for
recovery of specific agents from the cases for
diagnostic purpoeses were so low as to preclude
any attempt at refining the data in terms of
agent-specific attack rates,

ANTIBODY RESPONSES TN INFANTS

It was apparent [rom the studies that though
excellent antibedy responses against these agents
may he obtained in nursery and kindergarten
children, the attack rates for diseases caused by
these agents are apparently low and the efficacy
of the vaccines might be better shown in children
of younger age. It was important, therefore, to
establish whether very young children respond
serologically lo the vaccine (21).

‘T'ahle 2 summarizes the antibody responses in
young infants who were given two doses of the
heptavalent vaccine described above for Study
50. Tt should be noted that only iwo, rather
than three, doses were given and thal a1l children
were initially seronegative to all agents except
influenza B and parainfluenza 3 in one child (5
months). It may be seen that, considering that
the only two doses of vaccine were given, the in-

fants responded remarkably well to all the agents
except RS virus. Only two of the eight children
responded to RS virus, but this was after only
two doses of a RS vaccine that was known not
Lo contain sufficient antigen.

IMMUNOLOGIC ADJUVANTS

Because of the extreme mulliplicity of kinds
ot antigens worthy of inclusion in killed vaccines,
means must be developed for minimizing the
volume per dose, the required number of doses,
and the cost. The besl hope for a practicable
solution lics in a safe and effective immunologic
adjuvant.  Adjuvants should f{acilitate the
achievement of a more durable and a higher
level of immunity employing a smaller anti-
genic mass in fewer doses than would be attain-
able if the corresponding aqueous material were
employed.

Two years ago, my colleagues and T described
the development and clinical testing of a new
adjuvant called adjuvant 65 (8, 15, 30, 32, 36, 38,
30,
peanut-oil emulsion employing Arlacel A (man-
nide monooleate) as emulsifier and aluminum
monoslearate as stabilizer. The adjuvant works
very well with a variety of viral antigens, but has
been applied mast extensively to influenza virus
vaceine., More recently it has been used with a

This consisted of an aqueous vaccine in

highly purified influenza virus vaccine newly de-
veloped in our laboratories (36, 38). The virus

TarLE 2. INDIVIDUAL HOMOLOEOUS ANTIRODY RESPONSES AMONG TNFANTS RECEIVING TWO DOSES OF
HEPTAVALENT RS-PARAINFLUENZA-MYCOPLASMA-INFLUENZA VACCINE 1N 1964-1965 triar. (Stupy 50)
(ALL WERE INITIALLY SERONFGATIVE 1INLESS OTHERWISE SHOWN)

Neciprocal of antibody titer against
Child |~ T T T B
Age Nuo. Myoa, Influenza Tniluenza B
15 Parafiln, 1 | Parafla, 2 | Paraflu, 3 poneu, A o
(Post) (Port) (Post) {105t} {Posi) (Post}
Pre Post
0B . ..., 482 <5 40 14 80* 10 20 20 20
Ymos.......... .. 326 <5 10 166 10 <5 20 80 80
Smes............ 299 <h <5 40 160 <5 80 40 160
Qmos.......... .. 118 <h 5 20 1¢ 10 20 10 80
1lmos........... 308 <h 20 B 640 <35 20 10 160
{yr.. 99 <5 <5 20 10 5 80 24 40
Lyroooooin. 189 40 5 20 40 5 10 10 40
¥ yr. 442 20 10 ]0 80 10 &0 20 160

¥Prevaeeination liler was 1:80.
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in the vaceine is purified by combined physical
and chemical procedures. In this work, only con-
temporaty influenza A and B virus strains were
used, since strains of an earlier vintage have
offered no significant contribution to the efficacy
of the vaccines. Figure 10 illustrates representa-
tive Aindings in tests in which persons were given
one or two doses of the adjuvant with the purified
vaccine in adjuvant as compared with purified
aqueous or ordinary Sharples vaccine. The
purified agqueous and Sharples agueous vaccines
performed roughly the same. The very large
liter increase and sustained high antibody level

attending use of the adjuvant are clearly shown.
Elsewhere in this program {37), it will be re-
ported that the enhancement of antibody re-
sponse attending the use of adjuvant 65 is re-
tained for at least three years.

No significant adverse local or systemic effect
has been noted in short- or long-term studies
in about 15,000 persons to date, including tests
for induction of immediate and delayed hyper-
sensitivity. Short-term and long-term toxicily
tesis in a variety of animals, with particular at-
tention to local and systemic pathology, auto-
immune disease, hypersensitivity, cancer and

ONE DOSE OF VACCINE TWO DOSES OF VACCINE
A2 /JAPAN/ITQ/62
2560 Facone VACTNE
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Fig. 10. Study 55. Antibody response in adult human subjects according to time after one or two injec-
tions of adjuvant 65, purified aqueous, or Sharples aqueous bivalent influenza virus vaceine given at zero

(one dose) or at zero and one month (iwo doses) .
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teratogenicity, have been carried out with no
significanl adverse efflects to dale. All the com-
ponents of the adjuvant enjoy the precedent of
long-term use in materials employed in man.
The gencral composition of the adjuvant com-
ponents is monitored hy gas chromatographic
analysis, and thev are tested for freedom from
polynuelear aromatic hydrocarbons that might
be carcinogenic. Presence of the hepatocarcing-
genic aflatoxin in the peanut oil is excluded.
All threc compenents of the emulsified adjuvant
brcak down after intramuscular injection and
are metabolized, as is shown by radicactive
tracer analysis.

Summary

T think it is clear that the substantial progress
that has been made in virus discovery now per-
mits a definition of specific etiology in the ma-
jority of respiralory disease cases and delineates
which viruses are sufficiently important Lo be
worth including in a mixed polyvalent vaceine.
The large body of experiences with experimental
vaccines reported here indicate that a sizable
portion of the respiratory disease spcctrum can
he controlled by vaccines if a large enough anti-
genic mass is employed and if these vaccines
can be used in highly polvvalent preparations.
The fndings in Lthe present studies indicale that
the parainfluenza vaccines have achieved a
degree of immunelogic performance equal to
that of influenza virus vaceines. The Mycaplasma
preumoniae vaceine is highly protective, as was
shown in the present studies and in the exten-
sive tests carried out by Dr. Mogabhgab at Kees-
ler Air Force Base. Respiratory syncytial vi:us
is also immunogenic, but a greater antigenic
mass must be employed in fulure vaccines to
achieve maximal efficacy. Tt is evident from the
present studies that future vaccines should he
evaluated in a group of children younger than
the three-to-five-year-alds, in which the attack
rates would he higher for the agents under con-
sideration for vaccine use. The development ol
the highly effective and safe immunologic adju-
vant 65 offers promise of providing the exira
boost, both in antibody level and in duration of
antibady elevation, that should bring these vac-
cineg inlo practicable routine use.
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SECTION E. MYCOPLASMA VACCINES AND SECTION F. COMBINED
RESPIRATORY VIRUS VACCINES

DISCUSSION

CHalrMaAN AnprewEs: We will now proceed
with Lhe discussion of both Sections E. and F,
The first discussant is Dr. L. Hayflick, of the
Wistar Institute, Philadelphia, Pennsylvania.

Dr. HayrLick: Perhaps some of the apparent
difficuhies encountered in the development of a
really effective vaccine against Mycoplasma
pneumoniae infection can be traced to the tacit
belief thal these microorganisms behave like
viruses or bacteria. This is, perhaps, exemph-
fied hy their inclusion here at this Conlerence.
[ believe that greater progress can be made in
the field of “mycoplasmology” if less time is
spent atlempling to fit bacteriological and viro-
logical concepts into this unigquely shaped field,
which requires its own special techniques.

The mycoplasmas have limited and, in many
ways, unique synthelic capabilities, with the
biochemistry of the progeny mycoplasmas often
dependent upon the nature of the culture me-
diam. Exampies of this are known to those of us
who have isolated mycoplasmas from clinical
materials only to find that subcultivation of the
isolate is frequently impossible or requires a
long period of adaptation. I am reminded of the
time when 1 first grew the Eaton Agent on the
then new media formula that [ had devised.®
Mycoplasmas readily appeared on the plates that
were inoculated with the tissue culture passaged
material, but it took six months of hard work
before I was able to make the first successful
subcultivation. Subcultivations are as ecasy to
make now, as are the subcultivations of ordi-

* Chanock, R. M., Hayflick, L., and Barile, M. F,
“Growth on Artificial Medium of an Agent Associated
with Atypical Pneumonia and Its Identification as
u PPLOY Proc Nat Acad Sci (USA) 48:41-49,
1962; and Hayflick, L. “Tissue Cultures and Myeo-
plasmas.”” Texas Rep Biol Med 23, Suppl 1:285-
303, 1965,
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nary bacteria. It is probable that the antigenic
composition of mycoplasmas is partly influenced
by the kind of substraie upon which they are
grown. This may be particularly important in
the case of Mycoplasma pneumoniae, whose
growth is more dependent upon the presence of
whole protein in the medium than is the growth
of other mycoplasmas.* We might benefit from
the fund of knowledge on this point accumulated
in the development of vaceines against M. myco-
ides, the eliological agent of contagious hovinc
pleuropneumonia. Thus the massive yields of
glass-grown mycoplasmas or the serum-free
growth described in this session may in them-
selves be relatively unimportant and may partly
account for the less-than-hoped-for results, It is
quite probable that the quantilative aspects of
the M. preumoniae antigenic mass are less im-
portant than the qualitative properties presum-
ably influenced by the medium components.

Muoreover, other routes of vaccine administra-
tion should he explored. There is good reason
to believe that the intranasal administration of
live, attenuated M, preumoniae might be a good
approach. Investigation of living attenuated M.
pneumonite administered parenterally or to the
inlestinal tract by enteric-coated capsules should
alse be pursned.

There is also the possibility of the existence
of localized or tissue-fixed antibody to M. pneu-
moniae, especially since the organism is found
to he associated predominantly with the surface
of the bronchial epithelium and, unlike viruses,
does not require cell penetration for replication.
if this is so, other approaches to vaccination he-
come apparent.

* Havflick, L. op cit, and Hayflick, L., and
Chanock, R. M, *“Mycoplasma Species of Man.”
Bact Rev 29:185-221, 1965,
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In any case, T am sure that we have not heard
the last from the mycoplasmas and their asso-
ciation with human disease. If findings in do-
mestie and Yaboratory animals can properly he
extrapolated to man, then it is likely thal some
day evidence may be forthcoming to link the
mycoplasmas and the recently recognized T
strains to some kinds of arthritis, rheumatie
conditions, and nongonococeal urethritis in man.
T expect that we may be only at the threshold of
vaccines against infections caused by the myco-
plasmas, and that by “cutting our teeth” on M.
prneumonine vaccines we will be acquiring the
techniques for production of other mycoplasma
and T-strain vaccines of the future.

Cualeman AnprEwes: The next discussant is
Dr. B. P. Marmion, Department of Microbiology,
Monash University Medical School, Melbourne,
Australia.

Dr. MarmioN: A case seems to have been
made by the speakers for the effectiveness of in-
activated whole cell vaccine from M. preumoniae
in reducing the incidence of Jower respiratory
tract illness in the populations studied.

It may well be that inactivated whole cell vac-
cine will prove to be sufficienilly immunogenic
and nontoxic to be an adequate vaccine without
further refinement. However, it is possible, as
Dr. Chanock has foreshadowed in his discus-
sion of the phospholipid fraction of the organism,
that chemical extracts of M. prewmonice may
provide a refined vaccine with the essential anti-
genic delerminants free of other superfluous cell
components. In this context, I should like to
summarize briefly the findings of a group of us
in Melbourne—Drs, Plackett, Lemcke, and Shaw
and myself—on the analysis ol the immuno-
chemical composition of M. pneumoniae.

1. Serologically reactive fractions can be ex-
tracted from M. prewmonice with chloroform-
methanol (2:1 v/v) by the Folch method as ap-
plied by Kenny and Grayston, by the Dafaalla B
method (warm ethanol with acetone precipita-
tion in the cold), or by a warm aqueous phenol
method resembling that of Wesiphal. If these
techniques are used in sequence, material is still
extracted by each, so that they probably extract
different substances or different fragments of the
same larger complex,

2. These extracts react with human convales-
cent or rahbit hyperitnmune sera by various
techniques. We have used mainly complement
fixation and gel diffusion.

3. The chleroform-methanol extract shows the
most potent reactivity with homologous human
or rabbit antisera. Extracts hy the Dafaalla B
or the phenol method show more heterologous
reaclions.

4. Material extracted by the Dafaalla B
method has not been characterized. The phenol
extract contains about 14 per cent galactose and
traces of glucose and mannose; its serological
activity is reduced by treatment with periodate,
but more investigation is required to find out (a)}
whether the galactose-containing portion has ac-
tually been synthesized by the organism and (b)
whether the serological reactivity resides in it
or in some other component of the phenol extract.

5. Examination of the major reactive fraclion,
the chloroform-methanol (2:1 v/v) extract, shows
that it has the following properties:

a. It is heat- and alkali-stable.

b. Treatment with pronase and lipase {15
hours} does not alter reactivity.

¢. Treatment with phosphelipase C does not
aller the reactivity of the CM extract, but does
substantially reduce the reactivity of a phospho-
lipid, the Difco cardiolipin antizen, tested with a
WR positive serum,

d. The serological reactivity of CM extract is
subslantially reduecd by treatment with perio-
date and by carbohydrase. In preliminary ex-
periments the WR reactivity of Kolmer cardioli-
pin was nol reduced by periodate treatment.

e. The whole CM 2:1 extract from M. pnen-
monige reacts with WR + sera from patients with
syphilis, and the WR antibody (or reagin) that
cross-reacls may be adsorbed from these sera
with crude heef heart W antigen. However,
some serologically teaclive subfractions of the
CM extract do not react with WR positive sera;
thut is, the WR reactive component is only a
part of the whole extract. The human and rabbit
anti-M. pneumonige sera we use react ouly
feebly with Kolmer cardiolipin CF antigen and
not at all with phosphatidyl glycerol, synthetic
phosphatidyl serine or phosphatidyl ethanola-
mine.

{. Tecithin and phosphatidyl ethanolamine
both have an auxiliary effect on the CF reac-
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tivity of certain of the sublractions of the CM
extract, This aspect is of some importance in
the testing of subfractions of the lipids, par-
ticularly neutral lipids.

g- The whale (2:1 v/v) CM extract is only
feebly antigenic in rabbits and guinea pigs,®
but appears to hlock the antibody for growth
inhibition that is present in the rabbit antisera
we are nsing.

h. Fractionation of the whole CM extract by
methods that will separate acidic lipids or phos-
pholipids on the one hand and neutral lipids on
the other reveals that serological reactivity is
associated with components in both of these
general clusses. The CF reactive neuiral lipid
fractions do not conlain phoesphorus in detectable
amounts. The reactivity of both acidic and neuw-
tral lipid fractions is periodate sensitive. They
react as different entities in gel diffusion. The
reaction of the sevologically active neutral lipid
[raction is not inhibited in gel-diffusion systems
by cardiolipin. If extracts are made from orga-
nisms whose lipids are labeled with C* or
tritinm, labeled components appear v both the
serologically reactive acidic aud the neutral lipid
{ractions, which suggests that both fractions con-
tain componenis that have been made hy the
OTganism.

i. Analysis of serologically reactive acidic and
neutral Yipid fractions by thin layer chromatog-
raphy on silica gel indicates that there are a
number of serologically rcactive subfractions
within each group. Seme difficulty has been ex-
perienced in obtaining homogeneous subfrac-
tions and more work is required before weight
can be placed on the results of chemical analy-
gis of materials eluted from the various spots on
the TLC plates.

We would advocate some caution in conclud-
ing that the chemical nature of the antigenic de-
terminants of M. preumoniuze has been estab-
lished. Whether those haptens, once identified,
can be made effective antigens in a vaceine is of
course a scparate problem,

Craleman ANDREWES: The last discussanl 1s
Dr. Keith E. Jensen, Medical Rescarch T.abora-

*Kenny, . E., and Grayston, J. T. “Faton
Pleuropneumonindike Organism (Myceplasma pnew-
monige) Complement-Fixing Antigen: FExtraction
with Ovganie Solvents.” J fmmaunol 95:19-25, 1965.
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tories, Chas. Pfizer and Company, Inc., Groton,
Connecticut.

Dr. Jewsen: The objectives described by
Dr. Hilleman form part of that ideal concept,
the combination of biologics, about which many
have dreamed. A course of injections to pro-
vide children with resistance to a spectrum of
acute respiratory diseases has heen almost tech-
nically feasible, almost within our grasp, since
1962. Four years ago, when we demonstrated
that children would produce antibodies in re-
sponse Lo vaccine complexes of diphtheria-per-
tussis-tetanus, influenza, and parainfluenza, there
seemed grounds for hope that a highly useful
biologic could soon be developed. Why, then, is
it not yet available? What has retarded rapid
progress toward this goal?

Two considerations siand out. Firsl, there
were medical questions concerning the epi-
demiclogical importance of parainfluenza: Was
widespread use of such a vaccine warranied?
Some investigators would argue that such proof
is still lacking. Sccondly, there was the fear that
avian leukosis viruses {commen contaminants of
cgg fluids) might be oncogenic in man; Lhis
led to the conclusion that new vaccines, even
when inactivated with formaldehyde, must be
from leukosis-free eggs., We then elected to ex-
plore whether harvests from infected monkey
kidney cultures would be sufficiently rich in
parainfluenza antigens to be a practical means
of vaccine manufacture and so avoid the egg
problem. After vigorous efforts to improve vields
from the tissue culiures and demonstrations that
even when highly concentrated by centrifugation
such harvests had only marginal antigenic po-
tency, it must be concluded that the egg is a4
better source.

As for other components of 4 new combined
vaccine, we now sense that it may be some time
before a highly potent, safe, and practical vac-
cine with inactivated respiratory syncytial virus
will be developed, since conventional approaches
have fallen short. The danger of sensitizing
with a weakly antigenic product, and so doing the
child a disservice, may deter further exploration
with monovalent or polyvalent materials. As D,
Chanock described earlier today, the same phe-
nomenon has been seen with M. prewmeonice
vaccine. This indicated that complete departures
from conventional methods of vaccine produc-
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tion and/or administration may be necessary to
achieve the desired effects. An oily adjuvant,
although it enhances response to some kinds of
antigens (e.g., influenzal), has mnoL appeared
efficacious in our hands with other viral anti-
gens such as the RS virus.

T should also like to comment briefly on M.
prieumoniee infections in families, particularly
in children. Tt is now well recorded by Dr.
Grayston and his colleagues in Seattle that
school-age children have infections with this
agent that result in pneumonia, bronchitis, and
ather disease of the respiratory tract. Early in
1965, an epidemic was followed in 89 families
living in Terre Haute, Tndiana, where suspected
index cases were seen in a pediatric clinic
Among the patients who were later shown to
belong to families infecled with M. preumoniae,
51 were less than five vears old and 46 werc five
1o eight vears old. Antibody increases and/or
positive throat cultures were demonstrated in
19 cases {37 per cent) in the younger group and
in 25 patients {54 per cent) in the five-to-eight

group. As others have also noted, for unknown

reasons boys were more frequently infected than
girls—in fact, 13 out of 26 boys {50 per cent)
between less than one vear and four vears old
presented illness associated with evidence of
infection with tetracycline. Although all index
cases received the drug, alternate families were
given placebo, and infection-illness rates were
compared with those found in families in which
all members were given therapeutic doses of the
drug for a week. The laboratory results indi-
cated that the infection rate was anly slightly
lowered by treatment (48 per cent with placeho,
39 per cent with drug), hut the incidence of in-
fection-associated illness was significantly higher
in placebo familics (14 omt of 58, or 69 per
cent) than in treated families (14 out of 47, or
30 per cent). We concluded that—though most
of the disease is mild—this agenl can he of
importance in a pediatric practice and that
family epidemics might be controlled by tetra-
cyclines pending the development of safe, effec-
tive vaccines.



SESSION 11

ENTEROVIRUSES
Tuesday, 8 November 1966, at 8:30 a.m.

¥ _
CHAIRMAN
Dr. Joun R. SEAL
4 RAPPORTEUR

Dr. HERBERT A. WENNER

Section A,
Poliomyelitis

Presentation of Papers by:
Dr. Sven Gard

Dr. Albert B. Sabin

Dr. Herald R. Cox

Dr. D. Ikié

Dr. M. P. Chumakov

Dr. W, Chas. Cockburn

Discussants :

Dr. George W. A. Dick
Dr. Andrew J. Rhodes
Dr. Jacobus D. Verlinde

Dr. Manuel Ramos Alvarez

Section B.

Coxsackie and FEchoviruses

Presentation of Paper by
Dr. Joseph L. Melnick

Discussanis:

Dr. Marina K. Voroshilova
Dr. Norman R. Grist

Dr. Dorethy M. Horstmann
Dr. Manuel Ramos Alvarez



o



L&

i

SECTION A.

POLIOMYELITIS

INACTIVATED POLIOMYELITIS VACCINE
PRESENT AND FUTURE

SveEN Garp

Department of Virology, Karolinska Institute
Stockholm, Sweden

Dw. Garo  (presenting the paper): There
seems to be a widespread nolion that inacti-
vated poliovirus vaccine may have a certain
protective value but that by itsell it cannot effect
complete conirol of the disease or, more par-
ticularly, of the circulation of the virus in the
community. In a few countries where only inac-
tivated vaccine has been used, however, both the
disease and the virus have virtually disappeared.
Proponents of the live vaccine have suggested,
as an explanation of this fact, that mass applica-
tion of live vaccine in neighboring areas could
have shielded against an influx of wild virus
strains. In a country thus protected, they con-
tend, the native wild virus would eventually dis-
appear, presumably after exhaustion of the pool
of susceptible intermediates functioning as links
in a continuous chain of infections.

A mechanism of this kind could undoubtedly
account for the cessation of virus circulation in
very small, truly isolated communities, like the
Eskimo villages in northern Alaska. But the
thought that # might operate in a region as
large as Norway, Sweden, and Finland com-
bined, and account for the virtual extinction of
infeetion in the course of five years, seems
slightly fantastic. These three countries
stitule a continoous land area of 428,000 square
miles, equalling thal of Spain, France, and Great
Britain taken together, or more than 12 per cent
of the continental U.S.A. They have a population
of 16 million, with approximately 250,000 an-
nual births, Moreover, their people have in-
tense contact with all parts of the world {each
year, for instance, about a million Swedes spend

COn-
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some time abroad-——a large number in Mediter-
ranean ecounlries where the probability of ex-
posure to polioviruses is considerahle).

The proposed esplanation is not only theo-
retically unlikely but also disregards existing
evidence obtained experimentally and otherwise.
In this paper T intend, by summarizing the
experience gained in Sweden, to show that
complete control of poliomvelitis, including
virus dissemination, can be achieved by the
use of inaclivated vaccine alone and to point
out the necessary conditions.

Tt has been reported from several countries,
among them the USSR, Czechoslovakia, and
Hungary, that mass vaccination with inactivated
virus [ailed 1o preveni the reappearance of epi-
demic poliomyelitis with practically unchanged
attack rates. In the Uniled States a certain drop
in morbidity rates was observed in 1956 and
1957, which was atiributed to the widespread
use of Salk vaccime (10). If, however, the
earlier history of the disease in this country is
taken into consideration, it is questionable
whether this reduclion carries much significance
(Fig. 1}. In the late 1940°s and early 1950°s
the United Stutes had had a period of high polio-
myelilis activity, and experience has shown that
such peaks are often followed by a number of
vears of comparative quictude, At all events,
the attack rates recorded in the years 1956—
1960 deviate [rom those of the high-activity
pertod by only one order of magnitude or less,
and ne downward trend is evident. Not until
1960 or 1961 was a substantial reduction in at-
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potency, determined in guinea pig tests, and
ouo0 e Tt serologic conversion rates in prevaccination

1345 1950 1955 1960 1366
L —_— -

(- - - -} paralytic cases [ )
Arrow indicstes initiation of mass immunization wilh Salk vaceine
Saurce: Communicable Thscase Center, Atlanta, Georgia (10}

i
al -

Fig. 1. Poliomyelitis in the USA, 1942-1965, 1otal
number of cases reported.

tack rates initiated, and by this time live vac-
cine was being widely used.

This point is further illustrated by the excerpts
from the (.S, Public Health Service surveil-
lance reports summarized in Table 1. Without
precise knowledge of vaccination coverage by
geographic regions, ages, and social groups, an
evaluation of the protective value of the vaccine
is not {easible, However, the high rate of vac-
cine failurcs is conspicucus, as it represenis
consistently almost ane third of the total number
of verified paralvtic cases. The obvious conclu-
sion is that the vaccines used could not have
been very efficient.

VACCINE POTENCY

It goes without saying that efficacy is a fune-
tion of the anfigenic potency of the vaccine, In
this respect the vaccines released in the 1950°s
did not come up to standard. In a feld trial
in 1955 (7) the relationship between vaccine

TapLe 1, PARALYTIC CASES OF POLIOMYELITIS,
Unitep StaTes, 19561963
Taoial Percentage ol total cases bhaving
No. of received Sulk vaeesine
nases {No. of doses of vaceine)
1 2 3
1956 7,911
1957 2,494
1958 3,697
10584 G,280 48.8 6.5 7.2 11.5 2.5
1964} 2,625 57.6 8.6 1D.0 16.4 7.4
1961 829 57.1 7.3 9.5 15.58 10.6
1962 425 63.4 6.9 8.3 10.5 10.4
1963 328 63.3 7.9 6.3 13.0 9.5

triple-negative children was studied. The results
indicated that a conversion rate of 90 per cent
after primary immunization with two 1 mi doses
of vaccine would require a Type 1 extinction
limit value of approximately 2.1 log, and a 99
per cent conversion rate, 2.5 log (Fig. 2).

Table 2 shows Type 1 extinction limits of 20
randomly selected lots of vaccine released in
various countries in the period 1955-1958 and
those of the first 21 lots produced by the Swedish
National Bacteriological Laboratory (5). None
of the commercial vaccines had a potency value
abaove 1.5, and some were hardly more potent
than so much colored water. The hest of them
could not be expecled to induce mmeasurable
antibody responses in more than 50 per cent of
the vaccinees. Besides, with such marginal anti-
gen doses a considerable proportion of demon.
strable serologic conversions would probahly
represent pure IgM responses, evoking only a
short-lived immunological memory and offering
little prophylactic benefit,

The uwnsatislactory quality of these vaccines
was due al least in part to the rigid precautions
and the stringent technical regulations imposed
on vaccine manufacture after the Cutter incident
in April 1955. These precautions no doubt im-
proved the safety of the vaccine, but they did
so at the expense of its potency. The end result
was a general loss of faith in this 1ype of product.

Apart from the complex kinetics of chemical

TABLE 2 DISTRIBUTION OF POTENCY VALUES OF
VACCINES RELEASED 1IN 1955-1958

. Typel
Extinclion limit __ .
a h
<000, ........... 2
0.010.50............ 3
0.61-1.00. .. ......... 11 2
1.01-1.50............ 4 Y
1.51-2.00. f
200250, ... 4
>2.51
Mean.............. .67 1.42

w = Comrnercial vaccines, .
l» = Vatcines prepared by the Swedish Na-
tional Bacteriological Laboratory.

&
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Fig. 2, Vaccine poteney and serologic conversion in man.

virus inactivation (4), the main difficulty en-
counlered in the preduction of an inactivated
poliovirus vaccine has been the fact that most
inactivating agents, including formaldehyde,
seem to transform the native N into H-antigen,
which cannot induce the production of neutraliz-
ing protective antibody. This reaction, however,
is temperature dependent (Fig. 3)—and appar-
ently more so than inactivation of infectivity.
Thus, by lowering the temperature of inactiva-
tion the margin between safety and maintained
potency can be widened. The Swedish vaccine
was originally inaclivated at 25°C for eight
weeks, but more reproducible results have since
been obtained by inactivation at 30°C with a
holding time of four weeks, with no appreciable
impairment of the potency.

Another point of great importance is the choice
of virus strains. We found in early experiments
(8) that the immunizing capacity in guinea pigs
of Mahoney strain Type 1 was inferior to that of
a certain wild strain of moderate virulence, as
was Leon Type 3 to the Sauckett strain, and so
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we naturally chose the latter strains of each type
for our vaccine. When in 1961 the Type 1
strain originally used was exchanged for the
attenuated Brunenders strain, it was observed,
much to our surprise, that the antigenicity of
the Type 1 component of the vaccine was sig-
nificantly higher for man than for guinea pigs.
It had previously been well known that polio-
virus Type 2 was relatively much more antigenic
in man than in guinea pigs. Apparently the
human organism is capable of recognizing in-
tratypic qualitative differences that find no
expression in immunization tests with guinca
pigs. Thus, even though polency tests performed
in experimental animals give reliable results
when the same strains of virus are being used,
they may be misleading when different strains
are being comparcd.

Figure 4 shows comparisons between Type 1
potency values of the vaccines used in Sweden
and the average serum titers obtained in pre-
vacecinalion Lriple-negative children after primary
immunization with two doses of the correspond-
ing vaccines, The high correlation between the
two is obvious, as is the effect of the introduction
in 1961 of the Brunenders strain. As is shown,
the potency of the vaccines has gradually im-
proved over the years. No distinet changes have
been made in production methods that could ae-
count for this trend. T believe, however, that the
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I'ig. 4. Vaccine potency and average titer values
alter primary immunization.

phenomenon is not uncommen-—that as familjar-
ity with a certain procedure increases, the re-
sults teml to improve. The present product
seems to fnlfill reasonable requirements for po-
tency.

SAFELY

Mass vaccination in Sweden has always heen
restricted to the off scason, from February or
March to May, in order to reduce to a minimum
the chance appearance of unassociated poliomye-
litis in the wvaccinees, This precaution has paid
off. Among 5.4 million vaccinees who have re-
ceived Dbetween 15 and 200 million inoculations
there has not heen a single reported casc of
neurological complications within 30 days after
inoculation that conld be even remately asso-
ciated with the vaccine.

Extrancous viruses have not presented any
serious problems. Since February 1958 only
cynomolgus monkeys have been used for prepa-
ration of tissue cultures. SV,, virus has not been
encountered on any occasion, Poofs of monkey
gerum or gamma globulin kept in storage, sera
from guinea pig potency tests, sera from vac-
cinees, and leftovers of old vaccine lots have been
exumined. So far there is nothing to indicate
that any Swedish vaccine has contained SV,
virus, live or dead.

PERFORMANCE IN THE FIELD

The results of mass application of the vaccine
have been spectacular. In the course of five
years the morbidity rate decreased from a 20
year annual average of 1,132 cases to virtually
zern. Figure b shows reported cases ol polio-
myelitis in Sweden since 1905, when notifica-
tion was first made compulsory. Up until 1935
paralytic and nonparalylic cases werc reported
together, bul since 1936 paralytic cases have
heen reported separately. T should like to em-
phasize that prior to vaccination the disease had
been continuously presenl in the country for
Tts activity had varied
somewhat from one year to the next, hut there
had been no really quiet periods and the fluctna-
tions had been small when measured in terms
of orders of magnitude. Therefore, the sharp
decline in mochidity rales immediately {ollowing

more than 55 years.
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Fig. 5. Reported cascs of poliomyelitis in Sweden annually since 1905,

the introduction of mass vaccinalion carries a
distinct significance.

The steady downward trend was interrupted in
1961 by a loeal outbreak of 55 cases in Gothen-
burg. Since detailed vaccination records were
available, the protective effect of the vaccine
could in this instance be calculated to at least
98 per cent {1).

I should like to point out that the effect of
the vaecination hecame quite apparent at a
time when live vaccine had not yet heen applied
anywhere on such a scale as to have any possible
effect on the morbidity rate in Sweden.

Figure 6 gives further details on the relation-
ship between vaccination and morbidity rates.
In 1957 a total of 717,000 children in the top-risk
age group—4 to 11 years—received their pri-
mary inoculations. As a result, this age group
was virtually eliminated from the morhidity dis-
tribution pattern for that year, whercas in non-
vaccinated age groups morbidity rates were the
same as in previous years,

In 1959, by which time the group between
2 and 26 yeurs had been covered and a total
of 21 million persons (out of a population
of 7.7 million) had been vaccinated, a marked
decline in attack rates among nonvaccinated in-

dividuals became apparent, and the trend was
further accentuated in the following years. This
indicated a diminished rate of exposure, which
was also reflected in a decreasing rate of virus
isolations in routine examinations of stools from
patients in infectious disease wards.

The probable explanation for this unexpected
development was found in experiments in which
prevaccinated individuals were fed live attenu-
ated virns (6), and the rate and duration of
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Fig. 6. Paralytic poliomyelitis (log scale) ( ),
number of vaccinated persons{----), und agc groups
vaccinated (open bars).
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virus excretion were observed to be inversely
correlated to Lhe serum titer at the time of
{eeding. At very high titers the alimentary tract
might be completely insusceptible to infection
with even large doses of virus (Fig. 7). These
observations, which have since been repeatedly
confirmed, indicate that, contrary to what was
originally believed, circulating antibodies might
measurably afiect the susceptibility of the mucous
membranes of the alimentary tract to implanta-
tion of the virus. A sufficiently extensive im-
munization with a sufficiently potent inactivated
vaccine would therefore provide an effective
hrake on the circulation of the virus in the com-
munity.

Vaccine failures have been remarkably few.
A total of five paralytic cases have been reported
in persons who had received at least two doses
of early vaccines. Four of these cases were rela-
tively mild; in only one case was residual severe
paralysis recorded.

As of now 5.4 million persons, or 71 per cent
of the tolal Swedish population, have received
at least two inoculations of vaccine. Coverage
below age 55 is approximately 85 per cent and
below age 20 at least 95 per cent. This is ap-
parently sufficient to keep the domestic situation

LIMITATICN OF INFECTION
BY HOMOTYPIC ANTIBODIES
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Fig. 7. Percentage of children excreting virus for

al least four weeks as a function of serum titer at
time of feeding.

under control, but it is still unsatisfactory in
that it does not completely exclude the possibility
that persons visiting regions abroad where the
risk of exposure still exists might contract the
disease and/or import the virus into the country.

In 1963 no casc ol poliomyelitis was reported, but
Type 3 virus was found on onc oceasion in scwage
in Gothenburg.

In 1964 one Type 2 strain was isolated from a
child {rom Tanzania. The family had been residing
in Stockholm for some time and had repeatedly re-
ceived visits from African students.

In 1965 an unvaccinated Swedish journalisi con-
tracted paralytic poliomyelitis after a week in Bagh-
dad. She returned home and infected her unvacei-
nated infant daughter but not her adequately vac-
cinated son. No further spread of the infection
could be traced.

In 1966 a nurse, who had worked with paliomye-
litis patients for more than 20 years and who had
not cared tn be vaccinated, contracted paralytic
poliomyelitis during a vacation in the Canary Tslands.
No secondary spread of virus was observed.

Finally, this year one child in Malmé developed a
mild paralytic disease and a sibling developed a non-
paralytic infection. Neither of them had been vac-
cinated. The father runs a restaurant in which
many immigrant workers had been employed as dish-
washers, The source of infection could not be defi-
nitely established, An extensive survey of the whole
residential area failed to unveil any further polie-
virus infections.

With the exceptions mentioncd, neo strains of
poliovirus have been tecovered from between
5,000 and 10,000 stool samples annually exam-
ined during the last four years.

At present the threat of virus imported from
ahroad can apparently be met only by intensified
vaccination propaganda.

DURATION OF IMMUNITY

The problems of safety and efficacy seem to
have been satisfactorily solved. However, the
equally important question of duoration of im-
munity has not yet been answered once and for
all. I should like to open the discussion of this
point by referring to results obtgined in the
course of a study (2) on the use of live atten-
wated Type 3 virus (Fig. 8). In 1957 all mem-
hers of a group of 20 volunteer families were
given two inoculations of the comparatively weak
trivalent vaccine then available. Those with pre-
existing natural immunity responded with clear-
cut booster eflects and their serologic titers
have since stayed al a high level. The previously
non-immunes could be divided into two groups.
In group “a,” a minority of about ome fourth,
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Fig. 8. Type 3 anlibody levels after primary immunization with inactivated vaccine and effect of a booster
injection five and one half ycars later.

titers were low, responses were transieni, and
antibodies were no longer demonstrable one
year later. In group “h,” the three-quarter ma-
jorily, primary titers were higher and, after a
decline during the first years, serum antibodies
remained demonsirable at a low but constant
titer level for at least five and one half years.

In 1963 all subjects were given a hooster
inoculation with a potent vaccine. On this oc-
casion group “h” gave a typical secondary re-
sponse with very high titers, which were not
significantly enhanced after a subsequent feed-
ing of live virus, Group “a,” on the other hand,
gave a primary response; only after a second
inoculation six months later were typical booster
cfects obtained.

We have interpreted this observation as
an indication that the early vaccine, although
sufficiently potent to produce IgM responses
in all vaccinees, did not have enough antigen
content to induce IgG antibody formation in
more than 75 per cent of the subjects, With-

ont TgG responses no lasting immuanological
memory will be evoked and later inoculations
will not produce booster effects, It is not suf-
ficient to ohiain demonstrable serologic conver-
sion; the antigen dose must be large enough to
produce Tg; responses.

Present evidence thus indicates that the early
vaccines did not come up to the potency standard
that should be required. Follow-up studies of
groups of prevaccination triple-negatives have
also shown that up to 25 per cent of those vac-
cinated in 1957 and 1958 had no demonstrable
antibodies four to five vears after the third dose.
We have therefore recommended a fourth inocu-
lation five years after the primary immunization.
This routine will be relatively easily maintained
in the future when children receive their first
immunization at the health centers and their
second booster injection in the first grade of
school.  The question is whether this will
be any longer necessary after the considerable
improvement in the quality of the vaccine.
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Figs. 9 and 10. Immunity profile of prevaccination triple-negative children two weeks after primary im-
munizalion ( ) and before (----) and after hooster injection {(——— }, 1957-1958 and 1963-1964.
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Fig. 11. Immunity profiles ugainst Types 1, 2, and 3 after completed immunization with present vaceines.
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Figs. 12 and 13. Titer levels in hyperimmunized pre-immunes and in prevaccination Lriple-negative children
after primary immunization and before and after booster injection.

Figures 9 and 10 show the results obtained
with the 1957-1958 and 1963-1964 vaccines,
respectively. The increase in median Type 1
titers from 125 to 6,250 is a measure of the
improvement in patency. Figure 11 shows the
uniform results now obtained with all three
types of virus, Finally, Figures 12 and 13 com-
pare vaccination effects with reactions in natural
immunes. A naturally pre-immune person reacts
to an inoculation of inaclivaied vacecine with a
iypical secondary response. The resulting high
titers cannot he significantly enhanced by fur-
ther hyperimmunizalion with either inactivated
or live virus—they represenl a sorl of maximum
response. The figures show that titer levels
reached alter completed immunization fall within
this maximum response range. Continned [ollow-
up studies on consecutive groups of vaceinces will
eventually provide an answer to the question of
duration of immunity. There seems to be reason
to bhelicve thal the immunity conferred by ihe
present potent vaccines will prove to be as long-
lasting as that following infection with live virus.

THE FUTURE

As far as Sweden is concerned, reasons for
any m