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FOREWORD

During the last seventeen years our International Association of Biological
Standardization (formerly known as the Permanent Section of Microbiological
Standardization of the International Association of Microbiological Societies)
has been concerned with the technical developments in the manufacture and
control of vaccines. When the suggestion was made that we should now con-
sider every facet concerning immunization of large communities against com-
municable diseases we were eager to take up the challenge. The results of our
formal presentations and discussions are recorded in this book.

The success of the Symposium was largely due to the way in which the par-
ticipants came from so many countries, mainly in Europe, willing to discuss
their mutual problems. In particular it was unique in bringing together so many
experts from Government Health Departments with those responsible for the
production and testing of vaccines. Although it was not possible to arrive at a
common immunization schedule, since each community must take into consider-
ation local difficulties, we nevertheless left with a greater understanding of
the part played by different conditions. It was possible to bring together so many
scientists because of the tremendous efforts of Mr H. C. C. Wagner, who obtained
such generous financial support from Merck Sharp & Dohme International
and we are most grateful to them for this. His tireless vigilance in making all the
arrangements for our travel and comfort during the meeting are greatly appreci-
ated. I feel sure that Mr Wagner would wish me to acknowledge the great help
he received from his secretary Miss Muller in these arrangements. The scientific
programme was helped very much by Miss Bond and Mrs Johnson, whose assis-
tance I am pleased to acknowledge.

This symposium was indeed a new venture for our International Association
and the participants felt that it had been a great success. I hope that the record
of our meeting will be accepted with the same enthusiasm.

F. T. PERKINS

[ix]




OPENING ADDRESS

Your Serene Highness Princess Grace, Ladies and Gentlemen,

The International Association of Biological Standardization has held some
45 Symposia and 12 Congresses but never before have we had the privilege of
opening one of our Symposia in the presence of a Princess. Not only are we
delighted to be able to do so on this occasion, but to have a most beautiful
Princess with us is indeed a real pleasure.

As our title suggests, our International Association is concerned with the
standardization of biological substances and it is understandable, therefore,
that the majority of our meetings are concerned with the scientific disciplines
leading towards the standardization of prophylactics against infectious diseases.
On this occasion, however, we felt the need to bring together the scientists who
produce and control vaccines with those responsible for their use. Accordingly,
we have a number of scientists with us today who may not be familiar with the
work of our Association and we are very happy that they have found the time to
come and join in our discussions during the next three days. In Europe 23 Mini-
sters of Health or their representatives were invited to attend and no fewer than
19 are present, 18 of whom are to talk to us about the immunization schedules
that they apply in their own particular country.

In all there are 29 countries represented at our meeting and in these countries
there is a gross population of some 738 millions with an annual birth rate of just
over 11 millions, the average rate being 17-5 births per thousand. Our discus-
sions, therefore, will concern no less than one fifth of the total population of
the world. It is interesting to note that we are meeting in one of the smallest
countries in Europe with a population of no more than 23 thousand, who bring
into the world 214 babies a year. With a birth rate as low as g-2 per thousand, it
is clearly a privilege to live and to be born in Monaco — quality is often con-
tained in small packages. We have a serious duty to perform, therefore, in dis-
cussing our common problems concerned with the immunization of our total
population against infectious diseases and I feel sure that we shall return to
our various countries much the wiser having benefited from our exchange of
ideas.

It is, of course, a great honour to have Princess Grace with us today, not only
because of her interest in the health of children but also because of a link with
the past. The hosts at our social occasions are Merck Sharp & Dohme Inter-
national and many of us remember with great affection the late Dr Joseph
Stokes, Jnr. who worked so closely with this pharmaceutical company in Phila-
delphia. As each new vaccine was developed there was a need for clinical trials
and frequently one found Joe Stokes in the forefront of such investigations. It so
happens that, when Princess Grace lived in America as a small child, Dr Joseph
Stokes was her personal paediatrician and I hope that she too has happy memories
of him.

[xi]




xii OPENING ADDRESS

Already we have experienced a warm welcome in most comfortable surround-
ings in Monte Carlo and undoubtedly we shall take back the most pleasant
memories of our meeting in your picturesque Principality. In order that you will
carry away a permanent record of our meeting, Princess Grace, our Interna-
tional Association would be delighted if you would accept this pair of silver
candlesticks. They come to you with our respect and affection and we hope that
you will find a place for them in your home.

It now gives me great pleasure in officially declaring our 45th Symposium on
Vaccination against Communicable Diseases to be open.

F. T. PERKINS
President, IABS




ADRESSE A SAS LA PRINCESSE GRACE DE MONACO

Altesse Sérénissime,

En tant que past president de 1’Association Internationale de Standardisation
Biologique, ’honneur m’échoit a Pinitiative de mon ami Frank Perkins, de vous
adresser notre respectueux hommage en langue romane en cette vielle cité
latine de Grimaldi.

Nous ne pouvions mieux choisir que la Principauté Monégasque pour cette
conférence sur les vaccinations contre les maladies transmissibles, sachant com-
bien vous étes, Madame, toujours activement préoccupée de la protection de
PEnfance, de la Croix Rouge, des Oeuvres de Secours et admirant 1'immense
soutien que vous accordez 3 ’AMADE sans oublier la part personnelle que vous
apportez aux services de transfusion sanguine.

L’Association groupe fraternellement unis ceux qui a titre de chercheurs (et
vous avez dans P'assemblée quelques unes des grandes figures de la micro-
biologie et de I'immunologie) de producteurs (assumant la préparation des
vaccins et sérums) ou de responsables des autorités de santé publique (chargés
du controle des produits et de la surveillance de leur application) se préoccupent
de protéger ’homme et en particulier 'enfant contre les maladies transmissibles
qui n’ont reculé que grice a I'effort opinitre de ceux qui poursuivent l'oeuvre
pastorienne.

Protéger '’homme sans oubli nos fréres inférieurs, Madame, car médecins
et vétérinaires oeuvrent conjointement au sein de notre Association et, con-
naissant votre mansuétude a I'egard des animaux, elle ne vous en sera que plus
sympathique.

Au cours de ces journées ou, sous 'oeil attentif de ’OMS, nous allons essayer
de perfectionner notre stratégie contre une partie fort agressive de I'environment,
nous ne manquerons pas non plus de penser a I'ensemble douloureusement
préoccupant de la protection du milieu et vous nous ferez ’honneur, Madame,
transmettant a votre Sérénissime Epoux nos félicitations pour Poeuvre qu’il
accomplit dans la lutte contre la pollution des mers.

Nous vous remercions de tout coeur d’avoir voulu soutenir notre effort par
votre présence et pour votre charme et nous ne pouvons pas mieux dire notre
reconnaissance qu’en songeant parmi tous les enfants du monde a ceux qui vous
sont les plus chers et pour qui nous formons les meilleurs voeux.

A. LAFONTAINE

[ xiii ]




SESSION 1

INTRODUCTION

Chairman: Dr F. 'T. PERKINS (UK)




International Symposium on Vaccination against Communicable Diseases, Monaco 1973;
Symp. Series immunobiol. Standard, vol. 22, pp. 3—10. Printed in Great Britain

OBJECTIVES OF THE SYMPOSIUM

W. C. COCKBURN
Chief Medical Officer, Virus Diseases, World Health Organization

INTRODUCTION

Europe is one of the few regions of the world in which immunization has been
effectively used and the achievements have been so great it is difficult to realize
that in most of the region immunization programmes covering a high proportion
of susceptible populations have been established only since the last World War.

The extent of the change is shown in Fig. 1 and Table 1. The figure — an old
one — is a reminder of the dramatic fall in the incidence of diphtheria in England
and Wales as soon as a nationwide carmnpaign was initiated. Table I shows the
equally dramatic reduction in poliomyelitis in countries with good vaccination
programmes between 1951—5 and 1966—70.

INTERVAL BETWEEN DEVELOPMENT AND
APPLICATION OF VACCINES

Looking back over the immunization era and comparing the early years with the
later, an outstanding feature has been the reduction of the interval between the
development and the application of a new vaccine. A satisfactory diphtheria
toxoid was available in 1923 — but in England and Wales 19 years passed before
mass immunization was introduced. The required stimulus came from war con-
ditions and the fear of epidemics among the children brought together in large
numbers from different cities as a result of evacuation. Contrast this with the
brief intervals which elapsed between the development of the inactivated and live
vaccines against poliomyelitis.

USE OF PROPERLY DESIGNED FIELD TRIALS

The acceleration owes a great deal to the realization that new or improved
vaccines must be tested in properly designed field trials at an early stage. The
investigation of pertussis vaccines carried out between 1946 and 1958 under the
auspices of the British Medical Research Council - in which 50000 children were
enrolled and kept under observation, on average, for two years — was one of the
earliest examples of what could be achieved on a relatively large scale by happy
collaboration between laboratory workers, health officers and field observers
(6, 7, 8).
2 [3] PIA
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Fig. 1. Diphtheria in England and Wales (immunization, incidence, deaths).

Table 1. Average annual number of cases of poliomyelitis reported to WHO

No. of

Countries countries  I195I—§ 1961—-5 1966—70

N. America, Australia and 4 44 378 852 57
New Zealand

Europe 23 28 359 6 665 732
Africa 35 3 660 3932 4 oos*
Central and South America 20 4639 3 903 3 055
Asia 17 4718 4 647 3912

* 1966—9.
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The much larger numbers in the field trials of the Salk poliomyelitis virus
vaccines, set up in the United States in the early 1950s, were a further demonstra-
tion of successful collaboration between laboratory and field workers and health
authorities, not only in many different areas of one country but also in different
countries. These trials clearly showed that valid information on the efficacy and
safety of a new vaccine against a disease of relatively low incidence could be ob-
tained rapidly only if enormous numbers of subjects were observed according to
standardized methods, and they are a memorial to the organizing ability of those
who planned them and supervised their execution.

HAZARDS

A second feature of the era is that each of the immunizing agents carried actual or
potential risks, as has recently been extensively documented by Sir Graham
Wilson(9). However, the hazards — actual or potential — do not in any way de-
tract from the overwhelming success. [mmunization is one of the most effective
methods of disease control ever devised and also the one which gives the speediest
results.

Against this background of a success undreamt of 50 years ago, what ought to
be the objectives of this meeting?

ESTABLISHED VACCINES

Look first at the established vaccines — smallpox, diphtheria, pertussis, tetanus,
BCG and poliomyelitis. Have they become unalterable pillars of public health
structure or ought we to be thinking of modifications and changes in the use of
them?

So far as smallpox vaccine is concerned one country in Europe no longer
recommends its universal use. Should other countries be thinking along the same
lines or is it too soon to do so? In my view this depends very largely on the con-
tinuing success of the WHO smallpox eradication programme, which has given
such unexpectedly good results in the past five years.

What is likely to be the next to come up for a reassessment of the need? BCG
perhaps. It is many years since Frost showed that the prevalence of active tuber-
culosis in a given age group followed throughout their lives appeared to be deter-
mined by the incidence of infection in their youth. The generations with the
highest rates are rapidly falling over the cliff and their deaths must lead to a rapid
fall in the weight of infection in communities. Particularly when the success of
current methods of treatment is also taken into account. At some point of time,
therefore, the need for BCG vaccination will have to be reconsidered.

In contrast, the need for poliomyelitis vaccination will continue in the foresee-
able future and this is true of diphtheria, pertussis and tetanus.

One factor to be borne in mind when contemplating the possibility of dis-
continuing a vaccine is the risk of introduction of infections from countries where
the diseases are still uncontrolled, and, sadly, such countries are still in the

2-2




6 W.C.COCKBURN

majority and very few of them have so far succeeded in establishing effective
immunization programmes.

Among the established vaccines I believe that pertussis vaccine is the one
which requires most urgent review, but not because the need for itis disappearing.
Recently there have been several influential reports that the vaccine is often not
very effective and that it carries too high a rate of reactions and untoward se-
quelae. The problem of effectiveness does not appear particularly difficult to
overcome. Given a sufficient quantity of antigen and an antigenic spectrum
covering the prevalent subtypes the vaccine protects as well as ever.

The problem of reactions and untoward sequelae is more difficult to solve. The
minor local or general reactions which occur in 20-40 per cent of children
usually disappear in 24—48 hours and the use of vaccines containing alum prob-
ably reduces these reactions considerably. However, other reactions are more
serious. Shock and persistent screaming, which may occur in 1 in every 2000
children vaccinated, are alarming to parents and physicians alike(2). Fortunately
no lasting ill effects have been reported in the children exhibiting these symp-
toms. Convulsions, which have been estimated to occur in about 4 per 10000
vaccinated (1), are nearly always of the simple febrile type without long-term ill
effects. Encephalopathy, the pathogenesis of which is unknown, is exceedingly
rare and much less common in the vaccinated than in those suffering from the
natural disease. When it does occur it may result in complete mental degenera-
tion of the victim and psychological tragedy in the family. In considering these
possible untoward results of the use of the vaccine let us also remember that per-
tussis is a serious long, drawn-out disease. Vaccination materially reduces its in-
cidence, severity and duration. What is now required is a concentrated effort to
remove the remote dangers which use of the vaccine entails.

NEWER VACCINES

Measles vaccine bids fair to join poliovaccine as one of the most effective and
safest viral agents. Very few authenticated untoward sequelae have been reported.
Measles is universal in Europe and is almost exclusively a disease of the youngest
age groups — mainly the first four years of life. Mortality rates vary widely be-
tween countries, even in Europe. In the 14 year age group in 1963—4 the rates per
100000 varied from 0.4 in Norway to 72 in Yugoslavia. The rates were usually
higher in Eastern Europe than in the West where they were generally between
0.5 and 2 per 100000(4). Recent studies confirm that, though EEG changes are
found in up to 30 per cent of cases, encephalitis occurs in about 1 per 1000 cases
but that late sequelae are very uncommon. The other complications — otitis media
and bronchopneumonia - are relatively easily handled. Therefore the high inci-
dence of measles, rather than the severity of the disease, is the justification for
vaccination. '

Pecenka(5) reported that a questionnaire on the use of measles vaccine sent to
30 countries in Europe was answered by 27. Thirteen ('Table I1) had a national
measles vaccination programme. Eight — Austria, Denmark, West Germany,
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Table I1. Countries with systematic programmes for measles vaccination

(after Pecenka(s))
Number
Year Age group annually
Country begun (yr) vaccinated Vaccine strain
Albania (1965) 1-15§ 893 ooo Peking 55
1970 (1970)
Bulgaria 1969 -8 125 000 Leningrad 16
Czechoslovakia 1969 1—4 220 000 Schwartz-type
(1971)
East Germany 1970 9/12-8 yr 626 ooo Leningrad 16 (dog
(1g71) kidnev)
France 1968 1—4 (mainly) 100 000 Schwartz-type
(1971)
Hungary 1969 9/12—4 yr 150 000 Leningrad 16
Norway 1969 1-3 50 000 Schwartz-type
Spain 1966 % 1-8 125 000 Schwartz-type
Sweden 1966 8/12-5 yr 5 000 Schwartz-type.
? other vaccine also
Turkey 1968 8/12—1 yr ?200 000 Leningrad 16.
? other vaccine also
UK (England 1968 9o/12-15 yr 623 ooo Schwartz-type
and Wales) (1970)
USSR 1968  10/12-8 yr ‘up to 6 Leningrad 16
million’
Yugoslavia 1968 8/12—10 yr 500 000 Beograd 2,
(1971) Leningrad 16

* No vaccination 1969—~71.

Greece, Monaco, Netherlands, Poland and Romania — had no systematic pro-
gramme though there was some vaccination either in field trials or by private
practitioners. Six — Belgium, Finland, Ireland, Italy, Malta and Portugal — had
no measles vaccination. In Table II is also given some information about the
programmes in the 13 countries — the most important being the age groups
covered and the vaccine strains employed.

It is notable that 7 of the 13 countries are in Eastern Europe. Obviously there
are great differences in the use of measles vaccine in Europe, particularly in
Western Europe.

Information on the use of rubella vaccine in Europe is not readily available but
it appears that very few countries have a systematic programme, though trials are
in progress, and small-scale use of vaccine is being encouraged in some countries.
No doubt the different approaches in the USA, where vaccination is offered for
children 1-5 years of age, and the UK, where vaccination is concentrated on
females 10-14 years of age, will be discussed here — as will the use of live mumps
vaccine alone or in combination. The application of these newer vaccines may
well be considered one of the main objectives of the meeting.
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FUTURE POSSIBILITIES

Looking to needs and possibilities in the future, I believe that we are on the
threshold of another period of great expansion in vaccine development and that
in another decade the list of effective vaccines, particularly viral vaccines, will be
greatly extended. The enormous toll of illness and death from the acute respira-
tory diseases must now receive far greater attention than it has in the past. In all
parts of the world and in most age groups pneumonia, bronchitis and influenza
are (taken together) among the first ten most common causes of death; this is true
of the tropics as well as of temperate climates. The respiratory diseases are of
course only partly amenable to vaccination, but the next decade ought to see im-
provements in the influenza vaccines, whether killed or live, and the development
of effective vaccines against respiratory syncytial and parainfluenza infections.
Possibly pneumococcal vaccines will have a place — especially in certain defined
population groups.

The ubiquitous and high-incidence hepatitis has not yet yielded sufficiently to
the investigator to permit a too hopeful forecast of the possibility of prevention
by vaccination but the prospects for hepatitis B (serum hepatitis) are brighter
than before and current work gives promise of having a vaccine under test in a
relatively short time. In Europe, however, and in most temperate climates,
hepatitis A (infectious hepatitis) causes the higher morbidity (though perhaps
not mortality) and here prospects are less good.

Vaccination against cancer, though much spoken about, is still a good long
way off — but I imagine that a majority of workers on the aetiology of cancer now
believe that some forms of human cancer will eventually be preventible by some
sort of vaccination and perhaps we may not be so far away from the use of, for
example, herpes virus vaccines for this purpose.

GENERAL CONSIDERATIONS

Moving from specific vaccines and diseases to more general points, there is a
great need to increase the stability of many of the vaccines — particularly measles
and rubella. The more stable the product the greater the certainty that it will be
potent when it reaches the end of the distribution chain and is injected. The use
of combinations and/or simultaneous administrations is another means of en-
suring the protection of greater proportions of the susceptible populations — and
both stability and the use of combinations are of even greater importance in
warm-climate countries than in most of Europe.

One problem which looms larger every year is the vaccination of human beings,
generally children, in experimental studies of new or improved products.

The public are now very much aware that serious sequelae may follow the use
of immunizing agents — and are becoming increasingly concerned with possible
hazards when large-scale field trials are proposed. They are right to be cautious
and we ought to be searching for means to reduce our dependence on the large-
scale studies with which we have become familiar in the past thirty years.
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Of course, immunization of human beings is the ultimate test of eficacy — and
indeed safety. But the question is how to reduce the numbers in experimental
studies to the minimum, because the logical conclusion of present trends on
human experiments and on the requirement of ‘informed consent’ is that in due
course it will only be permissible to approach the most intelligent groups of the
population for participation in such studies. It is essential therefore that all possi-
bilities of the use of animals other than man should be explored. In addition, we
ought to be thinking whether recent new knowledge provided by immunologists
can be used to assess accurately and in small numbers of persons the potential
efficacy of new or improved products. Also, in addition to protecting the rights
of the vaccinated, we have to think of protecting investigators and other users of
vaccines from the consequences of unexpected and unforeseeable ill effects. The
establishment of committees competent to judge the quality of proposed research
projects has done a great deal to protect the public and the investigator, but I
believe governments and not individual persons or firms must now face up to
paying compensation for untoward sequelae from the use of both established and
new products - as indeed is already the case in at least one country in Europe.

Once a product has passed the experimental stage we come to two aspects of
control; one is the control of quality and the other is surveillance. All agree, at
least in theory, that the quality control laboratory should be independent of the
producers but even in Europe not all countries have yet appreciated how impor-
tant is this matter of independence and I hope the discussions in the Symposium
will bring it out clearly.

Surveillance of disease, of immunity status and of safety are as necessary as
quality control, and this subject is on the agenda. Here I shall only point out that
when a disease has been reduced to the level of, for example, poliomyelitis in
Europe, there is much to be said for an intercountry surveillance system with
specific objectives. In WHO such a scheme has been in progress for two to three
years in eleven countries, mostly in Europe. It is primarily concerned with cases
of persistent spinal paralysis temporally related to live poliomyelitis vaccination,
but information on rates of vaccination acceptance, and on serological surveys, is
also collected.

This scheme will have to be continued for several years, but already it has
brought out that the number of vaccine-associated cases varies between countries
and a thorough effort to determine the reasons for the variations is now being
made. Another possibility for intercountry comparisons was mentioned by my
colleague Dr Guld (3) who pointed out that Norway, Sweden and Denmark all
used BCG but in different age groups — Norway vaccinates adults only, Sweden
the new-born only and Denmark schoolchildren. Obviously there is scope for
comparative studies in these three countries.

Other objectives of the Symposium are how to persuade the economic and
health planners to provide the funds - cost benefit analysis; how to communicate
to the public the need for continuing immunization after a disease has been
brought under control; how to reduce costs and risks. Some countries believe
both costs and risks could be reduced by concentrating production and quality
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control in fewer hands. This could mean better equipment, more highly qualified
staff, better internal control of quality and easier external control. This means
intercountry collaboration on a large scale. Commercial pressures are already
influencing producers. Has the time come to rationalize quality control in a
similar fashion?

Obviously there are many possible objectives of this Symposium, and a great
deal of room for mutual exchanges of opinions and experiences. This is the first
occasion in Western Europe when makers of public health policy, laboratory
workers, epidemiologists and vaccine producers have had an opportunity to meet
together and we may be sure that by Saturday morning all of us will have greatly
benefited from the discussions between workers interested in all aspects of
immunization.
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ACHIEVEMENTS IN EUROPE

A. H. GrIFFITH

Head of the Department of Clinical Immunology,
Wellcome Research Laboratories, Beckenham, Kent

European experience of routine vaccination against smallpox, tuberculosis,
diphtheria, tetanus, whooping-cough and poliomyelitis ranges over periods of
between 15 and 170 years (Table I) and has varied considerably according to the
epidemiology of the disease and the nature, quality and usage of vaccine.

Table 1. First vaccinations in Europe

Routine vaccination

Infection Vaccine first used started
Smallpox 1796 1801
Tuberculosis 1921 1928
Diphtheria 1913 1938
Tetanus 1927 1938
Whooping-cough 1929 1946
Poliomyelitis 1955 1956

SMALLPOX VACCINATION

Vaccination dates back to 1796 when Edward Jenner inoculated material from a
cowpox lesion on the hand of a milkmaid on to the arm of a young boy whom he
reinoculated six weeks later with matter from a smallpox pustule, without pro-
ducing any ill effects. Cowpox was known at the time to produce immunity to
smallpox and variolation had been practised sporadically in several European
countries for two or three hundred years, but Jenner’s report in 1798 had con-
siderable impact, leading to the vaccination of 100000 persons in London,
Hanover, Vienna and Greece before the end of 1799. The procedure was rapidly
adopted almost throughout Europe and was made compulsory in some Italian
states in 1806, Bavaria in 1807, France 1809, Norway and Denmark 1810, and
Sweden 1816. During the Paris epidemic of 1823, it became obvious that primary
vaccination did not confer lifelong immunity and that revaccination was necessary
after a few years.

By the early 1870s, child vaccination was compulsory throughout Europe,
but most countries had high vaccination rates long before then. Nevertheless,
extensive childhood vaccination did not prevent the European epidemic of the
early 1870s causing a heavy loss of life, even in some of the countries where infant

[131
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vaccination and childhood revaccination rates had been maintained at a high
level for decades.

Routine vaccination and revaccination has been mainly confined to infants and
young children, whereas persons of all ages are susceptible to smallpox. The
infant vaccination programmes rendered smallpox into a disease primarily of
adults and allowed it to remain endemic, sometimes epidemic, in the adult popu-
lation throughout the nineteenth and well into the twentieth century. Control
and, indeed, eradication of smallpox was achieved largely by routine vaccination
of infants but this took well over a hundred years, during most of which about
8o per cent of all infants were vaccinated. It is conceivable that a single mass
vaccination campaign involving the entire population, followed by a revaccina-
tion campaigna few years later, would have been considerably more effective with
considerably fewer deaths than were due to smallpox during subsequent years.

Although smallpox ceased to be endemic in Europe more than thirty years ago,
infant vaccination has remained compulsory in most European countries

(Table II).

Table I1. Smallpox vaccination policies: European countries 19b4*

Infant Age revaccination
vaccination recommended or
compulsory compulsory (years)

Belgium Yes School entry
Bulgaria Yes —
Czechoslovakia Yes 7 and 14
Denmark Yes No
Finland No 10
France Yes 10-11 and 20-21
East Germany Yes 11-12
West Germany Yes 12
Greece Yes 6
Hungary Yes 12—-13
Ireland No 5 and 14
Italy Yes 8
Netherlands Yes —
Norway Yes No
Poland Yes 7
Portugal Yes Every 5 years
Romania Yes 7
Spain Yes Every 5—7 years
Sweden Yes —
Switzerlandt Yes/no 4—6
United Kingdom] No 8-12
Yugoslavia Yes 7 and 14

* Based on Wid Hith Statistics Annual (1968) i1, 145,
+ Cantonal differences.
1 Not recommended since 1971,
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Table I1I. Smallpox vaccinations in 20 European countries 1961-8

Number of vaccinations
Year and revaccinations* (millions)

1961 16.75%
1962 23.50%
1963 17.508
1964 11.00
1965 10.75
1966 11.00
1967 11.25
1968 11.75

* Based on Wld Hlth Statistics Annual (1961-8).

+ Includes 5 million extra in Spain.

1 Includes 6 million extra in United Kingdom; 2 million extra in Greece.
§ Includes 7.8 million extra in Poland.

In some countries, revaccination of children has remained compulsory, partly in
an attempt to secure or maintain an immune population. This target is however
remote, as shown by the need to resort to mass vaccination in a number of
countries during the last decade after importation of smallpox. Some of these
countries had previously maintained high vaccination rates. Between 10 and
11 million persons are vaccinated or revaccinated each year in 20 European
countries (Table I11) which have a total population of over 400 million and about
=.5 million births a year.

The overall infant vaccination rate in these countries was probably around
=75 per cent so most children are rendered immune to smallpox, but waning im-
munity in adults and a substantial proportion of unvaccinated persons means that
the immune status of the population as a whole is subject to speculation. It
appears that over a hundred years of compulsory vaccination of infants has failed
to render the population as a whole immune to smallpox but the immune status
of the well vaccinated population of some countries, such as Czechoslovakia, may
be fairly high.

Routine vaccination of infants is recommended in order to protect them indi-
vidually, in an attempt to secure herd immunity and lastly so as to considerably
reduce the risk of serious complications later in life, were mass vaccination of
adults deemed necessary. Revaccination is considerably safer than primary
vaccination in adults, but primary vaccination of infants is not without attendant
risks (Table IV).

As the smallpox endemic areas in the world diminish and the risk of smallpox
importation recedes, so does the value of routine vaccination of infants for this
purpose decline. For this reason, routine vaccination of infants is no longer re-
commended in the United Kingdom(s).
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Table IV. Complications of primary vaccination of infants in
England and Wales 1951 to 1960*

Number of primary vaccinations of infants under 12 months 2 661 488

of age
Number of deaths attributed to vaccination 31
Number of non-fatal complications 154
Number of revaccinations (all ages) 1 240 644
Number of deaths attributed to revaccination 3
Number of non-fatal complications 20
Number of deaths from smallpox (19 in 1951-3) 22

* Based on Conybeare, E. T. (1964). Monthly Bulletin of the Ministry of Health,
23, 126, 150, 182.

BCG

The development of BCG as a live attenuated bovine strain of the tubercle
bacillus by Calmette and Guerin during the years 1go6—20 is now of historical
interest only. The live vaccine was initially administered orally to newborn
infants in Paris in 1921 by Weill-Halle(25) who, in 1925, proceeded to give it
subcutaneously to older children. This method of administration was de-
veloped further by Heimbeck(8) in Norway, who also showed the value of
tuberculin testing before and after vaccination and produced data indicating that
BCG provided tuberculin-negative nurses with a substantial degree of protection
against tuberculosis. The intradermal technique of vaccination was developed by
Wallgren (24) in 1927. Greenwood’s attack in 1928 (7) on Calmette’s statistical
presentation of data on the efficacy of BCG, and the Lubeck disaster of 1931,
greatly hindered the acceptance of BCG, except in France and the Scandinavian
countries where studies by Hyge (9) (schoolchildren) and Dahlstrém & Difs (4)
(army recruits}, in particular, lent support to the view that BCG provided a sub-
stantial degree of immunity to tuberculosis. By 1948, only 7 million persons,
mostly infants, had been vaccinated throughout the world.

An evaluation of BCG vaccination was undertaken by the Medical Research
Council in 1950, coinciding with the commencement of a new era in the treat-
ment of tuberculosis by antibiotics. This study showed that, under conditions
prevailing in Britain at the time, BCG vaccination of tuberculin-negative adoles-
cents produced a substantial degree of protection against tuberculosis over a
period of 15 years after vaccination (12, 15, 16, 17) (Table V). The level of
protection decreased from 8o per cent during the first 5 years to 59 per cent
during the third 5-year period. BCG was particularly effective in preventing
miliary and meningeal tuberculosis.

The use of BCG increased rapidly after 1950. Most European countries
initiated routine vaccination programmes for infants (Czechoslovakia, Finland,
France, West Germany, Hungary, Poland, Romania) or adolescents (Britain,
Norway) and household contacts of tuberculosis. BCG vaccination has proved
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Table V. Results of the Medical Research Council’s BCG wvaccine trial

Annual incidence of tuberculosis per
1000 participants
(years after vaccination)

Initial tuberculin Number of ‘ -

sensitivity state participants o-2} 235 5% 7410 10-1j3
Pos. 3 TU (x5+ mm) 6 866 3.75 1.83 1.01 0.42 0.48
Pos. 3 T'U (5~14 mm) 8 838 .77 0.86 0.55 0.32 0.37
Pos. 100 TU only 6 253 0.77 1.22 0.58 0.39 0.23
Neg. BCG vacc. 13 598 0.41 0.38 0.38 0.27 o.I10
Neg. Not vacc. 12 867 2.12 2.89 1.30 0.83 0.26

to be remarkably safe but has not been a major contributor to the remarkable
reduction in the incidence of tuberculosis in Europe during the last 20 years.
Chemotherapy, by considerably reducing the period of infectivity of open cases
of tuberculosis and thereby minimizing the risk of infection, was the main factor.
Improved social conditions and smaller families were additional factors. It is now
estimated that in Britain 1000 tuberculin-negative adolescents have to be vac-
cinated in order to prevent one treatable case of tuberculosis during the next
10 years. In 1015 years from now, 10000 vaccinations will be necessary to pre-
vent the one treatable case. Since routine vaccination is necessarily restricted to
tuberculin-negative children and tuberculosis is a treatable disease of the older
section of the population, its contribution to the prevention of tuberculosis has
been minimal in Europe except in high risk groups, such as family contacts and
medical services personnel, even though more than 6 million scarring vaccina-
tions have been carried out each year.

DIPHTHERIA

Children were first immunized against diphtheria by Behring (1) in 1913 but
his toxin—antitoxin mixtures were neither safe nor particularly antigenic. Ramon
(22) obtained better results in 1923 with a formalized toxin and, with the recogni-
tion of primary and secondary immune responses by Glenny & Siidmersen in
1921 (6), an effective method of immunization developed. Trials of the for-
malized toxoid and later an alum-precipitated toxoid were conducted from 1920
to 1935 in Britain by the Medical Research Council. Meanwhile, immunization
of infants with toxoid had become common practice in the Netherlands. In
France, combined typhoid-paratyphoid—diphtheria toxoid had been used after
1929 and diphtheria immunization was made compulsory for the armed forces
in 1936. Immunization of children with diphtheria-tetanus toxoid was made
compulsory in 1938, but the campaign was bedevilled with antagonists and un-
cooperative persons so that it did not become effective until 1946.

Several enthusiasts had been immunizing children in Britain during the 1930s
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but in 1941-3 a mass campaign was carried out with the intention of immunizing
children between the ages of 1 and 15 years. Nearly 5 million children were im-
munized during the campaign. The incidence of diphtheria rapidly declined,
particularly as subsequent routine immunization ensured that about go per cent
of children were protected. Before immunization programmes were introduced
on a national scale, there were between 50000 and 66000 cases of diphtheria with
2000 to 3000 deaths a year in England and Wales and also in France. In the whole
of Europe there were about a million cases in 1943 with 50000 deaths. The peak
age incidence was 4—6 years, with 50 per cent of cases under 5 years of age and
8o per cent under 10 years. Mass immunization campaigns aimed at all children
between the ages of 1 and 14 years therefore rendered most diphtheria-sus-
ceptible and potential transmitters immune to diphtheria, since adults were
already immune as a result of infection during childhood. The mass campaigns
initially shifted the peak incidence to adults and then reduced the total number
of cases in the population as a whole to insignificant levels. In 1970, diphtheria
had ceased to be a public health problem, except in a few countries bordering on
the Mediterranean (‘Table VI).

There can be no doubt that a mass campaign aimed at the immunization of the
entire diphtheria-susceptible population, consisting almost entirely of children,
brought about the control of the infection more effectively and more rapidly than
would have been achieved by routine immunization of infants only.

Table VI. Diphtheria in Europe in 1960 and 1970

No. of cases*

[ Al

Country 1960 1970
Austria 831 24
Belgium 567 38
Czechoslovakia 626 2
Finland 2 -—
France 913 46
West Germany 1 946 62
Greece 4 204 189
Hungary 291 3
Italy 6 390 837
Netherlands 112 3
Norway 1 —
Poland 6 380 23
Portugal 1538 277
Spain 1041 74
Sweden 2 —
Switzerland 48 7
England and Wales 49 22
Yugoslavia 1 856 156
Total 27 698 1763

* Annual Epidemiological and Vital Statistics (1960), 1, 594; Wid Hith
Statistics Report (1971), 24, 410.
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TETANUS

Tetanus toxoid was first used in man by Ramon & Zoeller in 1927(23) but since
tetanus caused relatively few deaths in peacetime, in comparison with some com-
municable diseases, active immunization wasnot widely practised until just before
the 1939—45 war. Since the risk of tetanus was a problem in wounded combatants,
the armed forces of some countries were actively immunized after 1938. The
extremely low incidence of tetanus in these, as compared with that in non-im-
munized armies, was accepted as convincing evidence of the value of active im-
munization with tetanus toxoid. Immunization of infants with diphtheria—
tetanus toxoid had been made compulsory for French children in 1938, but
routine vaccination of children was not carried out in any country until after
1945. Combined vaccine consisting of diphtheria and tetanus toxoid was initially
used, but during the 1950s a third component, pertussis vaccine was added.

Since tetanus is not transmitted from one person to another and natural im-
munity does not occur, susceptibility to tetanus is universal exceptin the passively
or actively immunized. Vaccination provides protection for the individual, it
does not reduce the risk of infection for the non-immunized. Therefore, reduc-
tion in the incidence of tetanus in a population is related, in general, to the pro-
portion of the population that is actively immunized. Since routine immunization
has been offered in Europe only to infants, children and armed services person-
nel, a high proportion of persons over the age of 45 years has been left unpro-
tected. Partly because of this, more than half of the deaths due to tetanus in
Europe in 1968 were in persons over the age of 45 years (Table VII). Children
under the age of 5 years accounted for another 25 per cent (450 cases); g5 per
cent of these (427 cases) were infants under the age of 12 months, mostly from
Greece, Portugal, Spain and Yugoslavia. This suggests that tetanus neonatorum,
a preventable condition, still occurs occasionally in some European countries.

Safe and effective vaccine, suitable for administration with jet injectors in mass
campaigns, is cheap and freely available but nevertheless the tetanus mortality
rate in Europe has not been greatly reduced during the last 10 years. It is still
about 4 per 100000 persons per annum.

WHOOPING-COUGH

Clinical trials by Madsen in the Faroe Islands in 1923-4 and 1929(10) indicated
that pertussis vaccine provided some degree of protection against whooping-
cough. Subsequent studies in North America stimulated the Medical Research
Council to carry out a series of trials which lasted from 1942 until 1959(x1, 13,
14). They confirmed that some pertussis vaccine preparations gave a high level
of protection whereas others gave indifferent results. Meanwhile, the use of per-
tussis vaccine in young infants had gradually increased during the 1g40s in
several countries. Since 10 to 12 per cent of all cases of whooping-cough are
under 12 months of age and the condition runs a particularly severe course in the
very young, immunization was started early in life during the 1940s and the

3 PIA
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Table VII. Tetanus deaths 1968*

Total Population
Country deaths o4 514 15-44 45+ (millions)

Austria 28 1 I 4 22 7.3
Belgium 16 I 1 2 12 9.6
Bulgaria 33 5 3 16 19 8.4
Czechoslovakia 64 o 2 6 56 14.4
Denmark 3 o o) I 2 4.9
Finland 2 o o 1 1 4.7
France 228 5 o 7 216 49.9
West Germanyt 84 4 8 17 48 58.0
Greece 53 14 3 5 21 8.8
Hungary 68 2 o 12 54 10.3
Ireland 6 o 1 1 4 2.9
Italy 261 23 18 45 175 52.8
Netherlands 2 o o o 2 12.7
Norway 2 o o o 2 3.8
Poland 92 6 2 13 71 32.3
Portugal 165 110 2 18 35 9.5
Spain 163 65 12 22 63 32.6
Sweden 3 o o o 3 7.9
Switzerland 12 o o 2 10 6.1
England/Wales 13 o I 3 9 48.6
Yugoslavia 299 204 3 23 69 20.2

Total 1597 450 57 198 884 405.7

* Based on mortality figures in Wid HIith Statistics Report (1971), 24.
1 1967 figures.

course completed before the child was due to receive its first dose of diphtheria—
tetanus combined vaccine. The production of a diphtheria-tetanus—pertussis
vaccine in the early 1g50s eased administration problems by reducing the number
of immunizing injections that had to be administered to children.

In England and Wales the case fatality rate for whooping-cough sharply de-
creased between 1946 and 1950 but the incidence of new cases remained un-
altered. Presumably, this was brought about by improved forms of therapy, in-
cluding antibiotics, for complications, which would have no effect on the infective
phase of the disease. Vaccine was not widely used until 1949—52 and then only in
young infants, so the total number of cases of whooping-cough was unlikely to
fall until after 3 to 5 years later. Routine vaccination of young infants can hardly
be expected to immediately reduce the incidence of whooping-cough in school-
children who account for more than 5o per cent of all cases. Since 8o to go per
cent of all cases of whooping-cough are, however, under 10 years of age, routine
vaccination of infants should have an accumulative effect over a period of up to
10 years, provided the vaccine produced durable immunity. This is precisely
what happened in England and Wales and, indeed, in several other European
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Table VIII. Whooping-cough in European countries in 1960 and 1970

21

Number of cases*

hY

Country 1960 1970
Austria 2 761 1 436
Czechoslovakia 7 918 408
Denmark 79 503 792
Finland 1135 261
France 4 309 920
Greece 7 547 6 518
Hungary 1 860 355
Italy 21 980 g 013
Norway 24 304 3 766
Poland 95 968 10 002
Portugal 1 2035 175
Sweden 8 817 2 335
England and Wales 58 030 16 753
Yugoslavia 28 764 6 657

Total 344 101 59 391

* Annual Epidemiological and Vital Statistics (1960), p. 609; Wid Hith

Statistics Report (1971), 8, 496.
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countries. Vaccination has proved effective; it has reduced the incidence of
whooping-cough by 98 per cent in Britain between 1952 and 1972 (Fig. 1} and is
proving similarly effective in other European countries (Table VIII).

The slow rate of decline in the incidence of whooping-cough since the intro-
duction of routine vaccination about 20 years ago has generated speculation that
vaccines are not as effective as they were years ago. A course of three doses in
infancy is expected to provide immunity for 1o-15 years or longer without re-
vaccination at school age in some countries. This killed vaccine is therefore ex-
pected to be more effective than smallpox vaccine and to be as effective as BCG
and possibly measles vaccine. In fact, it has stood up to the challenge. Neverthe-
less, it has been held that vaccines were prepared in the 1g950s from the pre-
dominant serotypes at the time and were effective against those serotypes only,
leaving the heterologous serotypes to be the new predominant organisms(18, 19,
20). Protection studies(2) in mice, however, do not support this hypothesis and,
indeed, the agglutinogenic composition of isolates from a child with whooping-
cough seems to vary during the course of the illness(21).

Routine infant vaccination against an infection which is prevalent throughout
childhood is a slow method of bringing that infection under control. A mass
campaign along the lines of the diphtheria immunization campaign could have
been considerably more effective in reducing the incidence of whooping-cough.
Reservations concerning administration of this vaccine to schoolchildren has
prevented that approach. In some countries, however, where nearly all infants
and schoolchildren have been vaccinated, there has been a sharp fall in the inci-
dence of whooping-cough. Elsewhere, routine vaccination of a high proportion
of infants with 4+ potency unit vaccine will ensure that the downward trend in
the incidence of whooping-cough will be maintained.

POLIOMYELITIS

Following a large-scale trial of formalized poliovirus vaccine in the United
States in 1954, which had shown that it gave substantial protection to young
children, small-scale trials were started in Europe in 1955. Mass vaccination was
carried out in Eastern Europe during 1956 and was extended in 1957. Initially,
two doses of intradermally administered vaccine were given during these cam-
paigns, but the level of protection achieved was disappointing and the virus con-
tinued to spread in the population, uninfluenced by vaccination. With the de-
velopment of more antigenic vaccine and the adoption of three subcutaneous
doses for a vaccination course, the protection rates improved considerably but
nevertheless varied from one country to another.

Following field trials of live poliovirus vaccine in Russia during 1958, Czecho-
slovakia, Poland, Hungary, East Germany and Albania carried out mass vaccina-
tion campaigns in 1959, using monovalent vaccines. During the next two years,
the campaigns were extended in those and other European countries, using tri-
valent vaccine, but some countries which had already achieved remarkable results
with killed vaccine continued to use that vaccine exclusively. Killed vaccine used
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Table 1X. Poliomyelitis in European countries in 1960 and 1969

No. of poliomyelitis

cases*

Country 1960 1969
Austria 404 —
Belgium 300 2
Denmark 22 1
Finland 273 —
France 1 663 69
West Germany 4139 25
Hungary 38 2
Ireland 183 7
Italy 3555 56
Netherlands 29 15
Norway 59 b
Poland 301 6
Portugal 244 I
Spain 1632 387
Sweden 18 —
Switzerland 139 1
United Kingdom 378 15
Yugoslavia 1 680 24
Total 15057 612

*Annual Epidemiological and Vital Statistics (1960), p. 626; Wid Hith
Statistics Report (1971), 24, 71.

in Scandinavia gave results as good as those obtained in other countries with live
vaccine(3). A dramatic decrease in the incidence of poliomyelitis occurred in all
countries (Table IX). This was achieved mainly as a result of intensive cam-
paigns aimed at the vaccination of the poliomyelitis-susceptible population, in-
cluding adults. About 100 million doses of vaccine were used annually in Europe
during that period. Poliomyelitis has now been reduced to insignificant levels in
all countries except those bordering the Mediterranean, but isolation of the virus
is still not uncommon.

CONCLUSION

In conclusion, vaccines have proved most effective when used initially in mass
campaigns aimed at immunizing the entire infection-susceptible section of the
population and then routinely in infants. Where only a section of the susceptible
population has been a target for vaccination, the incidence of disease has declined
only slowly and the vaccines have appeared less effective in protecting individuals
than when used for immunizing the entire susceptible section of the population.
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ECONOMIE ET SANTE PUBLIQUE

On présente la situation économo-sanitaire des pays en fonction du développe-
ment économique et du pourcentage du revenu national dans les dépenses de
santé publique. Les données internationales disponibles donnent sur ces chiffres
des valeurs extrémes. Le revenu national par personne oscille entre 50§ et
3000$ dans les différents pays du monde. Ces valeurs numériques n’expriment
pas réellement: (1) la nature des sources, variables d’un pays a l'autre, (2) le
dynamisme du développement du revenu national, soit le pourcentage de
laugmentation de moyenne annuelle, (3} la répartition du revenu national parmi
la population.

Dans les analyses économo-épidémiologiques on utilise deux notions restric-
tives, les termes de: (1) pays en voie de développement et (2) pays développés. Ces
termes sont en réalité non dynamiques et trés difficilement utilisables sur le plan
international pour I’évaluation comparative de la situation de santé publique. I1
faudrait introduire une terminologie économique plus différenciée dans le do-
maine économo-sanitaire afin de pouvoir déterminer avec une plus grande pré-
cision les caractéristiques économiques des pays ayant une situation intermédiaire
ou élevée.

EPIDEMIOLOGIE DE LA TUBERCULOSE

La conception statique existe dans la description analytique internationale des
relations comparatives de I’épidémiologie de la tuberculose. D’une fagon tradition-
nelle, les pays sont classifiés avec (1) faible ou (2) forte incidence, prévalence et
mortalité. 11 faut considérer que ces catégories ne sont acceptables que dans les
pays ou elles sont valables pour toute la population. Par exemple, on peut appli-
quer les termes de faibles incidence et prévalence seulement aux pays ou la
morbidité a diminué parallément dans les différents groupes d’age de la popula-
tion pendant plusieurs dizaines d’années comme résultats de méthodes classiques
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de la lutte contre la tuberculose. De méme les termes de fortes incidence et
prévalence ne sont valables que dans les pays ol la morbidité est vraiment forte
dans tous les groupes d’4ge de la population.

VACCINATION BCG

Un programme de vaccination par le BCG dont le but est de viser et de renforcer
le controle de la tuberculose des enfants peut modifier dans un délai trés court la
situation épidémiologique des différents groupes d’dge de la population. La
vaccination efficace par le BCG peut diminuer en quelques année d’une facon
significative 'incidence chez les enfants jusqu’a un taux trés bas alors que dans ce
méme intervalle 'incidence dans la population adulte déja allergique et non
vaccinée ne diminue que graduellement. Ainsi se forme une morbidité dissociée,
soit: faible incidence des enfants et fortes incidence et prévalence des adultes. 1.’analyse
comparative internationale de 1’épidémiologie de la tuberculose peut démontrer
que la dissociation de I'incidence des différents groupes d’4ge ne se forme pas
dans tous les pays et dans toutes les situations malgré des mesures de controle
extrémement poussées. Dans ces cas, il est nécessaire de rechercher les raisons de
I'inefficacité des mesures appliquées: vaccination inefficace, facteurs démogra-
phiques ou économiques.

BCG EN HONGRIE

La situation épidémiologique a amené la Hongrie a introduire en 1959 la re-
vaccination obligatoire jusqu’a 20 ans. On a effectué 4753708 vaccinations chez
les enfants de 1959 4 1971. Parallélement d’autres mesures antituberculeuses
(dépistage, isolation, traitement) ont été prises de facon identique pour toute la
population dans un contexte socio-hygiénique conditionné par la situation
économique intermédiaire du pays. L’analyse de regression avec les log des taux
de morbidité de 1958 4 1968 démontre que la forte morbidité des adultes et des
enfants en 1958 devient dissociée en 1968. Les figures montrent que 'incidence
et la prévalence sont fortes encore chez les adultes: 1529, per 1000 et 1166%,
per 1000, mais faibles chez les enfants: 10%, per 1000 et 39% per 1000. La
question se pose en Hongrie de reduire de programme de revaccination systéma-
tique mais dans cette situation épidémiologique de tuberculose dissociée dans
des conditions d’économie intermédiaire (Rev. nat. par pers. en $US: 1958 =
390, 1968 = 748) la modification du calendrier de vaccination est un risque.

Tuberculosis 1958-68
Hongrie, Popul. per 100 000 E ~
tuberculose M+F — — Anal. regr. lin. Dimin. moy.
toutes formes dges 1958 1968 logy = ann. (%)
Incidence > 14 335 152 —0,0391x +2,5842 8,6
<14 236 10 —o0,1503x+2,3685 29,3
Prévalence > 14 1352 1166 —o0,0106x + 3,2173 2,4

<14 454 39  —o,1318x+2,7489 26,2
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SUGGESTION

Les notions socio-économiques et les paramétres épidémiologiques de tubercu-
lose actuellement utilisés sont statiques. A cause du changement permanent des
situation économiques et épidémiologiques ils ne peuvent plus exprimer les
différences et les nuances existant parmi les pays. Afin de pouvoir démontrer
d’une facon dynamique et comparative la situation réelle des différents pays et
planifier leur programme antituberculeux, il est suggéré d’introduire 'applica-
tion de notions et de principes plus différenciés. Le Tableau I montre une com-
pilation économo-sanitaire et la suggestion de la politique de BCG en fonction
de la situation économique et épidémiologie de tuberculose des pays. La termi-
nologie et les définitions proposées pour les pays sont les suivantes:

(1) Economie: (a) faible, (b) intermédiaire, (c) élevée, (d) forte.

(2) Technigue: {a) sous-developpée, (b) en voie de développement, (¢) dévelop-
pée, (d) avancé. (3) Morbidité de tuberculose: (a) forte, (b) intermédiaire, (c) dis-
sociée selon le groupe d’age, (d) faible.
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EFFICACITE DE LA VACCINATION
SYSTEMATIQUE PAR LE BCG HONGRIE
DEPUIS 1959. ANALYSE COUTS/AVANTAGES

L. Lucos:

Chef du Laboratoire du BCG, Institut National de la Santé Publique,
1097 Budapest Gydli u 2, Hongrie

L’interaction de la souche BCG, de la méthode de fabrication et du contrdle du
vaccin, de la situation épidémiologique et économique de la population vaccinée
détermine efficacité de la vaccination par le BCG.

En Hongrie (pays de 100000 km?, 10000000 d’habitants dont 259, d’enfants
de moins de 14 ans), avant 1959, la morbidité par tuberculose de la population
adulte et infantile était surélevée par rapport aux pays ayant alors déja une
tendance de diminution au ‘seuil de contrdle’ ou au-dessous de celui-ci. Aprés la
campagne de PUNICEF (1947—9) 'application méthodique du BCG n’a pas été
poursuivie. Ainsi un systéme de vaccination efficace avait en fait 10 ans de retard
et la situation épidémiologique adulte—enfant avait en 1959 un décalage défavor-
able par rapport aux pays plus avancés.

Entre 1953-8 la Hongrie avait une morbidité par tuberculose critique. La
régression de I'incidence (toutes formes, 2 sexes) étaient; population > 14 ans:
log y = —o,0190x+2,5840, soit 4,3%, de la diminution moyenne annuelle;
population < 14 ans: log y = +o0,0010%+ 2,3488, soit 0,29, de I'augmentation
moyenne annuelle.

A partir de 1954 la vaccination BCG, obligatoire chez les nouveau-nés mais
sans application systématique et facultative chez les écoliers — par manque de
continuité — n’a pas diminué I'incidence des enfants de o &4 14 ans jusqu’en 1959.
Avant 1959, l'utilisation de la sous-souche BCG Budapest descendante de la
souche 458 de I'Institut Pasteur et entretenue depuis 1933, démontrait la diminu-
tion de sa virulence résiduelle et de sa capacité immunogénétique.

Afin d’assurer la protection des enfants, la Hongrie a introduit en 1959 la re-
vaccination obligatoire par le BCG jusqu’a 20 ans. Pour redresser la situation et
recupérer les 10 ans de retard, la primo et revaccination systématiques de o a 20
ans ont été effectuées dans 200 dispensaires antituberculeux. Le Laboratoire du
BCG de Budapest utilise depuis 1959 la souche ‘Pasteur 1173P2’ en systeme de
seed-lot selon les normes de I’'OMS relatives 4 la fabrication. Entre 1959-72
4,8 millions de vaccinations ont été effectuées.

Le Tableau I montre les données démographiques de la situation économo-
sanitaire, les mesures de lutte antituberculeuse en Hongrie de 1959 4 1g71. Selon
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le revenu national la Hongrie est un pays d’économie intermédiaire. L’investisse-
ment dans la vaccination BCG du 1959 a 1971 a été $4800000.

Le Tableau II montre les données épidémiologiques sur la tuberculose en
Hongrie de 1953 4 1971. L’analyse de régression linéaire démontre la dissociation
de la tendance évolutive de l'incidence adulte-enfant entre 1958-68. La regres-
sion de Pincidence des adultes est: log y = —0,0391x+ 2,5842 (dimin. moy.
ann. = 8,69,) et celle des enfants: log y = —o0,1503x+2,3685 (dimin. moy.
ann. = 29,3%). L’incidence (toutes formes, 2 sexes) des enfants qui était de
2349, per 1000 en 1958 a diminué en 1972 3 59, per 1000 mais celle des adultes
a été encore de 152%, per 1000, signe de 20 ans de retard par rapport aux pays
plus avancés.

La réalisation conséquente de la vaccination BCG en Hongrie a partir de 1959
peut étre présentée comme un modéle de l'efficacité de la vaccination systé-
matique. Les résultats montrent que dans un pays d’économie intermédiaire un
programme de BCG intensif, en tant qu’influence spécifique, accélere la régres-
sion de la morbidité de tuberculose des enfants.
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GENERAL DISCUSSION

CHAIRMAN Are there any comments concerning diphtheria, tetanus, pertussis, polio-
myelitis and BCG vaccines ?

UNGAR (Switzerland) I should like to make some comments regarding BCG. In spite
of the improvements in hygiene and chemotherapy in many countries I think that BCG
vaccination still has an important role to play, particularly in certain population groups.
Although in America, Britain and other countries the mortality due to tuberculosis has
dropped considerably, nevertheless every year there are new cases of tuberculosis. The
evidence from the United States for example shows that every year there are between
70000 and 9goooo new cases of tuberculosis. The majority of these new cases are due to
infection with antibiotic-resistant mycobacteria, but people must be treated as known
cases with a virulent mycobacterium tuberculosis.

The age group most exposed to tuberculosis is between 12 and 20 years, and I think,
therefore, that we should be very careful not to minimize the importance of BCG in a
population where it can have an influence if immunization is done properly and on a
large scale.

CHAIRMAN  Thank you, Dr Ungar. Would you like to say anything in reply to that,
Dr Griffith?

GriFrITH [ was dealing with vaccination in Europe and the two ages at which BCG is
given routinely. Given at birth, its prophylactic effect is mainly against generalized
tuberculosis and meningeal tuberculosis. T'uberculosis is, however, mainly a disease of
adults but even when given routinely to adolescents, as in Britain, the number of persons
that have to be vaccinated in order to prevent one case of tuberculosis is rapidly increasing.
I purposely avoided the problem of BCG vaccination outside Europe and the question of
BCG effectiveness against atypical mycobacteria.

VassiLopourLos (Cyprus) 1 should like to hear Dr Griffith’s comments on the
prophylactic effect of BCG vaccination, not only as regards tuberculosis but also leprosy
prophylaxis.

GriIFrITH (UK) I should like to avoid this again, because I would rather keep to my
subject of Europe and European experience.

CHAIRMAN 1 think it is true to say that one trial showed some effect, but another one
failed. I am sure that many of these points will be discussed again.

Now, we will ask Dr Sencer, Chief of the CDC, to talk to us about cost-benefit
analysis.

4 [35] PIA
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COST BENEFIT ANALYSIS

D. J. SENCER
Director, Center for Disease Control, Atlanta, Georgia, USA

AND N. W. AXNICK

Chief, Office of Program Planning and Evaluation, Center for Disease Control,
Atlanta, Georgia, USA

Benefit-cost analyses in the delivery of immunization services are tools that the
administrator of a health service can use to justify what may seem to be inordinate
costs. Examples can be seen in:

(1) An analysis of the costs associated with the protection of the United States
againstsmallpox inrelationship to the benefits and costs of global smallpox eradica-
tion and the savings to date as a result of discontinuing routine vaccinations for
children.

(2) An analysis of the first ten years’ experience of the immunization effort
against measles in the United States and some analysis of measles immunization
campaigns in developing countries where the United States provided technical
assistance.

The smallpox endemic area is shrinking rapidly throughout the world. The
number of countries reporting smallpox has decreased from 91 in 1945, to 42 in
1967, 30 in 1969, 23 in 1970, and 17 in 1971 - the 175th year since the first
vaccination against smallpox by Jenner. The eight nations where smallpox is now
endemic are directing efforts toward the eradication of the disease with the
leadership of the World Health Organization. The threat of smallpox importation
from areas where a reservoir remains has led smallpox-free countries to continue
smallpox protection programs. The rapidly declining number of countries with
smallpox has directed attention to the continuing policy of routine vaccination of
the population, with its recognized risks of complications.

First, I will briefly review the epidemiologic data with respect to routine
vaccinations, the estimated cost of the effort to protect the civilian population in
the United States in 1968. Major cost estimates included those for medical
services associated with routine vaccinations, medical care for complications of
vaccinations, governmental protection services, and governmental support for
international disease eradication. The latter is included in this analysis since
public health officials must face the question ‘ What is the most rational distribu-
tion of our Nation’s resources between domestic protection and international
disease eradication?’ The problem is complicated because the benefits associated
with the domestic protection policy are influenced by support for, and success of,
international disease eradication. In deciding upon a strategy of protection from
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smallpox, total benefits and costs of both the domestic protection effort and the
international smallpox eradication program must be considered, recognizing that
the benefits are interdependent.

A national probability sample survey in the United States estimated that 14.2
million persons in the civilian population were vaccinated in 1968; 5.6 million
received a primary vaccination, and 8.6 million were revaccinated. Table I
presents the smallpox vaccinations by age group and population coverage.
Overall, 21.4 per cent of the children 1—4 years of age and 15.3 per cent of the
persons in the age category 5—9 years were vaccinated in 1968.

Table 1. Smallpox vaccinations by age and vaccination status, United States,

1968
Population
covered

Age Primary  Revaccinations Total (%)
<1 614 ooco — 614 coo 17.6
1—4 2 733 000 478 ooo 3 211 000 21.4
5—0 I 553 000 1 643 coo 3 196 000 15.3
10-19 406 000 2 657 coo 3 063 000 8.1
20+ 288 ooo 3 796 coo 4 084 ooo 3.4
Total 5 594 000 8 574 000 14 168 coo 7.2

Table II presents the estimates of the complications based on surveillance and
surveys in the same year. Overall, 8024 complications were estimated, or a rate of
566.3 per one million vaccinations. The 152 major complications represent a
rate of 10.8 per one million vaccinations. Of the 153 cases, 16 cases were diagnosed
post-vaccinial encephalitis, 11 cases vaccinia necrosum, and 126 cases eczema
vaccinatum. Overall, 3.0 per cent of the 8024 cases were hospitalized for an
average of g days and a total of 2142 patient-days of hospitalization. Of the 16

Table 1. Complications associated with smallpox vaccinations of crvilian
population, by degree of severity, United States, 1968

Complications Hospitalized
medically attended complications
~ Permanent

r A s
Complications No. Rate* No. Avg. stay disability Deaths
Post-vaccinial encephalitis 16 1.1 16 11.3 4 4
Vaccinia necrosum 11 0.8 8 37.5 — 4
Eczema vaccinatum 126 8.9 87 11.2 — I
All other 7 871 555.5 127 5.9 — —
Total 8 024 566.3 238 9.0 4 9

* Complications per 1 000 000 vaccinations.
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Table I11. Costs associated with smallpox vaccinations, United States, 1968

Amount
($ million)

Direct, medical services

Vaccinations 92.8
Complications 0.7
Indirect, loss of productivity
Work losses, vaccination and complications 41.7
Permanent disability, complications* 0.4
Premature death, complications* o.1
Total 135.7

* Future years discounted at 6%,.

Cost of International
Traffic Clearance
9.4%

Cost of Smalipox Vaccinations
and Complications of
Vaccinations

88.1%

Cost of U. S. Support to
Global Eradication
27%

Fig. 1. Economic cost associated with protection of the United States
against smallpox, 1968.

patients with post-vaccinial encephalitis, three have permanent mental damage,
including one requiring institutionalization for life. Nine vaccine-associated
deaths occurred in 1968.

Table III indicates that the economic cost of smallpox vaccinations among
civilians in the United States totaled an estimated $135.6 million in 1968.
Physician services for vaccine administration accounted for 68 per cent of the
total cost. Earnings lost due to time off from work for vaccinations and complica-
tions involved 30 per cent of the total.

Fig. 1 presents the cost of the effort to protect United States citizens against
smallpox which is estimated at $153.9 million in 1968. Eighty-eight per cent of
the cost was associated with vaccination of the civilian population.

The cost of quarantine traffic clearance and surveillance totaled 4.2 per cent
and cost of time lost by the maritime industry in waiting for traffic clearance
accounted for 5.2 per cent of the total cost. The United States’ support to the
World Health Organization’s global smallpox eradication program and the US
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Fig. 2. Smallpox vaccine. Net distribution by month, United States.

developmental assistance to 20 countries in West Africa for smallpox eradication
totaled only 2.5 per cent.

Fig. 2 illustrates the change in the distribution of smallpox vaccine between
1971 and 1972. The savings in delivery of routine vaccinations and the medical
services associated with complications between 1971 and 1972 are valued at
$63.5 million. The results clearly indicate that the public policy decision to dis-
continue routine vaccination of the general population released substantial
resources for other uses.

The analysis does not consider the costs associated with a possible introduction
or importation of smallpox into the United States. In the United States, a patient
with chickenpox was misdiagnosed as smallpox in 1965, and the resultant public
health control efforts, without secondary spread, cost approximately $65o000.
Of the total cost, 64 per cent involved expenditures for surveillance of the pri-
mary ring of contacts, 30 per cent for hospital isolation care, 4 per cent for
laboratory services, and 2 per cent for communications. About 85 per cent of the
total cost involved diverted personnel time.

Several importations into Europe in recent years have also been analyzed re-
garding cost. The costs for the England and Wales importations with secondary
spread of 62 cases in 1961 and 1962 were estimated at $3.6 million. Again, over
8o per cent of the cost involved diverted local health personnel time. The
Swedish importation experience in 1963 cost about three-quarters of a million
dollars. Some 27 persons were diagnosed as having smallpox. About 2500 persons
exposed to smallpox had to be isolated, and some 200 persons had vaccination
reactions severe enough to require hospital care.

These costs would be incurred in the event of an importation of smallpox
regardless of how much is spent on routine vaccinations or other smallpox pro-
tection efforts. Only world-wide smallpox eradication will eliminate the risk of
possible importations and subsequent potentially expensive secondary-spread
control efforts.

In summary, this analysis indicates the costliness of an internationally impor-
tant and emotionally fearful infectious disease in a country where the disease has
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Fig. 3. Measles incidence in the United States, 1963—~72.

not occurred since 1949. It also suggests that the magnitude of global benefits of
the forthcoming world-wide eradication of smallpox is substantial, and the im-
portance of the World Health Organization smallpox eradication program as a
part of our national protection strategy in order to realize the full benefits of the
policy change.

Unfortunately, not all disease problems are in this desirable situation. Next I
would like to discuss the comparison of the benefits and costs of the immuniza-
tion effort against measles in the United States. Prior to the licensing of the
measles virus vaccine in 1963, the incidence of measles was approximately
4 million cases per year. From the time of licensing of the vaccine in early 1963
through the middle of 1966, some 15 million children were immunized, and re-
ported cases have been reduced some 50 per cent. By October 1966, it looked as
if measles could be eliminated in the United States. The Public Health Service,
through CDC, and with the support of professional and voluntary health
organizations, spearheaded a national campaign to eliminate measles in 1966.
The campaign emphasized community immunization programs. Fig. 3 depicts
the successful reduction of the disease to a low of a quarter million cases in 1968.
Unfortunately, with the termination of measles vaccine as a part of community
immunization programs in 1969, measles incidence again increased sharply from
290000 in 1969 to 533000 in 1970 to 847000 in 1g71. Looking at the problem
another way, Tables IV and V contrast the lack of uniform measles immunization
rates for poverty and non-poverty populations in the metropolitan areas and the
relatively uniform rates achieved with the community rubella immunization
programs during the first two years. The concern about the lack of uniform im-
munization levels and the build-up of pockets of susceptibles, coupled with the
sharp increase in measles incidence, resulted in the decision by many States to
return measles vaccine to the community immunization programs in I197I.
Table VI indicates the marked change in the number of doses of measles vaccine
distributed between 1970 and 19g71. A sizable number of doses involved the
newly licensed combination measles/rubella vaccine. Fig. 4 indicates the 10-year
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Table IV. Percentage of population with history of measles and rubella vaccine
by standard metropolitan statistical areas and poverty status, United States,

1970

Measles Rubella
1—-13 years I1—12 years

Central cities

Poverty 40.9 42.9

Non-poverty 54.5 40.8
Remaining SMSA

Poverty 45.6 339

Non-poverty 57.6 40.8

Table V. Percentage of population with history of measles and rubella vaccine
by standard metropolitan statistical areas and poverty status, United States,

1971

Measles Rubella
1-13 years 1-—I12 years

Central cities

Poverty 5I.1 57.0

Non-poverty 59.6 56.6
Remaining SMSA

Poverty 53.7 56.3

Non-poverty 62.4 56.1

Table V1. Measles virus vaccine. Total doses distributed, United States,

1966—72
Year 1966 1967 1968 1969 1970 1971 1972
Doses (millions) 7.9 6.4 5.3 4.9 4.5 8.3 8.2

trend of the annual benefits and the costs of immunization against measles. The
sharp increase in estimated benefits between 1970 and 1971 shows most directly
the salutary effect of community immunization programs. The benefits can be
expected to increase with time, given continuation of a reasonable uniform level
of immunizations for each new birth cohort. Table VII summarizes some of the
health and resource savings for the first decade of the immunization effort against
measles. Substantial resources were released for other uses. Medical resource
savings included 1.4 million hospital days and more than 12 million physician
visits. Among the savings in educational resources were 75 million school days
in the regular school program, and because the program prevented 7900 cases of
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Fig. 4. Annual benefits and costs of immunization against measles,
United States, 1963—72.

Table VIL. Summary of health and resource savings due to immunization
against measles, United States, 1963~72

Cases averted 23 707 000
Lives saved 2 400
Cases of retardation averted 7 9oo
Additional years normal and productive life 709 QC0
by preventing premature death and retardation
School days saved 78 000 000
Physician visits saved 12 182 coo
Hospital days saved 1 352 000

mental retardation, it saved substantial resources associated with special schooling
of these children. By preventing premature death and retardation, it assured that
more than 10300 persons would have an opportunity to lead productive and
normal lives measurable at about 709oco years. The net benefits totaled $1.3
billion for the 10-year period.

Possibly the most salient feature of these statistics is that they make explicit
the resources consumed by a mild children’s disease and damage associated with
a preventable disease.

Like my developing country, many other developing nations are facing the
need to justify public health programs on economic as well as humanitarian
grounds. I would like to share with you some of the thinking of economists in this
area.

Table VIII provides some hypothetical examples of the present value of
economic worth in a developing country. Column 2 provides some typical dollar
values of average consumption for each age group; column 3 shows the dollar
values of the marginal product for each age group; column 4 gives the difference;
column 5 provides some estimates of the life expectancy at the end of each age
group; columns 6 and 7 provide the undiscounted and discounted expected
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Table VIII. Example of economic worth of individuals by age in
developing countries

Average Marginal Net Life  Undiscounted Discounted
Age consumption product* contribution expectancyt present value present

(years)  ($) ) ($) (years) ($)  value ()
o o o o 43 1 887 —310
5 113 o —113 53 2636 —587
10 150 32 —-118 49 3 280 —325
15 150 103 —47 45 3947 261
20 150 281 131 42 4 299 913
25 188 302 114 38 3795 867
30 188 302 114 34 3370 905
35 150 309 159 31 2 946 994
40 150 280 130 28 2 299 843
45 150 271 121 24 1782 764
50 150 270 120 20 1293 678
55 150 244 94 17 798 522
60 113 242 129 14 404 406
65 113 167 54 11 —24 182
70 113 153 40 9 —352 —23
75 113 o —113 6 —789 —478

Source: Enke and Brown (1972). ¥. Biosoc. Sci. 4, 301.

* Marginal product equals the average product: national annual output is equal to
$150 per capita.

t Years of life expectancy beyond given age.

1 At 159% a year compounded.

future contribution, or the economic worth of the individual at each age interval.
A discount rate of 15 per cent was assumed to approximate the interest rate for
capital in a developing country.

It is significant to note that in these examples the present value of the economic
worth (the last column) is negative for the age groups less than 15 years of age
and the age groups over 65 years of age. While the estimates of the worth may
vary slightly depending on the economic and actuarial assumptions, it is impor-
tant for public health officials to note the significance of these examples for
health expenditures.

Child-targeted immunization programs in developing countries as in developed
countries will have to be justified from an economic standpoint in terms of
savings in scarce medical resources rather than their contribution to economic
development. Recently, the United States has assisted a number of developing
countries in measles control in West Africa. Table IX depicts the cost of im-
munization and the benefits in terms of medical care savings in Senegal during
the period 1968—70. Senegal’s experience suggests that the benefit-cost ratio
during the community mass campaign was 1.2, and during the first maintenance
year 3.8. In the case of measles, prevention is economically beneficial because
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Table IX. Cost of measles immunization and benefits in terms of medical care
saved in the Green Cape region, Senegal, 196870 (in US dollars)

Cost of immunization Benefits — medical care saved
[ ) " RS
Type of Cost per Dispen- Hospital Benefit-cost
program individual ‘Total cost sary care care Total ratio
Initial mass 0.80 142 800 77 500 97 goo 175 400 1.23
campaign
Annual
maintenance 0.40 20 400 35 500 42 8oo 78 300 3.84

Source: M. Rey, M. Beck, R. Helmholz, P. Gzebo and A. Sow (1971), 6th
Conference, OCEAC Technical Conference, Yaounda, 10-14 March,

many developing countries have very few physicians, nurses, and hospitals. In
the long run, the permanent complications of measles — blindness, mental and
motor retardation — constitute some cost to the developing economy. The indivi-
duals with permanent complications may not be able to enter the labor force, thus
resulting in increased consumption and no contribution to the marginal product.

Concerning the mortality effect, past consumption costs are not appropriate to
consider in the assessment of the future worth of individuals. However, the cost
of bringing up a child before death due to measles and other childhood diseases
may involve up to 5 per cent of a country’s income.

Despite the minimal cost of delivery of measles immunizations, developing
countries, as well as developed countries, may need to look further into alterna-
tive ways of minimizing costs through technology such as multiple antigen

Table X. Comparison of two alternative immunization intervention proposals
in a developing country in the Americas

T'ype of intervention

r )
Option A Option B
Single disease immunization Multiple antigen vaccination
mass campaign mass campaign
Disease ... ... Measles Measles, polio, TB, smallpox,
diphtheria, tetanus, pertussis
Target population 1- to 4-year age group, I- to 2-year age group,
825 ooo children 275 ooo children
Length of campaign I year 3 years
Vaccine cost
Undiscounted $454 o000 $526 ooo
Discounted 14%, 8454 coo $459 ocoo
Multiple country No Yes

vaccine purchasing
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vaccines and through group purchasing of vaccines. Table X provides an example
of some of the economies of group purchasing of vaccine coupled with the use of
multiple antigen vaccines. This slide compares two alternative immunization
interventions in a developing country in the Americas. Under option A, 825000
children in the 1—4 year age group are vaccinated against measles in a one-year
mass-type campaign. The measles vaccine would be purchased by the govern-
ment at an estimated cost of $454000. Under option B, 275000 children in the
1—2 year age group are vaccinated against measles, polio, diphtheria, tetanus,
pertussis, smallpox and tuberculosis each year for a period of three years. The
multiple antigen vaccines would be purchased each year at a cost of $175000
through a multiple country group purchasing agreement. Given an equal number
of children vaccinated and approximately equal levels of measles protection at
the end of the three-year period under both options, the multiple disease pro-
gram — option B, on a present value basis — costs $5000 more than the measles
immunization alone when the vaccine is purchased on a multiple country basis.
Epidemiologically, option B provides more uniform measles immunization levels
and less opportunity for any build-up of susceptibles.

In summary, the analysis recognizes the importance of the World Health
Organization’s smallpox eradication program as a part of the US protection
strategy in order to realize the full benefits of the policy change to discontinue
routine vaccinations of the population.

The net benefits of the immunization effort against measles totaled $1.3 billion
for the first decade of use in the United States. The Senegal analysis suggests that
the benefits of measles immunization exceed the cost in developing countries.
Despite these favorable benefit—cost analyses, child-targeted immunization pro-
grams may need to take advantage of further opportunities of minimizing costs
through multiple antigen vaccine technology and through group purchasing of
vaccines.
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DISCUSSION OF COST BENEFIT ANALYSIS

W. SCHUMACHER
Bundesministerium fiir Jugend Familie und Gesundheit, 53 Bonn—-Bad
Godesberg, Germany

No country, irrespective of its stage of development, can dispose of unlimited
resources for its health service. The more it is of importance to investigate care-
fully where these resources can be used with maximum benefit.

Many a spectacular medical achievement which, in recent years, has stirred
the press of the world, has been realized with such a high expenditure in terms of
personnel and resources that one could question whether these resources, if used
for other purposes, would have promoted the health of many more people.

In most cases, the efficiency of individual projects is described by an aggregate
of data and opinions, for the assessment of which there exist objective criteria
only in a few instances.

During the last 20 years, a method has been developed which permits, at least
from the economic aspect of these problems, an objective assessment. It is based
upon the theoretical principles of welfare economy and of operational investment
calculation. All the advantages and disadvantages (benefits and costs) of a public
project are recorded independently from the fact of who will benefit by it and
who will bear the costs, then assessed as far as possible in monetary value and
compared. Even if not all factors are quantifiable and if, for the implementation
of public projects, economic criteria alone should not be the determining factors,
the total calculation will be easier for the decision-maker if the economic implica-
tions are known.

Such an investigation was made concerning the oral polio vaccination from
1962 to 1970. There were taken into consideration only the quantifiable economic
advantages and disadvantages linked to the vaccination; qualitative aspects were
not covered by this investigation.

As costs, there are included: the amounts spent annually for vaccines, per-
sonnel, propaganda, forms, etc., as well as rents and other factual costs in prices
of 1970. An amount of 0.66 Deutschemark per vaccination was established as an
average value and applied to the 76.5 mio vaccinations performed during the
period from 1962 to 1970. The total costs amounting to 50.5 mio Deutschemarks
was increased by an additional sum of 20 mio Deutschemarks for possible vacci-
nation damages. The calculation of this cost factor is based on the assumption
that one case of serious vaccination damage is to be expected per 1 mio vacci-

nations.
For the determination of benefits, the number of new diseases avoided during

the period under review due to the oral polio vaccination (altogether 52180
(471
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cases), was taken as starting point. For these cases, the various treatment, care and
rehabilitation costs avoided were computed in 1970 prices — altogether 3259.5
mio Deutschemarks. Taking into consideration the years of gainful activities to
be expected on the average in the various age groups of men and women, there
were, furthermore, computed the contributions to the social product gained by
the avoidance of new diseases and assessed according to the average national
income in 1970 (net social product at factor costs), referring to the gainfully
employed — altogether 3188.1 mio Deutschemarks.

The disease costs saved by the non-occurrence of new cases of illness and the
contributions not lost to the social product as benefit factors were opposed to the
total costs. The established cost-benefit ratio amounts then to 1:9o, i.e. every
Deutschemark spent for vaccination purposes saved go Deutschemarks costs.

The expenditures incurred for polio vaccination thus prevent not only illness,
grief and death, but are also of considerable economic benefit.




GENERAL DISCUSSION

CHAIRMAN Has anyone any discussion concerning cost benefit analysis ? This concerns
the established vaccines as well as the two particular vaccines that Dr Sencer used for his
illustrations, namely smallpox and measles.

LArFONTAINE (Belgium) Has the cost benefit or rather the balance between advantages
and disadvantages of smallpox vaccination been evaluated on a world-wide scale, because
I do not think that we can stop smallpox vaccination until eradication has been achieved ?
I think that the cost benefit must be evaluated on a world level and not only for one
country.

SENCER (USA) I would hesitate to get into further discussion of the decision of some
countries to discontinue smallpox vaccination as a routine matter. I do not think that is
the subject of this conversation. I am wondering whether Dr Henderson would care to
give us anything on the cost of the world-wide effort.

HenpersoN (WHO) It is difficult to come up with an accurate figure as to the total
cost of the programme as this includes not only funds channelled through WHO but also
bilateral contributions and substantial national contributions. Our best estimate is that
the total global cost is around $30 to $50 million per year which includes $3 million pro-
vided by the regular budget of WHO. The overall amount is, in fact, rather a small sum of
money compared to the savings realized by the USA as a result of modifying its vaccina-
tion policy. We would, of course, be most happy to receive the $60 million which has been
saved in the USA.

SENCER (USA) As you know, the United States is limiting its contribution to the WHO
to 25 Y% of the budget.

UNcAR (Switzerland) If I remember correctly, Dr Sencer said that before the last war,
in the 1930s, there was a report by Dr Winslow on the costs of infectious diseases in
children in the New York area where they knew their hospitalization costs. A year after
they had started vaccination against diphtheria and whooping-cough they found that the
cost of vaccination was about one-tenth of the cost of hospitalization. I think this was the
first time it had been demonstrated from a financial point of view that vaccination could
be tremendously beneficial in terms of costs in certain countries.

HorMaN (The Netherlands) I should like to make a general remark on this question
of cost benefit analysis. I think that two elements have to be discerned in these calcula-
tions. One is the saving in medical care and the prevention of a greater or lesser degree of
invalidity, and on this I think no-one would disagree. The other element, however, is that
of considering the future earning capacity of a human being, and that is a consideration
of man as Homo economicus, but I doubt whether everybody would be concerned about
this aspect of cost benefit analysis.

HavLonen (Finland) Many European countries are aware of a low ratio of cost benefits
in smallpox vaccination and would like to follow the example of the United States. How-
ever, there is one element which is not entirely under our control and that is vaccination
of men in military service. In countries where all men enter military service, as in Finland,
we shall face very great problems in 15 or 20 years’ time if we stop smallpox vaccinations
now without at the same time making plans for the future. I should like to ask Dr Sencer
what plans there are in the United States to deal with this problem.

[491
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SENCER (USA) I am completely optimistic that there will be no smallpox 15 or 20 years
from now in the World and that there will no longer be a rationale to immunize the
military. I believe that most of the great nations of this world have signed agreements that
they will not use biological warfare and I believe that will be the fact. So I think that
there will be no need for immunizing military troops 15 or 20 years from now. The con-
current use of vaccinia immunoglobulin would be a way out, but I am an optimist in terms
of eradication of smallpox, abolition of biological weapons, and peace.

CaMERON (Canada) Reference has been made already to the desirability of considering
cost benefit on an international scale. I think that a point in Dr Sencer’s presentation
which possibly escaped notice and ought to be emphasized is that if we talk about cost
benefit in the developing countries we must realize that, in fact, the more prevention of
illness there is in these countries the greater are the problems with which they are faced.
When talking about developed countries, on the other hand, cost benefit analysis reveals
the economic advantage from the application of mass programmes. So I think we must be
very careful to distinguish between the two. I do not think anyone would suggest that, on
the basis of the negative figures which Dr Sencer produced, one would dream of stopping
vaccination programmes; that is ridiculous. However, I think we must realize that cost
benefit here refers to the most economic use of the programmes which are being de-
veloped. Nevertheless, they are leading io greater social problems.

SENCER (USA) The point I was trying to make was that such programmes cannot be
justified in the less developed countries, on the standard economic evaluation of cost
benefit analysis, but they can be justified by the fact that it will no longer be necessary to
use hospital beds for measles, or physicians to take care of ill children. These are perhaps
more important resources than money.

HenpersoN (WHO) The question has been raised of possible problems of primary
vaccination in adults. Data available in the past have not been very satisfactory and it has
been assumed that primary vaccination in young adults would necessarily be fraught with
many problems. However, a recent CDC study of primary vaccination in very large
numbers of military recruits showed a very low incidence indeed of complications, quite
contrary to what had been thought.

So far as cost benefit ratios in relation to the developing countries, there is an intangible
feature which has not been mentioned and this relates to the problem of implementation
of family planning programmes. Recently, in certain of the endemic areas of India, resis-
tance has been encountered because of smallpox epidemics. The villagers wanted nothing
to do with family planning programmes having just lost large numbers of children in
their villages. It would seem sensible, therefore, to introduce immunization programmes
with family planning programmes, the latter of which is increasingly recognized to be
important to economic development and the future of all countries.

Lastly, I should like to reiterate that in global terms the costs of the smallpox eradica-
tion programme are not very great. As Dr Sencer has noted, the savings to the United
States have been substantial. At the same time, the United States has, first of all, under-
taken to eradicate smallpox in the twenty countries of western and central Africa, and they
have been successful. More recently they have made personnel and vaccine available to
the Organization recognizing that this is a very worthwhile investment for the protection
of the United States itself. Other countries have contributed likewise. Nevertheless, the
amount of money available is still marginal and does not begin to approach the potential
savings which would be realized were global eradication a reality. With a more substantial
world-wide commitment, the programmes could proceed considerably faster and with
greater certainty of ultimate success.

SENCER (USA) If I could just have the last word, Sir, the United States did not under-
take to eradicate smallpox; it undertook to help the countries of West Africa to do this.
There is another intangible benefit in this. I was asked during the coffee break how I
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could be sure that smallpox had been eradicated from the Congo, and one of the in-
tangibles is that, in all parts of the world where the smallpox eradication effort has been
going on, a surveillance mechanism has been set up that is perhaps more important in the
long run than the eradication effort. The surveillance apparatus in the Congo is sensitive
enough to pick up a single case of monkeypox and bring it to differential diagnosis. I think
that this type of thing is an intangible benefit that will go on.

CHailrRMAN Thank you very much. We have had a fairly full discussion of that subject
and I am sure that the next session on newer vaccines, measles, mumps and rubella, will
also be a very full session.
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NEWER VACCINES (MEASLES, MUMPS,
RUBELLA): POTENTIAL AND PROBLEMS

S. KRUGMAN

Professor and Chairman, Department of Pediatrics, New York University
School of Medicine

During the past decade live attenuated vaccines for the prevention of measles,
mumps and rubella were licensed for use in the United States and in other
countries of the world. Measles vaccine became available for general distribution
in 1963, mumps vaccine in 1967, and rubella vaccine in 1969. Studies to evaluate
the safety, potency and efficacy of these vaccines preceded their licensure by
periods ranging between three and five years. Extensive use of these vaccines
since licensure has highlighted their potential value as well as the occurrence of
various problems. Certain problems were solved promptly; others are more ap-
propriately designated as ‘issues of concern’. This discussion will include a
review of the present status of three live attenuated vaccines: measles, mumps,
and rubella.

MEASLES

The use of more than 50 million doses of measles vaccine in the United States
since 1963 has provided an opportunity to further assess the safety, immuno-
genic capacity, and eflicacy of the vaccine.

SAFETY

The safety of live further attenuated measles vaccines has been well established.
These vaccines have been well tolerated in spite of the occasional febrile reaction.
The possible occurrence of measles encephalitis was an issue of concern 1o years
ago when measles vaccine was licensed for use. The experience in the United
States since 1963 has allayed this anxiety. As indicated in Fig 1, the increasing
use of live measles vaccine has been associated with a progressive and significant
decline in the incidence of encephalitis.

The question of possible association of the use of live attenuated measles
vaccine and subacute sclerosing panencephalitis (SSPE) has been another issue
of concern. However, the epidemiological evidence which has been accumulated
to date is reassuring. The survey by Jabbour et al.(3) identified 219 cases of
SSPE which were associated with measles infection during the period 1960 to
1970. In 14 cases there was a possible association with live attenuated measles
vaccine. Additional data accumulated by Jabbour during the past two years
(1971, 1972) have doubled these figures to approximately 400 cases of SSPE of

[55]




56 S. KRUGMAN

Vaccine

500 . licensed —-‘

g

~
o
(=
T
1
S
(23
(=]

8
1
g

w
o
(=]
1
w
3

300

250

!
3

I
5]

/En:ephaliﬁs

1 1
3 3
siyoydaduy Jo saso)) JO JquInN

Number of Cases in Thousands

-
8 8

» Y
£ I MY

SN

N

&7

7.

8\
o
3

69 70 7 72

Fig. 1. Measles and measles encephalitis: number of reported cases
in the USA, 1962-72.

which 40 were vaccine-associated. If there were a significant association between
the use of measles vaccine and SSPE, it should have become more apparent by
this time, because 10 years have elapsed and more than 50 million doses of vaccine
have been used. In addition, the measles-like viruses which have been recovered
from patients with SSPE have not been characterized by the biologic markers
which are typical of attenuated measles-virus vaccine. In summary, the data to
date are encouraging and reassuring, but not definitive as yet. At the present time
the risk of a central nervous system complication of measles is greater following
natural measles infection than following attenuated measles vaccine-virus
infection.

IMMUNOGENIC CAPACITY

The results of an 11- to 12-year longitudinal study on persistence of measles
hemagglutination inhibition (HI) antibody following natural infection and im-
munization with or without gamma globulin are shown in Fig. 2. These studies
were conducted at an institution in which measles has not occurred since 1963.
Consequently, the opportunity for reinfection, followed by a booster response,
has been lacking. The pattern and persistence of the antibody response have been
similar in children who had natural measles infection or live measles vaccine. The
geometric mean HI antibody titers have been lower in children who received
vaccine than in those who had natural infection.

A previous study involving children in a community where measles was en-
demic revealed a four-fold higher antibody titer in immunized children who were
exposed to measles as compared with the unexposed institutionalized children(6).
In other studies it was observed that measles reinfection was characterized by a
boost in antibody and an absence of symptoms.
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inhibition antibody titers following natural infection and immunization with live
measles vaccine.

EFFICACY

The effect of the immunization program on the incidence of measles in the
United States is shown in Fig. 1. Prior to the licensure of measles vaccine in
1963, approximately 500000 cases of measles were reported annually to the
Center for Disease Control of the United States Public Health Service. Since
licensure of the vaccine and the subsequent use of more than 5o million doses,
the number of reported cases has declined significantly. The number of reported
cases of measles in 1972 was 31425, a decreased incidence of more than go per
cent. As indicated previously, a comparable decrease was observed in the inci-
dence of post-measles encephalitis.

The increased incidence of measles in 1971 was chiefly due to the occurrence
of the disease in unimmunized children. However, some cases of measles occurred
in children who had received measles vaccine in the past. The causes of measles
vaccine failure have been well documented in previous reports(xx). In brief, the
failure has been due to one or more of the following factors: (1) the seroconver-
sion rate following vaccination has ranged between g5 and 98 per cent, even with
the best technique; (2) the immunosuppressive effect of (a) persistence of
maternal antibody in a small number of infants, or () the use of gamma globulin
with measles vaccine prior to one year of age; (3) inactivation of measles vaccine
virus by faulty refrigeration or overexposure to light; and (4) the prior use of
killed measles vaccine which sensitized the individual and failed to protect
against measles.

CONCLUSION

Live attenuated measles vaccines have been safe, potent, and highly effective.
The evidence to date indicates that immunity will be long lasting.
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MUMPS

Approximately 11 million doses of live attenuated mumps vaccine, Jeryl Lynn
strain, have been distributed since licensure in 1957. Anadditional 3 million doses
of mumps vaccine have been distributed in combination with measles and rubella
vaccines. Experience during the past six years has revealed that this vaccine is
well tolerated, immunogenic and protective(9). Clinical reactions associated with
vaccination have been very rare. The antibody response following vaccination
has exceeded go per cent but the antibody levels have been much lower than
those observed following natural infection.

The issues of concern about mumps vaccine have been as follows: (1) the
possibility that immunity may not persist because of low antibody levels; and
(2) the unknown effect of reinfection which could be favorable or unfavorable.
If reinfection is characterized by absence of clinical manifestations and by a boost
in mumps neutralizing antibody, it will be a favorable event which may lead to
lasting immunity. More time and more experience will provide answers to the
questions about duration of immunity and pathogenesis of reinfection.

RUBELLA

Since licensure of rubella vaccine in 1969 more than 45 million doses have been
distributed in the United States. Additional large quantities of vaccine have been
distributed in various countries of Europe. It is now possible to further assess the
safety, immunogenic capacity and eflicacy of the vaccine. The issues of concern
about the vaccine have been as follows: (1) joint manifestations and neuropathy;
(2) risk of communicability; (3) risk of fetal infection; (4) duration of immunity;
and (5) significance of reinfection.

JOINT MANIFESTATIONS AND NEUROPATHY

The occurrence of joint manifestations and neuropathy has been associated with
the use of the following live rubella vaccines: the HPV-77 strain in duck embryo
cell culture (DE-3), the HPV-77 strain in dog kidney cell culture (DK-12), the
Cendehill strain in rabbit kidney cell culture and the RA 27/3 strain in human
diploid cell culture. The HPV-77 DE-j5, Cendehill and RA 27/3 strains of rubella
vaccine have been well tolerated. In contrast, the HPV-77 DK-12 strain has not
been as well tolerated because it has caused a higher incidence and an increased
severity of arthritis, arthralgia and neuropathy.

A recent survey by Cooper et al. (1) revealed a similar incidence of joint mani-
festations in susceptible women of comparable age who received either the
Cendehill or the HPV-77 DE-j5 strain of rubella vaccine. The results of a survey
of two groups are shown in Table I. Group 1 included 285 women who were new
hospital employees or student nurses. Group 2 included 259 women who received
rubella vaccine during the immediate post-partum period. The data in Table I
indicate that (1) the reaction rates in women were essentially the same following
vaccination with Cendehill or HPV-77 DE-g strain rubella vaccines, and (2) the
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Table 1. Comparative incidence of joint manifestations in susceptible® women
immunized with Cendehill or HPV-77 DE-5 strains of rubella vaccine
(from Cooper et al.(1))

Number Number and Y%, with
Group Type of vaccine vaccinated joint symptoms
1t Cendehill 126 13 (10.395)
HPV-77 DE-5 159 17 (10.7 %)
23 Cendehill 117 4 (3.5 %)
HPV-77 DE-5 142 6 (4.2 %)

* Rubella HI antibody titer of <1:8,
1 Hospital employees and student nurses.
1 Women in the post-partum period.

joint manifestations were less common in women who were immunized during
the immediate post-partum period.

In a recent publication Grand et al. reported two studies describing the results
of a comparative evaluation of three rubella vaccines(2). In one study 21571
children received the HPV-77 DE-5 strain and 18470 received the Cendehill
strain. Under the conditions of this study the incidence of joint manifestations
and neuropathy was similar in both groups. In contrast, another study involving
1299 children who received the HPV-77 DE-5 strain and 1803 who received the
HPV-77 DK-12 strain revealed (1) a higher rate of arthralgia, (2) a longer dura-
tion of symptoms, and (3) a higher rate of arthritis and neuropathy associated
with the use of the HPV-77 DK-12 strain of rubella vaccine.

The available data indicate that the problem of joint manifestations and neuro-
pathy has been alleviated in great part by discontinuing the use of the highly
reactive HPV-77 DK-12 strain of rubella vaccine. In addition recent surveys
have revealed a correlation between the incidence of joint manifestations and
age; the highest ratio of reaction occurred in women over 25 years of age(r10).

Reports by Judelsohn & Wyll(4) and by Landrigan et a/.(7) have presented
data which indicate that joint manifestations occur more frequently following
natural rubella infection than following rubella immunization. In the Bermuda
epidemic(4) 40 per cent of 125 patients with rubella had transient joint pain or
discomfort; the frequency in children under 13 years was 25 per cent. In the out-
break described by Landrigan et al. the frequency of transient joint manifesta-
tions was higher in male adolescents who had natural rubella than in those who
received the Cendehill strain of rubella vaccine.

RISK OF COMMUNICABILITY

The lack of communicability of individuals who have been immunized with
rubella vaccines has been well documented(8). More extensive use of the vac-
cines has indicated that this issue of concern has not proved to be a problem.
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RISK OF FETAL INFECTION

The Center for Disease Control has received reports of the inadvertent vaccina-
tion of more than 200 pregnant women. Since licensure of rubella vaccine 79
women were referred to the New York University Rubella Project because they
received rubella vaccine shortly before or during pregnancy. The following details
about one of these women studied by Kanra & Cooper(s) highlights the risk of
fetal infection following rubella immunization.

Patient — 21-year-old nurse who had no rubella HI antibody before vaccination.

Vaccination — Rubella vaccine (HPV-77 DE-5) was given 22 days after onset of last
menstrual period (LMP). Precautions had been reviewed and a consent form was signed.
Seroconversion following vaccination was confirmed by a rise in rubella HI antibody from
less than 1:8 to 1:256; CF antibody rose from less than 1:8 to 1:16. Later, it became
obvious that pregnancy had occurred shortly after the vaccine was given. Therapeutic

abortion was performed by saline induction 96 days after vaccination and 118 days after
the LMP.

Fetus — weight was 120 g; the length was 20 cm (crown rump). Gross and microscopic
examination of organs and placenta was unremarkable. Because of the use of hypertonic
saline, only lung, liver, testicle and placenta were examined histologically.

Virus isolation — rubella virus was isolated from the umbilical cord, the amniotic fluid,
the placenta and the following organs — kidney, heart, liver, urinary bladder, intestine,
lung, bone, ureter, and ear. The isolates were confirmed as rubella by neutralization tests.
This experience indicates that congenital rubella infection may be caused by attenuated
as well as wild rubella virus. It provides additional evidence to support the recommenda-
tion that vaccination be avoided during pregnancy.

DURATION OF IMMUNITY AND REINFECTION

The pattern and persistence of the antibody response following rubella infection,
mumps infection and measles infection are similar. In general, natural infection
provokes a higher antibody response than attenuated vaccine virus induced in-
fection. As indicated in Fig. 1, the antibody levels which decline with the passage
of time are consistently lower following an attenuated virus infection. Since re-
infection is more likely to occur in the presence of low levels of antibody, it is
more apt to occur after vaccination than natural infection.

The differences between primary rubella infection and reinfection are listed in
Table II. It is reassuring that unlike primary infection, reinfection has not been
characterized by viremia. Consequently, it is unlikely that reinfection will be
associated with congenital rubella. In addition, during reinfection either minimal
or no detectable amounts of rubella virus are present in the pharynx. Therefore,
a reinfected individual isunlikely to be a source of infection. However, more time
and more experience will provide a definitive answer to the questions of duration
of immunity and significance of reinfection.

PRESENT STATUS OF THE RUBELLA IMMUNIZATION PROGRAM IN THE
UNITED STATES

The impact of the rubella immunization program on the epidemiology of rubella
in the United States is shown in Fig. 3. During the period 1928 to 1964 epidemics
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Table I1. Comparison of primary rubella infection and reinfection

Features Primary infection Reinfection

Rash Present or Absent Absent
Interval between exposure 14-21 days 8-10 days

and antibody rise
Antibody response 1gM, then IgG IgG only
Virus detected in Yes. Duration: 1—3 weeks. Yes or no. Duration: 14

pharynx Titer: high days. Titer: low
Virus detected in blood Yes. Duration: 1 week. No

Titer: high
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Fig. 3. Reported cases of rubella in the USA, 1928-72.

of rubella occurred at 6- to g-year intervals. Since 1964, however, the number of
reported cases of rubella has decreased progressively, reaching an all-time low in
1972. If the trend observed during the first eight weeks of this year continues,
another all-time low will be reached in 1973.

The preliminary data which have been accumulated by the New York Univer-
sity Rubella Project have revealed a corresponding decline in the incidence of
congenital rubella. Approximately 30 per cent of all cases of congenital rubella in
the New York Metropolitan area have been referred to this project. The declining
incidence of rubella and congenital rubella can be attributed to the use of more
than gooooo doses of rubella vaccine in children in New York City since 1969
(Fig. 4 and Table III).

During the past two years extensive epidemics of rubella have occurred in
Bermuda (1971), Czechoslovakia (1972) and Israel (1972). It is possible that
similar outbreaks would have occurred in the United States if the present rubella
immunization program had not been recommended and implemented. The final
answer to the solution of the rubella problem will require many more years of




62

24,000
I

16,000+,
-

8000 -
6000 -
4000
2000

1000

Number of Cases

800-

600-

400

200

[

Fig. 4. Reported cases of rubella in New York City, 1933-72.

1935

L e e AR

1935 1940

S. KRUGMAN

e N e

Rubella
Vaccine
Licensed
1969

T T T — T
1945 1950 1955 1960 1965 1970

Table III. Number of reported cases of rubella in New York City and number
of cases of congenital rubella referred to New York University Rubella Project
(from Cooper et al.(1))

Congenital

Year Rubella in NYC rubella
1964 21 922

1965 103 1] 407
1966 1036 11
1967 1 030 10
1968 3074 43
1969 1 189 20
1970 685 3
1971 626 12
1972 271 1

study and surveillance. In the meantime, it is likely that many thousands of cases

of congenital rubella will be prevented during the study period.

CONCLUSION

Live attenuated measles, mumps and rubella vaccines have great potential value.
Experience during the past decade has revealed that their use has been associated
with a decreased incidence of morbidity and mortality. The problems associated
with the use of these vaccines have been relatively unimportant when compared
with the consequences of the natural infection. It will be necessary to continue
surveillance and long-term observations on the persistence of immunity following
immunization with these vaccines, in order to assess the need for possible revision
of current recommendations for the use of these vaccines.
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DISCUSSION OF NEWER VACCINES
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POTENTIAL AND PROBLEMS

H. M. MEYER JR.

Director, Bureau of Biologics Food and Drug Administration,
5600 Fishers Lane, Rockville, Maryland

The past decade has been a period of unprecedented activity in the development
and use of live virus vaccines. Three of these new vaccines, those for measles,
mumps and rubella have been used rather extensively in the United States as
compared to many other countries. In fact, talking in terms of all three, well over
100 million doses have been administered to American children. My remarks will
deal with the concerns and expectation of yesterday and today based upon an
assessment of this broad experience.

Several versions of measles vaccines were licensed in the United States over a
period of years beginning in 1963. Initially there was considerable concern over
the acceptability of the reactivity associated with live measles vaccine administra-
tion. For this reason there had been parallel developmental effort with both killed
and live experimental preparations and both versions were licensed. Reactivity of
the live Edmonston B-type vaccine did not prove to be a major problem as the
vaccine came into general use, and by 1964 it was clear that most physicians were
choosing to use the live rather than the killed vaccine. This choice proved to be
fortunate when shortly thereafter the totally unexpected hazard of disease en-
hancement as a result of killed measles vaccination was recognized. Also in the
mid-1960s the first of the more attenuated versions of live measles vaccine was
licensed. Today in the USA after the use of over 50 million doses of live measles
vaccines one hears little discussion of acceptability and reactivity.

Acute encephalitis was another early concern. Clinical evidence of central
nervous system (CNS) involvement occurs with a frequency of about 1 in each
1000 cases of measles in the USA. By the time of licensure it was known that
encephalitis had not been observed during the experimental vaccine experience
involving several tens of thousands of children. Now, after the extensive ex-
perience of the past several years, it is possible to state that CNS involvement in
vaccinated children has been reported with about the same frequency as in un-
vaccinated children. The US Public Health Service Center for Disease Control
has noted some tendency toward clustering of reported CNS disease during the
period one to three weeks after measles immunization. However, if this is indica-
tive of a vaccine relationship it would appear to occur with a frequency of less
than one per million vaccinations.

[65]




66 H. M. MEYER JR

A theoretical risk not recognized at licensure relates to subacute sclerosing pan
encephalitis (SSPE). This intensively studied but poorly understood tragic
disease is thought to be associated with a recrudescence of measles virus some
years after the primary infection. However, epidemiologic data indicating a
largely rural distribution of cases suggest that agents other than measles may play
a role. There may need to be a primary measles infection followed by some
‘triggering factor’. If this supposition is true, then vaccine safety as regards
SSPE needs to be considered in both connections. In other words, could early
vaccination prime a child for later SSPE or could a child primed by natural
measles be triggered into SSPE by vaccination?

One is always dealing with an assessment of theoretical risks in relation to
practical needs in vaccine programs. Trying to put SSPE in reasonable perspec-
tive, I would say that the experience gained during ten years of vaccination sug-
gests that attenuated measles virus use is unlikely to cause an ‘epidemic’of SSPE.
However, one needs a great deal more epidemiologic data to make a valid com-
parison of the relative risks of natural and attenuated measles viruses in this re-
gard. I stress epidemiology because I suspect that epidemiologic studies will
prove more profitable than virologic studies in evaluating the question of SSPE
and vaccine safety.

Live mumps vaccine was licensed in the USA in 1967. I recall two concerns
that were extensiyely discussed. They were reactivity and immunogenicity.
Mumps is a ‘tricky’ virus that, when serially propagated in the laboratory, rapidly
shifts from being fully reactive to being over attenuated. Consequently a mumps
vaccine strain is only a few passages above wild-type virus and a few passages
below non-immunogenic virus. The early questions about reactivity focused
chiefly on the safety of attenuated mumps for adults. Since it is difficult to find
large groups of mumps-susceptible adults most of the experimental vaccine ex-
perience involved children. While no vaccine-associated mumps-like symptoms
had been seen at the time of license it was recognized that the total experience in
adults numbered only several hundred. Now with a total experience with mumps
vaccination numbering about 14 million it is reassuring to find that the attenuated
strain has continued to prove virtually non-reactive for both children and adults.
Immunogenicity was an early concern since the attenuated virus induced con-
siderably lower levels of neutralizing antibodies than the wild virus. Also there
was some question about seroconversion rates. Our group and others have con-
firmed Hilleman’s initial reports of seroconversion in excess of go per cent and
satisfactory antibody persistence through the period of observation to date.

Rubella vaccines were licensed in the United States in 1969 and 1970. The
recentness of this event coupled with another more obvious source of bias makes
it difficult for me to consider rubella with the same detachment as measles and
mumps. Dr Krugman has given an excellent summary of the status of rubella
vaccination and of the issues most frequently discussed. Perhaps the most acute
concern at the time of license was that of possible vaccine virus communicability.
Now after more than 45 million rubella vaccinations in the USA it is accepted
that communicability has not been a problem and one no longer hears the spirited
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contagiousness debates of 1968 and 1969. Dealing very briefly with reactivity,
with the advantage of 20-20 hindsight, it seems that the dog kidney-produced
vaccine was somewhat more reactive and that the duck embryo vaccine was some-
what less reactive than some anticipated. With well over 40 million doses of
Cendehill and HPV duck embryo vaccine distributed in the United States it is
apparent that both have acceptably low levels of reactivity. The quality of
vaccine-induced immunity has been extensively scrutinized. This is a complex
subject and my views are well known, having been expressed in several publica-
tions dating back to 1969 and 1970.

Based on the experimental data available it has been predicted that vaccinated
persons, exposed to rubella at a later date, are unlikely to contribute to the con-
tinued transmission of rubella in communities. The expectation that wide use of
vaccine in children will interrupt the 6~ to g-year cycle of epidemic rubella is
based on this assumption. While one needs several more years of observation for
conclusive proof, the continued decline in rubella in the United States in associa-
tion with increasing vaccine use is reassuring. Another aspect of immunity
relates to fetal protection. Will the fetus be protected when a woman vaccinated
some years earlier is exposed to rubella during her pregnancy ? Dr Krugman has
cited the data bearing on this question. The evidence indicates that persons with
vaccine-induced immunity do not develop demonstrable viremia after an expo-
sure to rubella. It is on this basis that one assumes that vaccine-induced im-
munity will provide significant fetal protection. However, full definition of the
degree of fetal protection to be expected will require years of observation of
vaccinated populations.

Turning to the broader issues regarding the use of measles, mumps and
rubella vaccines, it is well to focus on the reasonable expectations for the future.
In the United States measles and rubella are regarded as consequential health
problems justifying routine vaccination. Opinions differ on the importance of
mumps, and mumps prevention is generally considered to be lower on the order
of priorities. The thrust of measles and rubella vaccine use is both on individual
protection and upon community protection through the reduction in the pre-
valence of these viruses in the population. This is much the same as the expecta-
tions associated with the use of live polio vaccine and pertussis vaccine. In this
approach the degree of reduction in mortality and morbidity depends upon the
effectiveness of continuing efforts to deliver vaccines to the target groups in the
population. A failure to continue vaccination tomorrow, next year or in the next
decade would lead to a renewed acquaintance with epidemic disease. There are
no prospects for global elimination of such diseases as measles, rubella, mumps,
polio and pertussis. Nevertheless, vaccination with all of its problems, theoretical
and real, does provide a method for maintaining acceptable control.
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CrAIRMAN Is there any discussion of these two papers concerning measles, mumps
and rubella ?

CockBURN (WHO) 1 do not disagree at all with Dr Meyer in his approach to con-
tinuing field studies. The point | was making was a different one, namely that in the early
stage of development one had to be extremely careful about the experimental work.

The question I should like to ask Dr Krugman is whether he has any idea of the pro-
portion of children, either in the United States or in New York, let us say, who are
being vaccinated against measles at the present time.

Krucman (USA) Dr Witte may wish to respond to this question.

WitTE (USA) Each year the CDC conducts a national survey in co-operation with the
US Bureau of Census. The most recent data show that the immunity levels for pre-school

children, children in the 1—4 age group, are 66 per cent. For children in the 5—9 age group
it is between 80 and 85 per cent.

GrirrITH (UK) There are two questions I should like to ask. Dr Krugman showed a
graph of the mean antibody levels 10 and 11 years after the administration of measles
(Schwarz) vaccine. What percentage of the children who had Schwarz vaccine were sero-
negative 11 years after vaccination ? I believe that the mean titre then was 1 in 12,

Krueman (USA) The slide which I presented summarizes a prospective study which
has been in progress since 1960 at the Willowbrook State School. It is important to note
that the use of live measles vaccine eradicated measles from this institution by 1963. Since
that time there hasn’t been a single case of measles amongst the residents of Willowbrook.
Consequently, in this setting the children who received the Schwarz strain of measles
vaccine have not been reinfected. During the 11-year follow-up period we have prospec-
tive observations on 114 children who received the further attenuated Schwarz strain
vaccine. One child has no detectable antibody ( <1:2) at 10 years, but it was detectable
at a level of 1:2 at 11 years. The geometric mean antibody titre was at least four-fold
higher (1:50) in a group of home-dwelling children who received Schwarz strain measles

vaccine. This group had repeated exposures to measles and undoubtedly they had
asymptomatic reinfection.

GrirrITH (UK) May I ask a second question? We have to be clear in our minds
whether a national rubella vaccination programme is primarily aimed at personal protec-
tion or reduction in infection in the community. The programme in Britain relies on
children becoming infected naturally, with the result that only about 10 per cent of
fernales are susceptible to rubella when they reach child-bearing age. The aim of vaccina-
tion in Britain is to reduce this 10 per cent of females not immune to rubella without re-
ducing the incidence of rubella infection in childhood which ensures that go per cent of
adolescent females are rubella~-immune. If 65-80 per cent of all children are vaccinated
the incidence of childhood infection will be greatly reduced and consequently 20-35 per
cent of children will reach adolescence sero-negative. A programme of vaccinating all
children as opposed to adolescent girls may, therefore, in the long term increase the risk
of natural rubella infection during pregnancy.
KrueMAN (USA) The British rubella immunization programme has theoretical ad-
vantages and practical disadvantages. Our experience with girls and women of child-
[68]
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bearing age since 1969 has revealed (1) that it is difficult to convince them that they
should avoid pregnancy in the post-vaccination period, and (2) if the immunization
programme concentrates chiefly on pre-pubertal girls in school, the immunization pro-
gramme will not have a significant effect for at least 10 to 15 years. In the meantime many
infants will have been born with congenital rubella.

A 1972 survey in the United States revealed that 8o per cent of children 5 to g years old
had a history of rubella and/or immunization. Prior to the availability of rubella vaccine
in 1969 only so per cent of this age group had rubella. If the immunity continues to be
long-lasting, there should be no increased susceptibility of adults. When the rubella im-
munization programme (like polio, measles and D'TP) is incorporated with the school
health programme, it should be possible to reach more than 85 per cent of the childhood
population. If immunity is not long-lasting, it should be possible to give a second inocula-
tion to 11- or 12~-year-old schoolchildren.

Mever (USA) I want to add just a positive comment. One thing that has not been
stressed and I feel is extremely important is that the United States programme is usually
thought of as a child-based programme, but that is only one aspect of it. CDC and other
groups in the country are stressing very much vaccinating the adolescent girl and the
adult women in so far as they can be vaccinated with reasonable safety, thinking of the
question of pregnancy. Although we do not have exact figures, the total number of doses
of vaccine given to adult women in the United States may, I suspect, be greater than the
number of vaccine doses given to adolescent girls or adult women in any other country.
The problem is to try to get even more. As our programme goes on the idea is that any
woman who has not been vaccinated against rubella during childhood, one would like to
find a way of vaccinating her as well, recognizing the limitations.

KrugMaN (USA) In our institution we have given rubella vaccine to approximately
600 susceptible women of child-bearing age. They include 29z women who received
rubella vaccine in the immediate postpartum period, and 294 health personnel, such as
nurses, nurses-aides and attendants. The procedure is as follows: a sample of blood ob-
tained during the prenatal period or immediately after admission to the hospital is tested
for presence of rubella H.I. antibody. If antibody is not detectable rubella vaccine is given
after the recipient agrees not to become pregnant for at least two months after immuniza-
tion.

It is interesting that joint manifestations have not posed a problem. Of 292 women who
received vaccine in the postpartum period, the results were as follows: (1) joint complaints
in 4 of 11 (3.5 per cent) women who received Cendehill vaccine and in 6 of 142 (4.2 per
cent) who received the HPV-77 strain in duck embryo cell culture (HPV-77 DEg). Of
294 health personnel who received vaccine, the results were as follows: (1) joint com-
plaints in 13 of 126 (10.3 per cent) of women who received Cendehill vaccine and in 17 of
159 (10.7 per cent) of women who received HPV-77 DEs vaccine. Thus, the reactions
were less frequent in the postpartum group of women and the vaccine was well tolerated
by both groups.

LUNDBECK (Sweden) 1 have a question pertaining to the SSPE. 1 have heard some
rumours about the relationship between the administration of vaccine and gamma
globulin at the same time. These may be simple rumours, but I should like to hear if there
is any experience or any evaluation of whether the incidence of SSPE is higher in the
groups who have received vaccine and gamma globulin at the same time.

KrueMaN (USA) I have not heard that rumour, but I do know that there is an on-
going surveillance programme in the United States to try to determine the incidence of
SSPE. I believe the latest count indicated that there have been 400 reported cases of SSPE
which occurred in association with measles infection. Of the 400 cases, 40 were associated
with the use of vaccine. Whether they were related to it or not I do not know. I do not
know how many of the 40 received the combined vaccine and gamma globulin. Perhaps
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Dr Meyer knows about this rumour, I have not heard it. However, it is important to note
that since 1963 when the vaccine was first licensed for use in the United States the number
of cases of post-measles encephalitis declined dramatically and is now at an all-time low.
At the present time we are not aware of a problem, but it is extremely important to con-
tinue surveillance.

MEYER {USA) I do not think there are any hard data in that connexion. We have
recently been-looking at data from the National Institute of Neurologic Diseases and
Stroke, who are the people who are accumulating the data. We are dealing with so few
cases, and so few of them have had vaccine at any time. I know of noassociation specifically
with gamma globulin. You would presume that there might be a 6- or 7-year lag period
after the original measles infection before SSPE occurs. So I do think that this is an on-
going experiment, but at least the data thus far do not look alarming.

GeEaR (South Africa) I should like to ask Dr Krugman three questions, all interrelated.
In South Africa DPT and polio virus vaccine are available, they are freely available and
they are available free; rubella, measles and mumps vaccine are freely available, and they
are available free in certain large centres but they are not yet generally available free to the
whole population.

The questions are, first, has Dr Krugman seen any case of congenital defect due to
vaccination, or following vaccination, against rubella? We have a number of cases of
women who become pregnant after rubella vaccination — I am not suggesting there is a
relationship between the two — and it is sufficient to cause concern.

Arising out of that, if the foetus is infected is there any difference in the titre which the
pregnant woman shows of antibody against virus as compared with that following simple
vaccination ?

Thirdly — which perhaps Dr Sencer might deal with as well - would it be worthwhile
in costs to make rubella immunity tests freely available to all who need them in the
population ?

Krucman (USA) Approximately 200 women received rubella vaccine in the United
States and subsequently became pregnant. Unfortunately, antibody studies were per-
formed in only a small number of this group. Since only 15 to 20 per cent of women are
susceptible, approximately 20 to 30 women were at risk. Many therapeutic abortions were
performed. It was impossible to determine if congenital rubella occurred in association
with vaccination.

The one disturbing experience that we have had I referred to in my presentation.
This involved a nurse whom we immunized; subsequently it was obvious that she was
pregnant. We do not know what would have happened at the time of birth in terms of
congenital defects, but we do know that the virus was present in most of the organs in the
foetus at the time of therapeutic abortion.

CHAIRMAN Does that answer your question, Dr Gear, or would you like further
information ?

GEAR (South Africa) We have had several such cases, exactly as described in regard to
this nurse, and therapeutic abortions have been done.

The other question which I think is important is whether it is worthwhile making
rubella antibody tests freely available in the same way as Rh tests are freely available and
done routinely.

SENCER (USA) If rubella antibody determination should be made available to those in
need, we first have to determine who is in need. I would say that it is extremely cost bene-
ficial to provide a rubella antibody test for any woman who is about to be immunized in
the post-pubertal period. Beyond that I think it would be wasting resources to examine
large numbers of women who were not at risk of becoming pregnant.
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I think that one other factor should be taken into account. Determination of rubella
antibody will be of benefit only if the laboratory performing the determination is capable
of performing it in a manner that is adequate to give an accurate answer.

NETTER (France) I have a question to Dr Krugman about measles vaccine failure. As
one of the causes is over-exposure of the vaccine to light, would it not be possible for
producers to make the vaccine in yellow-coloured ampoules ?

KrucmaN (USA) The problem may occur after the vaccine and diluent are drawn
into a syringe which is placed on a table for prolonged periods of time. Either Dr Meyer
or Dr Hilleman may have a comment on this question of the coloured ampoule. I should
like to emphasize that most children who receive measles vaccine do have an antibody
response.

HiLLEman (USA) We do not know about this. The simple precaution is to leave the
vaccine in the box until it is needed and to use it within hours after rehydration. It should
be kept at 4 °C.

CHAIRMAN We have a session on the use of vaccines, so please could we leave the
practicalities of this until later?

ScHiLp (UK) 1 was very impressed by the relatively long duration of antibody to
measles virus. I think you could still detect it after 12 years. This is strikingly different
from the situation with influenza where the half-life of antibody might be measured in
months rather than years. I wonder whether you have any comment on the difference in
the systems. Is there any evidence, for example, of measles antigen persisting after
vaccination ?

Krucman (USA) I do not think one can really compare antibody persistence following
measles, where you have an infection characterized by not only local multiplication of
virus, but rather extensive viremia and then antibody formation, with influenza. It is an
entirely different disease. You are talking not about influenza vaccination but influenza
as a disease, is that right?

ScHiLD (UK) I think that the half-life of antibody would be similar whether induced
by vaccine or infection.

KrugmaN (USA) Persistence of antibody following measles cannot be compared with
persistence of antibody following influenza. The pathogenesis of these infections is not
the same. Measles infection is characterized by local multiplication of the virus in the
respiratory tract, a prolonged viremia, and antibody formation which persists for many
years. In influenza infection the viremia is insignificant and the antibody levels do not
persist. I believe you were referring to influenza infection rather than influenza vaccina-
tion.

CHAIRMAN Thank you very much, Dr Krugman, for answering all those questions.
1 would like to remind Dr Krugman that in the United Kingdom we market RA-27/3
strain rubella vaccine made in human diploid cells (WI-38), and have done so for several
years.
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Influenza is a world-wide problem of considerable impact in terms of morbidity
and mortality. Epidemics of influenza also have important economic conse-
quences, causing considerable amounts of absenteeism in industry and the disrup-
tion of social life. The pattern of recurrence of influenza epidemics is due to the
fact that the naturally acquired immunity of human populations to the disease is
overcome from time to time by the emergence of new antigenic variants of in-
fluenza virus. Vaccination against influenza is based on the use of inactivated
influenza antigens or, in some countries, live attenuated virus vaccines. Although
in the past the efficacy of inactivated vaccines was variable, recent developments
in technology now enable the preparation of vaccines with improved standards
of purity and efficacy. However, recommendations for vaccination against in-
fluenza in most countries are confined to special-risk groups and so far it has not
been possible to use vaccines on a wide scale to control the course of influenza
epidemics. Influenza vaccination is beset by problems not encountered with other
viral vaccines. Because of the antigenic variability of the influenza virus, vaccines
become redundant from time to time and must be replaced by up-to-date strains,
but inevitably with some delay. The aims of the global surveillance of influenza
carried out by the World Health Organization are to obtain current information
on influenza epidemics and the emergence of new antigenic variants of influenza
and eventually to control the disease through immunization.

INTERNATIONAL SURVEILLANCE OF INFLUENZA

Influenza viruses are classified into three types, designated A, B and C. Of these,
type A is the most important, being the one responsible for large influenza
epidemics and the pandemics that have spread rapidly throughout the world from
time to time. Influenza type B viruses are more frequently associated with localized
epidemics and these are often limited to institutionalized populations. However,
occasionally influenza B epidemics occur which are associated with an increase in
morbidity and mortality in the general population. Influenza C viruses, although
apparently producing frequent infection, are not associated with epidemics of
illness. The epidemiological features of the three types of influenza may be cor-
related with the varying degrees of antigenic variation in the various influenza
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virus types. Influenza A virus exhibits a high degree of antigenic variability which
is manifest in two ways. First, complete changes in the haemagglutinin and
neuraminidase antigens of the virus surface may take place, resulting in the
appearance of a completely new virus subtype. The mechanism of this complete
replacement of one antigenic subtype by a new one is now known but there is
circumstantial evidence that non-human sources of influenza A viruses may act
as sources of new pandemic strains. It is the appearance of new subtypes which
1s related to the occurrence of influenza pandemics. Secondly, more gradual
changes (antigenic ‘drift’) in the haemagglutinin or neuraminidase antigens may
take place during the period of prevalence of a given influenza A virus subtype.
Antigenic ‘drift’ results from the progressive modification of the envelope anti-
gens under the pressure of natural immunity on the population. In influenza B
virus, the antigenic changes are gradual and represent antigenic ‘ drift’ within a
single subtype. A further difference between influenza A and B viruses potentially
of great importance in relationship to the appearance of new pandemic subtypes,
is that influenza A viruses are common pathogens of a number of non-human
hosts, including swine, horses and many avian species. However, in general the
influenza A viruses infecting animals fall into different antigenic subtypes from
those infecting man (reviewed by Tumova & Schild(x7)). In contrast there are no
confirmed reports of influenza B virus infections in non-human hosts.

The WHO influenza programme was established in 1947 when it became
apparent that significant advances in the understanding of the epidemiology of
influenza, and in the eventual control of the disease, could be made only as a
result of world-wide surveillance. The World Influenza Centre at the National
Institute for Medical Research commenced its activities 25 years ago, in 1947,
under the direction of Sir Christopher Andrewes and with the support of the
Medical Research Council. Later the International Influenza Centre for the
Americas was established at the Center for Disease Control, Atlanta, Georgia,
USA. There are now some 8o national influenza centres in 55 countries which
contribute to the WHO influenza programme through the surveillance of
epidemics and by isolating virus strains. The main activities of the programme
are the rapid identification of new influenza virus strains, the maintenance of
reference collections of influenza strains and reagents and the distribution of such
reference materials. Information of immediate epidemiological importance is
promptly passed on to the World Health Organization in Geneva for dissemina-
tion to the appropriate national authorities. Of immediate practical importance
when a new antigenic variant of influenza virus appears is the preparation of in-
fluenza vaccines containing the variant.

Besides its activities in the field of human influenza the WHO influenza pro-
gramme includes the study of animal influenza viruses. Animal influenza systems
provide useful models for the laboratory slides of influenza. However, the main
reason for the considerable emphasis now placed on the study of the ecology and
antigenic spectrum of influenza A viruses in birds and non-human mammals is
because of the possibility that new pandemic subtypes of human influenza A
virus may evolve, directly or indirectly, from such sources (see 18).
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RECENT EPIDEMIOLOGICAL EVENTS

In 1968 a new antigenic variant of influenza A virus designated as A/Hong Kong/
1/68 (H3 N2)* appeared in the Far East. This strain contained a haemagglutinin
antigen (H3) which was of a distinct subtype from that (H2) of the previous
‘Asian’ influenza viruses which had circulated from 1957 to 1967, whilst its
neuraminidase was of the same subtype (N2) as that of the ‘Asian’ influenza
viruses. The Hong Kong virus produced epidemics of moderate severity in most
areas of the world in the years 1968 to 1970. During 1970 there was very little
evidence of influenza activity in any country, whilst 1971 was again marked by
moderate influenza outbreaks. The influenza A isolates examined up to autumn
1971 showed little or no evidence of antigenic differences from the prototype
A/Hong Kong/1/68 in their haemagglutinin antigens. Although evidence of
antigenic drift in the neuraminidase antigen of the Hong Kong virus was observed
as early as 1969—70(1) it is not clear whether this was of epidemiological signifi-
cance.

From 1971 onwards an increasing proportion of isolates showed antigenic
variation from the prototype A/Hong Kong/1/68 (H3 N2). The variants could be
separated into the two groups on the basis of their haemagglutinin antigens:

(1) strains resembling A/Hong Kong/io7/71 (H3 N2) [This is identical to
reference strain A/Hong Kong /5/72 (H3 N2).]

(i1) strains resembling A/England/42/72 (H3 N2).

The two types of variants were readily distinguished from A/Hong Kong/1/68
on the basis of their reactions in haemagglutination-inhibition tests (Table I).

Table 1. Haemagglutination-inhibition reactions of rabbit antisera prepared
against purified influenza haemagglutinins

Antiserum
Rabbit Rabbit Rabbit Rabbit Rabbit
anti-Ho anti-Hz2 anti-H3z anti-H3 anti-H3
Virus strain (BEL) (Sing) (HK/68) (HK/5/72) (Eng/42/72)
A/BEL/42 (Ho N1) 12 800 < 100 <100 <100 < 100
A/Singapore/1/57 <100 6400 < 100 < 100 <100
(Hz N2) T
A/Hong Kong/1/68 <100 <100 12 800 200 800
(H3 N2)
A/Hong Kong/107/71 < 100 < 100 400 3200 1 600
(H3 N2)
A/Hong Kong/s/72 < 100 < 100 8co 3200 1 600
(H3 N2)
A/England/42/72 < 100 < 100 3 200 800 12 8oo
(H3 N2)

* For new system of influenza nomenclature see (19).
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Table I1. Comparison of neuraminidase antigens in influenza A viruses
isolated between 1957 and 1972. Results of neuraminidase-inhibition tests

Anti-neuraminidase rabbit sera

s N

anti-N2 anti-N2%* anti-N2
Source of neuraminidase A/Jap/s7 A/HK/68 A/HK/5/72

A/Sing/1/37 (H2 N2) 5 ooot 100 <10
A/Eng/12/64 (H2 N2) 1 000 300 30
A/Tokyo/3/67 (Hz N2) 75 1 000 150
A/HK/1/68 (H3 N2) 50 5 000 750
A/HK/5/72 (H3 N2) 20 50 10 000
A/Eng/42/72 (H3 N2) 20 100 10 000
A/Eng/42/72 (H3)-A/PR8/34 (N1)] — <10 20
A/PR8/34 (Ho)-A/Eng/42/72 (N1) — <10 5 000

—, Not tested.

* WHO reference serum from CDC Atlanta.

1 Serum dilution giving 50 % reduction in neuraminidase activity.

1T Recombinants (reciprocal antigenic hybrids) of A/England/42/72 (H3 N2) and
A/PR8/34 (Ho N1).

Tests on the other envelope antigen, the neuraminidase, indicated that this
antigen had also undergone variation (Table II).

Immuno-double-diffusion tests with antisera specific for the haemagglutinin
and neuraminidase antigens have been found to be of value in studies on antigenic
variation in influenza viruses. Application of such tests to the recent influenza
virus isolates(13) confirmed and extended the observations made by haemag-
glutinin and neuraminidase-inhibition tests and provided clear evidence of
antigenic ‘drift’ in the haemagglutinin and neuraminidase antigens away from
those of prototype A/Hong Kong/1/68 virus. Confirmatory evidence was produced
that the haemagglutinin and neuraminidase antigens of the variants were of the
same subtypes (i.e. H3 and N2) as in prototype strain A/Hong Kong/1/68 (H3 N2).

Viruses resembling the variant A/Hong Kong/5/72 were initially identified in
autumn 1971 amongst strains isolated in Hong Kong. Further isolations of this
type of variant were made in other countries in the winter and spring of 1971-2;
from an outbreak in Korea all isolates were like A/Hong Kong/s/72. In the
moderate outbreaks of influenza A which occurred in European countries in the
winter 1971-2 the majority of isolates were of prototype A/Hong Kong/x/68.
Sporadic isolations of variant A/Hong Kong/5/72 were obtained in both Europe
and the USA during this period. Amongst European countries from which
reasonably large numbers of isolates were examined, Hungary yielded the highest
proportion (approximately 30 per cent) of isolates resembling A/Hong Kong/s/
72. From September 1972 new isolates resembling A/Hong Kong/5/72 were not
encountered and thus the preparation of vaccines against this variant is not
indicated.
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The variant A/England/42/72 was initially identified in the UK in January
1972 as one of over 750 isolates from the UK which were examined. Retrospec-
tive studies indicated that variants of this type predominated amongst influenza
isolates from an outbreak of influenza in southern India in autumn 1971. The
viruses isolated during influenza outbreaks which occurred in Singapore and
Malaysia in May and June 1972 and in August and September in Australia and
New Zealand, were exclusively this type of variant. Subsequently, A/England/
42/72 appeared as the predominant strain isolated during influenza epidemics in
December 1972 and January 1973 in several European countries and in North
America. In some areas these epidemics were severe but other areas suffered only
moderate outbreaks with little increase in mortality. In September 1972 it was
recommended that A/England/42/72 should be incorporated in current in-
activated influenza vaccines as soon as possible to replace the older A/Hong
Kong/1/68 component. The A/England/42/72 virus appears to have replaced
completely the former variants and has become widely disseminated. It has been
recommended that vaccines being prepared for use in 1973—4 should contain this
strain. It is of interest that in the winter of 1972—3 when A/England/42/72 was
the epidemic strain, the possibility arose of comparing the efficacy of inactivated
vaccines containing A/Hong Kong/1/68 and the new variant, A/England/42/72.
In a number of studies (Dr M. S. Pereira, Professor Michaeljohn, Dr F. B.
Brandon — personal communications) both vaccines reduced the incidence of
respiratory disease by 50—70 per cent but the protective efficacy of the A/England/
42/72 vaccines was only marginally greater than for vaccines containing A/Hong
Kong/1/68. It seems that in some circumstances antigenic ‘drift’ may not have a
great effect on vaccine efficacy. However, until more detailed knowledge on this
subject is available it is important to incorporate new variants into vaccines as
soon as is practically possible. Difficulties will arise in making a decision on
changes in vaccine composition when, as in 1972, two variants are circulating
concurrently.

From 1967 to 1972 there was little evidence of significant antigenic variation
in the prevalent influenza B viruses. Inactivated vaccines during that period and
those in current use include influenza B viruses such as B/Roma/1/67, B/
Victoria/g8927/70 or B/Massachusetts/1/71. In December 1972 and January
1973 strains of influenza virus were isolated from sporadic cases of influenza in
Hong Kong and Victoria, Australia, which showed a considerable amount of
antigenic ‘drift’ away from the 196772 strains. The reactions of these strains in
haemagglutination-inhibition tests are shown in Table III. Whether these new
variants will produce an epidemiological impact is not yet known. Nevertheless
it will be of importance for health authorities and manufacturing agencies to be
alerted to the potential need for changes in the influenza B component of in-
fluenza vaccines in the near future.
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Table I11. Antigenic comparisons of influenza B virus strains. Results of
haemagglutination-inhibition tests

Post-infection ferret sera

]S(S/Lee/ B/JHB/ B/Sing/ B/Roma/ B/Vict/ B/Mass/ B/HK/ B/HK/ B/Hﬁ/

Virus strains 40 58 64 67 70 71 1/72 5/72 5/73
B/Lee/40 960 40 20 20 20 20 < < <
B/JHB/33/58 "8o 160 320 8o 20 40 20 < <
B/Sing/3/64 40 40 1920 320 640 640 320 < <
B/Roma/1/67 < < 160 640 640 1280 480 < <
B/Vic/98926/70 < < 320 320 640 1280 480 < <
B/Mass/1/71 < < 160 240 3_26 1280 480 < <
B/HK/1/72 < < 80 240 320 1280 480 < 10
B/HK/5/72 < < < < < 10 < 8o 8o
B/HK/5/73 < < < < 10 20 < 320 480
B/HK/8/73 < < < < 10 20 < 160 480
B/Vic/102/72 < < < < 10 20 < 320 240
B/Eng/847/73 < — — 160 320 320 240 8o 160
B/Hann/1/73 < — - 160 160 320 240 8o 8o
B/Hann/2/73 < — — 160 - 320 320 240 8o 160

Strains B/England/847/73 and B/Hannover/1/73 and 2/73 appear to represent variants of influenza
B which are antigenically intermediate between the 1967—72 variants and strains resembling B/Hong
Kong/s/72. However, this conclusion should be confirmed in tests with antisera to these viruses.

TYPES OF VACCINE

Inactivated influenza vaccines are used most commonly in most countries with
the exception of USSR and certain East European countries where live attenuated
vaccines are commonly used. In this article it is not intended to discuss live at-
tenuated vaccines in detail. Inactivated vaccines are prepared by growing the
virus in embryonated eggs and the allantoic fluids are used as a source of antigen
after some degree of purification. Inactivation is accomplished by treatment with
formalin or fS-propriolactone. The final product consists conventionally of a
saline suspension of intact virus particles of varying degrees of purity. Standardi-
zation has been mainly based on haemagglutinating activity (CCA or international
units). However, there is some dissatisfaction with this as an assay system, since
the results may be dependent on many variables such as the source of erythro-
cytes and on the physical state of the antigen (disrupted or intact virus, spherical,
filamentous, aggregated or single particles). Other techniques, for example those
based on single radial diffusion(xe, 12) are currently under investigation as
methods for assessment of the antigenic content of influenza vaccines. Animal
protection studies and the assessment of the antibody response in human
volunteers are also used to assess vaccine potency, but the ultimate evidence of
efficacy must come from clinical trials in the human population in epidemic con-
ditions. It is generally accepted that local inflammatory reactions and the occa-
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sional febrile reactions which are encountered with inactivated vaccines are
associated with total protein content and these phenomena have in the past im-
posed a limit on the antigenic content which could be used in vaccines. Two
recent advances have led to a considerable improvement in the quality and
availability of the vaccines now available. Kilbourne(8) suggested that the use as
seed in inactivated vaccine production of genetic recombinants with high growth
potential derived from one parent virus (usually A/PR8/34 (Ho N1))and antigenic
character derived from another (the currently prevalent strain). This method
enables high-yielding strains to be manufactured quickly after the appearance of
a new variant in nature so that manufacture of vaccine can commence promptly
and rapidly. It has replaced the older technique of ‘adaptation’ which was time-
consuming and unpredictable. Furthermore, techniques for virus purification
have been developed which have been applied to influenza vaccine production.
In particular, the use of continuous flow zonal centrifugation(x1) which enables a
high degree of virus concentration and purification to be made in a single process,
has been widely adopted for vaccine manufacture and has resulted in products of
improved quality and efficacy. The use of zonally purified vaccines has enabled
increases in the virus dose to be made. In some studies, doses of 3000 CCA of
zonally purified virus were used, the conventional dose being 300 CCA. It was
shown(s, 9) that doses containing 3000 CCA did not induce unacceptable reac-
tions but did induce a much higher level of protection than the conventionally
used 300 CCA. It would seem that the development of these improved techniques
of manufacture will enable vaccines of increased antigenic content (and efficacy)
to be manufactured in many countries and will inevitably lead to the introduction
of more demanding standards of quality control.

Most inactivated influenza vaccines for routine use are bivalent and contain
both influenza A and influenza B antigens. However, in such preparations the
influenza B component is conventionally present at a lower concentration than
the influenza A, the recommended antigenic content being controlled by national
authorities and variable from country to country. Recently, the wisdom of using
bivalent vaccines has been questioned on the grounds that the influenza B com-
ponent is present in too low amounts to provide immunity and also that the B
component contributes most to the toxicity of vaccines, thereby limiting the
amount of A component which can be incorporated and also compromising their
general acceptability. Indeed it would seem reasonable to use suitably potent
monovalent vaccines for influenza A and B which could be used either singly or
in conjunction, according to epidemiological considerations in the vaccinee
population. Attempts have been made to reduce toxicity by the disruption of
virus particles with various reagents, including ether(3, 4) or sodium dodecyl-
sulphate (x8). These procedures do not necessarily lead to purification of the
essential envelope subunits associated with immunity, 1.e. haemagglutinin and
neuraminidase, and the term ‘subunitvaccines’ used to describesuch preparations
is a misnomer.

It is generally accepted that anti-haemagglutinin antibody confers immunity to
influenza. However, there is now evidence that anti-neuraminidase antibody is
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also protective (14, 15). Studies with a neuraminidase-specific inactivated vaccine
(i.e. one which contains the neuraminidase antigen of the currently prevalent
strain but with an ‘irrelevant’ haemagglutinin antigen) have recently been re-
ported by E. D. Kilbourne and his colleagues in the USA (personal communica-
tion). It is of interest that this vaccine, which induced only anti-neuraminidase
antibody, protected human volunteers against illness but not against infection.
Thus vaccinated persons had the advantage of developing natural immunity
because their susceptibility to infection was not modified, but did not suffer the
disadvantage of clinical illness. It will be of interest to investigate the potential
value of such vaccines under conditions of natural infection on a wider scale.

There would be considerable attraction in the possibility of using as vaccines
highly purified envelope proteins of influenza virus, thus avoiding the injection
of materials (internal components of virus and RNA) which are irrelevant to
immunity. An interesting development in this respect has been the development
of techniques to obtain highly purified (crystalline) haemagglutinin(2). This type
of preparation was found to induce immunity in ferrets when injected with ad-
juvant. Such preparations are not potent antigens without adjuvants and their
widespread use in man will depend on the availability of a generally acceptable
adjuvant. Because of the possible role of the neuraminidase antigen in immunity
it may be necessary to use preparations which included both surface antigens in
purified form. Whether the use of such preparations will be economically feasible
depends on the development of relatively simple methods for their preparation
on a large scale.

Two of the outstanding problems with inactivated influenza vaccines are the
necessity for annual revaccination and the effects of antigenic drift in the in-
fluenza viruses. Adjuvants are known to prolong the immune response and to
broaden its specificity. Stuart-Harris (16) showed that when used in combination
with oil adjuvants, inactivated vaccines gave higher and more prolonged anti-
body responses than aqueous vaccines. However, severe local reactions to ad-
juvants, although very infrequent, have prevented the use of conventional oil
adjuvants on a wide scale(7). However, the metabolizable vegetable oil adjuvants
(6) seem to be free of many of the disadvantages of conventional oil adjuvants and
may be of value in influenza vaccination.

Impressive progress in the field of influenza vaccination has been made over
the past few years. There is abundant evidence that inactivated vaccines with
appropriate antigenic composition and potency are effective in preventing disease.
Evidence is also emerging that such vaccines may considerably influence related
mortality in high-risk populations. The questions to be answered now are con-
cerned less with whether vaccines protect and more with the choice of population
which should receive route immunization.
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SMALLPOX AND SMALLPOX VACCINE

D. A. HENDERSON
Chief Medical Officer, Smallpox, World Health Organization

Since 1967 when the smallpox eradication programme was begun, the extent of
the smallpox endemic areas as well as smallpox incidence have progressively
diminished and such changes are continuing. At the same time, the demand for
potent and stable freeze-dried vaccines has risen steadily in countries throughout
the endemic world. In contrast, in a few of the developed countries vaccine con-
sumption has fallen sharply as programmes of routine vaccination have been dis-
continued due to the decreased risk of smallpox importations. It is apparent that
the future requirements for smallpox vaccine as well as the motivation to under-
take research to improve presently available vaccines are closely correlated with
the progress of the global programme. Thus, it would seem appropriate to review
first the evolution and expectations in the global programme before discussing
certain questions pertaining to smallpox vaccine itself.

In 1967, WHO, on the decision of the World Health Assembly initiated the
global programme for smallpox eradication. At that time many, if not most
authorities, were openly sceptical of the concept of eradication as a realistic ob-
jective. Such doubts seemed not unreasonable as the history of eradication efforts
to date have been disappointing. Pertinent, of course, is the fact that the global
eradication of any disease has no precedent.

However, during the past six years, sufficient progress has been made in the
smallpox eradication programme to permit, in the autumn of 1972, the inaugura-
tion of what has been termed the ‘final phase’ — the objective being to reduce
smallpox incidence to nil throughout the world by the summer of 1974. How
realistic is this objective and where now are the problems which conceivably
could thwart this realization ? Present problems and uncertainties must be gauged
in the perspective of the past.

Although the concept of smallpox eradication was proposed by Jenner himself
in 1801(6), more than a century later few countries were free of smallpox. As
recently as 1930, for example, England and Wales recorded almost 12000 cases
and the United States that year reported over 48000 cases(x5). Beginning in the
late 1930s smallpox began to recede perceptibly. Better preservation of vaccine,
more potent vaccines and improved health services all played a role. In 1959,
when the World Health Assembly first proposed to begin a global eradication
programme, both Europe and North America had become free of endemic small-
pox. Also smallpox-free were the countries of Central America and several in
Asia. This was especially significant as a practical demonstration that smallpox
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Fig. 1. Smallpox cases per 100000 inhabitants, 1967.

transmission could be interrupted even where health facilities were limited and
transport and communication problems were difficult.

Between 1959 and 1966, a number of countries mounted what were termed
eradication programmes — in fact, most were little more than mass vaccination
campaigns. Comparatively few countries became free of the disease. Deciding
that greater technical and logistical support as well as better co-ordination of
efforts were required, the World Health Assembly in 1966 decided to provide a
special budget for the programme with the expressed hope that eradication
might be achieved within a 1o-year period.

The intensified programme thus began in January 1967. That year, 42
countries reported a total of over 131000 cases(x7) (Fig. 1). Surveys since then
suggest that, at most, one case in 20 was actually reported. Thus, it is estimated
that at least 2 500000 cases occurred that year.

Progress during the past six years has been gratifying. During 1972, 19
countries reported 65000 cases (Fig. 2). Reporting, however, has been greatly
improved to the extent that it is estimated that at least one-third of all cases are
now being recorded. The actual number of cases which occurred in 1972 is thus
estimated to be not more than 200000 as contrasted to 2.5 million cases in 1967.
Of the 19 countries reporting smallpox, 11 experienced cases as a result of im-
portations. As of March 1973, in fact, only four countries are considered to be
endemic — Ethiopia, India, Bangladesh and Pakistan.

T'wo factors have contributed significantly to this rapid change — (1) universal
use of fully potent freeze-dried vaccine in endemic areas and an improved
technique for its administration; and (2) perhaps most important, a change in
strategy of the programme from one consisting solely of mass vaccination to one
which emphasizes surveillance.
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Of obvious importance in any programme based on vaccination is the need to
be assured that vaccine is fully potent when it reaches the arm of the recipient.
In this respect, freeze-dried vaccines which maintain acceptable levels of potency
for one month at 37 °C have proved indispensable, especially in tropical areas
where refrigeration facilities are limited. Distribution systems which permit
vaccines to be kept at ambient temperatures for one month have proved com-
paratively easy to establish, even in the least developed areas. However, despite
the development almost 20 years ago of practical methods for producing such
vaccines(§), not more than 10 to 15 per cent of the vaccine in use in 1967 in the
endemic countries was freeze-dried and met requisite standards. Assistance was
given to vaccine producers in the endemic areas, reference centres were estab-
lished for routine quality control of vaccine, and donations were received from
many countries. By 1969, more than 95 per cent of the vaccine in use met accepted
standards. Today, two-thirds of the more than 200000000 doses required
annually in endemic areas are produced in the developing countries. Vaccination
programmes were further facilitated by the introduction in 1968 of the bifurcated
needle. With this needle and the multiple puncture technique, the efficacy of
vaccination improved and a saving of approximately 50 per cent in vaccine con-
sumption was realized.

Whilst these improvements in the vaccination programme were of importance,
it was apparent from the inception of the programme that mass vaccination, while
serving to retard transmission, rarely was successful in interrupting transmission.
Partikularly emphatic among many examples was the experience in Central Java,
Indomesia, where in 1968 a survey revealed that more than g5 per cent of the
province’s 23 million persons bore scars of vaccination(2). Nevertheless, during
the year that surveys were conducted, almost 17700 cases occurred; 85 per cent of
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all cases were in persons who had never been successfully vaccinated. In brief,
smallpox continued to be transmitted principally among the unimmunized who
constituted less than 5 per cent of the population. While a superficially simple
solution would have been to vaccinate the remaining 5 per cent, the logistical
problems and costs of so doing would have been prohibitive.

It had been apparent from experience with outbreaks of smallpox resulting
from importations into Europe, that even in much less well vaccinated popula-
tions than those in Indonesia, smallpox spreads comparatively slowly, infecting
those in close contact with the patient. Even limited vaccination of those at im-
mediate risk was shown to be effective in stopping outbreaks. Smallpox in endemic
areas consists of nothing more nor less than a series of such outbreaks. Thus, a
change in the strategy of the programme from one of mass vaccination to one
emphasizing containment of outbreaks seemed sensible. Accordingly the strategy
of the programme and measurements of progress have focused not on the vacci-
nation of x millions of persons but on the reduction of smallpox incidence to nil
levels.

Necessarily this implied the need for reporting systems to permit the early
detection of outbreaks and trained epidemiological teams to investigate and con-
tain them. At the beginning of the programme, basic reporting networks in most
endemic countries were found to be limited or non-existent. The key to their
development has been the establishment of national and/or regional surveillance
teams who regularly visit all health units within their jurisdiction to assure that
weekly reports regarding smallpox are sent and to encourage reporting to the
health units by other groups. Such teams, in addition, investigate all suspect
cases, take containment measures and trace the source of infection to other
possibly infected villages. The regular visits of the teams and their immediate
response if cases are reported, considerably facilitate co-operation in reporting.
‘While reporting systems are still not functioning optimally in most countries,
they have so far functioned well enough to permit the interruption of smallpox
transmission in 26 of the 30 originally endemic countries.

We have now entered the ‘final phase’ of the programme with the objective of
reaching a nil incidence by the end of the 1974 smallpox season. Superficially, this
might appear unduly ambitious. In 1972, 65000 cases were recorded — approxi-
mately 20 per cent more than in 1971; a significant setback was experienced when
major epidemics occurred in Bangladesh, previously a smallpox-free country.

As the present smallpox season began, however, there were for the first time,
surveillance activities in every endemic area. More cases are being discovered but
more chains of transmission are being interrupted. The surveillance efforts are
not yet of the quality desired in some of the endemic areas but the gap is rapidly
narrowing. This is important as experience has shown that when surveillance
activities, even of a moderate quality, are extended throughout an endemic area,
transmission is almost invariably interrupted within two years.

In sharper focus, what is the status of the programme today ? In 1967, endemic
smallpox was present in Brazil, in most African countries south of the Sahara
and in six countries of Asia. In South America, the last case was detected two
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years ago near Rio de Janiero. Brazil, the only endemic country in the Americas
during the past 6 years, has now 26 surveillance units and over 5000 reporting
posts. None have reported cases since April 1971. A special active search for
cases was conducted between March and October last year, during the usual peak
of the smallpox season. In all, 448 municipios (counties), almost 10 per cent of
the country’s total, were searched for cases. A total of 875000 persons were con-
tacted. No cases were found. In brief, we now believe that after 450 years small-
pox has been eliminated from the Western Hemisphere.

In Africa, smallpox now appears to be confined to one country — Ethiopia.
Outside of Ethiopia, Sudan and Botswana, no endemic foci have been detected
on the African continent for 19 months. Botswana experienced major outbreaks
in 1972 following an earlier importation from South Africa. This has been aggres-
sively dealt with — the last cases were detected over four months ago. An intensive
programme in Sudan during the past 12 months has rapidly reduced smallpox
incidence to the extent that no cases have been discovered this year. The pro-
gramme in Ethiopia, now two years old, has made excellent headway as is
graphically illustrated in Fig. 3. By June, smallpox is expected to be confined to
but three of the country’s 14 provinces. By the end of 1973, a nil incidence in
Ethiopia and on the continent of Africa itself is not an unreasonable expectation.

In Asia, the picture is mixed. Three of the six countries which were endemic
in 1967 now appear to have stopped transmission — Indonesia, where cases last
occurred in January a year ago; Afghanistan, where all cases for more than a year
have been among nomads infected in Pakistan; and Nepal, where all cases since
June have been traced to importations from India. Problem areas in Pakistan are
now virtually confined to 10 districts containing only 15 per cent of the country’s
population.

In terms of achieving eradication within the time targets noted, the most diffi-
cult problem appears to be that of interrupting transmission in certain areas of
India and Bangladesh. Bangladesh after 18 months of freedom from smallpox
was reinfected in February 1972 by returning refugees from India. Emergency
measures were implemented and additional staff provided but over 10000 cases
occurred during 1972. The epidemics are now widespread ; intensive emergency
measures are now in force but, as yet, no significant reduction in incidence has
been achieved. In India, the southern states have virtually interrupted transmis-
sion and about half of the country’s population lives in states which are smallpox-
free. However, major epidemics are occurring in almost a solid band across the
whole of northern India. Paradoxically, perhaps, health services in these areas
are far better developed than in most previously endemic countries; transport
and communications are likewise less of a problem; and five to ten times as many
smallpox staff per capita are employed. The failures to date in these areas can be
attributed to an almost complete reliance by health officials on a poorly super-
vised vaccination programme with virtually no attention having been paid to the
development of surveillance activities. Government officials have finally taken
steps to remedy the situation and additional assistance is being given by the
Organization. Much remains to be done.
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Thus the problems of northern India and Bangladesh at this moment are of
greatest concern and appear to pose the principal threat to the realization of
global eradication. Many new measures have recently been implemented and a
strategy agreed upon, which could succeed in interrupting transmission by the
summer of next year. As we all know, however, there is often a significant gap
between plan and implementation and unexpected problems such as civil dis-
turbances and natural catastrophes may intervene. Thus, prudence is indicated
and with it continued work to further develop and improve existing smallpox
vaccines.

Seventy-six laboratories are currently producing freeze-dried smallpox
vaccine(3). Fifty-six (73 per cent) now employ one of the three strains of vaccinia
virus adjudged to be the least reactogenic but, at the same time, satisfactorily
immunogenic(x0). These strains are the Lister (Elstree) strain, New York Board
of Health strain and Ecuador strain. Virtually all vaccine donated to WHO is
produced from these strains, as is the vaccine produced in all but one of the
developing countries.

Quality control is monitored by the WHO Reference Centres for Smallpox
Vaccine (Rijks Institute, The Netherlands and Connaught Laboratories, Canada)
who independently test vaccines submitted for donation, as well as batches of
vaccine produced in other laboratories supplying vaccine to the programme. Over
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Fig. 4. Rapid screening versus conventional heat-stability test. Results
from 139 batches of smallpox vaccine.

400 batches were tested during 1972. All vaccine employed in the programme is
now freeze-dried and meets WHO accepted standards of potency and purity.
Over g5 per cent of the vaccine used also meets prescribed standards of stability —
specifically, maintenance of a titre of 108 p.f.u./ml after incubation at 37 °C for
four weeks.

Recently, testing procedures in regard to stability have been altered to permit
more rapid testing of the vaccine. Studies were conducted at the Rijks Institute
to correlate the results obtained when vaccine was subjected to 100 °C for one
hour with the results obtained following the standard four-week period of incuba-
tion(3) (Fig. 4). These studies showed that vaccines from various manufacturers
which contained more than 10%% p.f.u./ml in initial potency and maintained a
titre of more than ro”5 after boiling, consistently met requisite standards. Almost
two-thirds of all batches now tested in this manner are accepted for stability on
the basis of this test.

Virtually all vaccine today is produced on animal skin — calves, buffalo or sheep
being employed. Efforts to produce a stable vaccine on egg membranes or in
tissue cultures have, until recently, proved disappointing. During the past year,
however, the Vaccine Institute in Porto Alegre, Brazil, has succeeded in pro-
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ducing routinely a potent and stable vaccine grown on chorio-allantoic mem-
brane(x4). In addition, a stable vaccine produced in monolayers of primary
rabbit kidney tissue cell culture has been developed and extensively tested at the
Rijks Institute in the Netherlands(#y). This will be subjected to final, large-scale
field trials within the next few months. For laboratories in the developing
countries, calves and buffalo must remain the principal source of vaccinia virus,
but for those laboratories equipped for work with tissue cultures, alternate
methods for production now seem feasible.

A potentially important break through in the packaging of vaccine has recently
been reported by Majer and his colleagues working at the Swiss Serum Institute
(8). They have reported that freeze-dried vaccine dispersed in a high-viscosity
silicone oil maintains a high degree of stability and can be administered
directly without reconstitution. Early clinical trials appear promising, although
further work is yet required to obtain consistent and reproducible results in
titration.

Finally, among recent developments in smallpox vaccination, note must be
made of alternate approaches to vaccination directed toward a reduction in the
frequency of complications. Studies to date have been based on the premise that
if inactivated vaccine or strains of reduced pathogenicity were first administered
followed by vaccination with proved traditional strains, the frequency of compli-
cations might be significantly reduced. The approach of pre-immunization
through use of inactivated vaccine now seems doubtful. Boulter(4) showed that
antibody to inactivated cell-associated virus does not neutralize cell-free virus
nor does it prevent the spread of pox virus in tissue culture or in experimental
animals(1). Conventional vaccinia virus suspensions consist almost wholly of
cell-associated virus and thus inactivated vaccines prepared from such suspen-
sions would be expected to have a limited effect in preventing viraemia and pre-
~ sumably many, if not most, of the more serious vaccinal complications. Since
cell-free virus constitutes little more than 1 per cent of the total infective virus in
a culture(16), the preparation of a presumably more suitable inactivated cell-free
vaccine would seem to be prohibitively expensive and perhaps ineffective for un-
defined reasons(13).

Initial results obtained through pre-immunization with the CVI(12) and MVA
(x1) attenuated strains appeared more promising. Cutaneous responses were less
marked and there were few constitutional symptoms. Subsequent vaccination
with traditional strains was also usually associated with less pronounced reactions,
suggesting that rare but serious vaccinal complications might also be reduced in
frequency. However, the degree of protection against variola which is afforded by
this approach is open to doubt. Approximately one-third of those first vaccinated
with the attenuated vaccine and subsequently with traditional strains, develop no
neutralizing antibody (11, 9). In contrast, essentially all children vaccinated with
traditional strains developed neutralizing antibody. Admittedly the correlation
between the presence of neutralizing antibody and protection against human
variola infection has never been evaluated satisfactorily. However, based on a
considerable experience with other virus diseases, it is difficult to dismiss this
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observation as irrelevant. It is clear that much yet remains to be clarified before
use of an attenuated strain can be considered.

In summary, the smallpox situation has radically changed in recent years — the
prospects for eradication are encouraging but the certainty of its accomplishment
can perhaps be better assessed after another year. Two countries, the United
States and the United Kingdom, have terminated routine vaccination; other
developed countries on the smallpox-free continents have so far decided to defer
reconsideration of policy pending further progress in the global programme;
developing countries throughout the world have continued and have been en-
couraged to continue routine vaccination programmes. Further efforts to improve
existing vaccines and to develop suitable attenuated strains would thus seem
prudent. At the same time, we shall endeavour to do our best to make such work
redundant as soon as we possibly can.
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GENERAL DISCUSSION

CHAalIRMAN Thank you very much indeed, Dr Henderson. Both of these papers are now
open for discussion, but General Sachs has particularly asked to have a word.

Sacus (UK) Mr Chairman, we must not treat smallpox too cavalierly and let our guard
go down. I have been at the receiving end of several quite extensive outbreaks, and my
experience is that it does not spread slowly; it spreads pretty rapidly. In places like India
where I spent 17 years, one does not know the true incidence, whether one is dealing with
smallpox or other communicable diseases because in the fatal cases, the bodies are dis-
posed of very rapidly and, be it smallpox or be it cholera, you have not a clue of numbers.
I do not know how many people here, when they talk about this Utopia of the future,
realize the conditions of overcrowding in the villages, and I have found smallpox to be a
disease of communications. I remember in the war that one case of smallpox, not diag-
nosed at the time in the field, was responsible in a very short time for 87 cases of smallpox
among medical staff and other soldiers in a so-called protected community, of whom nine
were subsequently found to be unprotected, and of these six died.

I think we have to be very careful, particularly in countries like the United Kingdom,
as in another few years the vast majority of the population will be non-immune. Sub-
clinical types are not always typical, even though they have a rash. Can you imagine one
case in a crowded tube, with perhaps 50-100 people being at risk and some of them going
into other tubes? I think that we should always have available really potent vaccine.

With regard to the complications of vaccination, nobody has related them to the tech-
niques used. My own experience is that since the introduction of the multiple pressure
technique there seems to have been a definite diminution in the number of complica-
tions. It is important to be careful of the number of pressures one gives to definitely non-
immune people and those adults in whom there is a long interval since vaccination in in-
fancy. Failure to take this precaution may be one of the reasons for the incidence of com-
plications referred to, small as it is.

Some years ago, we were surprised to get many negatives in soldiers who should have
had a positive take. It was then found that if they were vaccinated on the other arm, a
positive result was obtained in a number of cases. It is of interest that in some cases there
was a sort of allergic reaction at the site of the first vaccination. I do not quite know the
explanation but there was obviously some form of local tissue immunity after the original
vaccination.

Just to finish, I think we must be careful that this Utopia is not one like ‘ Hope springs
infernal in the human beast’. I feel that if we can cure VD in Europe, we may have a
chance of eradicating smallpox.

Dianzant (Italy) I have a question for Dr Schild. As it was pointed out, we do not
know for sure whether circulating antibodies are really important for the protection of
people against a disease in which viraemia perhaps is not critical. Has Dr Schild any
further information about the possible role of other immune systems like IgA, or sensi-
tized lymphocytes, or delayed hypersensitivity?

ScHiLD (UK) Itis a very difficult question to answer because, in most of the studies that
have been done looking for immunity to influenza in both man and experimental animals,
the techniques we used were such that one could look only for the antibodies that one
knew of. One was inclined to think that, because one could measure an antibody, this was
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important. I think it was on this sort of basis that the idea that anti-haemagglutinin was
probably the most important aspect of immunity developed. However, it is quite possible
that anti-haemagglutinin might be an index of exposure to infection rather than the basic
mechanism of immunity. This is why I said that it is very important that we should now
go ahead and look at other aspects of immunity such as cell-mediated immunity about
which we know very little indeed.

VassiLorouLos (Cyprus) I read in the Press some time ago, Mr President, that at the
Pasteur Institute in Paris they have recently introduced an anti-influenza vaccine which
can afford prophylaxis against all types and strains of influenza. I wonder whether this is
true or not.

ScHILD (UK) These data have not been published, so it is very difficult to comment on
them in detail. I can go only on the basis of personal communication between me and Dr
Hannoun. I think that this is an extremely interesting experiment. Starting from the Hong
Kong virus isolated in 1968 they produced a series of antigenic variants using immunologic
pressure. On the basis of this sort of study Dr Hannoun produced variants which were
closely related to the England 42/72 strain, so that at least he seems to have been able to
anticipate the changes between 1968 and 1972. However, he has gone further than that
and has produced strains which he says are senior to the 1972 variant. Whether this, in
fact, will turn out to be correct only time will tell.

This is not a new approach to the problem; many people had done this sort of thing
previously, but the novel approach lies in the characteristics of the junior/senior relation-
ship which is the result of several studies by Dr St. Groth. This hypothesis of a junior/
senior relationship suggests that, if you have a senior strain, antibody to this will protect
against all junior strains along the line. Dr Hannoun claims to have produced a senior
strain which may be related to the strains which will circulate in future years and if so, it
is hoped that antibody to this senior strain will protect all the various stages of antigenic
drift between now and 1968.

GEAR (South Africa) I heard Dr Henderson talk on smallpox vaccination in 1970 and
expressed some doubts similar to those of General Sachs at that meeting. He said he
would suspect I came from Missouri if he had not known that I did not. I did not tell him
my middle name was Henderson.

Arising out of his most impressive account, I must say that he has succeeded beyond
most people’s expectations, particularly perhaps his own. We hope that he will be fully
successful. However, I believe that one should bear in mind the fact that, as I pointed out
at the time, South Africa for instance had been carrying out mass immunization for 170
years and blanketing epidemics, but had always failed to remove the danger permanently
because the infection was reintroduced from the outside. Until the disease was eliminated
completely from the world, this danger would remain. In South Africa the last time in-
fection was introduced from beyond her borders there were 165 cases which occurred
before the outbreak was brought again under control. Many of these were in a religious
group who objected to vaccination and were not vaccinated. A situation is developing in
the world similar to this religious group where more and more people in Western Europe
are not being vaccinated and, should the disease be introduced into such a population,
the infection would spread much more widely than it would have if the population had
been vaccinated. I was wondering whether Dr Henderson would like to comment on this
evolution of the situation.

Henperson (WHO) 1 appreciate the concerns expressed. Certainly, so long as there is
smallpox anywhere in the world, there is indeed a risk that it may be imported. The
probability of further transmission is, of course, inversely related to the level of popula-
tion immunity. In the developing countries, we recommend that immunization be main-
tained at a high level to deter transmission. In the developed countries, the probability of
early detection and effective containment is much better. Thus, even though an importa-
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tion may occur, rarely does the outbreak spread extensively — the outbreak of 175 cases in
Yugoslavia representing the exception rather than the rule.

In determining vaccination policy one must balance the risk of complications following
vaccination, the risk of importation and the risk of spread. Each country has to weigh these
risks for itself as circumstances are different from continent to continent and country to
country.

SMITH (UK) Perhaps I might suggest a note of caution in considering influenza vaccina-
tion among factory workers. One often hears the claim that this could have great economic
benefits, and we are trying to test this in the United Kingdom from our own laboratory.
The best estimate I can make at the present time is that about 4 per cent of the working
population are affected on average by influenza each year. The acceptance rate for in-
fluenza vaccine among factory workers is, we find, on average 40 per cent. In other words,
60 per cent do not take the vaccine that is offered to them. If the vaccine is about 75 per
cent protective, all one is going to save in every 100 employees in a factory is about one
case a year. In our own studies in the Post Office, we found in the winter 1971/1972 that
14 days per 100 employees were saved over the whole influenza outbreak. The economic
saving is not nearly as great as is sometimes suggested by the advocates of widespread
vaccination.
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MANUFACTURE, DISTRIBUTION AND
HANDLING OF VACCINES

W. HENNESSEN
Behringwerke AG, Marburg, Germany

Many of us have been fascinated during the recent past how man entered the
universe and by the conquest of the moon. Only few of us, however, realize that
our daily work — the manufacture of vaccines — is being considered to be among
the first technological tasks to be performed in space or sky laboratories. This
paper is an attempt to examine whether our present technology in vaccine manu-
facture is sufficiently advanced to warrant such an effort as to do the most
sophisticated steps in production of vaccines under conditions operational in a
space laboratory. The same will be attempted as check of the maturity in our
present distribution and handling of vaccines.

It is well understood that a number of vaccines still represent rather crude
preparations containing more unwanted foreign material than active antigen.
There is ample room for improvement in the future. But the more advanced
vaccines are the pacemakers for the future and they look different. Let me give
some examples for progress made hitherto.

SUBSTRATES

First there are the substrates from which antigens are obtained. Data collected
by Regamey(5) show that improvement of the media for tetanus toxin production
led to an increase in the yield during the last 30 years (Fig. 1). This increase began
very modestly about 1930, it doubled during the next 10 years. From 1949 on it
grew in a logarithmic scale. At the same time sensitizing agents such as blood
group substances and high molecular substances were removed from the medium.
The raw toxin now obtained is not only more concentrated but also devoid of
many unwanted impurities. If there is a limit of growth we have no indication
that we have reached it.

Another even more striking progress on substrates is the development of
human diploid cell strains (HDCS). With the development of these cell sub-
strates it is now possible to exclude extraneous agents from viral vaccines, es-
pecially live vaccines, before the cells are used for production. The advantages
are clear: these and other tissue culture systems will permit, for example, the
production of a rabies vaccine in the foreseeable future that is reduced in ex-
traneous nitrogen content about one thousand fold. Lipids will not be present at
all(3).

{ro1] §-2
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Fig. 1. Tetanus toxin yield, 1933—62 (from Regamey(5)).
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PURIFICATION

Purification of antigens is another aspect to be considered in this context. Techno-
logical advances originating from space research are being used now in the pro-
duction of influenza vaccines. The antigens arrived at with zonal ultracentrifuga-
tion are short from being crystallized. Mechanical purification as well as chemical
precipitation leave the antigen molecules more or less as they are in nature; they
remain native antigens just as sera remain native as long as they are not de-
graded or digested(4). With sera, for example tetanus antitoxin, it took about
30 years to depart from the native serum and to arrive at the horse globulin and
from there another 30 years to reach tetanus immunoglobulin from man. For
some antigens development was not much faster. From the first influenza vac-
cines of the early 1940s it took a further 30 years until virus particles were split
into their subunits to be used as vaccine antigens. The biochemistry of the pro-
cess had been known since Hoyle(2). A much longer time elapsed until similar
approaches were tried for bacterial or toxoid antigens. Many experiments are




MANUFACTURE, DISTRIBUTION, HANDLING OF VACCINES 103

being done all over the world to extract bacteria, to reduce toxoids down to their
immunogenic fractions. An example of faster progress may be seen in measles
subunit vaccines now in use in some European countries.

GENETIC MANIPULATION

Reviewing developments of recent years leads one to the impression that present
vaccine makers are aware of whatever possibility is applicable towards improve-
ment. This can best be elucidated by examples of what can be called genetic
manipulation. In the production of antigens two levels for such manipulation are
feasible: one is the substrate, the other is the microbe or virus. Both levels have
been stepped upon with various success. The substrate, the proliferating tissue
culture, has been genetically manipulated in the case of a veterinary vaccine
against foot and mouth disease. Baby hamster kidney cells were transformed by
latent infection with polyoma virus (DNA) which resulted in a higher yield of foot
and mouth disease virus (RNA). Other examples are known, more are con-
ceivable. Both microbes and viruses have been manipulated. Typhoid bacteria
have been hybridized in order to attenuate their pathogenicity; cholera vibrios
have been cross-bred to change their toxin production. Polio virus may be at-
tenuated by selection or by genuine mutation provoked by the conditions of
cultivation. The same holds for yellow fever virus and others. With influenza,
however, we have examples both for hybridization and for environmental in-
fluences. The influenza A42/72 England virus strain of poor reproductive
capacity was cross-bred with other strains of better growth qualities(6). In
attempts to be faster than nature Fazekas de St. Groth(x), in the laboratory,
derived from old virus strains mutants that were identical with new strains in
nature. Genetic manipulation on both levels mentioned above require the highest
degree of purity in working conditions. It may be that such conditions will best
be present in a space or sky laboratory. At an IABS meeting it is not without
satisfaction to state that all advances described so far would not have led to any
improvement without increased knowledge of, and willingness for, standardiza-
tion.

DISTRIBUTION

Research in the galenicals of vaccines proceeds so much slower than in manufac-
ture. Let me give some examples: Proteins in vaccines are mainly impurities.
They are at the same time excellent stabilizers. Their stabilizing effect can be
understood in many instances only with the knowledge of enzymatic activity
within the vaccine. When inactivated viral vaccines were mixed with bacterial
antigens, it was first observed that the efficacy of the bacterial antigens deteriorated
in the presence of the virus antigen. It was then found that formaldehyde had
inactivated the virus but not the enzymes originating from tissue culture. Their
proteolytic activity started lysis of the bacterial proteins. Both purification of the
virus tissue culture fluids and blocking the enzyme activity by chelating agents
such as EDTA solved the problem.
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The pH in fluids and the electric charge of particles, as well as the surface of
the containers, may become important factors for the stability. Live polio vaccines
can lose their activity because the virus particles can stick to the glass surface due
to their opposite charges. This can be avoided by the use of a buffer which, by its
pH and ionic quality, keeps the particles in suspension. Stabilizers may be excel-
lent for one antigen, but bad for another. This is the case for antigens seemingly
so similar as tetanus and diphtheria toxoids. Preservation may have an equally
unpredictable behaviour depending on the nature of the antigens. Research in this
multi-variant system is necessary, though sometimes laborious. On the other
hand practical check-ups may clarify complicated situations quite easily. When
samples of live measles vaccine were brought back from pharmacies we found
that less than one-quarter retained more than 25 per cent activity. This loss was
not due to the stabilizer but to the poor cooling system used during distribution.

HANDLING

Those of the medical profession handling vaccines are not the doctors doing
clinical research. They are therefore not familiar with biologic material, its
delicacy and vulnerability. This can be overcome by information, but there are
examples that resist and defeat any information or recommendation. Some years
ago children were tested for neutralizing antibodies before and after live polio
vaccination. The results in a certain district were so far inferior to all others that
it was felt something unknown had interfered with the takes. It turned out that
the medical officer in charge had all containers taken out of the ice box every day
of the one-week campaign. They were placed next to the heating radiator. The
unopened containers were used for the second campaign 8 weeks later,

Another observation was made during a controlled BCG vaccination campaign
in a number of schools in a metropolitan area. Conversion rates were in the range
of go per cent and higher in all but one district. A check-up in that district
revealed that both vaccination and tuberculin testing was done principally on the
skin wet with propyl alcohol, that dosage of the vaccine was controlled by size of
intracutaneous depot not by volume, and that the vaccine was reconstituted with
the doctor’s own diluent which was double the volume recommended.

These examples could be continued almost indefinitely. They are more of a
nuisance than of serious consequence. The serious cases, however, stem also
from ignorance.

The intramuscular or even intravenous injection of live polio virus is still
sometimes carried out, so far, luckily, without any damage to the child. The in-
jection of 10 or 50 doses of BCG germs into a child invariably requires tuberculo-
static treatment for many months. The indiscriminate use of corticosteroids
during treatment of persisting lymph nodes after BCG vaccination may lead to
serious damage and even death. The ease of administering some vaccines with
jet injectors may be paralleled by insufficient questioning regarding the state of
health of the vaccinee. Contraindications may be overlooked due to the haste of
mass vaccination, and they have caused fatalities. Failing aseptic precautions
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have provoked fatal cases in several countries of the world. Modern abuses of
potent drugs will be a future source of vaccine failure; immunosuppressive drugs
including corticosteroids, cytostatic treatment, even certain antibiotics already
play their role as interfering agents. The ever-increasing number of allergic
reactions among our populations will lead to increasing numbers of such reac-
tions, even to the most purified vaccines hitherto well tolerated.

Returning to the point at which we started, we should realize that manufacture,
distribution and handling of vaccines are in different stages of advancement.
While manufacture of certain antigens meets the highest requirements for
specificity and purity, others are in earlier phase of development. Distribution
and handling do not show comparable progress. Basic knowledge of the inter-
dependances within the multi-variant biologic system contained in the ampoule
is lacking. Intelligible information, foolproof devices and training seem to be
indispensible to make more satisfactory use of today’s and tomorrow’s vaccines.
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THE SAFETY AND EFFICACY OF
EMULSIFIED PEANUT OIL ADJUVANT 65
WHEN APPLIED TO INFLUENZA VIRUS
VACCINE

M. R. HiLLEMAN, A. F. WOoODHOUR, A. FRIEDMAN

Division of Virus and Cell Biology Research, Merck Institute for
Therapeutic Research, West Point, Pennsylvania

AND R. E. WEIBEL

Department of Pediatrics, University of Pennsylvania School
of Medicine, Philadelphia, Pennsylvania

The increasing demand to prevent infectious diseases necessitates the develop-
ment of methods whereby the immunizing capacity of killed whole virus or sub-
unit vaccines may be improved. Immunologic improvement may consist of in-
crease in height and duration of protection, in greater breadth of protection
against antigenically different strains, or in decrease in the amount of antigen
needed in each dose of vaccine. The most effective means to date for achieving
such improvement has been by use of oil adjuvants(x) in which the aqueous
vaccine is emulsified.

Freund’s incomplete mineral oil adjuvant(2) has been the most commonly
used emulsified oil adjuvant and has been licensed for use with influenza virus
vaccine(3) in some countries. Though highly effective, Freund’s adjuvant has
never gained wide popularity because of too-frequent occurrence of abscesses
and nodules(3-5, see also 1) at the injection site sometimes requiring surgical
removal, and because of the nagging apprehensions that have been expressed
concerning the essentially non-metabolizable nature of mineral oil and its long-
lasting retention in the tissues (for review, see I).

Another emulsified oil adjuvant, called adjuvant 65, has been developed (1, 6~
21) that is almost as effective immunologically as Freund’s adjuvant but does not
have the latter’s disadvantages. It consists of peanut oil with isomannide mono-
oleate emulsifier and aluminum monostearate stabilizer. All the components are
readily metabolizable, all have been used in human injectables for many years,
and the emulsified vaccine does not cause abscesses.

Extensive studies with adjuvant 65 have been carried out in our laboratories
during the past 10 years(x, 6-21) in several species of animals and in man with
good results. The composition of the adjuvant, as shown in Table I, has been
improved by substituting chemically pure reagents for the more crude materials

[107]
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Table 1. Sequential improvement in the composition of adjuvant 65

Component
Adjuvant Aqueous
formulation vaccine Oil Emulsifier Stabilizer
Adjuvant 65 Influenza Peanut oil Arlacel A® Aluminum mono-
(1961) vaccine USP (Mannide stearate USP
monooleate)
Adjuvant 65-1  Influenza Peanut oil Isomannide Aluminum
(1g71) vaccine USP monooleate monostearate USP
Cp
Adjuvant 65—4 Influenza Peanut oil Isomannide Aluminum mono-
(1971) vaccine USP monooleate stearate CP
CP

that were previously available. Though essentially the same, the terms adjuvant
65-1 and 65—4 have been applied to designate the use of the chemically pure
components in the adjuvant 65 formulation.

INFLUENZA

Virus influenza is a disease of worldwide importance and is a major cause of death
in the human community, especially among the debilitated and the elderly.
Though optimally constituted aqueous vaccines may be 70—go per cent effective,
they become outdated rapidly because of the continuing changes that take place
in the antigenic make-up of the prevalent virus strains. The major changes or
shifts in the virus antigens that occur at approximately 10- or 11-year intervals
result in worldwide pandemics of the disease and render the current vaccine use-
less. The less drastic alterations or antigenic drifts in the virus that occur in the
interpandemic periods result in widespread epidemics of the disease at 2- to 3-
year intervals and greatly reduce the effectiveness of the contemporary vaccine.
Unfortunately, the time lapse between detection of the altered virus and the
widespread occurrence of the disease is less than the required time for practical
updating of the vaccine to include the new strain and to render it fully protective.

Clearly, then, influenza vaccine has been a most important candidate for im-
provement and has been an especially appropriate example for studies of adjuvant
65. This presentation, therefore, will summarize thé highlights of the studies
compared with adjuvant 65-type influenza virus vaccine to date.

INCREASED HEIGHT OF ANTIBODY RESPONSES
CIRCULATING ANTIBODY
Fig. 1 is presented to illustrate the degree of heightened antibody response that

is obtained when ordinary bivalent aqueous influenza A and B vaccine is formu-
lated in adjuvant 65. We are privileged to present the data from a clinical study
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Fig. 1. Increase in serum hemagglutination-inhibiting and antineuraminidase antibody
responses to influenza virus vaccine by use of adjuvant 65 (Marshall-Dudgeon study in

the UK (21)).

carried out in 1971 by Drs Marshall and Dudgeon in the United Kingdom (21).
Both hemagglutination-inhibiting (HI) and antineuraminidase antibodies were
measured in serum samples taken before vaccination and two months after the
first dose of vaccine. Two doses of aqueous type vaccine and only one dose of
adjuvant 65—1-type vaccine were given. The virus antigen content of each dose
of the two vaccines was the same. The findings are expressed as geometric mean
antibody titers and are plotted on an arithmetic scale to emphasize the quantita-
tive differences in response. It is seen that the mean pre-vaccination serum titers
were near zero for both virus strains and for both kinds of antibody. The antibody
responses to one dose of the adjuvant vaccine were 3- to 7-times greater than
those obtained with two doses of the corresponding aqueous vaccine.

CIRCULATING AND NASAL ANTIBODY

Some investigators have taken the position that protection against virus in-
fluenza, to a large extent, depends upon the presence of antibody in the nasal
secretions (22). Therefore, some of them(23, 24) have advocated administration
of influenza vaccine directly into the respiratory tract as a means for stimulating
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Fig. 2. Increase in serum and nasal antibody responses to Az influenza virus
vaccine by use of adjuvant 65 (19).

the production of secretory antibody. Though attractive in theory, the procedure
does not hold up in practice, since more nasal antibody can be stimulated by
parenteral immunization with vaccine in adjuvant 65 than by giving aqueous-
type vaccine into the nose(19). Fig. 2 presents the findings in a study in which
antibody in the serum and in the nasal secretions was measured following two
doses of aqueous-type influenza Az(x9) vaccine given intramuscularly or intra-
nasally compared with a single dose of adjuvant 65-type vaccine given intra-
muscularly. All subjects were without corresponding antibody before vaccination.

The circulating and nasal antibody responses to two doses of aqueous-type
vaccine were highest when the vaccine was given intramuscularly. The marked
increase in amount of circulating antibody following adjuvant 65-type vaccine
was as demonstrated previously. Most importantly, the percentages of persons
who had detectable antibody in their nasal secretions and the amount of antibody
in the secretions were far greater in those who received the adjuvant 65-type
vaccine than in those given the aqueous-type vaccine by the parenteral or nasal
route.
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Fig. 3. Broadening of antibody response to cover minor antigenic changes in the
interpandemic period (by the use of vaccine in adjuvant 65).

BROADENED ANTIBODY RESPONSE-DE-EMPHASIZING
THE IMPORTANCE OF ANTIGENIC DIFFERENCES
MINOR INTERPANDEMIC ANTIGENIC VARIATIONS

A study(10) was carried out in which persons were given two doses of influenza A
vaccine prepared using a 1962 A2 strain or a single dose of the same vaccine in
adjuvant 65 with the results shown in Fig. 3. Hemagglutination-inhibiting anti-
body levels against the homologous 1962 Az virus, the heterologous Az virus that
was prevalent in 1957, and the heterologous A2 virus that was prevalent in 1964
were measured. As shown previously, there was several-fold increase in height of
antibody against the homologous virus resulting from use of the adjuvant. The
antibody responses against the heterologous viruses were very poor following
aqueous-type vaccine but very great following use of adjuvant 6;5-type vaccine.
Such broadening of antibody response by use of the adjuvant reduces or even
negates the importance of the minor antigenic shifts that occur at 2—3-year
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Fig. 4. Broadening of antibody response to cover major pandemic virus antigenic
changes by use of vaccine in adjuvant 65.

intervals in influenza A virus during the interpandemic periods and that reduce
the effectiveness of the vaccine.

MAJOR PANDEMIC ANTIGENIC VARIATION

In 1968, the new A2 Hong Kong influenza virus appeared. The antigenic change
was very marked and resulted in a worldwide pandemic of influenza with loss of
effectiveness of the aqueous vaccine. In 1967, one year before the Hong Kong
variant appeared, human subjects (16, 17) were given two doses of 1964 influenza
A2 virus vaccine in aqueous or adjuvant 65 formulation. The hemagglutination-
inhibiting antibody responses in the subjects were measured using the homo-
logous 1964 virus and the new 1968 Hong Kong virus. As shown in Fig. 4, there
was essentially no antibody response (seroconversion) against the new Hong
Kong virus in the subjects who received the old aqueous-type vaccine. By con-
trast, more than half the subjects who were given the old formula vaccine in ad-
juvant 65 developed antibody against the new virus. The enhancement of anti-
body titer against homologous virus was as expected and the responses to the
heterologous new virus were substantial. The antibody titers in individual
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Table I1. Distribution of individual antibody titers against Hong Kong
influenza virus in persons (Fig. 4) who were given 1964 aqueous or adjuvant
influenza virus vaccine

No. of persons with titer

Antibody — ~

titer Aqueous vaccine  Adjuvant
<10 70 30
10 ) 5
20 1 17
40 o 9
8o o 4
160 o 2
No. responding/Total 1/71 37/67
% responding 1 55

patients are given in Table II. Antibody at these levels might have provided
substantial protection against the morbidity and mortality of Hong Kong virus
before new vaccine incorporating the strain was available, and might also have
contributed to limiting the spread of the virus in the population.

THE CONTEMPORARY A2 ENGLAND SITUATION

In 1972, a substantial antigenic alteration or drift in influenza A2 virus was
noted (25) and the virus causing the epidemic was significantly different from that
of the 1968 A2 virus used in the vaccine. A clinical study was recently carried
out by Drs J. W. G. Smith, M. Peters and M. Westwood in the United Kingdom
in which 83 human subjects were given one dose of 1968 A2 virus in aqueous
formulation and 104 persons were given a single dose of the same vaccine in
adjuvant 65—4 formulation. We are privileged to present the early results at this
time. The findings presented in Fig. 5 are in agreement with previous experience.
Thus, there was very marked increase in hemagglutination-inhibiting antibody
response to the homologous virus by use of adjuvant 65—4. More important, there
was a very excellent response to the new A2 England virus in the recipients of
adjuvant vaccine whereas the response to the aqueous vaccine was very poor.
Again, there was excellent broadening of the immunologic response to an anti-
genically different virus.

LONG-TERM PERSISTENCE OF HI ANTIBODY
FOLLOWING INFLUENZA VACCINE IN ADJUVANT 65
Fig. 6 presents the representative findings in our studies to date(x4, 19) to
measure persistence of antibody induced by adjuvant 65-type vaccine compared
with the corresponding aqueous-type vaccine. Groups of human subjects were
given three doses of 1957 A2 influenza vaccine in aqueous or adjuvant 65 formu-
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Fig. 5. Increase and broadening of hemagglutination-inhibiting antibody responses to

Az England 1972 virus following immunization with influenza virus vaccine in adjuvant
65—4 (Smith study in the UK).
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lation at the time periods shown. Homologous antibodies were measured at
various intervals up to 82 months after the initial vaccine dose. The figure shows
the expected high-level potentiation of antibody response by use of the adjuvant.
More importantly, this differential of elevated antibody level was maintained for
at least four years and four months after the last dose of vaccine was given.

KINDS OF ANTIBODY RESPONSES

Interest has been focused in recent years on the type of immunoglobulin res-
ponses to immunizing agents. The findings in Table 111, based on the results of
immunofluorescence assays with sera from four persons in each group of the
Marshall-Dudgeon(21) study who were initially devoid of detectable hemag-
glutination and neuraminidase-inhibiting antibodies, showed that the antibody
globulin responses to influenza antigens were to all three major types, viz. IgG,
IgM and IgA. Though the immunofluorescence assays for the globulins were not
quantitative, the degree of fluorescence was greatest for IgG, suggesting that the
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Fig. 6. Long-term persistence of hemagglutination-inhibiting antibody against
1957 influenza A2 virus vaccine.

Table I11. Serum immunoglobulin responses of persons who received either
aqueous or adjuvant 65—1-type bivalent influenza virus vaccine (Marshall-
Dudgeon study in the UK)

Serum immunoglobulin responses

[ B

IgA IgM IgG

I'e —

4 r
Vaccine No. Pre Post Pre Post Pre Post

A

Aqueous 4 - + - + - 4+
Adj. 65-1 4 - + - + - 4+

responses were mainly to this particular immunoglobulin that is generally re-
garded as the long-term persisting antibody.

ASSAY FOR ANTIBODY RESPONSES

Important to the practical use of any vaccine is the need for a reliable test pro-
cedure whereby potency of a vaccine can be assayed. A highly reliable procedure
(21) for assay for potency of adjuvant 65 vaccine has been developed. As shown
in Table IV, guinea-pigs were given one dose of monovalent Az or B influenza
virus vaccines in aqueous or adjuvant 65—4 formulation. Whole untreated and
ether/tween-treated virus vaccines were used. The HI antibody responses to
homologous aqueous vaccines were modest. There was an 8- to 17-fold enhance-

9 PIlA
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Table IV. Guinea-pig HI antibody titers to whole untreated or ether|tween-
treated monovalent influenza virus vaccines used in aqueous or adjuvant 65-4
Sformulation

Geometric mean HI antibody at 2 months

Vaccine Formulation Az/Aichi/2/68  B/Mass./3/66 B/Mass./1/71
Whole un- Aqueous 26 16 15
treated virus  Adj. 654 256 274 119
Ether/tween- Aqueous 20 45 45
treated virus  Adj. 65—4 320 446 338

All pre-immunization antibody titers were < 1o0.

ment in the antibody responses by use of adjuvant. Interestingly, the ether/tween-
treated vaccines usually elicited as high or greater antibody levels than did the
corresponding whole virus preparations.

QUANTITY OF INFLUENZA ANTIGEN PER DOSE

It has been found in our studies(8) that the quantity of influenza antigen required
per dose of vaccine in adjuvant 65 formulation is far less than needed for the
corresponding aqueous-type vaccine. It is at least four times less. This finding
may be of great importance in stretching the supply of vaccine in time of critical
need before the appearance of a pandemic.

PROTECTION

Stuart et al. (26) carried out comparative controlled studies of adjuvant 65- and
aqueous-type influenza vaccines in a retirement community in California from
1964—5. Persons who received adjuvant 65-type influenza vaccine more than a
year before an outbreak of influenza A2 were protected as well as or better than
persons who received aqueous-type vaccine just several months before the
epidemic.

SAFETY OF ADJUVANT 65 VACCINE: LABORATORY
TESTS
COMPONENTS

Present adjuvant 65-type influenza vaccine employs zonal purified killed in-
fluenza virus that is of high purity. All components of the adjuvant are appro-
priately tested (1, 20) to insure quality, to guarantee freedom from possible con-
taminating carcinogenic substances (polycyclic aromatic hydrocarbons and
aflatoxins), and to determine the presence or absence of irritants as measured in
guinea-pig and mouse assays. The emulsified vaccine is tested to assure proper
emulsification and potency and is assayed for sterility and irritancy for animals.
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All components of the adjuvant are readily metabolizable and all have been used
in man for many years. In studies of adjuvant 65 in rats(xx), all the fatty com-
ponents were absorbed from the site of intramuscular injection, metabolized,
and metabolites were either excreted or taken into the normal body pools. Only a
minor portion of the adjuvant remained at the injection site after 7o days. Man-
nitol did not accumulate in the tissues.

SHORT-TERM TOXICITY

Assessment for irritancy of the emulsified vaccine has been carried out(7, 20) in
rabbits and monkeys that were inoculated intramuscularly and observed for gross
lesions and for micropathology at the injection site at appropriate times there-
after. The initial pathologic response to the adjuvant emulsion was acute inflam-
mation, with progression to a subacute state in which there was decrease in
heterophils and increase in lymphocytes, plasma cells, and macrophages. The
macrophage was the predominant infiltrating cell after one month. Cell necrosis
was only slight and the oily adjuvant was gradually removed with progressive
resolution of the tissue damage. When oil cyst formation occurred, it was re-
solved within two to three months and no significant scar tissue formed. The
vaccine failed to induce autoallergic hypersensitivity as evidenced by observa-
tions of the tissue responses to a second dose of the vaccine at the same or a
distant site.

CHRONIC TOXICITY AND TERATOGENICITY TESTS

Long-term observations were made (12, 20) of guinea-pigs and monkeys that
were given the vaccine in multiple doses and sacrificed at various time periods up
to 39 months after the first injection. Tests for teratogenic activity were performed
in rabbits injected on the eighth day of gestation and terminated at one month.

Complete autopsies and representative microscopic examinations of sections
of the major organs and injection sites were made from at least twenty organs and
tissues from each animal. Aside from local reactions at the injection site, there
was no evidence of immunopathologic lesions, disseminated granulomatous
lesions, tumor formation, or other pathologic process. Nor was there evidence to
suggest that adjuvant 65 would be likely to cause future abscesses or nodule
formation. The tests for teratogenicity revealed no apparent effects on fetal
development.

Male mice of the Webster strain have shown(2o, 27) a unique hypersuscepti-
bility to tumor occurrence at the injection site when given any of a number of
injectables or even when pinched as in grasping to catch hold of the animal for
palpation purpose. Adjuvant 65 and its components injected subcutaneously also
caused the appearance of tumor. Golberg has shown (28) in extensive investiga-
tions, that non-specific sarcomatous changes appear in rodents injected with a
variety of substances including water, salt, glucose, and a host of common nu-
trients. In studies of adjuvant 65 and its components, Dr Golberg and his asso-
ciates (29) found no manifestations suggestive of a chemical carcinogen in adju-
vant 65 and attributed the lesions found to the well recognized physicochemical

9-2




118 M. R.HILLEMAN AND OTHERS

Table V. Long-term clinical observation for local lesions in the arm in persons
who recerved aqueous or adjuvant 65-type influenza virus vaccine

No. No. reactions
persons ‘ \
Vaccine injected  observed Local nodules Induration

Adjuvant 65 510 4 o
(0.8%)

Aqueous 369 I o
(0.3%)

Uninoculated 190 1 o
controls (0.5 %)

Observation period: z years and 8 months to 10 years.

influences capable of eliciting non-specific sarcomatous change in the sub-
cutaneous tissues of rodents.

LONG-TERM FOLLOW-UP IN MAN

A major factor in judging the acceptability of any injectable in man is in the
observation for safety in man in long-term clinical observations for local and
systemic effects, We recently observed (21) the site of injection in the arms of
1069 of 2008 persons given adjuvant 65- or aqueous-type influenza virus vaccines
as well as the same general site in persons who served as unvaccinated controls.
The time interval from initial vaccination to observation ranged from 2 years
8 months to 10 years. Table V shows that the only detectable effect was the in-
frequent finding of individual small nodules no larger than a pea that were pre-
sent in roughly the same percentage of persons in the adjuvant, aqueous, and un-
vaccinated control groups. Thus, it was found that there were no significant local
pathologic developments associated with use of adjuvant 65-type influenza virus
vaccine during the 1o-year study period.

The health records of the 2008 persons in the total group were examined. One
hundred and fifty-six of the subjects died during the ro-year study period. The
causes of death are shown in Table VI. The overall death rates were approxi-
mately the same in all three groups and there was no significant skewing in the
distribution of deaths in the groups according to organ system or kind of malady.

These findings are in full accord with those of Beebe ez al.(30) who followed
18000 soldiers given Freund’s mineral oil adjuvant influenza vaccine 18 years
previously. In the Freund adjuvant studies, however, increase in sensitivities
were found that were apparently due to the presence of penicillin that was present
in vaccine manufactured at that time but which has since been eliminated.

Adjuvant 65-type influenza vaccines have now been given to more than
22000 persons without apparent untoward effect. Most recently, 587 persons were
given adjuvant 65-4 formulation influenza vaccine in the USA, 104 in the United
Kingdom, and more than 5000 in Costa Rica — all without adverse effect to date.
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Table VI. Causes of death among persons who received aqueous or adjuvant
65-type influenza vaccine or who served as uninoculated controls (vaccines
given 2 years 8 months to 10 years previously)

Group*
~ )
Uninoculated
Vaccinees Adjuvant 65 Aqueous controls
No. vaccinated 937 700 371
No. died 79 50 27
(8.4 %) (7.1 %) (7.3 %)
Cause of death
Respiratory 32 25 16
(3-4 %) (3.5 %) (4.3 %)
Cardiovascular 28 13 5
(3.0%) (1.8%) (1.3%)
Cancer 2 2 2
(0.2%) (0.3 %) (0:5%
Other 17 10 4
(1.8% (1.4 %) (1.1 %)

* None of the above-compared differences was significant statistically.

SUMMARY AND CONCLUSIONS

The outstanding deficiencies of present influenza vaccine are its limited effective-
ness, the relatively short duration of immunity, and the continuing need for
change in the strain formula of the vaccine to make it contemporary with the
viruses circulating in the population. Strains of greatest antigenic difference
generally spread most rapidly in the population. As a consequence, the vaccine is
least efficacious when it is needed most and when there is the least amount of
time to prepare vaccine prior to the major occurrence of an epidemic or pandemic.

Incorporation of the vaccine into adjuvant 65 provides the means to reduce the
problem of influenza vaccine by greatly heightening the levels circulating and
nasal antibodies, by broadening the antibody response against heterologous
viruses, even against new pandemic serotypes, by decreasing the required amount
of antigen needed per dose thereby stretching the vaccine supply in time of
critical need, and by lengthening the period of time that elevated antibody level
is maintained.

The short- and long-term tests of adjuvant 65-type influenza vaccine in
animals and in large numbers of human subjects have established its safety for
routine use in human beings. All components of the adjuvant have been used in
man for many years and oily preparations containing the same or similar com-
ponents are included in injectables that are being used routinely in man at the
present time(31).

It may be concluded, therefore, that the adjuvant 65 formulation provides a
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safe and acceptable means for improving the protective efficacy of influenza virus
vaccine and for reducing the toll of this important disease in its epidemic and
pandemic excursions. The potential usefulness of the adjuvant for other killed

antigen vaccines also appears to be promising but has not been extensively in-
vestigated to date.
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MINERAL CARRIERS AS ADJUVANTS

1. Joé
HUMAN Institute for Serobacteriological Production and Research,
Budapest, Hungary

The practical aspects of mass immunization demand that, as far as possible, a
maximum immune response should be obtained with the minimal dose of the
antigen, with the lowest possible number of inoculations and the smallest reac-
tions. Immunologists have been working for many years to meet these require-
ments, and the possibilities may be summed up in three main groups:

I. to select an antigen of suitable quality;

2. the proper variation of the manner, number and spacing of inoculations;
and

3. enhancement of the immune response by employing adjuvants.

The adjuvants, as immunological potentiators, have the following advantages:

() asmaller quantity of antigen can be used in single and combined vaccines;

() owing to the reduced antigen quantity, or its slower release, there are
fewer local and systemic reactions;

(¢) a better immune response is obtained, and this is especially important in
diseases where a high antibody level is required for protection;

(d) many antigens can be included in a single combined vaccine;

(e) the number of inoculations required for efficient immunity can be reduced;
and

(f) itis possible to reduce the total number of inoculations which are required
for the administration of the many current types of vaccines.

The ideal adjuvant must not only possess the aforesaid advantages, but must
at the same time produce a minimum of untoward reactions. At present we do
not yet have such an ideal adjuvant. The purpose of this report is to present the
results obtained with the most widely used adjuvants, the mineral carriers, with
special regard to the most important ones, i.e. the aluminium compounds.

ALUMINIUM COMPOUNDS

Forty-seven years ago Glenny et al.(x1) showed that in experimental animals the
alum-precipitated diphtheria toxoid is a2 much stronger antigen than the fluid
toxoid. With the exception of one or two countries, the application of aluminium
compounds, such as alum, aluminium hydroxide and aluminium phosphate gels,
for the adjuvation of vaccines has become general all over the world since then.

[123]
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PRODUCTION OF THE ALUMINIUM ADJUVANTS

Two main methods are used for the production of toxoids or vaccines containing
an aluminium adjuvant; in the first method, preformed aluminium hydroxide or
phosphate, or mixed hydroxide plus phosphate, or y-aluminium oxide gel is
added to the antigen. In the second method the aluminium hydroxide or phos-
phate gels are formed as precipitates in statu nascends in situ. The composition of
such precipitates may vary greatly(2), and since the preformed gels can be pro-
duced under standardized conditions, the latter must be preferred to the former.
The adsorbed vaccines obtained in this way are very stable. Both the preformed
aluminium hydroxide and phosphate gels have proved equally suitable in
practice(3). Their use is determined by technologies developed and well proved
in various countries, and by good practical results; according to experience both
types of gel have their adherents.

SOME THEORETICAL QUESTIONS OF THE EFFECT OF ALUMINIUM
COMPOUNDS

Before discussing the practical application of the aluminium compounds, we
must make mention of a few important theoretical questions. The fundamental
investigations of Prigge(4, 5) and Holt(6, 7) have shown that in the case of the
diphtheria and tetanus toxoid the adjuvant effect of aluminium hydroxide and
phosphate depends on the quantitative ratio of antigen and adjuvant. For a given
quantity of the antigen, maximum activation can be obtained with a specific con-
centration of both adjuvants. The addition of more adjuvant no longer increases
activity; it drops below the maximum and the immune response may be even
poorer than that produced by the non-adjuvated, fluid antigen. Prigge’s and
Holt’s statements could also be confirmed with poliomyelitis(8) and influenza(g)
vaccines. Thus the practical conclusion is that antigen and adjuvant must be
present in the vaccine in such an optimally balanced ratio that a maximum ad-
juvant effect can be obtained with the fewest possible local and general reactions.
Namely, it has been found that the chief causative factor of the so-called sterile
abscesses — which occurred at a fairly high percentage according to data in the
older literature — was a too high aluminium content of the precipitated and ad-
sorbed vaccines (‘alum cysts’). According to the WHO Requirements for diph-
theria and tetanus toxoids(10), the concentration of aluminium per single human
dose of the vaccine must not exceed 1.25 mg. Ever since the use of high alu-
minium concentration has been avoided in the production of vaccines, and the
adsorbed vaccines have been administered strictly intramuscularly, sterile
abscesses have practically vanished from immunization practice.

THE PRACTICAL APPLICATION OF ALUMINIUM ADJUVANTS
The various fields of application of the aluminium adjuvants are shown in Table I.

Toxoids The aluminium adjuvants have been used most often — and for the
longest time — in diphtheria, tetanus, as well as DT and DTP vaccines. The
results are good, and extensive field trials have shown that the adsorbed toxoids
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Table 1. Mineral carriers as adjuvants

Type of adjuvant Application

Aluminium compounds Diphtheria toxoid (D)
Alum Tetanus toxoid (T)
Aluminium hydroxide Pertussis vaccine (P)
Aluminium phosphate T'yphoid vaccine (Ty)
y-aluminium oxide Poliomyelitis vaccine (polio)

DT

DTP

DT-polio
DTP-polio
DTP-polio-measles
TTy

DTTy

DTPTy
TABTD
TABTD-polio
Influenza vaccine
Allergens

Calcium phosphate D
T
Polio
DT
DTP
DT-polio
DTP-polio
Allergens
Chrome alum Ty

not only induce a more intense and longer lasting immune response than the
plain toxoids, but also that their reactogenicity is milder, and untoward side
effects are seen only sporadically after their administration(x1-19). As a result
of these excellent properties, the application of adsorbed toxoid preparations is
now usually regarded as a method of choice. In Hungary we have been using
since 1958 aluminium phosphate adsorbed D'TP vaccines, because the results of
comparative tests presented in Table Il have shown that in children aluminium
phosphate adsorbed DTP vaccines elicit a higher and longer lasting immune
response than aluminium hydroxide adsorbed ones(20).

Bacterial vaccines 1In the case of bacterial vaccines, there is by no means such
agreement of opinion. Although numerous laboratory experiments — such as
active mouse-protection tests, determination of agglutinating antibodies in
animals and humans — have shown that the adsorbed pertussis vaccine produces
a more intense and longer lasting immune response than the plain vaccines, there
are only few data to prove that the adsorbed pertussis vaccines have a higher
potency in field application(2x). Yet the necessity of using adsorbed pertussis
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Table I1. The comparison of the immune response to aluminium hydroxide-
and aluminium phosphate-adsorbed DTP wvaccines

2 weeks after 2nd inoculation 1 year after 2nd inoculation

7 R - N
Aluminium Aluminium Aluminium Aluminium
Adsorbent. . . hydroxide phosphate hydroxide phosphate
A. 6- to 11-month-old infants
No. tested 16 18 20 19
Diphtheria (IU/ml)
<o0.1% 6.2 5.5 70.0 36.8
Geom. mean 0.26 0.40 0.03 0.11
Tetanus (1U/ml)
<o0.1% 6.2 0.0 45.0 15.8
Geom. mean 0.9 7.7 0.11 0.58
B. 6-year-old children
No. tested 21 20
Diphtheria (IU/ml)
<o0.1% 5.0 5.0
Geom. mean 9.9 20.7
Tetanus (IU/ml)
<o.1 % 19.0 5.0
Geom. mean 0.16 1.12

vaccines is emphasized by the observation in Great Britain that there was a
decrease in the potency of pertussis vaccines in children when the use of adju-
vants was discontinued(22). In addition to the assumed increase of potency, it
seems highly probable that the adsorbed pertussis vaccines cause fewer local and
general reactions than the plain vaccines. This was confirmed by tests made with
DTP vaccines(x6, 17, 18). The good field results obtained with the adsorbed
vaccines have led in most countries — also in Hungary — to a considerable reduc-
tion of the amount of the pertussis component of the DTP vaccine; while in the
past the single human dose of the pertussis vaccine was 25000—30000 millions,
by now this quantity has decreased to 10000-15000 millions. This reduction
doubtless contributed to a further decrease of the reactogenicity of the DTP
vaccines.

Opinions are contradictory about the adjuvant effect of aluminium compounds
on typhoid vaccines. The alum-precipitated typhoid vaccine containing Boivin-
type cell-free antigen was used in Hungary with good results for more than 20
years, though no strictly controlled field trials were made. It has been shown in
mouse experiments(23) that with the Boivin antigen the maximum adjuvant
effect of aluminium hydroxide can be obtained — similar to the toxoids — with a
certain concentration of the gel; if more adjuvant is added, this does not increase
activity further, and it drops abruptly after reaching the maximum. It has been
concluded from these results that in the case of typhoid vaccines containing
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Boivin-type antigen, the optimum gel concentration must be used. Yet these
experimental results were not confirmed with whole-cell vaccines(24). Several
very careful, strictly controlled field trials were carried out in the Soviet Union
with various adsorbed cell-free typhoid vaccines, and these proved to be no more
potent than the plain ones(25). In the light of these results, the application of
aluminium adjuvants in the case of typhoid vaccines is not too promising. The
use of adjuvants may play some part in reducing reactogenicity in the case of
typhoid vaccines. Certain data indicate(26, 27) that the reactogenicity of the
typhoid vaccines is determined by the presence of free dissolved antigens in the
vaccines; this was observed in the case of adsorbed paratyphoid B vaccines —
namely the adsorbed vaccines contain no free, dissolved antigens — where it
appeared that the adsorbed vaccines were less reactogenic than the plain ones(28).
When adsorbed and plain DT-Ty vaccines were administered it was found that
the former produced fewer general and local reactions(29). But the quantity of
the adsorbent must be chosen most carefully and cautiously, because the mouse-
protective capacity of the whole-cell typhoid vaccines may be reduced con-
siderably even by a very small amount of aluminium hydroxide.

In various animal models it has been found that the immune response to
aluminium hydroxide-adsorbed whole-cell cholera vaccines was stronger and
persisted substantially longer than was the case with plain vaccines(30-5). Yet
it still has to be proved by controlled field trials whether the prophylactic effect
of adsorbed cholera vaccines is better than that of the plain vaccines.

Inactivated virus vaccines Data are available on the effect exerted by aluminium
adjuvants on inactivated virus vaccines. Animal experiments have proved that
adsorbed inactivated poliomyelitis vaccines elicit a better immune response than
the plain vaccines(9, 36-9); this effect was also seen in humans(40). The in-
activated measles vaccine component of the adsorbed, combined DTP+
poliomyelitis + measles quintuple vaccine seems also to be more potent than the
plain vaccine(41). The immune response to inactivated influenza vaccines is also
enhanced by aluminium hydroxide or phosphate (9, 42). There is some evidence
to indicate that in experimental animals aluminium hydroxide or phosphate en-
hances the degree and promptness of the serological response to tissue culture
rabies vaccine(43)-

Allergens French workers have prepared so-called ‘allergen retards’ by ad-
sorbing pollen and dust extracts to aluminium hydroxide(44, 45, 46); the ad-
vantage of this method is that the preparation can be administered less often and
that the therapeutic results are good.

Aluminium adjuvants and provocation poliomyelitis During the serious polio-
myelitis epidemics of the fifties, the investigations carried out by the BMRC (47)
have detected that there exists a causal correlation between prophylactic vaccina-
tions and the incidence of paralytic poliomyelitis. This correlation was manifest
most markedly in the case of adsorbed combined vaccines, and was less marked
with plain combined vaccines. Owing to this suspected risk of provoking
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poliomyelitis, the use of adsorbents in British vaccines has been prohibited since
1955. But since the introduction and wide application of potent poliomyelitis
vaccines, this problem has ceased to exist.

The mechanism of action of the aluminium adjuvants 'The mode of action of the
aluminium adjuvants is a very interesting problem. The antigens are adsorbed
to the very large network of the gels, whereby their active surface — their im-
munogenic effect — increases. Adsorption slows down the resorption of the anti-
gen, the latter enters the organism slowly, continuously, and the antigen stimulus
lasts longer. In addition, they stimulate more cells at the site of inoculation than
the plain antigens. It seems highly probable that the cells stimulated by the ad-
juvated vaccine do not themselves produce antibodies; their function may rather
be to forward the antigen to the antibody-producing centres.

CALCIUM PHOSPHATE

French workers have recently developed a calcium phosphate gel(3, 46, 48, 49)
and use it for producing adsorbed diphtheria, tetanus, poliomyelitis, D'T', DTP,
DT-poliomyelitis and DTP-poliomyelitis vaccines. According to extensive
experience with humans, the calcium phosphate gel is equivalent to the aluminium
gels, with regard to both adjuvant effect and tolerance.

CHROME ALUM

Japanese workers have developed a typhoid chrome vaccine(50, 51), which they
tested in experimental animals and in humans. This vaccine is very stable, less
toxic and reactogenic than the generally used heat-killed vaccines, and proved to
be more potent at the same time. But its value can only be established definitely
by controlled field trials.

It appears from this brief survey that the aluminium compounds are used for
the production and adjuvantion of very many types of inactivated vaccines. The
aluminium hydroxide- or phosphate-adsorbed preparations are among the most
widely used vaccines. This is explained by favourable experience in field applica-
tion, with regard to both potency and reactogenicity. But, needless to say,
research must be continued to produce better, more potent and safer adjuvants.
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GENERAL DISCUSSION

CuHaIRMAN The section on production and presentation is now open for discussion.

ReLYVELD (France) I think that this is a very good occasion on which to remind people
present that it is now fifty years ago (1923) since Ramon discovered in France the prepara-
tion of stable and active diphtheria and tetanus toxoids. I want to remind you of this
because I was astonished to see this morning on a slide that tetanus toxoid was intro-~
duced in 1927. One year later (1924) vaccination by tetanus and diphtheria toxoids was
introduced in France, and not in 1938 as we were shown.

We have to give to Ramon credit for the work which he did; work which I think was
very important.

Two years after his discovery of the toxoids, Ramon discovered the principle of ad-
juvants and introduced vaccination by adsorbed toxoids.

What happened after Ramon? In the first place, of course, vaccines by tetanus and
diphtheria toxoids were quite active and gave the protection of which we know. Later on,
what became important was the purification of the toxins or the toxoids. At the moment
the most important thing is to have vaccines that give no post-vaccinal reactions — [ think
that is the point that was discussed here later on — and to have vaccines that are as pure as
possible. That is what we try to have at the moment, and that is what some factories pro-
duce. The post-vaccinal reactions are mostly due to what we call accessory antigens, as
has been proved with diphtheria. Seventy-five per cent of the adult population is allergic
to antigens that are not diphtheria toxoid. By using a pure toxoid (made from crystalline
toxin) we may vaccinate most of the population — and it is the same for tetanus — without
having any post-vaccinal reactions.

NETTER (France) 1 should like to ask Dr Hilleman two questions.
First, are the emulsified oil adjuvant vaccines licensed in the United States?
Secondly, how do you titrate the potency of the final influenza emulsified vaccine?

HiLLeman (USA) Adjuvant 65 influenza vaccine is not yet licensed in the USA. It is
hoped, however, that it will be licensed in at least one country this year.

Potency of the adjuvant vaccine is controlled in two ways. First off, a specified amount
of viral antigen is put in the vaccine. Second, groups of guinea-pigs are given the aqueous
vaccine and the corresponding adjuvant vaccine. The antibody responses to the adjuvant
vaccine are 8—16 times as high as to the aqueous.

ScHiLD (UK) I was extremely interested to see Dr Hilleman’s data that when he used an
adjuvant with, I think it was an A64 strain, he developed antibody to Hong Kong 68. The
tests I believe were haemagglutination-inhibition tests, and these two strains have hae-
magglutinin antigens of quite different subtypes, H2 and H3 respectively. Does he think
that the heterotypic reactions may have been due to an enhanced anti-neuraminidase
antibody response? Did he look for that at all?

HiLLEMAN (USA) The basis for the 1967—8 cross with adjuvant vaccine was not deter-
mined. The crocs might well have been due to N antigen since the two were the same; the
H antigens were different.

ScuiLp (UK) Have you any evidence about the protection?

HirriemanN (USA) Stuart et al. have shown protection against influenza given by adju-
vant vaccine during the second year after vaccination. But this was not during the 1967-8
period.
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ScHiLp (UK) It is just on the basis of antibody response?

HiLLemaN (USA) All we measured in the 1967 vaccine vs 1968 Hong Kong response
was antibody. It was good. The old aqueous vaccine induced hardly any antibody to
Hong Kong whereas the adjuvant vaccine induced antibody in 55 per centof the recipients,
That’s pretty good.

ScHiLp (UK) It has usually been the experience, I think, that with an aqueous vaccine
the anti-neuraminidase antibody levels are very poor, and perhaps the adjuvant enhanced
the level of anti-neuraminidase.

UNcAR (Switzerland) Cholera vaccines may give an antibody response that may last
only for about 68 months. It is therefore essential to try to develop a vaccine in which the
antibody response persists. This is possible, and some work is going on in this respect
which shows that chemical bonding of some substances to antigens will improve the anti-
genicity and durability of antibodies. We know, for example, that gelatine is a very poor
antigen, but if tyrosine is built into the molecule we obtain a much better response. Per-
haps our future ambition should be to improve our antigens in this way in order to get a
better response.

As a first dose giving a primary response, we should aim to give the highest concentra-
tion of antigen. The second dose, however, which gives a secondary response, may be
quite a small dose.

We have today genetic codes that may be manipulated and I think it is high time for us
to have a meeting at which these items could be discussed for a very important practical
purpose.

Lastly, but not least, we should try to achieve a single-dose immunization, which may
be vital for our developing countries.

CHAIRMAN Thank you very much, Dr Ungar.

GEAR (South Africa) Could anyone tell us the comparative value of adjuvant 65 and
aluminium phosphate?

HiLreman (USA)  You ask for a comparison of alum versus adjuvant 65. Alum is a good
adjuvant but the heightened antibody responses after only one or two doses of vaccine are
of very short duration. With adjuvant 65 the antibody responses are generally at least three
or four times as high and the antibody persists for years. Alum commonly causes sterile
abscesses; adjuvant 65 is readily metabolizable and does not.

REGAMEY (Switzerland) In the case of immunization against influenza, is it necessary to
give three times the antigen with oil adjuvant? Or is it possible to give only one injection
with adjuvant, as for instance in the case of diphtheria toxoid or tetanus toxoid, for the
first simulation?

HiLLEMAN (USA) The dose of antigen in the adjuvant vaccine can be as little as one-
quarter the aqueous dose without impairing the response to the adjuvant vaccine. A single
dose of adjuvant vaccine suffices to stimulate high antibody levels. You don’t need more.

CuairMaN I would like to thank all those people who presented papers, and all the dis~
cussants in that session.

Now we come to the section dealing with either the combination of vaccines before
administration, or the simultaneous administration of different vaccines.

I should like to call on Dr Hans Cohen to give his paper on ‘ Combined killed vaccines’
and we shall discuss his paper after the comments from Dr Joé.
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COMBINED INACTIVATED VACCINES

H. CouEN, B. HorMmaN, R. BROUWER, A. L.. vaN WEZEL AND
CH. A, HANNIK

Rijks Instituut voor de Volksgezondheid, Bilthoven, The Netherlands

In many countries infectious diseases like pertussis, diphtheria and poliomyelitis
which were a major problem 3o years ago, have been reduced to negligible pro-
portions by vaccination. The population in the countries concerned is often no
longer aware of the existence of these diseases. As a consequence many parents
may no longer ask vaccination for their infants.

In the Netherlands we have set up a vaccination schedule based on the pre-
sumption that the acceptance rate of a vaccination programme by the parents
would depend on three factors:

(1) Preparedness of the responsible health authorities to stick to a vaccination
schedule during a relative large number of years once it has been fixed. This had
the advantage of the schedule becoming a natural part of the routine medical
attention, which infants receive in the health clinic during their first year of life.

(2) Simplicity of the programme which is determined by limitation of the
number of separate vaccines and the number of injections used. This policy
makes the programme easy to understand both for the doctor and the parents.

(3) A minimum of unfavourable side effects and virtually complete protection
against the diseases corresponding to the components included in the vaccine.

At the time of introduction of polio vaccination, immunisation against diph-
theria, pertussis and tetanus in the Netherlands was done with a combined in-
activated vaccine with AIPQ, as adsorbent. It was decided to try to incorporate
inactivated polio vaccine in this triple vaccine. This decision was influenced by
the, at that time, favourable results of a vaccination campaign with inactivated
polio vaccine in children under the age of 15.

From 1962 on, a quadruple vaccine has been issued in the country, the polio
component of which was concentrated 2- to 2.5-fold from 1965 on. This vaccine
was administered in four doses at the age of 3, 4, 5 and 12 months and has been
generally accepted in the population (Fig. 1). Reinforcing doses of D'T'-polio
vaccine are given at the age of 3 or 4 and 8 or g years. The programme has been
very effective. Since its introduction not a single case of poliomyelitis, diphtheria
or tetanus has been reported in infants receiving at least three injections of the
DPT-polio vaccine. (Morbidity figures of pertussis are not available.)

In our Institute Hofman(3, 4) has assessed the results of the immunisation
against the polio component by comparing the statistical data of the period before
introduction of the vaccine with those of the period after introduction. In addi-
tion he found a clear inverse relation between the percentage of vaccinated
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Fig. 1. Diphtheria, tetanus, pertussis, poliomyelitis (D'TP-Po) vaccination status
in the Netherlands of infants and children vs year of birth.

children per community and the number of cases (Fig. 2). His conclusion was
that immunisation with inactivated polio vaccine confers a herd immunity. In
this paper a different approach has been made. Using the mortality and morbidity
data of the WHO our epidemiological service prepared the following four curves.

DIPHTHERIA (Fig. 3)

It is clear that as a consequence of the vaccination programme with DPT
vaccine from 1953 onwards, diphtheria morbidity in the Netherlands fell off
rather sharply as compared with the analogous figures in the surrounding
countries. In 1964 the zero value was attained. Only a few cases have been ob-
served since that time. It is tempting to attribute the complete disappearance of
the disease in the last decade to a herd immunity, which is strongly enforced by
the general acceptance in the population of the vaccination schedule with DPT-
polio vaccine,
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Fig. 4. Poliomyelitis morbidity per 100000 in the Netherlands and
surrounding countries.

POLIOMYELITIS (Fig. 4)

After the mass vaccination campaign in 1957 with inactivated polio vaccine the
morbidity curve initially declined more steeply than in the surrounding countries.
The decline after the introduction of DPT-polio vaccine in 1962 is very similar
to the curve of diphtheria morbidity with the exception that we have had a num-
ber of small outbreaks in villages with clusters of conscientious objectors. Still
the decline in the morbidity curve runs very much parallel with the decline in
the neighbouring countries, where live polio vaccine has been used. This may
indicate the existence of a herd immunity created by inactivated vaccine, which
is not much different from the situation elsewhere 1n Europe.

PERTUSSIS (Fig. 5)

Because reliable morbidity figures are not available for pertussis, we used mor-
tality as an indicator of the effect of pertussis vaccination. Essentially the same
effect as for the morbidity rates of diphtheria is shown to exist for the mortality
rates of pertussis. After the introduction of triple DPT vaccine in 1953 about
7o per cent of each age-cohort was vaccinated. The result was a rapid decrease in
mortality, although it was shown that protection by the vaccine used at that time
was not more than 50 per cent. From 1959 onwards, the pertussis component in
the vaccine in the Netherlands met the USA requirements for potency. This im-
provement resulted in a further decrease in the mortality rate. After introduction
of the DP'T'-polio vaccine in 1963 the acceptance rate of the vaccine gradually
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Fig. 5. Pertussis mortality per 100000 in the Netherlands and
surrounding countries.

increased to more than go per cent. In addition, a fourth booster injection at the
age of 12 months was included in the schedule. This resulted in a further drop in
the mortality, which has been zero from 1964 onwards, apart from two isolated
doubtful cases in older children. The steepness of the curve might again indicate
the existence of a herd immunity against pertussis.

TETANUS (Fig. 6)

Vaccination against tetanus does not confer a herd immunity. In accordance with
this fact the reduction in the mortality in all countries has been gradual, while
the curves run more or less parallel in the various countries.

The conclusion 1s warranted that the introduction of an inactivated DPT-
polio vaccine in the Netherlands has contributed to a large extent to the accep-
tance by the population of a vaccination programme based on the use of this
vaccine. As a consequence of this programme, the corresponding diseases (of
course with the exception of tetanus) have virtually disappeared. Nevertheless
there remain three problems, which have to be discussed.

LARGE-SCALE PRODUCTION OF POLIO VIRUS AT
A LOW COST

This is primarily a technical problem. The production of concentrated inacti-
vated polio vaccine, according to the traditional ‘Salk method’, is expensive, as
it requires a relatively large, highly skilled technical staff and a relatively large
number of monkeys. In principle these problems have now been solved. The
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Fig. 6. Tetanus mortality per 100000 in the Netherlands and
surrounding countries.

yield of monkey kidney cells can be increased at least seven-fold by perfusion of
the kidney in situ with trypsin(6). This has reduced the number of monkeys
required annually for production from several thousands to several hundreds. In
addition monkey kidney cells can now be grown in go-litre glass vessels in homo-
geneous cultures under well controlled cultural conditions instead of in 500 ml
quantities in monolayer cultures in Povitsky bottles.

The use of homogeneous cultures has been made possible by the efforts in our
Institute by Van Wezel(s). It was shown by him that monkey kidney cells could
be grown on DEAE-sephadex beads, suspended in the culture medium. The virus
yields in such cultures are as high as 10° virus particles/ml and we expect the
yield of antigen to be so high that in the future concentration of the vaccine will
no longer be necessary.

SIDE EFFECTS DUE TO THE PERTUSSIS
COMPONENT

The second problem is connected with side effects due to the pertussis com-
ponent, which consists of killed whole bacterial cells. These side effects are re-
ported regularly in many countries. Minor local and general reactions which
disappear within 24 hours do occur in 30 per cent of the children. Such reactions
are accepted by the population. They can be kept within reasonable limits by
heating the bacterial cells at 56 °C and by using vaccines which meet the WHO
requirements for the mouse toxicity test. Also very serious complications such as
convulsions and encephalopathy which have been described by many authors
do occur very seldom when such vaccines are used.
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On the other hand Hannik observed in one of our provinces the relatively
frequent occurrence of two major reactions, shock and ‘ persistent screaming’(2).
Both reactions occur within 6 hours after immunisation, particularly in young
infants up to 6 months of age. Both sexes are affected. Although recovery is
spontaneous and rapid, the symptoms may cause a considerable anxiety and may,
together with the disappearance of clinical pertussis in children, finally affect the
willingness for voluntary participation of the parents in the vaccination pro-
gramme. We therefore give much attention to this problem. Recently Hannik
observed (Table I) that the frequency of these complications is mysteriously
decreasing, although no alterations in the preparation of the pertussis component
of the vaccine have been made. Further studies on the purification of the per-
tussis component and more knowledge about the pharmacological effects of per-
tussis in infants are needed.

Table I. Cases of shock and persistent screaming reported over a three-year
period in the area under survey

Number of infants

Area in the Netherlands vaccinated yearly 1970 1971 1972
The Hague 10000 13 5 o
South Holland (inclusive 40000 22 7 2

The Hague)

INTRODUCTION OF VACCINATION AGAINST
MEASLES

It is generally known that attempts to produce an inactivated measles vaccine
have failed. This failure has been caused partially by serious side reactions of an
allergic nature in some cases of an infection with wild measles virus occurring
after vaccination with three injections of inactivated vaccine. It should be
stressed that these reactions have only been reported after the use of one par-
ticular formalin-inactivated non-purified vaccine, prepared in monkey kidney
cell cultures. Hitherto similar reactions have not been described after the use of
measles ‘split vaccine’, prepared by treatment with T'ween 8o-ether, neither in
Germany, where such a vaccine has been used on a relatively large scale, nor in
Holland, where it was only used experimentally. I would like to emphasise that a
successful incorporation of a measles component in DPT—polio vaccine, however
far away it may seem to be at present, would be of an enormous advantage for
public health. The importance of the continuation of trials using DPT-polio—
measles vaccine can be inferred from some of the as yet unpublished results of a
trial done by Brouwer in our Institute. In Tables II and III the results of the
measles component in three groups of oo children are given. One control group
of 100 children received live measles vaccine at the age of one year together with
the usual fourth DPT-polio injection of the routine schedule. The two other
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Table I1. DPT—polio-measles trial (results from first 300 children)

Age (months)

3 3, 4,5 6 12 12 13 13
Serum Serum Serum
Serum sample 2 sample 3 sample 4
sample 1 HAIX HAI HAI Sero-
Groups of HAI Inoculation  antibody antibody Inoculation antibody conversion
100 children antibody 1-3 GMT GMT 4 GMT %)
A 18 3 x DPTP 4 o 1 x DPTP 84 98
no measles 1+live M
B 1 20 3 x DPTP-M 20 6 1 x DPTP 147 100
2 1 x DPTP + 445 100
live M
C 1 17 3 x DPTP-M 12 o 1 x DPTP-M 39 96
2 1 X DPTP + 445 100
live M

Table III. Natural measles infection in infants of 612 months participating
in the trial

Rise in HAI titre

natural measles Clinical
Group infection symptoms

A (no measles vaccine) 13 11 (85 %)
B (3 x killed measles vaccine) 16 4 (25 %)
C (3 x killed measles vaccine) 17 11 (65 %)

groups received three injections of DPT—polio—measles vaccine prepared respec-
tively by the Behringwerke in Marburg and in our own Institute. The latter two
groups were divided into two; fifty children received a booster injection of live
measles vaccine simultaneously with a DPT—polio booster and the other fifty
were injected with DPT'—polio-measles vaccine as a booster. It is obvious that
the potency of the measles component in the lot of Marburg vaccine used is
higher than in the vaccine lot prepared in our Institute. This is confirmed by the
rate of protection of children in 6- to 12-month-old children in a measles epi-
demic which occurred during the trial. The most fascinating aspect is the ex-
tremely high titre in the haemagglutination-inhibition test after a booster either
with wild virus or live measles vaccine in the groups pre-immunised with DPT-
polio—measles vaccine.

A similar titre rise has also been reported in Germany(x). Its significance is
not yet clear. It stimulates us, however, to proceed with this project and to in-
vestigate both the significance of the various antigens of measles virus for the
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protection against infection with wild virus and the epidemiological consequences
of vaccination as mentioned above with inactivated combined vaccines con-
taining the measles component. We do not underestimate the difficulties which
will be encountered in this work. We do hope however that it might enable us to
propose in the next decade a simple schedule of preferably three injections to
immunise against five diseases — poliomyelitis, diphtheria, tetanus, pertussis and
measles. Such a schedule might make it possible for health authorities to carry
on, on a voluntary basis, a successful immunisation programme against these
diseases, in spite of the fact that they have practically ceased to exist in the
memories of the parents concerned.
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DISCUSSION ON COMBINED INACTIVATED
VACCINES

I.Joo
HUMAN Institute for Serobacteriological Production and Research,
Budapest, Hungary

I should like to make only a few comments on Dr Cohen’s report.

DTP vaccine is the most important combined vaccine for early childhood.
The potency of the diphtheria and tetanus toxoids is clearly proved by the
excellent epidemiological results in those countries where a suitable vaccination
schedule is consequently applied on a nationwide scale. In several countries the
eradication of diphtheria has been achieved and the number of tetanus cases has
dropped almost to zero in the well-immunized age groups. By the application of
adjuvants and more potent whole-cell pertussis vaccines, the amount of the per-
tussis component could be reduced to a great extent and, as a consequence, the
reactivity of DTP vaccines could be considerably decreased. In spite of these
results an important task of the near future is the development of purified, potent
non-toxic, non-pyrogenic, cell-free pertussis antigen which could be applied for
large-scale production. In this way the acceptance and efficacy of D'TP vaccine
could be further increased.

In countries with a high incidence of typhoid fever, the combined typhoid-
tetanus vaccine, especially in freeze-dried form, is the preparation of choice, since
it is well known that the antigenicity of the tetanus toxoid is markedly enhanced
by S. typhi bacteria. Here again the development of a potent and less toxic cell-
free S. typhi antigen for parenteral use must be resolved; but we must be aware
that perhaps a killed or attenuated oral typhoid vaccine will be the way of the
future.

In countries where typhoid fever is prevalent in infancy a combined DTP-
typhoid vaccine would be very useful. Some preliminary investigations have
shown reliability of this preparation. Combined D'T-typhoid vaccines have been
applied with good results in several countries. In some countries combined
cholera—tetanus, or cholera—typhoid-tetanus vaccines, especially in adsorbed
form, may be also considered - if possible also containing cholera toxoid.

Nowadays, especially in developing countries, the jet method of vaccination is
applied on a fairly large scale. Therefore, combined killed vaccines must also be
made available for this purpose.

In concluding these few remarks I wanted to emphasize that even with com-
bined killed vaccines a lot of important problems are yet to be resolved and their
development must be a continuous task.

(1431




GENERAL DISCUSSION

CHAIRMAN Thank you very much, Dr Joé. We shall take one or two questions now, and
then perhaps we shall have time to continue the discussion of this same subject after
Dr Hilleman’s paper.

LunDBECK (Sweden) I have one question and one remark.

I should like to know whether any experiments have been done using diploid cells for
the production of killed polio vaccines.

My remark is that allergic reactions of the type Dr Cohen mentioned have been described
also with split vaccine by Norrby and his group. Recent observations by them indicate
that the antigen is incomplete if it is inactivated with formaldehyde. I think that we have
to find another method for the inactivation of the virus before we have a fully potent
killed measles vaccine.

CoHeN (the Netherlands) We have no experience with diploid cells for polio vaccine
production. I believe that, for a strategic point of view it would be very difficult to do so
because you would need enormous amounts of cells which would have to be controlled
according to WHO requirements. It would probably be quite a job to do that; much more
complicated than the monkey cells which have now been accepted and used for years
without any unfavourable side effects.

I wholly concur with Dr Lundbeck’s remarks moreover about the antigenicity of
formalin-inactivated measles vaccines. Using such a vaccine, you would probably get
allergic reactions. I think I mentioned that it was necessary to do a more thorough investi-
gation of the antigenic composition of a measles vaccine before making a definitive
decision to apply such a vaccine on a large scale. I would, however, like to draw your
attention to the fact that the extremely high haemagglutination-inhibition titres which
occur after three injections of DPT—polio—measles vaccine, followed by a booster with
live vaccine, are at least of considerable serological interest. Perhaps Professor Hennessen
could also comment on this.

HEeNNESSEN (Germany) 1 should like to mention a field trial which we have just done.
It was a retrospective trial on 240000 children, roughly half of whom received the in-
activated vaccine and 100000 of whom were re-vaccinated or given a booster with live
measles vaccine. The other half, that is altogether another 100000, received live measles
vaccine alone. In the four-year retrospective study we followed every breakthrough after
exposure to natural measles infection, and of course reaction to the live measles vaccina-
tion. In these children we did not find any of these serious effects which were observed in
the United States which were mentioned by Dr Cohen.

This work is being published next month. Although I agree with Dr Cohen that the
antigen can be improved, it shows that the reactivity to the split antigen is different from
that to the formaldehyde-inactivated measles antigen.

CHAIRMAN May I now call on Dr Hilleman to present his paper on this subject?
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OF IMMUNITY FOLLOWING COMBINED
LIVE VIRUS VACCINES
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R. E. WEIBEL
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AND V. M. VILLAREJOS
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The systematic evolution of technology and systems for health care must
necessarily place emphasis on prevention of illness as opposed to treatment or
attempted cure. This is a social and economic necessity and is of special impor-
tance for certain of the viral diseases for which there are good means for preven-
tion, no means for cure, and the possibility for long-term sequelae caused by the
natural disease.

Presently, there are eight or more licensed virus vaccines (measles, mumps,
rubella, smallpox, poliomyelitis, yellow fever, rabies, influenza) that are being
used in various parts of the world. The newer among them are measles, mumps
and rubella vaccines. Smallpox vaccine, up to recently, has been on the routine
immunization list in most countries. Measles, mumps and rubella vaccines
should eventually find application in most parts of the world and the basic
problem is how to deliver them in the least costly way with minimum requirement
for the time of health care personnel and with the least number of contacts between
the doctor and patient.

A simple answer to the problem is provided in the application of multivalent
combined live virus vaccines given in a single one-shot application. This topic is
the subject of my presentation.

Irrespective of the implied advantages, combined vaccines must have three
minimal attributes that are essentially non-violable. First, the individual com-
ponents of the combined vaccines must be as efficacious in preventing disease as
if the individual vaccines were given separately at different times. Thus, there
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must be no substantial interference between the viruses in the vaccines and the
antibody responses to all components must be adequate. Second, the duration of
immunity must be as long for each virus represented following combined vacci-
nation as when the single vaccines are given individually. Third, clinical reactions
to the combined vaccines should not be significantly greater than occur when the
most reactive of the individual components represented in the multivalent
vaccine is given alone.

These minimum requirements have been met to date for the various combined
vaccines that I shall discuss herein.

To date, six satisfactory combined live virus vaccines(1-6) have been de-
veloped in our laboratories, each tailored to a particular geographic or public
health need. These are: measles-mumps-rubella vaccine (M-M-R), measles—
rubella vaccine (M-R-VAX), measles-mumps vaccine (M-M-VAX), mumps—
rubella vaccine (BIAVAX), measles-smallpox vaccine (RUBEOPOX), measles—
rubella—smallpox vaccine (M-R-POX-VAX). Certain of these combinations have
also been developed in the USSR (%) and are being used there.

The extensive clinical and laboratory investigations of the various combined
vaccines demonstrated (1—6) conclusively that they can be administered in a
single one-shot dose without impairing immune responses and without increasing
clinical reactions beyond those seen when the individual vaccines are given
singly. The available data indicate that immunity to measles, mumps and rubella
vaccines are persistent, probably lifelong, and the findings in the follow-up in-
vestigations indicate that this will likely be true for the combined vaccines also
(8, 9). The data in support of these conclusions are given below.

COMBINED LIVE VIRUS VACCINES
MEASLES, MUMPS AND RUBELLA COMBINATIONS

Antibody responses 'T'able I summarizes the antibody responses obtained in
clinical studies in children of four different combined live virus vaccines, viz.
measles—-mumps-rubella, measles-rubella, mumps-rubella, measles-mumps
vaccines. In all the vaccines, the individual components were premixed and then
filled and dried. For each of the combined vaccines, four different lots were
tested. The serologic conversion rate for each component of each combined
vaccine was satisfactory and ranged from g4 to 99 per cent. This was in the range
of expectation for the individual vaccines given separately (1o, 18, 20). The mean
antibody titers after vaccination were within the expected level for the com-
ponents given individually considering the vagaries and variations(3) in the
laboratory procedures for assaying for antibody.

It was important to ascertain definitively whether there was any interference
between the different viruses in the combined vaccines that would cause suppres-
sion in antibody response. To measure this, sera were selected at random from
children who had received combined vaccine or the corresponding monovalent
vaccines. The antibody titers were determined in tests in which the sera from
children in each of the groups were tested side by side, thereby eliminating
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Table 1. Antibody responses in initially seronegative children given combined
measles (Moraten), mumps (Jeryl Lynn), and rubella (HPV-77 duck) virus
vaccines

s

Antibody responses*

Measles Mumps Rubellza
Seroconversion S{eroconversion éeroconversion '
T Y T T T T
Combination No./total % GMt No.ftotal % GM No.[total % GM
Measles—mumps-rubella 684/715 96 39 680/715 95 7 670/715 94 28
(M-M-R)
Measles—-mumps (M-M-VAX) 279/281 99 8o 272/281 97 10 — — —_
Measles—rubella (M-R-VAX) 371375 99 53 — — — 358/375s 95 29
Mumps-—rubella (BIAVAX) — — — 397/415 96 7 390/415 04 36

* Measles and rubella are hemagglutination-inhibiting and mumps is neutralizing antibody.
+ GM = Geometric mean.

Table 11. Antibody titers in direct-comparison studies in children who received
combined or corresponding monovalent vaccines

Geometric mean antibody titer*
— No.

Vaccine

(combined or single) Measles Mumps Rubella  children
Measles—mumps—rubella 95 15 52 24
Measles alone 8o — — 25
Mumps alone — 9 — 25
Rubella alone — — 70 25
Measles-mumps 64 6 — 53
Measles alone 54 — — 27
Mumps alone — 7 — 42
Measles—rubella 103 — 50 25
Measles alone 85 — — 24
Rubella alone — — 68 25

* Mean titers between corresponding combined or monovalent vaccines
were not statistically different.

variables that might arise from the test procedure itself. The findings in Table I1
show that the heights of the mean antibody responses to each component of the
cdmbined vaccines were not significantly different from those to the corres-
ponding monovalent vaccines. This clearly indicates that interference is no
problem in use of the combined products.

The matter of whether a particular combined vaccine will or will not perform
satisfactorily depends in part at least upon the particular strains of virus that are
used and upon the amount of virus given. In similar tests of Enders’ original
measles virus vaccine combined with Jeryl Lynn mumps vaccine, for example,

II PIA
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only 77 per cent of the children responded(r) to the mumps component indi-
cating suppression of the mumps virus antibody response by the particular
measles vaccine employed. The present combinations use the more attenuated
Moraten line(10) of measles vaccine virus and no problem is encountered.

Clinical reactions  Clinical reactions to the individual vaccine components were
not increased by use of the combinations. Table III shows the fever patterns
among children who reccived the combined measles—-mumps-rubella vaccine or
who were retained as unvaccinated controls and is presented as an example.
Among children in the age group used, there is no discernible clinical reaction to
rubella or mumps vaccine and hence the fevers were due to the measles vaccine
component or to other non-vaccine cause. As shown in the table, there was a
significant elevation in temperature in only a small percentage of children 5-12
days after vaccination, a net increase of 11 per cent at the 101-104.9 °F range and
this was the same as expected for the monovalent measles vaccine(10). Similar
acceptable clinical findings were found for the other combined vaccines(1-6).

Table II1. Occurrence of fever among 228 triple-seronegative children who
received combined measles—mumps—rubella vaccine (Moraten measles, Feryl
Lynn mumps, HPV-777 duck rubella)

Vaccinated children (228): Unvaccinated controls (106):
Maximum oral days after vaccination days observed
temperature I - — N
(°F) 5-12 13-18 5-12 13-18

<99 105 (47 %) 140 (64 %) 57 (59 %) 64 (66 %)

99-100.9 86 (39 %) 69 (32 %) 36 (37 %) 25 (26 %)
101-102.9 26 (12% 7 (3 %) 3(3%) 8 (8%)
103-104.9 6 (3 %) 2 (1 %) 1 (1 %) —
Not taken 5 10 9 9

Lack of alteration in clinical reactions is not always found for all combinations
of vaccines, since we did note a substantially higher fever rate(x) in children who
were given a vaccine that employed Enders’ original measles vaccine and mumps
compared with those who were given Enders’ measles vaccine alone.

It is worthy of special emphasis that every combined vaccine must be clinically
evaluated to prove its acceptability from the standpoints both of clinical reactions
and antibody induction. Not all vaccine combinations work satisfactorily.

ADMINISTRATION OF COMBINED VACCINES WITH LIVE ORAL
POLIO VACCINE

Recently, the Center for Disease Control, US Public Health Service reported
(xx) that when combined ‘measles-mumps-rubella vaccine is given simul-
taneously with trivalent oral poliovaccine, antibody responses can be expected
to be comparable to those which follow administration of the vaccines at different
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times’. From this, it would be reasonable to expect that comparable responses
might also be expected when only two of the measles, mumps or rubella vaccines
are used in the combined vaccine and given simultaneously with polio vaccine.

MEASLES, RUBELLA, SMALLPOX VACCINE COMBINATIONS

Similar clinical studies have been carried out in large-scale trials with other
combined live virus vaccines in which the smallpox vaccine component was
added. This included Moraten measles—smallpox(12, 13), measles-rubella—
smallpox, and measles—mumps-rubella-smallpox.

Antibody responses 'The antibody responses shown in Table IV toall components
of the measles-smallpox and measles-rubella—smallpox vaccines were quite
satisfactory and the dermal reactions to vaccinia virus were not suppressed.
Three or four lots of each vaccine were tested. When the four-component vaccine
containing mumps as well as measles, rubella and smallpox vaccine was tested,
there was a marked suppression of response to both the measles and mumps
vaccine components. The data with the four-component vaccine relate to tests
with only a single lot of vaccine and must be considered preliminary, but they do
emphasize the importance of predetermination of adequate clinical and serologic
proof of adequacy of all combinations.

Table IV. Serologic and dermal reactions among initially seronegative
children given combined vaccines containing smallpox vaccine

Seroconversions
- S Smallpox
Measles Mumps Rubella Vaccinia ‘takes’
N Bl ~ N 1 s Al
No./
Vaccine* No.ftotal % total % No.[total ¢, No.ftotal 9% No.jtotal 9,
Measles—smallpox (RUBEOPOX) 469/480 ¢8 -—_  — — — 474/480 99 476480 99
Measles—rubella—smallpox 116/121 96 -— — 121f121 100 12IfI2I 100 121[I2I 10O

(M-R-POX-VAX)
Measlessmumps—rubella—smallpox  73/8¢9 82 53/8g 60 88/8¢g 99 86/89 97 89/8¢g 100

* Moraten measles, Jeryl Lynn mumps, HPV-77 duck rubella.

Clinical reactions ‘'The febrile responses recorded in 162 children who received
either of two lots of combined Moraten measles-smallpox vaccine are given in
Table V. There was no significant elevation in temperature during the critical
5—15-day period after vaccination compared with the first four days. The
temperature elevations were considerably in excess of those noted in previous
studies of the Moraten line measles vaccine(10) given alone, but were in the range
of those expected from smallpox vaccine. None of the febrile reactions was of
clinical importance.

I1-2
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NUMBER OF PERSONS WITH MEASLES HI ANTIBODY TITER, ACCORDING TO VACCINE
ENDERS' EDMONSTON {31) MORATEN LINE (39} SCHWARZ LINE (34!
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Fig. 1. Retention of measles HI antibody 4 years after vaccination with Enders’ original,
Moraten line, or Schwarz line measles virus vaccine.

DURATION OF IMMUNITY AFTER VACCINATION

Duration of protective effect of combined vaccines needs to be viewed in terms
of protection following the individual components of the vaccine as well as fol-
lowing the combined vaccine itself. In measles, mumps and rubella, protection
against illness equates well with persistence of antibody and the indication from
all the accumulated data is that immunity following use of the live virus vaccines
against these viruses will be lasting, probably lifelong.

MEASLES

Others(14, 15) have followed the persistence of antibody following Enders’
original live virus vaccine for at least twelve years and the levels have been re-
tained very well. Protection has persisted also(16). Comparison was made in our
laboratories of antibody retention in children following Enders’ original measles
virus vaccine compared with vaccines prepared using more attenuated Moraten
and Schwarz lines of the virus(9). The results of tests presented in Fig. 1 show
that antibody was retained very well for at least four years after all of the three
vaccines. All of the children retained antibody and in measles, this means im-
munity. The elevations and declines in titer may reflect subclinical reinfection
with the virus, minor declines in antibody, and variation in test results due to
changes in the sensitivity of the test from time to time.

MUMPS

Antibody persistence  Children in institutions(g, 17, 18) who received Jeryl Lynn
live mumps virus vaccine in 1965 or were held as unvaccinated controls had
blood samples withdrawn at frequent intervals during a 6-year period(9). The
sera were tested for content of neutralizing antibodies against mumps with the
results shown in Table VI. Not all individuals in the total group were present
during the entire time period. The geometric mean neutralizing antibody levels
did not change appreciably during the six years. The early (1-month) and the late
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Table V. Febrile reactions observed among the children who received combined
Moraten measles—smallpox vaccine and who were initially seronegative to
measles and vaccinia viruses

Children with temperature
(%) shown

(s Al
Maximum Total no. Days 1—4 Days 5-15
Vaccine temperature of - N r ~\
lot no. (°F, oral) children No. % No. %
971 <99 67 25 37-3 I L5
99—100.9 30 44.8 38 56.7
101-102.9 10 14.9 22 32.8
103—104.9 2 3.0 6 9.0
952 <99 95 55 579 9 9.5
99—100.9 38 40.0 59 62.1
10I—-102.9 2 2.1 27 28.4
103—-104.9 o o ) [

Table V1. Duration of mumps antibody in children in institutions*

Mumps neutralizing antibody titer

e R
Study 1 Study 2
Time 7 — s N
after No. Range No. Range
vaccination  children in titer GMT+  children in titer GMT+
1 month 28 2~32 7 14 432 11
3 months — — —_ 14 2—32 8
5 months 26 2-32 6 13 2-32 6
6 months — — — 12 4-16 7
I year 23 2—-32 7 11 2-64 7
1} years 21 1-32 5 12 1-64 6
2 years 21 1-64 6 11 1—64 5
2% years — — — 9 2—32 5
3 years 18 1-128 9 9 2—64 5
4 years 18 1-128 13 9 2—64 5
§ years 15 2—128 15 8 1-32 6
6 years 11 2—64 12 7 4-32 8

* During the 6-year period, mumps antibody did not develop in any of the 7 initially
mumps-seronegative, unvaccinated contact controls from Study 1, nor in any of the 12
from Study 2.

+ GMT = geometric mean antibody titer.
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Fig. 2. Duration of neutralizing antibody following Jeryl Lynn strain live attenuated
mumps virus vaccine compared with that following natural mumps.

(6-year) mean titers were 1:7 and I:12 respectively, for study 1, and were 1:11
and 1:8 for study 2. None of the vaccinated children became seronegative. None
of the 19 initially seronegative contact controls, who were still present in the
institution, developed mumps antibody during the intervening period. This
indicates lack of natural infection in the populations observed during the 6-year
period of the study. Thus, mumps antibody persisted in the vaccinated persons
without the need or opportunity for reinfection with mumps in nature.

Controlled field evaluations (18, 19) of Jeryl Lynn mumps virus vaccine were
initiated in the fall of 1965 in children in schools and families in the Havertown-
Springfield suburb of Philadelphia. Children who were given the vaccine and
their unvaccinated contact controls who developed mumps naturally were bled at
periodic intervals up to 67 months after vaccination or onset of natural mumps
and the sera were tested for mumps neutralizing antibody with the results shown
in Fig. 2. The persistence of antibody was as good after vaccination as after
natural infection. The initial level of neutralizing antibody that was reached after
natural mumps infection was usually considerably greater than that following
vaccination. However, it must be noted that a mumps neutralizing antibody titer
of 1:1 or greater provides solid protection against natural mumps in all but rare
instances.
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Table VII. Duration of protective efficacy of Jeryl Lynn live mumps virus
vaccine against natural mumps

Mumps cases

r B}
Vaccinated Controls
Time period ‘ S ‘ — Protective
after Cases/no. Rate Cases/no. Rate efficacy

Population  vaccination at risk (%) at risk (%) (%)
Schools 1st school yr 2/86 2 45/76 or > 59 96
2nd school yr 1/34 3 25/46 or > 54 95
3rd school yr o/32 o 42/52 or > 81 100
4th school yr o235 o 28/37 or > 76 100
sth school yr o/27 o 44/59 or > 75 100
6th school yr o/18 o 27/35 or > 77 100
Families o—9 months 2/30 7 50/62 81 92
10~19 months 1/14 7 23/25 92 92
20—-31 months of1s o 22/28 79 100
32—44 months o/20 o 36/38 95 100
45-54 months of1 o 2/2 100 100
61-69 months of13 o 28/28 100 100

Protective efficacy(9) Mumps continued to occur among unvaccinated children
in the Havertown—Springfield community and the children who had been vac-
cinated continued to be exposed to natural mumps in their classrooms and in
their families. Table VII shows that the protective efficacy of the vaccine among
the children in the schools was 95—g6 per cent for the first two years and was
maintained solidly thereafter at 100 per cent through the sixth year. The similar
situation in the families showed 92 per cent protection during the initial year and
a half and 100 per cent protection thereafter. The contact controls included those
children who were originally in the study plus new members of the family who
were not present when the original study was initiated.

The persistence of mumps neutralizing antibody among children in institutions
and in the community equates with protection and this has been confirmed in the
studies of protection against the disease which has now been shown to persist for
the six years since the study was started.

RUBELLA

First large-scale studies of HPV-77 duck cell-modified rubella vaccine were
initiated during September of 1966 in the Havertown-Springfield suburb of
Philadelphia(20, 21). Seventy-four children who received the vaccine in 1966
were selected at random and hemagglutination-inhibiting antibody titers were
determined from their blood samples taken 2 months, 2} years and 3} years after
the vaccine was given. The findings given in Fig. 3 show the expected small de-
cline in antibody in a portion of the subjects during the first 2} years without
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Fig. 3. Persistence of rubella HI antibody following HPV-77 duck rubella vaccine.

significant decline thereafter. None of the vaccinated children became sero-
negative. The geometric mean titers for the 2 months, 2} years and 3} years time
period were 1:67.1, 32.3 and 27.3 respectively and this resembles the pattern for
antibody persistence following natural rubella.

MEASLES—MUMPS-RUBELLA VACCINE

Children who received combined measles-mumps-rubella vaccine(3, 9) during
1968 were bled 3 years later and the antibody titers 6 weeks and 3 years after
vaccination were compared. Fig. 4 shows that none of the children lost his anti-
body and the mean titers against measles and rubella were essentially unchanged.
The increases in antibody against mumps virus probably resulted from sub-
clinical reinfection in some instances.
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Fig. 4. Retention of measles, mumps and rubella antibodies 3 years after vaccination with
combined live measles (Moraten)-mumps (Jeryl Lynn)-rubella (HPV-77 duck) virus
vaccine.
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MUMPS—RUBELLA

Children who were given combined mumps—rubella vaccine were bled 6 weeks
after vaccination and again 3 years later(s, 9). Fig. 5 shows that none of the
children lost his antibody and that the mean titers against rubella virus were re-
tained without significant drop. There was indication of subclinical reinfection
with mumps virus in a portion of the children.

MEASLES—RUBELLA

Samples of blood were collected from children 6 weeks and 2 years after vaccina-
tion with combined measles—rubella vaccine(4). Fig. 6 shows that none of the
children lost his antibody and that the mean titers of antibody against measles
and rubella were essentially unchanged.

SUMMARY AND COMMENT

It is evident from these studies that various combinations of measles, mumps,
rubella and smallpox vaccines can be administered in a single dose without im-
pairing immune responses and without increasing clinical reactions beyond those
seen when the individual vaccines are given singly. The savings in medical man-
power, the increased effectiveness of immunization campaigns, and the mini-
mizing of discomfort to the recipient through use of combined vaccines scarcely
require comment. The triple measles—mumps—rubella vaccine should be attrac-
tive for routine immunization of new susceptibles born into well vaccinated
populations, and for vaccination of children up to 7 or 8 years of age in parts of
the world where these vaccines have not yet been given. The mumps-rubella
vaccine might find particular utility for populations in which sizable measles im-
munization programs have already been carried out. Combined measles—rubella
vaccine appears less desirable than the triple measles-mumps—rubella vaccine
but is designed for situations in which mumps vaccine might be deleted from
the triple combination. The combined measles-mumps vaccine was developed
for those countries that do not wish to carry out rubella immunization in young
children. The combined measles-smallpox vaccine was designed for emerging
nations where these two diseases are very important and where mass campaigns
are carried out using the jet injector. The measles-rubella—~smallpox combination
might be used in underdeveloped countries that choose to include immunization
against rubella along with measles and smallpox.

Combined vaccines point the way to effective control of several medically,
economically and socially important diseases with the least possible cost, greatest
savings in medical manpower, increased effectiveness of immunization cam-
paigns, reduced numbers of patient-physician contacts, and reduction of dis-
comfort to the recipient. The immune responses that follow measles, mumps,
and rubella vaccines given individually are persistent and appear to be lasting
and probably lifelong. These responses appear to be just as persistent following
combined vaccine as following the individual vaccines administered separately.
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GENERAL DISCUSSION

CHAIRMAN Thank you very much, Dr Hilleman. Dr Krugman, did you wish to ask a
question or make a comment?

Krugman (USA) My comment is concerned with reactions which have been associated
with the use of killed measles vaccine. The ‘atypical measles syndrome’ has occurred in
children who received killed measles vaccine in the past and subsequently were exposed
to individuals with naturally acquired measles infection. This syndrome is characterized
by high fever, a generalized rash which may be maculo-papular, petechial or papulovesicu-
lar, oedema of the extremities and a pneumonitis with or without effusion. Most physicians
do not recognize this syndrome as a complication of killed measles vaccine because (1) the
time interval between immunization and subsequent exposure to wild measles virus may
be as long as 6 years, and (2) the clinical syndrome is diagnosed as ‘ pneumonitis and toxic
erythema’, or Rocky Mountain spotted fever (which it resembles), or atypical varicella.
It is important to recognize and identify a complication before one can assume that it does
not occur. Moreover, since the factor or factors responsible for this hypersensitivity
phenomenon are unknown, one should not assume that a purified inactivated measles
vaccine is safe in this regard.

HiLLemaN (USA) About a year ago, Dr Eric Liykke reported his findings with a subunit
measles virus vaccine. He showed that the vaccine induced excellent hemagglutination-
inhibiting antibody responses in children but there was no protection against the disease.
He thought this might be related to the fact that the vaccine did not induce antibody
against the measles hemolysin. Now, here is an example of how a whole killed virus par-
ticle vaccine protects while a particular highly purified subunit vaccine does not. It raises
the question of whether antibody responses alone suffice to establish efficacy of myxo-
virus vaccines or whether protective efficacy trials need be run. Perhaps someone is here
from Sweden who could comment on this work.

CHAIRMAN I think that Professor Heinessen would be prepared to say something about
that.

HEeNNESSEN (Germany) In the study I mentioned before we followed the protection as
well as the antibody response in these children. We found that for the first year — as Dr
Cohen showed for his study — the antibodies declined after 12 months down to zero.
During that time, before they fell to zero, we got almost complete protection whenever
antibodies were present.

Dianzant (Italy) In order to avoid any interference due to interferon induced by a
combined living vaccine, I agree that it is very important to select proper strains of virus.
However, it may be also very important to consider the amount of virus injected. Did you
have to reduce the dose of virus in order to avoid interference?

HiLLemanN (USA) Dosage is not all that critical. One has arbitrary maximum limits for
each component of the combined vaccines. The minimal limits are the same as for the
monovalent vaccines. The precise upper limits are not defined.

NEeTTER (France) I should like to ask Dr Hilleman some questions with regard to the
association of smallpox and measles vaccine.
First, what is the dosage of each fraction of smallpox and measles?

[159]
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Secondly, what is the route of injection of this combined vaccine, intradermally or
subcutaneously?

Thirdly, is the febrile reaction the same for the combined vaccine as for each fraction?

Last, but not least, does the stability of the combined product fulfil WHO require-
ments regarding the stability of smallpox vaccine?

HiLLemaN (USA) Let me try to recall. The vaccinia dose is, I think, 10° plaque-forming
units/o.1 ml. The o.5 ml dose of vaccine is given by jet gun with 0.4 ml under the skin
and o.1 ml into the skin. Actually 0.2 ml under the skin with a total vaccine dose of 0.3 ml
is adequate. The measles vaccine used induces little fever and the febrile responses are
essentially the same as when the smallpox vaccine is given alone. The product is dried and
is stable. I believe the product complies with WHO standards — perhaps Dr Meyer recalls
more of the details.

Mever (USA) We have additional standards for combined measles/smallpox in the
United States, and these standards were based on field trial information which Dr Hille-
man accumulated several years ago. There were a number of trials. Essentially a dilution
of smallpox vaccine that will give the desired cutaneous and serologic response is used,
and that dilution is defined in our standards as — that amount of virus contained in 0.5 ml
of a 1: 100 dilution of our reference virus — which is about the same as the WHO reference,
with a titre of approximately 108 p.f.u./ml. So Dr Hilleman’s estimation on dose is right.
It is just under 109 p.f.u./ml. It is actually in the injected AFML quantity.

The minimum measles amount is that defined for monovalent measles, that is at least
1000 tissue culture IDg,. He has good seroconversion data using these dosages by the jet
gun.

The jet route which he uses is the jet gun with a sleeve on it in which a portion of the
vaccine is deposited intradermally, which is probably the most active part of the smallpox,
and a portion goes subcutaneously. The measles virus appears to be somewhat more
effective in seroconversion subcutaneous than in intracutaneous.

Porrock (UK) I wonder if Dr Cohen would be kind enough just to clear up two small
points about screaming attacks following pertussis vaccine. We have also had reports of
this phenomenon in England.

He pointed out the difference in the prevalence of these screaming attacks in the last
two years, 1972 and 1971 as compared with 1970, This, of course, was not readily at-
tributable to the vaccine. Was there any change in the age of the children vaccinated in
1971 and 1970 and was there any change in the system of reporting in these two years that
could possibly have accounted for it?

CoHEN (The Netherlands) No, there was no change in the age of the children. This was
the routine vaccination starting at at least three months of age, and the system of reporting
was exactly the same during these years. In these baby clinics the nurse or the doctor
regularly asks about this type of reaction when the mother comes for a further visit, and
immediately after a report is received our pediatrician visits the mother with the child in
her home. I did not give the data, but the number of times we were called upon, was the
same in the three years under investigation. The diagnosis of persistent screaming or
shock was made less and less and we are at a loss to explain it.

GEAR (South Africa) 1 should like to ask Dr Cohen if BCG vaccine is given in the
Netherlands.

Then I should like to ask Dr Hilleman if he has studied the effect of his combined
vaccine, particularly the measles component, on the hypersensitivity state. Measles itself,
natural measles, reduces the tuberculin reactivity, so that children previously positive
become negative. I was wondering what the findings were following vaccination. Theo-
retically they might be a contra-indication to combining measles and BCG. Has this been
studied?
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CoHEN (The Netherlands) The answer is no, and tuberculosis has virtually disappeared.
BCG has never been given routinely.

HirLLemanN (USA) The measles vaccine given alone does interfere with dermal sensi-
tivity to PPD for a limited period of time. This has not, to date, turned up any evidence
for lighting up latent 'T'B.

CockBURN (WHOQO) This is a comment rather than a question about screaming attacks.
In the Medical Research Council trials many years ago we found exactly the same thing as
Dr Cohen. It was one batch of vaccine which was particularly associated with these
attacks. This was used early in the study. It did not appear to differ in any way from the
other vaccines, but it was definitely associated with a much higher incidence of these
attacks than any subsequent batch of vaccine which was used.

CHAIRMAN Was that the batch that was the extract, or was it a whole bacterial vaccine?

CockBURN (WHO) No, it was a whole bacterial vaccine. It was, in fact, the second
batch which we used.

CHAIRMAN We will now ask Dr Witte to present his paper.
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SIMULTANEOUS ADMINISTRATION OF
LIVE OR KILLED VACCINES

J.J. WiTTE
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The simultaneous administration of several vaccines is not a new concept in
immunization practice. A combination of diphtheria toxoid, tetanus toxoid and
pertussis vaccine, frequently referred to as D-T-P vaccine has been available for
decades in many countries. An inactivated polio virus vaccine was introduced in
the mid-1950s. This product includes a combination of the 3 types of polio viruses
inactivated with formalin. During the early 1960s, a trivalent live attenuated oral
polio virus vaccine became available.

These products have been widely used. Information about the total number
of doses of vaccines distributed in the United States is available through a sur-
veillance of biologics established by the Center for Disease Control in 1962,
During this time, more than 2oo million doses of the D-T-P combination vaccine
were distributed. Since 1963, when trivalent oral polio virus vaccine (OPV) was
initially licensed, 210 million doses have been distributed. The D-T-P, trivalent
OPYV and inactivated polio vaccines have been widely used in many countries of
the world. There is no available data on the worldwide usage of these products,
but it is likely that the amounts for the United States represent only a small pro-
portion of the total use of these combined vaccines. The D-T-P and either the
killed or oral polio vaccines are well accepted as part of routine immunization
practice throughout the world. The killed and live attenuated polio virus vaccines
have accounted for a dramatic decline in the incidence of paralytic poliomyelitis
in the many countries where they have been utilized extensively.

The availability of the newer combined vaccines offers the opportunity to
expand the practice of simultaneous administration of a number of killed and live
vaccines. The clinical and immunologic responses to these newer products
(described by Dr Hilleman) are impressive. The development of antibodies for
each component antigen is comparable to that following the single administration
of that antigen alone. In addition, there is no increase in either the frequency or
the severity of clinical reactions to the component vaccines.

Additional studies of these newer combined vaccines and of their simultaneous
administration with other vaccines were recently carried out by the Center for
Disease Control. In most of these field studies, we have collaborated with Dr
Harry Meyer and his staff at the Bureau of Biologics. This report will review the
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results of some of these studies, particularly as they relate to changes in immuni-
zation practice. In addition, I will discuss the impact of the increasing practice of
simultaneous vaccine administration on immunization programs and vaccine
utilization in the United States.

During the past two years, we conducted several types of field trials of com-
bined vaccines or simultaneous vaccine administration.

(1) The measles—rubella (M-R) and the measles-mumps-rubella (M-M-R)
vaccines were given to susceptible children to confirm and extend the work re-
ported by Dr Hilleman.

(2) The dosage of the component antigens of the measles—rubella and the
measles-mumps-rubella vaccines was varied to determine the effect on the im-
munologic responses.

(3) The measles-mumps-rubella vaccine and trivalent polio virus vaccine — a
total of six antigens — were given simultaneously.

(4) The measles—rubella vaccine was given simultaneously with D-T-P
vaccine.

(5) Two other strains of measles and rubella vaccines, Schwarz (measles) and
Cendehill (rubella) were administered to susceptible children simultaneously at
separate sites and as a combined product.

All of these field trials were directed at pragmatic questions relating to either
vaccine licensure or the recommendations for vaccine use.

Table I shows the seroconversion rates and geometric means titers (GMTs)
of seronegative children to measles-rubella vaccine. A total of 408 children were
studied in four different locations. The vaccines were given as a combined pro-
duct in Tol (an island in the Trust Territory of the Pacific) and in Tampa,
Florida, and simultaneously but at separate sites in Miami, Florida, and Norfolk,
Virginia.

The seroconversion rates were go per cent or better for rubella and measles in
all of the groups studied. Overall, the seroconversion rate was g5 per cent for
measles and g4 per cent for rubella. The antibody levels, shown here as geo-
metric mean titers (GMTs) were similar to titers obtained in our laboratories
following the single administration of these antigens.

Table 1. Seroconversion rates and GMTs of seronegative children to
measles—rubella vaccine

Measles Rubella
Method of No. of . ) - -
administration  children  Rate (%) GMT Rate (%) GMT
Tol Combined 197 96 1:77 93 1:82
Tampa Combined 114 94 1:58 96 1:25
Miami Separate 61 97 1:54 90 1:24
Norfolk Separate 36 92 1:33 94 1:26

Total 408 95 94
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"T'able 11. Seroconversion rates of seronegative children to measles—
mumps-rubella vaccine

Seroconversion rates (%)

No. of ‘ )

Study children Measles  Mumps Rubella
Guam 106 100 89 99
Houston 8o 91 95 89
Total 186 96 92 95

Table IT shows the serologic response following administration of measles—
mumps-rubella vaccine. The seroconversion rates to the three antigens were
studied in 186 seronegative children in Houston, Texas, and the Island of Guam,
a United States possession in the Mariana Islands. Of these, 96 per cent de-
veloped antibody to measles, g2 per cent to mumps and g5 per cent to rubella.
The geometric mean titers are not shown on this table; however, they were com-
parable to the titers shown in the measles-rubella studies or when the antigens
are administered singly.

These data, developed at the Center for Disease Control and the Bureau of
Biologics, on the simultaneous administration of measles-rubella and measles—
mumps-rubella vaccines confirms the work of the manufacturer and substan-
tially enlarges our overall experiences with these products. These two vaccines
(M-R and M-M-R} were licensed for general use in the United States in 1971.
Following licensure, they were recommended as acceptable alternatives to single-
antigen administration by the two advisory groups that traditionally make re
commendations for vaccine use in the United States: the Public Health Service
Advisory Committee on Immunization Practices and the American Academy of
Pediatrics Committee on Infectious Diseases.

Shown in Table III are the seroconversion rates of seronegative children re
ceiving various doses of the measles and rubella components of the measles
rubella vaccine. A minimal potency is required for any lot of vaccine to be re
leased in the United States, however; there is a range in the virus titers in the
vaccines that are released for general use. The purpose of this study was to com
pare the serologic responses following various combinations of relative ‘high’ and
‘low’ dosage materials, and to see if a ‘high’ dose of one component vaccine
would suppress the serologic responses to the other component. There were 197
children who were susceptible to both measles and rubella. The seroconversion
rates were 9o per cent or greater in all groups for both the measles and rubella
components. The rates of seroconversion and the GM'I's were also studied in the
children who were seronegative to only one of the antigens. These results were
almost identical to those of the doubly susceptible group. 1t is clear that there
was no interference between the vaccines in the dosages studied.

Table IV shows a similarly designed study with various dosage combinations
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Table 111. Seroconversion rates of seronegative children following various
doses of measles and rubella vaccines (Truk, 1971)

Component titer Seroconversion rates (%)
I'e — No. s N
Measles Rubella vaccinated Measles Rubella
High Low 58 98.3 94.8
High High 46 91.3 93.5
Low Low 49 98.0 93.9
Low High 44 97.7 90.9
Total 197 96.4 93.4

Table IV. Guam combined vaccines study: seroconversion rates and GMTs
of seronegative children to various combinations of measles—mumps—rubella

vaccines
Measles Mumps Rubella
N N I8
Component titer No. of Rate No. of Rate No. of Rate
(Me-Mu—R) children %) GMT  children (%) GMT children (%) GMT

Avg-Avg-Avg 59 100 1:71 49 87 1:8 58 100 1:129
Low-Avg-Avg 22 100 1:66 16 94 1:10 24 100 1:53
Low-Avg-High 25 100 1:8¢9 17 88 1:10 25 96 1:78

Total 106 100 1:82 82 89 1:9 107 99 1:100

of the measles-mumps-rubella vaccine conducted in Guam. The seroconversion
rates and geometric mean titers are shown for children seronegative for the
component antigens. The overall rates for measles and rubella are impressive,
100 per cent and g9 per cent, respectively. The rate for mumps was slightly
lower but there was no evidence of suppression of immunologic responses to the
components of the mumps vaccine in any of the dosage groups.

Based on these studies, we concluded that there was no measureable effect on
either the seroconversion rates or the GMT's in any of these dosage combinations.
Although the potency of the component antigens may vary somewhat from lot
to lot, there is no evidence to suggest that a relatively higher ‘dose’ of one com-
ponent will exert a suppressive effect on any of the other components. These data
make us more confident that the lots of vaccine being released for general use will
produce satisfactory immunologic responses despite variations in dosage.

The measles-rubella or the measles-mumps-rubella vaccines are most fre-
quently administered during the second year of life, a time when a ‘booster’ or
reinforcing dose of trivalent oral poliomyelitis vaccine is also recommended. It is
also a time at which public health agencies in the United States have a very diffi-
cult time getting children to return for repeated clinic visits for immunizations.
The ability to co-administer measles—-mumps-—rubella vaccine or measles—rubella
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vaccine with trivalent oral polio virus vaccine would enable health agencies to
reduce the number of clinic visits necessary to complete the requisite immuniza-
tions. In addition, fewer children would be lost to follow-up before immuniza-
tions were completed. Following licensure of the measles-rubella and measles—
mumps-rubella vaccines, we were barraged with inquiries from health depart-
ments about the efficacy of the simultaneous administration of the measles—
rubella or measles—mumps-rubella vaccines with a reinforcing or ‘booster’ dose
of trivalent oral polio vaccine. At that time, there was no data available to enable
us to give meaningful advice.

Two studies, using similar protocols, were designed to answer this question;
they were conducted in Houston, Texas, and the Island of Guam. Shown in
Table V are the seroconversion rates of seronegative children to measles-mumps
and rubella vaccine with and without a reinforcing dose of trivalent oral polio
virus vaccine given at the same time. The rates are almost identical for each anti-
gen whether given alone or simultaneously with trivalent polio vaccine. In the
simultaneous measles—mumps-rubella plus polio vaccine group, the seroconver-
sion rates are excellent: g8 per cent for measles, g4 per cent for both mumps and
rubella.

Table V. Seroconversion rates of seronegative children to measles—mumps—
rubella vaccine with and without polio vaccine in two studies

Measles Mumps Rubella

No. of Rate No. of Rate No. of Rate

Study Vaccine children (% children (%) children (%)
Guam M-M-R 106 100 82 89 107 99
M-M-R+P 44 100 42 95 45 08
Houston M-M-R 8o 91 8o 95 8o 89
M-M-R+P 78 97 78 94 78 91
Total M-M-R 186 96 162 92 187 95
M-M-R+P 122 98 120 94 123 94

Table VI. Guam combined vaccines study. Percentage of children with
antibody to three types of polio virus before and after ‘booster’ inoculations

Percentage with antibody

No. of - S
children I IT I1I
Polio vaccine alone 52
Pre-boost 71.2 84.6 78.8
Post-boost 90.4 98.1 90.4
Polio vaccine with measles— 43
mumps-rubella
Pre-boost 76.6 88.4 69.8

Post-boost 93.1 97.7 88.4
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Fig. 1. Guam combined vaccines study. Percentage of children with antibody to
three types of polio virus before and after ‘booster’ inoculations.

The serologic responses to polio are shown in Table VI. These children had all
received at least two prior doses of polio vaccine, so none should have been sus-
ciptible to all three types of polio virus. A total of 52 children received only a
reinforcing dose of polio vaccine and 43 received measles—mumps-rubella vaccine
in addition to trivalent polio vaccine. The pre-booster immune status is similar
in the two groups for each type of pclio virus (71 and 77 per cent for Type I, 85
and 88 per cent for Type 11 and 79 and 70 per cent for Type III). Following the
booster doses, the per cent of children with antibody to each of the three types
of polio virus is remarkably similar in the two groups (go and g3 per cent for
Type I, 98 and g8 per cent for Type 1I and go and 88 per cent for Type I11).
The serologic responses to polio vaccine in the Houston study were almost
identical.

The same information is shown graphically in Fig. 1. In addition, there was
no increase in the frequency or severity of clinical reactions in the Guam or
Houston studies.

It is obvious that there are no apparent adverse effects, either immunologically
or clinically, following the simultaneous administration of these six live viral
antigens. These data were reviewed by the Public Health Service Advisory Com-
mittee on Immunization Practices and the American Academy of Pediatrics
Committee on Infectious Diseases. Both Committees issued statements per-
mitting the simultaneous administration of measles, mumps and rubella vaccines
with a reinforcing or booster dose of poliomyelitis vaccine particularly in circum-
stances where this is desirable in preventive medicine programs.

In addition to measles, rubella, mumps and trivalent polio vaccines, a booster
dose of diphtheria-tetanus—pertussis (D-T-P) vaccine is also recommended
during the second year of life. There is not sufficient information available at the
present time to comment definitely on the co-administration of D-T-P with
M-M-R. We are currently obtaining information on the immunologic responses
and clinical reactions associated with the simultaneous administration of D-T-P
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Table VII. Seroconversion rates and GMTs of sevonegative children to Schwarz
measles and Cendehill rubella vaccines

Measles Rubella
I\’Iethod of No. of I N e IR
Study administration children Rate (%) GMT  Rate (% GMT
Miami Separate 61 97 1:54 90 1:24
Norfolk  Separate 36 92 1:33 94 1:26
Tampa  Combined 114 04 1:58 96 1:25
Total 211 94 94

with M-M-R vaccine. The preliminary results are encouraging. There appears
to be no suppression of serologic responses or increases in the clinical reaction
rates associated with administration of this combination. We are hopeful that, in
the future, we will be able to be more permissive in recommending the simul-
taneous administration of D-T-P vaccine with measles-rubella vaccine.

When the newer combined vaccines were first licensed in 1971, questions arose
concerning the feasibility of simultaneous administration of the other available
measles and rubella vaccines. The other licensed vaccines being distributed in
the United States are a further attenuated measles vaccine developed by Schwarz
and the Cendehill rubella vaccine. Because many health departments purchase
these products, it was desirable economically as well as scientifically to study the
simultaneous administration of these two vaccines.

Shown in Table VII are the results of field studies of the seroconversion rates
and GMTs to Schwarz measles and Cendehill rubella vaccines. They were con-
ducted in Miami, Norfolk and Tampa. The vaccines were given simultaneously
but at separate sites in Miami and Norfolk and as a combined product in Tampa.
In the three study areas, a total of 211 seronegative children were studied. The
seroconversion rates, overall, were g4 per cent for both measles and rubella. The
GMTs were comparable to the levels expected following administration of the
antigens alone. The information from these studies allowed the Public Health
Service and the Academy of Pediatrics Advisory Committees to issue statements
permitting the simultaneous administration of the Schwarz measles and Cende-
hill rubella vaccines.

The availability of the newer combined vaccines and the more permissive re-
commendations regarding the simultaneous administration of a wider variety of
vaccines have had a marked impact on immunization practice in the United
States. The newer combined vaccines, particularly the measles—rubella vaccine,
have proved to be very popular and represent an increasing proportion of pre-
school immunizations against both rubella and measles, particularly in public
health programs. Because of the relatively low priority of the disease and the high
cost of mumps vaccine, very little, if any, measles-mumps-rubella vaccine is
being used by public agencies in the United States. Practicing physicians are
using the triple M-M-R vaccine.
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Fig. 2. Doses of live measles vaccine distributed in the United States, 1963—72.

In 1971, when the combined vaccines were licensed, federal dollars were not
available for the purchase of measles vaccine, although there were funds to pur-
chase rubella vaccine. At that time, the incidence of measles was increasing
sharply in the United States. The number of reported cases of measles had pre-
viously declined from the time of vaccine licensure in 1963 to a low point of
22000 reported cases in 1968.

That same year, a federally assisted program to support immunizations, in-
cluding measles, had expired. In 1969, there were 25000 reported cases. In 1970
the number increased to 47000 and by 1971 there were 775000 reported cases of
measles. In three years, the incidence had more than tripled! This dramatic in-
crease in the incidence of measles was part of the reason federal funds were again
allocated specifically for control of communicable disease problems, including
measles. This money became available late in 1971.

During the second half of 1971, the distribution of measles vaccine increased
sharply. The distribution of measles vaccine in the United States for each year
since licensure in 1963 is shown in Fig. 2. During 1971, 8.3 million doses of vac-
cine were distributed, higher than for any previous year. In 1972, 7.9 million
doses were distributed. Although a number of factors obviously influenced the
distribution of measles vaccine in 1971, the availability of combined vaccines,
particularly the measles—rubella vaccine, helped to account for some of this in-
creased distribution. The combined M-R and M-M-R vaccines are included in
this distribution data for measles vaccine. The Center for Disease Control pur-
chased 5 million doses of measles—rubella vaccine during the last year and a half
for use in preschool immunization programs. This represents approximately
50 per cent of all the measles vaccine distributed during that time.

The current practice in most health departments is to administer the combined
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measles-rubella vaccine at one year of age. In many areas, a reinforcing dose of
trivalent oral polio vaccine is also given at the same time.

In an effort to raise immunization levels, an increasing number of states are
enacting laws which require specific immunizations prior to entry into school.
Thirty-eight states now have such laws. In six other states, similar laws are cur-
rently being considered by the legislatures. Polio, D-T-P and measles vaccines
are included in almost all of these school entry laws. Rubella vaccine is now re-
quired in 23 states. The purpose of these laws is to provide immunizations to
those children not adequately immunized at an earlier age. The simultaneous
administration of a variety of vaccines is now a common practice in immuniza-
tion programs for children entering school.

It is obvious that the simultaneous administration of an increasing number of
antigens is changing the patterns of immunization practice in the United States.
Immunization schedules have been simplified. This results in fewer clinic visits
particularly during the second year of life. Fewer children are lost to follow-up
and more are completing their immunization schedules. Therefore, simultaneous
administration of vaccines has contributed substantially to increasing the im-
munization levels among preschool children particularly to measles and rubella.

The simultaneous administration of vaccines has also helped us to get away
from single-disease approaches to vaccination. In the past, large programs for
immunization against poliomyelitis, measles and rubella have been enormously
successful in the United States. After these vaccines were introduced, large
numbers of susceptible children were immunized very quickly and the disease
rates declined. The same techniques, however, have been largely unsuccessful in
sustaining the immunization levels achieved in these original mass programs.
Simultaneous vaccine administration facilitates a necessary change in emphasis
to broaden the approaches to immunization practice. This broader approach is
resulting in more effective and more comprehensive ongoing immunization
activities.

The technology of simultaneous vaccine administration has advanced rapidly
in the last few years. Combined vaccines for measles—rubella and measles—
mumps-rubella appear to be highly effective. Other antigens can be given with
measles-rubella or measles-mumps-rubella with no loss of efficacy and no in-
crease in the rates of clinical reactions. The increasing use of simultaneous vac-
cine administration should contribute substantially to the control and prevention
of poliomyelitis, diphtheria, tetanus, pertussis, measles, and rubella.
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CHAIRMAN Thank you very much, Dr Witte. Are there any questions concerning this?

ReLYVELD (France) I regret that we have no time to speak about our results and give
details about vaccine combinations. We have studied about 18 combinations of vaccines
and I should like to give you as quickly as possible some of our results and ask one or two
questions.

We have three groups of vaccine combinations at the moment. First there are the
recognized vaccine combinations. They are diphtheria/tetanus, diphtheria/tetanus/per-
tussis, diphtheria/tetanus/polio and so on, and also smallpox/yellow fever, and smallpox/
BCG. These are reccommended combinations.

Then there are combinations which we have found to be usetful, but they have not been
recommended officially until now. These are BCG/yellow fever — we had very good
results with a combination of BCG and yellow fever. We had also very good results with
smallpox/measles/yellow fever. I do not need to tell you that every time we tested the
combinations and the vaccines alone, and we have made all the classical measurements for
seroconversion. Another good combination is measles/BCG/smallpox.

Now I come to mixtures that have been tried of which the results were not very good.
You were talking about D'T'/pertussis, measles and yellow fever. The results were not
very good for measles. The results were also not very good for cholera/yellow fever. The
results were bad for diphtheria/tetanus/typhoid/paratyphoid/polio, diphtheria/tetanus/
pertussis/measles, diphtheria/tetanus/typhoid/paratyphoid/polio, cholera/yellow fever.

What is the conclusion to be drawn from this? Every time that we make a vaccine com-
bination in which we have endotoxin-containing bacteria — that means cholera, pertussis,
typhoid or paratyphoid — the results are sometimes not good for the viral vaccines.

SENCER (USA) I am quite comfortable when Dr Witte discusses the use of measles and
rubella as a combination, measles, mumps and rubella as a combination, and I do not get
too uncomfortable when we use trivalent polio vaccine at the same time as a reinforcing
dose. However, when we begin to add DP'T at the same time, I feel that we are beginning
to adopt a vegetable soup approach. The children that we are concerned about are
children who are difficult to follow, who come from families that have multiple problems
that are amenable to preventive measures such as family planning and nutrition. I should
hate to see us place our reliance on a one-shot approach — we get them in and give them
everything at once — rather than placing some emphasis on good public health. What does
the family need? If this is the only time we can do it, then fine, but I do not think that we
should place complete reliance on the fact that it can be done with good antibody response.
That does not mean that it should be done.

Witte (USA) That you for reinforcing that, Dr Sencer.

J. W. G. SmitH (UK) May I ask Dr Witte one small point; I was not quite clear what
he meant by a booster dose of polio. Is this a dose given after the child has previously had
three doses?

WitTE (USA) Yes, I said ‘booster or reinforcing’. The terminology sometimes becomes
rather complex. We have a schedule of immunization in the United States, as recom-
mended by the Public Health Service, of giving two doses of trivalent vaccine during the
first year of life separated by at lcast six weeks. The American Academy of Pediatrics
recommends three doses with a similar separation during the first year of life. Both groups
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recommend a reinforcing dose during the second year of life. So the reinforcing, or booster
if you will, follows either two or three previous doses during the first year of life de-
pending whose schedule is being followed.

Brjkerx (The Netherlands) What has been said earlier has referred to simultaneous
vaccination for national vaccination programmes, but we have also another category of
people and that is the international travellers. We are confronted with people who want
to be vaccinated as quickly as possible; they even want this completing tomorrow instead
of in about a month. These people may go to tropical countries, or to areas where primi-
tive conditions exist — for instance, camping — and poliomyelitis and typhoid fever may
exist. We must try to protect these people against these diseases. I am thinking not only
of smallpox, yellow fever or cholera, but typhoid fever, poliomyelitis, diphtheria, tetanus,
and so on.

The problem is how can we do this? Is it theoretically possible to administer these
vaccines simultaneously in order to have a certain percentage of these people protected
against these diseases. We may not achieve 95 per cent, but perhaps 8o per cent or 85 per
cent. I think that this is a fairly practical question for those who are engaged in public
health and have to vaccinate these people.

HiLLeman (USA) 1 should wish to comment on Dr Relyveld’s questions about inter-
ference when killed bacterial and live viral vaccines are given. On the surface it would
appear perfectly all right but it might not be. Combined live virus vaccines given to-
gether do not interfere, probably because it takes days before detectable interferon ap-
pears — likely related to quantity of viral substance. Bacterial antigens — endotoxin
specifically — induce interferon within two hours. Thus, a bacterial vaccine might block
live vaccine virus proliferation and this ought to be looked at before any decisions on
simultaneous live virus—killed bacterial-live virus vaccine administrations are made.

HormaN (The Netherlands) I should like to ask Dr Witte about the vaccination re-
quired by law in some states of the United States. What has been the motivation behind
requiring this by law against diseases like rubella, measles and so on, which are not so
dangerous for a community as smallpox was in the past? What happens to parents who
refuse to have this vaccination done? Are their children not allowed to go to school?

Thirdly, has this requirement by law had any success if you compare those states where
it is required by law with those states where it is not?

WitTe (USA) The original motivation for the school laws was smallpox vaccination
many years ago. In more recent years states have added polio, DTP and measles, and have
found it an effective way of raising immunization levels against diseases which are often
spread primarily among young school-age children — for example, measles. They can get
very high levels of immunization in this way. In all of these laws there is always a way out
for people who, for religious preference or other reasons, say that they do not want their
child to be vaccinated. So the child is not in any way excluded from school if its parents
refuse permission. He is just excluded from the program, but not from school.

Lucost (Hungary) I should like to know what is meant by a low and high titre for
rubella and measles vaccines. :

Mever (USA) Let me just give a quick answer on the general experience. There are
several groups who used a number of titre ranges: Dr Hilleman in his original studies; we
and Dr Witte used rubella/measles and rubella/measles/mumps, and Dr Krugman has
done some confirmatory studies. Generally the data indicate that one finds satisfactory
seroconversion from a minimum level of 1000 tissue culture infectious doses ~ 103 — up
to 10%% to 1049, I think that there are few data beyond these extremes; thus the experi-
mental experience to date covers approximately a 1.5 log range for both viruses, i.e.
measles and rubella.
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LunDBECK (Sweden) I think we should remember that these studies with live vaccines
given simultaneously have been done on quite a small scale, so far as I could judge from
the tables.

The question of safety is rather different if you apply a vaccine on a very large scale.
Therefore, I should like to ask whether you have any idea what happens with combined
vaccine containing, say, three live vaccines in people having immunological deficiencies
of some kind. You are likely to strike a few of such individuals in a large-scale test.

HiLLEMAN (USA) Inthe United States, it is recommended not to give live virus vaccines
to immunodepressed persons. One would not knowingly do it without good cause.
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Before we consider the modern methods used in the control of vaccines it is per-
tinent for us to look very briefly at the history of the development of vaccines.

It is now more than 170 years since Jenner first put forward his ideas on pro-
tection against smallpox by the use of cowpox virus and it is interesting to note
that the next vaccine, the rabies vaccine of Pasteur, studied almost a hundred
years later, was also a virus vaccine (see Table I). Even yellow fever vaccine,
which was developed some fifty years later, was available before any virus particle
had been seen.

The first prophylactics against bacterial diseases, for which there was a
scientific understanding, were the antitoxins. These were developed following
the discovery by von Behring and Kitasato that the toxin of diphtheria could be

Table 1. History of production of vaccines

18th Century 1gth Century 2oth Century
1904 Tetanus antitoxin
1721 Variolation 1920 Diphtheria TAF
1930 Diphtheria toxoid
Pertussis
1936 Yellow fever [live]
1840 Variolation illegal 1940 Compulsory vaccination
withdrawn

1853 Vaccination compulsory 1955 Poliomyelitis [Salk]
1960 Poliomyelitis [Sabin]
Influenza [killed]

1881 Rabies attenuated 1970 Measles [killed & live]
1891 Diphtheria antitoxin Rubella {live]
Mumps [live]
1798 Jenner’s Routine vaccination stopped
publications
The Future:

RS vaccine

Cytomegalo vaccine
Hepatitis vaccine

Vaccines against some forms
of cancer?
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Table 11

T'est on bacterial vaccines

Live Killed or toxoids

BCG Tests for: Diphtheria Tests for:
Contaminants Tetanus Sterility
Virulent organisms Cholera Toxicity
Identity Typhoid Potency
Skin reactivity Pertussis
Viable count
Stability

neutralized by an antitoxin. Some twenty years later, however, it was shown that
the toxins could be toxoided so that active immunity could replace passive im-
munity and protection against diphtheria and tetanus was thereafter effected by
the use of toxoids. The bacterial vaccines made from the whole organisms of
pertussis, cholera and typhoid and indeed BCG, our only living bacterial vaccine,
were to follow but they were not developed for forty years after the use of the
antitoxins. .

These bacterial vaccines, apart from BCG vaccine, have relatively simple con-
trols (see Table II). Provided that the medium in which the organisms are grown
does not add any substance to the vaccine that may cause sensitization in the
inoculated subject, then the controls are directed entirely towards the safety, or
lack of toxicity, and the efficacy or potency of the vaccine. By far the greatest
effort in this respect goes into potency testing. These tests may be dependent
upon the ability of the vaccine or toxoid to immunize animals against a lethal,
paralytic or skin test challenge or, as with pertussis, they may appear to be wholly
artificial by protecting against an intracerebral challenge with living organisms.
Nevertheless, the potency assay for each vaccine has been investigated and is one
shown to parallel the eflicacy as measured in man. These two tests of toxicity and
efficacy coupled with the demonstration in media that the vaccine is free from
contaminating bacteria or fungi, complete the controls on killed bacterial vac-
cines. Even with the BCG vaccine the only additional controls are to ensure that
the correct strain has been used during production and to make sure also that
laboratory animals are sensitized, the degree of which is associated with its ability
to induce immunity in man.

The technical developments in tissue culture techniques together with the
determination of the critical concentration of formaldehyde that would kill
poliomyelitis viruses and at the same time retain antigenicity, heralded the ex-
plosion of activity in the production of virus vaccines. As each new causative
agent for a virus disease was isolated and grown in tissue culture so the vaccine
was soon to follow. During the last ten years there has been a move towards the
production of virus vaccines from living attentuated viruses which grow in the
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vaccinated subject, thereby giving immunity rather than by attempting to grow
large quantities of the virus and hoping to inoculate a sufficient antigen stimulus
by means of the killed virus.

Just as the production of vaccines has awaited technical developments so the
control of vaccines has taken advantage of these developments and has become
more sophisticated throughout the last fifteen years. The more stringent controls
that we apply to vaccines today started with the production of the potentially
dangerous inactivated poliomyelitis vaccine, for although the virus was killed the
possibility of living virus particles remaining undetected in the vaccine was a
potential hazard. Such tests are in marked contrast to the rather perfunctory tests

that were applied to the virus vaccines developed many years earlier (see
Table IIT).

Table 111. Test on virus vaccines

Live Killed
« hY s N
Vaccine Tests Vaccine Tests
Poliomyelitis, Approval of strain Influenza Inactivation
Measles, Tests on cell cultures for Virus antigen
Rubella, virus contamination Identity
Mumps Tests on virus harvests for: Sterility
(I) Bacteria, fungi,
mycoplasma
(IT) Neurotropic viruses Poliomyelitis Inactivation
(seed virus only for Test for SV40
some vaccines) Test for B virus
(ITI) Virus contaminants Identity
in tissue culture Sterility
and animals Safety (neurovirulence)
Test on final bulk Potency

(I)  Virus concentration

(II) Marker tests

(ITI) Tissue culture

(IV) Laboratory animals

(V) Bacterial, fungal and
mycoplasma con-
tamination

(VI) Toxicity

The tests are both more numerous and more complex not only because the
substrate needed for the growth of the virus is a living cell but also because of
the more exacting tissue culture techniques. By far the greatest effort goes into
the examination of the vaccines for the presence of extraneous agents, both at the
monovalent virus harvest stage, done by the manufacturer as ‘in process’ con-
trols, and when the harvests are blended to form a bulk, at which time both the
manufacturer and the control laboratory examine the material. These tests were
developed largely because in 1955 the most convenient and plentiful source of
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tissue that would support the growth of poliomyelitis virus was monkey kidney
tissue. The monkeys were caught in the jungle, transported long distances and,
after a quarantine period of 6 to 8 weeks, the kidneys were used for the produc-
tion of the cell substrates in which the virus was grown. It became apparent at an
early stage that monkeys may harbour a large number of viruses (about 30 DNA
viruses and 28 RNA viruses) and the most stringent tests were required to ensure
that these viruses were not present in the living form in the final vaccine. Such
tests involved the inoculation of many different cell cultures and demanded an
observation period of at least twenty-one to twenty-eight days in order to ensure,
to the best of our ability, that the vaccines were not contaminated.

The testing of the more modern live attenuated virus vaccines calls for even
greater vigilence because there is no inactivation of the vaccine virus and, there-
fore, any contaminant arising from the cell substrate will be present in the living
form in the final vaccine. Tests on these vaccines, therefore, involve an examina-
tion not only of the virus harvest but also of the cell cultures on which each virus
harvest was made. There is in addition another complicating factor because
antisera must be used in order to neutralize the vaccine virus and at the same
time leave unneutralized any contaminating virus in order that it may be de-
tected in the virus harvest.

Table IV. Cell substrates for production of vaccines and sources
of cell substrates

Vaccines
e R}
Polio, killed Polio, live Measles, live Rubella, live Mumps, live
Dog Dog
Monkey Rabbit
Monkey Chicken Duck Duck
Human Guinea-pig
diploid cells
Guinea-pig Human

diploid cells

It is because of the potential risk that the cell substrate, in which the vaccine is
made, may be contaminated that the tendency today is to use a cell substrate
derived from an animal grown in the laboratory under clean conditions such that
the probability of a contaminating virus being present is much reduced. Thus
when measles, rubella and mumps vaccines were produced, the manufacturers
moved away from the use of monkey kidney with all its contaminating viruses
and moved towards chickens, ducks, rabbits or dogs, all of which are grown under
very clean conditions in the laboratory (see Table IV). It is interesting to note
that of these cell substrates, very few viruses have been isolated and the use of
them has removed a great deal of the hazard and wastage in the manufacture of
virus vaccines.
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Original tissue

9 or 10 cell doublings etc! Master cell bank,

{ Frozen cell bank |

L > Exhaustive tests to prove
One ampoule freedom from extraneous
agents

5 or 6 cell doublings etc.
Produced by manufacturer.

l Subsidiary cell bankJ

L_>. Exhaustive tests to prove
One ampoule suitability for vaccine
production

15 to 17 cell doublings etc!

Each batch of vaccine
originates from the
manufacturers cell

bank

Fig. 1. The use of a cell bank in vaccine manufacture.

A more modern trend is to establish a cell bank (see Fig. 1) from a tissue that
has been shown to be free from contaminants. In this way, a portion of such a
virus-free cell bank, which may be stored indefinitely in liquid nitrogen, may be
used for the production of each successive lot of vaccine and the probability of
there being any extraneous agent in the final material is very remote. Such a cell
bank can be established from a number of tissues, but the only one used on any
scale today is that derived from a human embryonic lung.

All the vaccines produced from the viruses isolated within the last fifteen years,
therefore, are subjected to stringent controls but in our whole test programme
we have some anomalies. Smallpox vaccine is still grown in the skin of animals
and the controls are far fewer than those of the more modern virus vaccines.
Even though smallpox vaccine has been successful in the eradication of the
disease without a high risk of complications, although of course some accidents
have occurred, nevertheless, the trend today is to produce the vaccine in accor-
dance with more modern techniques in cell cultures and to have a bacteriologically
sterile vaccine.

The production of yellow fever vaccine started long before modern test
methods were established. Although a great deal of testing is done with this
vaccine there is no doubt that it is time we brought its control, especially with
respect to the use of a seed virus free from extraneous agents, into line with those
of the more modern vaccines.
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Rabies vaccine currently produced in the brains of suckling animals is yet
another example of a vaccine requiring much attention in order to improve the
manufacture and control methods. It is reassuring to know that many scientists
are currently paying great attention to these problems.

The virus vaccines must also be subjected to potency assay. For the killed
influenza vaccines the haemagglutinin content is measured because it is believed
that the ability of the vaccine to protect against the disease follows closely the
concentration of haemagglutinin. Recent studies have suggested that another
antigen neuraminidase may play a part in inducing immunity and when more is
known about its mechanism of activity further controls may be necessary. For
killed poliomyelitis vaccine, however, we must rely on the ability of the vaccine
or its dilutions to give an antibody response in laboratory animals.

The live attenuated virus vaccines, measles, rubella and mumps must contain
a minimum virus titre in the human dose in order to ensure that they will repli-
cate in the host, establish an infection and give an effective antigenic stimulus.
The potency assay of these vaccines, therefore, involve a determination of virus
content by assays in cell cultures.

The control of vaccines today, therefore, is both stringent, time consuming
and extremely expensive because of the expertise involved, Both the manufac-
turers and the control laboratories put a great deal of effort into ensuring that the
vaccines are both safe and effective and will be freely available to the public
health departments for the immunization of their children either individually or
in community programmes. When a vaccine is released for use and has left the
refrigerated storage of the manufacturer, however, there is no control, either by
the manufacturer or the control laboratory, and the vaccines at that time are in
the hands of health authorities or individual doctors. If they are incorrectly
stored either in the clinic or in the doctor’s surgery then much of the effort put
into their production and control will have been wasted.

Not all countries have effective control of the immunological products used in
their communities and the questions they must answer are ‘how much should
we be doing’ and ‘how much can we rely upon tests of the control laboratories
in other countries’. Many countries appeal to WHO for help in this respect and
their role is becoming more important. We know that accidents have happened
in the past due to lack of adequate control and they will continue to happen
unless an effective control mechanism is established in all countries in the future.
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QUALITY CONTROL

I.Joé
HUMAN Institute for Serobacteriological Production and Research,
Budapest, Hungary

As Dr Perkins emphasized in his report the two main factors involved in the
quality control of vaccines are safety and potency. Accordingly, the requirements
for vaccines — generally speaking for immunological products — must take in
consideration both aims: highest degree of safety and suitable level of effective-
ness. This purpose is greatly supported by the work of the World Health Organi-
zation in the elaboration and issue of requirements for manufacturing establish-
ments, control laboratories, for virtually all important vaccines and by providing
international standards, reference preparations and reference reagents. The WHO
requirements are continually revised and adapted to the new results and achieve-
ments of immunology, immunochemistry, bacteriology, genetics and technology.
The adoption and application of these requirements on a worldwide level have
greatly contributed to the standardization of the production and control of im-
munological products and, consequently, to the approach of the two main aims:
safety and potency.

The International Association of Biological Standardization considers as its
duty the standardization of the production and control of biological preparations
and the great number of congresses and symposia organized in the past 18 years
by the Association on various fields has considerably contributed to this objective.

One of the purposes of international requirements for biological substances is
also to facilitate exchange of these products between countries; therefore it would
be very important if these requirements were adopted and applied by the
national control authorities of all countries.

In Hungary, the requirements of the Hungarian Pharmacopoeia are in agree-
ment with the WHO requirements for biological substances. A triple quality
control system is adopted: each batch of all immunological products is controlled
according to the requirements by the Production Department, the Biological
Control Department of the manufacturing institute and finally by the national
control authority — the Department for the Control of Sera and Vaccines of the
National Institute for Public Health. The product can be released only if it meets
the requirements in this triple control system.

In spite of the development and improvements of the laboratory control
methods, comparative investigations have shown that in a considerable percent-
age of the cases there is a discrepancy between the results of the laboratory tests
for potency and innocuity or toxicity and the results in the field. This is easy to
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understand if we take in consideration the large differences between the human
and animal organisms. To overcome this problem, a field control method of all
large-scale applied vaccines was developed in Hungary by the National Control
Institute; each batch of vaccine after having passed all laboratory tests for po-
tency and innocuity is inoculated in groups of 50 persons of the same age as it is
prescribed for the vaccine in question. After the inoculation the vaccinees are
observed for reactivity and, two weeks after the inoculation, blood is taken and
the antibody content of the sera is tested individually. The requirements are as
follows:

DTP vaccine T'wo weeks after the last inoculation of the priming at 3, 4 and
5 months of age the diphtheria and tetanus antitoxin titre must be at least 0.1 IU/
ml and the pertussis agglutinin titre at least 1:320 in go per cent of the infants.
As reactivity is concerned, local infiltrations may be found in 4-8 per cent,
temperature over 38°C in 10-12 per cent of the cases.

Smallpox vaccine After the primary inoculation a positivity in at least go per
cent of the vaccinees is required.

Measles vaccine  'T'wo weeks after the inoculation with live attenuated vaccine a
seroconversion is required in at least go per cent of the vaccinated persons.

All changes in the composition of a vaccine — amount or quality of the antigen
—are carefully controlled before acceptance and release on groups of persons.
The same refers also to new types of vaccines.

In our opinion, by the consequent performance of the laboratory tests ac-
cording to the WHO requirements and of our field control system, a safer and
more reliable control of the innocuity and efficacy of the vaccines may be
achieved.




International Symposium on Vaccination against Communicable Diseases, Monaco 1973,
Symp. Series immunobiol. Standard, vol, 22, pp. 185—190. Printed in Great Britain

CONTROLE DES UNITES
VIVANTES DU BCG

L. Lugos:

Chef du Laboratoire BCG, Institut National
de la Santé Publique, Budapest, Hongrie

La protection contre I'infection tuberculeuse est conférée par le BCG vivant,
persistant dans I’h6te. L’efficacité du BCG est donc déterminée par les unités
vivantes (UV) existant dans le vaccin.

Les résultats de la détermination des UV calculées & partir des comptes des
colonies sur milieux solides sont influencés par les facteurs techniques, les dif-
férences de méthodes in witro et les divergences des principes d’évaluation
statistique.

Le but de cette présentation est: (1) faire 1’évaluation comparative des milieux
solides Acide-oléique-albumine-agar au sang (OAA-S) et Liowenstein—Jensen
(L-J), (2) tester I'influence de la surface disponible de ces milieux déterminée
par les containers: (@) boite de Pétri, (b) tubes de Legroux (Lx) et (¢) tubes a
essai de 22 (T22) et 16 (T'16) mm de diamétre sur Ja détermination des UV du
vaccin BCG par 'estimation des UV du compte des colonies développées sur la
surface des milieux solides, (3) présenter la méthode de calcul avec le micro-
ordinateur Olivetti Programma 101, (4) montrer une analyse statistique de
I'évaluation comparative. Dans ce but on a réalisé une expérience comparative.

Le Tableau I montre I'effet du milieu et du container sur la détermination des
unités vivantes du BCG, les données et résultats des comptes des colonies.

Le Tableau II montre les principes de I’analyse statistique pour comparer la
différence entre plusieurs méthodes de détermination des unités vivantes du
BCG.

Les Tableaux III et IV montrent le programme pour calculer les UV du
vaccin BCG et comparer la différence entre deux méthodes de détermination
des UV avec Olivetti Programma 101.

CONCLUSIONS

Il a été démontré que la possibilité de démonstration des unités vivantes existant

réellement dans le vaccin BCG est influencée par le milieu et sa surface déter-

minée par le container. Comme expérience modéle on a ensemencé parallélement

le méme échantillons de vaccin sur les milieux-et containers sus mentionnés. On

a trouvé que les nombres de colonies sont plus élevés sur le milieu au sang (in-

cubation: 37 °C/17 jours) par rapport au milieu 4 I'ceuf et les nombres des
[185]
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colonies diminuent au fur et 4 mesure dans les containers de Legroux et des tubes
de 22 et 16 mm de diamétre sur milieu Léwenstein—Jensen (incubation: 37 °C/
28 jours). Plus la surface du milieu est réduite plus le nombre des colonies est bas
(‘Overlapping’). L’analyse statistique comparative des résultats (voir Tableaux
I-1V) montre qu'une différence significative existe parmi les milieux et les con-
tainers utilisés pour la détermination des particules cultivables du BCG.

A co6té de la virulence résiduelle de la souche, les UV existant dans le vaccin
déterminent ’efficacité de la vaccination. Ainsi I’estimation la plus exacte des UV
peut assurer ’étude de correlation entre les résultats des méthodes 7n vitro et
ceux de la valeur protectrice de la vaccination et du test tuberculinique post-
vaccinal. Autrement il est risqué de conclure qu’il n’y a pas de rapport et de cor-
relation entre les résultats in vitro et Uefficacité de la vaccination par le BCG.
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Tableau IV. Programme pour comparer la différence entre deux méthodes de
détermination des UV du vaccin BCG. Olivetti Programma 101

Microcomputer
Différence des UV,
Cart 1 Tubes de 22:
— ~ Tubes de 16
AV AW B+ B v
b B Bl Al 9 S
B Ccl B Al 193 S
3 B BX d-+ 5.70 S
BV CvV cl 1A%
S AZ at Cc\ 10 S
i B d| C+ 146 S
a? C+ d? at 10.85 S
d| B+ Cx RX
— C-+ BY R# 10 S
b+ cX B RS 75 S
bl b+ d+ R 19.53 S
S Ay C+ d?t
B bl (o) - W
+ S B A 10 S
Bl Ty cX bl 221 S
S S Bl - 8.46 S
cl =+ at Ad
+ B? dt bl 10 S
c? at dl b+ 160 S
/6 dy + Ao 9.38 S
Cv B dl v
+ aV 10 S
Bl CY 65 S
— 16.69 S
Z
20.07 S
20.39 S
—o0.00687 A¢
0.03416 A¢

—o.20111  Ad




GENERAL DISCUSSION

CHAIRMAN I have been asked by Dr Schild if he may show three slides concerning the
newer methods of control of influenza vaccine. I think it would be quite interesting if he
would do so.

ScHiLp (UK) As Dr Perkins mentioned in his report, the basis of current methods of
quantitation of influenza vaccines is the haemagglutination test. "This has certain dis-
advantages both in its variability, which is dependent on the source of chicken erythro-
cytes used and on a number of other factors, and, more important, in its dependence also
on the physical state of the antigen, whether it is in the form of intact or disrupted virus
particles. Ironically, the most pure potential influenza vaccines, which would be the
crystalline haemagglutinin, would have an absolutely zero score in this test because it is a
monovalent subunit and not capable of agglutinating red blood cells at all. So there is
obviously a need for a different type of antigen assay if this type of vaccine comes into
general use.

At the recent IAMS Conference on influenza in London there was a general discontent
with the quality controls now available for influenza vaccines.

A recent advance in knowledge which can contribute quite a lot to the study of the
purity of influenza vaccines is our ability now to say that the influenza virus contains seven
polypeptides, and our ability to relate these seven polypeptides with known structural
and antigenic components of the virus. This could obviously be adapted as a quality
control for the purity of virus particle vaccines, or for subunit vaccines.

Analysis of the polyacrylamide gel electrophoresis pattern of a typical zonally purified
influenza vaccine shows that there are seven polypeptides present and very little non-viral
protein. This type of test could be adapted as a purity control for vaccines containing
intact particles, or for subunit vaccine because, for example, a purified influenza virus
haemagglutinin preparation should contain only two polypeptides corresponding to the
haemagglutinin components HA1 and HAz.

We have been working also with a quantitative single radial diffusion test which can be
used as an accurate method of assaying, the haemagglutinin antigen. This is an agarose gel
in which is incorporated at a very low concentration anti-serum against purified haem-
agglutinin. Into wells in the gel are added the influenza vaccine preparations which
have been diluted appropriately and treated with detergent to disrupt the particles
enabling the haemagglutinin subunits to diffuse into the gel. The area of the zone of
precipitation which forms is directly proportional to the amount of haemagglutinin anti-
gen present and is not influenced at all by the original state of the preparation, whether it
was intact particles or disrupted particles, because during the test the virus is broken
down into its component subunits. Both with control antigen preparations and vaccines a
straight-line relationship was found.

Another version of the single radial diffusion test is the accurate assay of antibody levels
induced by vaccines. In this test purified influenza virus particles are incorporated in the
gel at a standard concentration and antibody from animals which have been immunized
with potential vaccines is introduced into the wells. The area of opalescence in this case
represents the level of antibody. This i1s far more accurate than conventional methods of
antibody assay. Conventional HI tests are subjected to approximately 200 to 400 per cent
variation. The degree of variation in this test is not greater than 4 per cent, so it offers
a far more accurate way of measuring antibody. Antibody to haemagglutinin or to neur-
aminidase may be assayed basically by the same procedure.

i .
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CHAIRMAN Thank you very much, Dr Schild. I might say that recently Dr Schild has
made the purified haemagglutinin and the anti-haemagglutinin for use in these plates and
we, in the United Kingdom are about to start a collaborative assay. It will be very inter-
esting to see what close correlation we obtain with the measurement of the concentration
of haemagglutinin in a number of vaccines that we shall select.

Would anyone like to discuss the control of vaccines?

HiLLemaN (USA) I might comment briefly on the use of cell bank vs primary cells for
vaccine production that Dr Perkins talked about.

There is no question that primary cells of wild caught animals — such as the monkey —
are a hazard and there is little justification in using them. The use, however, of primary
cells from embryonic tissues or from tissues of animals that are specific pathogen-free and
grown in quarantine is a different matter.

The cell bank—-diploid cell concept has advantages and disadvantages just as do
primary cells and 1 must preface my remarks by saying that I personally approve of both.

The so-called certification and ‘ guaranteed’ freedom from extraneous agents of diploid
cells is largely myth since certification is at the level of distribution (7—9th passage) and
there must be many more passages — up to 15 or 18 before the cells can be used for pro-
duction. During this time, exogenous agents from people, media, air, etc., can be intro-
duced into the cultures and these can cover the spectrum of frankly recognizable bacteria
and viruses to occult viruses and even the theoretical oncogene.

There is a real advantage of primary cells in that there is a limitation to a particular lot
and a consequent limitation in number of persons who will receive that lot. With diploid
cells and with an occult agent in the seed line, it becomes an omnipresent thing in all
vaccine lots. '

I say all this just to call attention to it. As I mentioned before, I think both the primary
cell and diploid-bank approaches are acceptable, insofar as we now see it.

CHAIRMAN One of the technical developments that has taken place now that more
people are using a cell bank technique is that no longer are people using 1 to 2 splits, as
we call it. They have cut down markedly on the manual handling by using as high as 1 to
10 splits. So we no longer need 14 or 15 manipulations between the cell bank and the stage
when we use the cells for the production of vaccine.

As to the possibility of there being an occult virus or virogene, Dr Hilleman has said
that this is a theoretical possibility, and it is no more than that.

Sacus (UK) I should like to ask a question on the effect of the length of storage on
potency and reaction. What prompts me to raise this is the comments of Drs Cohen and
Cockburn about the screaming syndrome that sometimes occurs when vaccine is given
soon after production, and then the falling off at a later date. In the early stages one would
have a relatively fresh vaccine, and possibly in the later stages the vaccine would have
been stored longer. I had to carry out some work on typhoid vaccine when we had an
undue number of reactions. We found that these occurred in batches that were relatively
fresh, issued by mistake, instead of being stored for a period. We followed this up and
found that use of the same batch of vaccine after six months storage resulted in fewer
reactions. We did various potency tests — mouse protection etc. — and we found there was
no difference from the early batch.

Incidentally, these were phenol-killed vaccines. The question was raised about the
possibility of a certain amount of denaturization continuing, possibly due to the phenol.
Perhaps you could comment.

CoHEN (The Netherlands) I can only comment so far as shock and persistent screaming
are concerned. The ageing of the vaccine definitely does not play any role in causing these
symptoms. We had at least two children who were injected three times with DTP-polio
vaccine and got persistent screaming or shock: every single time they got a different lot
of vaccine. I believe it is more the reaction pattern of the children to certain toxic com-




GENERAL DISCUSSION 193

ponents in the vaccine, whatever they may be. I do not believe that ageing, at least in this
vaccine, plays any role at all.

CHAIRMAN  Would you not agree, Dr Cohen, that with pertussis vaccine the storage of
vaccine does decrease the toxicity?

CoHEN (The Netherlands) It depends how you handle the vaccine. We centrifuge the
vaccine, which is very important in our opinion. We have carried out a clinical trial com-
paring acid-precipitated pertussis vaccine with the centrifuged vaccine: precipitated
vaccine causes higher temperatures in infants.

The second thing is that we heat the vaccine at 56 °C for half an hour. The result is that
we obtain complete detoxicification in the mouse toxicity test. When you test such a
vaccine over and over again you will find exactly the same results in the mouse toxicity
test.

So I believe that this storage problem has to do with actual exotoxin which may remain
in the vaccine, because it is not properly detoxified by heating. During storage this
exotoxin is gradually destroyed.

CockBURN (WHO) In our early trials we did have batches of vaccine which had a rather
high mouse toxicity. If we kept them for six months this was considerably reduced. How-

ever, I do not think there is any evidence that the screaming was associated with this type
of mouse toxicity.

CHAIRMAN That is a very important point. There have been a number of studies that
have not really correlated these two factors.

SeENCER (USA) Mr Chairman, I do not hesitate to exhibit my naiveté. In all of our ex-
perience in the United States this is the first time I have heard the syndrome of persistent
screaming mentioned. I wonder how many other countries experience this. Could this be
a cultural situation rather than an immunological one?

CHaRMAN I thought it was a very general phenomenon.

CoHEN (The Netherlands) If you go out and look for them you will find them. Usually
they are not reported. You could even see that from the slide I showed. We had this town
under very good observation, and the province to a somewhat lesser extent, and even there
you see the difference in the number of cases reported. The reason is that the symptoms
occur within six hours. The mother suddenly finds her child in the cot. The child is very
pallid and she thinks it will die. She takes the child out and the symptoms disappear. So
she often does not mention it to the doctor. She believes it is something she can expect
after vaccination. With the persistent screaming she is less worried about the child than
about the neighbours, because the child may keep the neighbours awake for some hours.

I observed my own son — it is a general phenomenon — for six hours after vaccination,
which is when the reactions take place. There may not be persistent screaming, but it is
obvious that the child does not feel very well. After six hours he gradually resumes his
play. We are now trying to find what happens pharmacologically in the child. It may well
be caused by a failure of the adrenergic system.

NETTER (France) Though producers and controllers agree generally that control of
vaccines is very strict, I should like to insist on a very important control which is not
routinely made. It is a stability test for freeze-dried vaccine.

Yesterday Dr Henderson told us that for an eradication campaign against smallpox it
was very important for WHO to have regular lots of potent vaccine, and that at the start
of the eradication campaign this was not the case for all vaccine.

Mr Chairman, a moment ago you were insisting on the fact that the private practi-
tioners were sometimes not keeping the vaccine at the right temperature. I therefore feel
that it is important from the public health point of view to produce potent and stable
vaccine, and maybe to include in the regulations routine potency tests for stability.
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Lucost (Hungary) I have a question about BCG vaccine. The in-vitro determination of
variable units gives one parameter for the quality and potency of BCG vaccine. According
to the available control data there are large variations concerning the variable unit num-
bers amongst freeze-dried BCG products manufactured in the different BCG laboratories.
The variable unit numbers can oscillate between 1 million and so million per ml. The
protection against virulent infection depends on the persistence capacity of BCG in the
host. So, for instance, giving 100000 BCG variable units intradermally from a vaccine
prepared from a strain having normal residual virulence can afford correct post-vaccina-
tion allergy and protection. However, we see in practice the administration of 1 million or
5 million variable units intradermally from vaccines containing 1o million or 50 million
variable units per ml.

My question is whether this large number of variable units is not superfluous in an
immunological sense, in burdening or perhaps paralysing the cellular immune system of
the host, which can be particularly dangerous in immunological deficiency states.

CHaIRMAN That is a very difficult question. Would anyone care to answer this?

You do raise an important point, Dr Lugosi, but all we can say in the United Kingdom
is that the vaccine we use has been shown to be protective for 10 years and we know
nothing more than that. What other people use, and why they use many more organisms,
I really do not know because there are few data. Our international association has in
progress a collaborative study with twelve countries measuring many laboratory para-
meters of the vaccine, and they will be subjected to field study in children when the first
part of the study is completed.

Until we have these data I do not think that we shall be able to say much more about it.

Lucost (Hungary) Are you participating in this collaborative study?
CHAIRMAN  Yes.

GEAR (South Africa) I should like to ask whether it is generally recommended that per-
tussis vaccine be not given to children over 3 years of age, and whether the problem of
encephalopathy following its use has been satisfactorily eliminated by the careful selection
of strains.

Thirdly, is there any further knowledge of its pathogenesis? I believe it is associated
with fibrin deposition in the capillaries of the brain with associated capillary haemorrhages.
One wondered whether this could not be accounted for by the occasional mistaken in-
travenous injection of a particulate suspension when some of the particles would end up
in the end capillaries of the brain, setting off the encephalopathy within a short time after
the inoculation.

CuairmMaN I do not know whether Dr Cohen would wish to say something on this point.
In the United Kingdom we do not include a pertussis component when a child has a
booster dose at school entry, and [ think that is in agreement with Dr Cohen.

Would you care to say something about this, or its pathology? I think there is very
scant knowledge on the pathology, but perhaps you could say something.

CockBURN (WHO) Dr Gear may be right, but I do not think that there is any real
evidence about this at all. It is one of the great unknowns, unfortunately.

GrrrriTH (UK) It is interesting that there is no constant time relationship between the
development of encephalopathy and administration of pertussis vaccine.
Hypsarrhythmia, a common condition in children, is usually recognized at about the
age at which children are routinely vaccinated. It is a condition which develops in the
second six months of life and is often attributed to vaccination, but there is no apparent
time relationship between administration of the vaccine and development of the condition.

CoHEN (The Netherlands) There is only one thing I can add to this. Encephalopathy
after pertussis vaccination occurs very seldom, at least so far as we are informed. I would
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say somewhere between 1 in 500000 and 1 in one million vaccinations. We had several
cases in which we could not rule out an association with a virus infection, i.e. herpes
encephalitis which was confirmed serologically.

UnNcar (Switzerland) 'There was a publication by a Medical Officer of Health (Dr
Hopper), who pursued about 2000 families in his area. He has shown that there are certain
familial predispositions to reactions. In certain families the children inoculated with a
triple vaccine had reactions and I think that he showed that there is quite good evidence
that these neurological symptoms are due to certain familial conditions.

Sacus (UK) There are two questions in connexion with yellow fever vaccine that 1
should like to raise. This concerns travellers, a point which was raised earlier, and this is
also rather important in the Services; when it is necessary to give both yellow fever and
smallpox. I am talking about primary vaccination against smallpox, and there seems to be
some divergence of opinion. I believe that the French have given a vast number together.
We recommend that yellow fever should be given first and smallpox afterwards. If small-
pox is given first and there is a primary take, the interval should be 21 days. In the early
1950s there were some cases of encephalitis, although we were using the 17-D strain.

The second point is about yellow fever and BCG. We recommend a 10-day interval
between the two if they are both required, irrespective of which is given first.

Could these two points be clarified, please, because of the divergence of opinion?

ReLyveLD (France) I will give some results this afternoon about yellow fever and
smallpox.

The only thing I wanted to say was in connexion with pertussis. Dr Cohen said that he
centrifuged his vaccine and then found that there were fewer post-vaccinal reactions.
I agree with him, because we found that we could still further reduce post-vaccinal reac-
tions to pertussis if we adsorbed the vaccine and then took away the supernatant two or
three times. If you leave the vaccine for, let us say, 14 days in an ice box, you will find that
the vaccine becomes yellow. There is a material diffusing out of the pertussis bacillus.
The vaccine settles down and you can take off the clear supernatant easily. If you do that
twice, and replace the supernatant by sodium chloride solution, you will find that you
have no more fever after vaccination, and we never had neurological reactions.

CHAIRMAN Does the vaccine protect?

ReLYVELD (France) Of course it protects. We do not use vaccine that has not passed the
mouse protection tests.

CHAIRMAN But how do you know?

ReLYVELD (France) What we also did was to titrate the supernatant to find out whether
there was some protecting antigen in it. We never found protecting antigen in the super-
natant. So I think myself that there is some kind of endotoxin diffusing out of the bac-
teria. If you have a non-adsorbed pertussis vaccine it will not settle down so you cannot
make a decantation, but if you have an adsorbed pertussis vaccine it decants very easily in
about 5 or 6 hours and you can take away the supernatant.

I should also like to ask Dr Joé a question. We have spoken a great deal about vaccine
here, but we have not spoken about oral vaccines. There was a question about typhoid
vaccination, and I think that in Eastern Europe many countries at the moment use oral
vaccination. Does he have any idea of the success of this method because I think it is

important. If you can give an oral vaccine you have no post-vaccinal reactions. What is
the situation?

Jo6 (Hungary) Of course, oral vaccines have their advantages in that they can be applied
without any restrictions because of their non-reactivity. Some time ago a field trial was
carried out with the oral typhoid vaccine prepared in Eastern Germany, and the epi-

14 PLA
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demiological results seemed to be very promising. The test has to be repeated. It was a
killed whole-cell vaccine, but in any case I must say that in my opinion at least the vaccine

of the future must be an attenuated oral vaccine. But of course the problems to be re-
solved are much more difficult.

CHairMAN Can anyone answer General Sachs’ question: what about yellow fever and
smallpox, and yellow fever and BCG?

GorpoN (UK) Probably you will remember, Dr Perkins, that this problem was con-
sidered on one occasion by the Joint Committee on Vaccination and Immunization which
advises the health authorities in the United Kingdom. The recommendation that they
gave then, which is quite recent, was that there should be an interval of three weeks between
the two, but that if this was impossible the two should be given simultaneously.

HenpersoN (WHO) In the Francophone countries of Africa there is a fairly substantial
and successful experience in the simultaneous administration of smallpox and yellow
fever vaccines. Dr Meyer has confirmed these observations in studies which he and his
colleagues conducted in Upper Volta. All evidence of which I am aware indicates that the
two vaccines may be given simultaneously, albeit at separate sites, with safety and
efficacy. In a study recently reported, smallpox vaccine and yellow fever vaccine were
given sequentially at varying intervals of time to determine if there was interference either
in seroconversion or in the proportion of take rates for smallpox vaccine. None was found.

Nerter (France) With regard to the stability test for measles freeze-dried vaccine, we

find that after two to three days at 37 °C we have the same decrease in activity as in a
refrigerator after one year.

CHaIRMAN It seems to me that General Sachs’ question with regard to yellow fever and
smallpox has been answered and that it can be given with safety. He asked also about
yellow fever and BCG. I do not know of any data there, so I think we shall have to leave
that with a question mark at the moment.

KrueMan (USA) I should like to return to the question of the optimum time to dis-
continue pertussis immunization. It has been suggested during this discussion that the
vaccine should not be given to children over 3 years of age. It seems to me that this
decision should be based on an evaluation of the relative risk of complications of vaccina-~
tion against the relative risk of acquiring pertussis and its complications. In the United
States many children from economically deprived areas have never been immunized
before attending school between 3 to 6 years of age. In balancing the relative risks, we
have recommended that diphtheria and tetanus toxoids combined with pertussis vaccine

be given up through the pre-school age, but that pertussis vaccine should be discontinued
after 6 years of age.
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The choice of vaccines to be used in a community, the number of doses to be
recommended, and their timing and spacing, are influenced by many factors
which require to be taken into account when planning an immunization schedule,
and they may for convenience be considered under the headings of epidemio-
logical, immunological, and administrative factors.

The epidemiologist needs to consider the incidence, severity and mortality of
the infectious diseases affecting the population, and the particular age or occupa-
tional groups who may be at special risk. He must also examine whether a com-
munal immunity can be secured, with the possibility of perhaps eliminating the
infection altogether. At the same time he must take into account adverse reactions
caused by vaccines and ensure that they do not cause more illness than the diseases
they prevent. .

The immunologist aims to provide effective vaccines that will stimulate the
optimum protective response — often measurable in terms of a long-lasting, high
titre of circulating antibody. The optimum response depends on factors such as
the timing and spacing of injections, the use of adjuvants, and avoidance of inter-
ference between different antigens, all of which must be considered.

The administrator who has to put into effect the programme also has important
contributions to make in devising the schedule because he must balance what is
expedient with what is immunologically and epidemiologically desirable. He
must ensure that the programme is convenient and practicable, and must take
into account social factors — such as that particular age groups may be difficult to
reach. He must also evaluate costs and consider the need for recording both the
vaccinations given to individuals and any adverse reactions or vaccine failures.
It may also be necessary to consider the need for legislation to make vaccination
programmes effective.

These different factors will be considered in this paper, particularly in relation
to the schedule of immunization adopted in the United Kingdom.

EPIDEMIOLOGICAL FACTORS

A rational schedule of immunization for a particular community depends on an
understanding of the incidence, distribution, and effects of those diseases for
which vaccines are available. The importance of other control procedures, such
as chemoprophylaxis or hygienic measures, must also be considered in order to
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Table 1. Basic routine immunization schedule — United Kingdom

Age Vaccine

Under 1 year Diphtheria—tetanus pertussis
and oral poliomyelitis (three
spaced doses)

1—2 years Measles

5 years Diphtheria~tetanus and oral
poliomyelitis

10-13 years BCG

Girls aged 11—-13 years Rubella

15-19 years Tetanus and oral poliomyelitis

assess the role of vaccination. In the United Kingdom there are seven vaccines
currently thought to be worth offering to all children — diphtheria, tetanus,
whooping-cough, poliomyelitis, tuberculosis, measles and, for girls, rubella
(Table I) — and the reasons for using each vaccine varies. In tetanus, for example,
although the incidence is very low, the disease carries a high death rate, vaccina-
tion is very safe, and actively immunized persons do not usually require other,
potentially hazardous prophylactic measures in the event of wounding. Rubella
vaccine is used only with the aim of preventing congenital infections. The other
vaccines were introduced because, at the time, the corresponding diseases caused
an appreciable number of deaths or serious illnesses, but this is not always true
today. Thus the epidemiology of an infectious disease is liable to change and the
need for using, or not using, a vaccine requires to be kept under review. Changes
in epidemiology may be caused by variation in the microbial pathogen, e.g. the
selection of antigenic variants — as in influenza A virus; it cannot be certain that
similar changes will not occur in other microbial pathogens for which vaccination
is practised. The appearance of previously unimportant serotypes of whooping-
cough bacilli has been suggested as the cause of a diminished effectiveness of
pertussis vaccine in the United Kingdom (54). Although this suggestion has been
criticized (68), manufacturers of vaccines have nevertheless taken steps to en-
sure that their preparations include all the known serotypes of Bordetella pertussis.

The epidemiology of an infectious disease may also change from alteration in
environmental factors affecting the transmission of microbes, and the decline of
enteric fever in developed countries, for example, is largely due to such factors.
Alteration in the resistance of the individuals making up the population may also
affect the epidemiology, e.g. from the effects of vaccination in smallpox, diph-
theria and poliomyelitis. Whatever the cause of epidemiological changes they
must be taken into account in an immunization schedule. In addition, the picture
in other parts of the world must be kept in mind. Thus improved smallpox
control in the world has allowed routine smallpox vaccination to be discontinued
in the United Kingdom (12) and in the United States(71). On the other hand,
although poliomyelitis and diphtheria are both rare in developed countries their
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Table I1. Vaccines used selectively — United Kingdom

Vaccine Indication Schedule

Anthrax Workers exposed to special risks 3 doses spaced at 3-week intervals
4th dose 6 months later
Reinforcing doses annually

Influenza High-risk patients Annual single injection
Smallpox Health Service staff Re-vaccinate every three years
Tetanus Un-immunized adults 3 spaced doses

control is thought to depend on continuing widespread immunization(40, 64,
65) — stopping the use of these vaccines could not be considered until the diseases
are controlled on a worldwide basis.

Other diseases exist in the United Kingdom for which the available vaccines
are not recommended routinely, but epidemiological considerations may indicate
the use of such vaccines for selected groups (Table II). Thus typhoid is too un-
common to justify use of the vaccines at present available, although in the Armed
Forces it may be worthwhile(47), because troops may rapidly move to parts of
the world in which typhoid is endemic and where they may operate under condi-
tions where standards of hygiene and water purity can be difficult to maintain.
Vaccination against smallpox is recommended in the United Kingdom at present
only for nurses, doctors and certain other groups particularly liable to exposure.
Anthrax vaccine is considered necessary only in the case of workers such as
veterinary surgeons, who may have an occupational risk of exposure. BCG
vaccine is given to newborn babies only when they are born into a household
where a sufferer from the disease also lives (11); otherwise it is given after the age
of 10 years.

The age incidence of a disease, or the age at which morbidity or mortality is
high, may also require consideration. Influenza immunization in the USA is
recommended annually for elderly people in whom the disease carries a signifi-
cantly raised mortality rate(2x). The main risk from pertussis is in the very
young(g), and for this reason vaccination is started in many countries as early as
possible in the infant’s life, despite the immunological disadvantages. Diph-
theria immunization is concentrated on infants, because, when the vaccine was
first introduced, most deaths were seen in infants and most adults were immune
(775). As the disease has come under control there has been some evidence of an
increased susceptibility in older persons, and it is possible that it may become
necessary to ensure that adults are boosted in order to maintain an adequate
communal immunity (19, 64, 65). BCG vaccination in the United Kingdom is
practised at 10-13 years of age because when it was introduced the duration of
immunity was uncertain, and because the incidence was high in young adults,
who have usually been regarded as particularly susceptible to tuberculosis(52).
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The sex distribution of a disease is mainly important when the infection is liable
particularly to affect the pregnant woman or the infant in utero, as with rubella,
or when the vaccine may be harmful. Thus evidence exists that vaccination
against smallpox in pregnancy may increase the risk of stillbirth or may sometimes
affect the foetus(40, 70), and schedules often include the proviso that pregnant
women should not be vaccinated against smallpox. This exclusion is sometimes
extended to other live vaccines such as mumps and yellow fever(71) or polio-
myelitis (47).

Live rubella vaccines are particularly contraindicated in pregnancy owing to
the risk of affecting the infant in utero; where rubella vaccination is now being
introduced it may be confined to young girls at an age before they are liable to
become pregnant, as is the practice in the United Kingdom (x1). In the USA, on
the other hand, widespread immunization of both sexes is recommended (71) in
the hope that this may evoke a communal immunity whereby even the non-
immunized are protected.

There are few known contraindications to the use of killed vaccines in preg-
nancy, but nevertheless some obstetricians are reluctant to immunize any preg-
nant patient. In the case of killed influenza vaccine it has been suggested that its
use could promote ABO incompatibility (20). On the other hand immunization
of pregnant women with adsorbed tetanus toxoid is advocated in countries where
tetanus neonatorum is common in order to provide passive immunity to the new-
born infant(41).

COMMUNAL IMMUNITY

The primary aim of immunization is usually the protection of the vaccinated
individual, but in recent years efforts have been made to try, by vaccinating a
high proportion of the population, to eliminate an infectious disease. Justification
of this procedure is based on the success attributed to vaccination against small-
pox, diphtheria and poliomyelitis. Following the introduction of smallpox vacci-
nation by Jenner in the United Kingdom nearly 200 years ago the incidence of
smallpox in the country steadily declined. Although the relative importance of
social improvements and vaccination in causing this decline is uncertain, there
seems little doubt that the irradication campaign successfully pursued by the
World Health Organization in the last twenty years has been effected largely by
means of vaccination (30). In the case of diphtheria, immunization is believed to
have been responsible for the virtual elimination of diphtheria bacilli from com-
munities in which vaccination has been extensive. The results of the polio-
myelitis immunization programme, both with live vaccine(46) and with killed
vaccine in Scandinavia(24), supports the view that immunization campaigns can
have the effect of significantly reducing or even eliminating an infection from the
community. Recently, therefore, both measles and rubella vaccination(71) have
been introduced in the USA with elimination of the diseases as the conscious aim.
An immunization schedule must take this aim into account since it usually de-
mands a high immunization rate and to obtain this the schedule must be made as
convenient as possible both to the health authorities and to the community at large.
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VACCINATION AFTER EXPOSURE

Vaccination against most diseases is carried out, as far as possible, before exposure
to infection occurs, but in certain instances it may be valuable to immunize, or to
boost immunity, after exposure. Where a vaccine is particularly reactive and
cannot freely be recommended to all who are liable to be exposed, immunization
after exposure may be preferred. Thus, rabies vaccination using both Semple
type and duck embryo vaccines has been used mainly after exposure to infection,
the long incubation period of rabies allowing the development of an active im-
munity during the incubation period. It is unlikely that routine rabies vaccination
would be introduced, even in countrics where rabies is common, except for
workers who might be exposed frequently.

Immunization with live, attenuated poliomyelitis vaccine in an exposed popula-
tion has been shown to be of value, partly owing to interference with wild virus
and also, presumably, due to the boosting of specific immunity (29). The use of
live vaccines for contacts of a case of poliomyelitis is consequently advised (71).

Vaccination of exposed persons against typhoid is controversial. In the USA,
for example, the procedure is recommended (71), but in the United Kingdom it is
not(xx) because the development of immunity following vaccination is believed
to be slow, and because diagnosis by serological means might then be made
difficult. There is, in addition, the possibility of ‘provocation typhoid’(55) at-
tributed partly to the effect of endotoxin and partly to a decrease in circulating
antibody by absorption onto the injected antigen — the so-called ‘negative phase’
(75)-

In tuberculosis the injection of BCG vaccine in persons who have already ac-
quired infection with tubercule bacilli has been regarded as risky owing to the
fear of reaction in hypersensitive subjects. However, with increasing experience
of the use of BCG vaccine, the precaution of prior tuberculin testing is no longer
everywhere regarded as essential (56).

Passive immunization with homologous or heterologous serum preparations is
often practised after exposure, for example, in gas gangrene and infectious
hepatitis. In diphtheria, tetanus, and rabies, passive immunization is commonly
accompanied by simultaneous active immunization. In addition, immunization
schedules often include recommendations concerning the use of booster inocula-
tions in actively immunized persons who are exposed to tetanus by wounding or
to diphtheria by contact with a case or carrier — in both instances the opportunity
is taken to further boost the immunity that otherwise might be insufficient. The
control of smallpox in the United Kingdom is now dependent on the vaccination
or re-vaccination of persons exposed to an imported case. In countries where
boosting at the time of exposure is impracticable, the schedule must take this into
account to ensure a more permanent high immunity.

REACTIONS

The incidence, nature and severity of reactions to vaccine are important consider-
ations. The observation that serious reactions to smallpox vaccines may be less
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common in children primarily vaccinated after the first year of life(77), led to
modifications of the schedule in the United Kingdom. Pertussis vaccine is re-
commended in the United Kingdom after six months of age, in part because
reactions are believed then to be less frequent(28). For many years the occasional
local or even generalized reaction to smallpox, pertussis and other vaccines has
been accepted as a small price to pay for immunity in the individual and the
community. However, as diseases are controlled, side effects become less accept-
able; when they become more common or more serious than the effects of the
disease for which the vaccine is being given, the question arises whether immuni-
zation should be continued. Thus, smallpox vaccination has been abandoned as a
routine measure in both the USA and the United Kingdom, in part because
reactions have been responsible for a greater number of serious illnesses than
smallpox itself(14). Similar arguments are occasionally put forward to suggest
that pertussis immunization might be discontinued(x3). High reaction rates
among particular categories of people must also be taken into account in planning
an immunization schedule in order to specify contraindications; live vaccines in
patients receiving corticosteroids, and the use of influenza vaccine in patients
hypersensitive to eggs, are examples. The occurrence of reactions requires careful
observation because, if infrequent, they may go unnoticed, and the possibility
must be remembered that reaction rates to different batches or preparations of
vaccines may differ. Although control procedures include laboratory tests of
reactivity, the tests may not always measure clinical reactivity. Measles vaccine
derived from the Wellcome strain of virus was withdrawn in the United Kingdom
because a very few serious reactions had been noticed following its use(18).

For diseases that are not regarded as serious by the population at large, even
minor reactions may be considered unacceptable. Only about 40 per cent of a
factory population, for example, may accept vaccination against influenza, and
the rate may drop to only about 20 per cent when vaccination is offered in a
second year(67), presumably partly on account of the sore arms and malaise
which not infrequently follow vaccination (69).

There is some evidence that the incidence of reactions to a vaccine may depend
on the frequency of injections and on their spacing. Thus in a factory population
the incidence of local reactions to tetanus toxoid was 0.9 per cent to the first in-
jection, 2.7 per cent to the second injection, and 7.4 per cent to the third injection
of the basic immunization course. 'T'o booster injections the rate was 1.6 per cent
(74)- The more widely spaced the injections of the vaccination schedule the less
likely hypersensitivity reactions may be. This factor may become more important
in planning schedules, owing to increasing public sensitivity to the side effects of
any therapeutic procedure.
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IMMUNOLOGICAL FACTORS
THE VACCINE

The immunologist works to provide vaccines which safely induce a solid durable
immunity, and which are easy for the health worker to administer and for the
vaccinee to accept. The degree of protection given by the different vaccines varies
~ in the case of tetanus and yellow fever for example, it is rare to encounter the
disease in immunized persons (1, 63), whereas in most other diseases protection is
certainly incomplete. Clearly the effectiveness of each vaccine must be considered
when assessing its place in an immunization schedule and the immunologist must
work closely with the epidemiologist to conduct field trials and to develop
laboratory tests that will reflect the field effectiveness of vaccines. It must also be
remembered that the effectiveness of vaccines may differ in different communi-
ties — cholera vaccine may possibly be more protective in the population of
Bangladesh in whom a basic immunity may exist, than in Europeans(50); in the
USA population BCG vaccine appears to confer little benefit, whereas the trials
in the United Kingdom population indicated valuable protection(56).

The duration of protection may be capable of improvement. Thus much at-
tention has been given to developing live, attenuated virus vaccines which are
often capable of producing a durable immunity after a single dose, whereas killed
vaccines usually require more frequent administration. Certain dead antigens,
tetanus toxoid for example, may produce a long-lasting immunity provided a
properly spaced course of immunization is given, whereas others, influenza vac-
cine for example, may produce only short-term immunity — perhaps because the
protective antigens have not yet been concentrated sufficiently or, possibly, be-
cause a solid durable immunity may not be capable of induction by killed anti-
gens, as may be the case with cholera and other gram-negative bacterial infections.

Much immunological work aims at the improvement of vaccines, often by the
purification and concentration of protective antigens — not only to enhance anti-
genic potency but also to remove impurities which may cause reactions. In some
instances the injection of sufficient antigenic mass to stimulate protection may
depend on purification, e.g. meningococcal vaccine/{76) and subunit influenza
vaccine(58). In other instances improvements may depend on the development
of new types of vaccines, e.g. cholera toxoid (%), or live bacterial vaccine(x7, 61,
39). All such developments could have marked effects on immunization schedules.

Purification of vaccines may sometimes result in a diminished antigenicity,
presumably owing to the loss of impurities which may have an adjuvant effect(15)
and there is evidence that this may have occurred with both diphtheria(43) and
tetanus toxoids(73). New, or more purified or concentrated antigens should be
incorporated into an immunization schedule only after they have been evaluated
in the field.

Vaccine combinations are an important field of study to the immunologist, in
order to allow the health worker to protect persons against a number of diseases
with the fewest attendances as possible. The development of concentrated vac-
cines is often an advantage in producing combined vaccines in order to provide
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sufficient antigenic mass with an acceptable injection volume. The development
of combinations is not, however, straightforward and is affected by factors con-
sidered below.

ANTIGENIC COMPETITION

In formulating either new mixtures of vaccines or new schedules of immuniza-
tion it is necessary to ensure that an adequate response is obtained to each of the
antigens given, i.e. the possibility of antigenic competition must be taken into
account(2). The possibility must also be kept in mind that the response to the
components of the mixture may differ in persons immunized for the first time
and in those who have previously encountered one of the components of the
mixture —~ the response to the new antigen may be impaired or ‘crowded out’ by
the secondary response to the other(2s5). As information on new vaccine com-
binations is accumulated, it appears that antigen competition may be of less
practical importance than has been feared. Thus, for example, a recent report
demonstrated the effectiveness of simultaneous immunization with BCG,
diphtheria—tetanus, and oral poliomyelitis vaccines(23). Nevertheless it is ad-
visable with each new mixture to ensure that the combination is effective in the
population in which it is to be used.

INTERFERENCE

Interference between viruses in an animal host has long been taken into account
in the use of live vaccines — most schedules of immunization recommend that in-
jections of yellow fever and smallpox vaccine are separated by at least a three-
week interval. More recent work suggests that this recommendation may be too
cautious and that the simultaneous administration of two or more live vaccines
may be both safe and effective(45, 72). Thus, in the USA a combined live at-
tenuated measles, mumps and rubella vaccine has recently been introduced(36).
Nevertheless, it is usually recommended that two live vaccines should not be
given between two days and two weeks of each other, owing to the risk of inter-
ference (71).

Interference may also occur as the result of natural infection; poliomyelitis
vaccines given by mouth may not be very effective in developing countries where
other enteroviruses are prevalent in infants(60). Poor responses are possibly due
to a number of factors in developing countries (49), but in such communities the
number of doses of vaccine to be given may need to be increased (3), and schedules
often include the proviso that vaccination should be delayed in the presence of
intercurrent infection (e.g. 1I1).

ADJUVANTS

The incorporation of an immunological adjuvant into a vaccine to stimulate a
greater and longer-lasting immune response may allow fewer injections to be
given. In the case of combined diphtheria/tetanus/pertussis vaccine there is the
added advantage that the addition of an aluminium adjuvant may reduce the
frequency of adverse reactions(g). The most effective adjuvants appear to be oil
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emulsions, but at present they are considered too reactive to be generally accepted.
Should non-reactive oil preparations (32) become available considerable modifica-
tions of the current immunization schedules may be possible.

Adjuvants may sometimes be removed from vaccines, as was the case where
alum was associated in the United Kingdom with provocation poliomyelitis in
the 1950s(48). Alterations to the pertussis component of triple vaccine might
well be made in order to diminish its toxicity, and such changes could impair its
adjuvant effect on the diphtheria and tetanus components. Indeed, should the
incidence of pertussis decline to levels lower than that of the incidence of com-
plications due to the vaccine, the pertussis component could be omitted(13).
Apart from any effect on the schedule due to the loss of the adjuvant effect of the
pertussis vaccine, the age at which immunization was practised might also be
affected.

SPACING OF VACCINE DOSES

To secure a good immunological response to killed vaccines, such as the toxoids,
the principle is well established of inducing first a primary response and then a
secondary response, and of later giving recall or reinforcing doses. Although
much information exists on the number, timing and spacing of the injections
necessary to obtain the highest and most durable response, the information is
often incomplete — mainly owing to the difficulty in man of trying out the many
possible different schedules in groups of volunteers. The lack of information is
particularly marked in the case of vaccines such as typhoid and cholera, where
immunity cannot clearly be related to the presence of circulating antibodies or to
skin tests. Consequently, recommendations concerning the immunologically
most suitable schedule for different vaccines is liable to change as more studies
are reported.

Information on the duration of immunity provided by most vaccines may be
particularly limited because many vaccines have been in use only for a short
period of time. Even when vaccines have been used for many years, e.g. smallpox
for nearly 200 years, cholera and typhoid since the 189os(27), diphtheria toxin-
antitoxin mixtures since 1915(4), the duration of immunity produced by current
preparations may be uncertain. This uncertainty arises in part from the lack of
studies but, in addition, vaccines undergo changes in purification and preparation
methods, and in their mixture with adjuvants, and these and other factors may
well influence the duration of immunity produced(x9, 43, 73). The dosage and
number of injections recommended has also varied from time to time and
between different countries — consequently evidence derived from one country
may not necessarily apply to other countries(37).

The duration of immunity produced by live virus vaccines is also uncertain,
Following smallpox vaccine a high level of protection is probably maintained for
about three years(8), whereas yellow fever vaccine provides an immunity lasting
for at least ten years(26). Immunity may well be long-lasting after poliomyelitis
and measles live vaccines(44, 38), but it is not yet possible to set a limit — if one
exists. Should immunity be found to be less long-lived than expected, recom-
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mendations would require careful consideration. Thus, if it becomes necessary to
reinforce rubella immunity in women, careful precautions would be necessary to
ensure that vaccinees were not pregnant.

AGE

Although newborn infants can respond to antigenic stimuli their ability to pro-
duce an antibody response improves during the first year of life. The response
may also be impaired as a result of passive immunity derived from the mother,
and this may be most important in the case of live virus vaccines such as measles
(22). Antibodies in milk may impair the ability of the suckling infant to respond
to live oral poliomyelitis vaccine(34). From an immunological point of view,
therefore, a more certain response to vaccination may be obtained by delaying
the start of an immunization schedule until the age of six months or more. The
schedules at present recommended in the United Kingdom allows this point of
view with the first dose of triple vaccine given at the age of six months (Table I).
The improved response allows the omission of the fourth injection previously
recommended at 18 months of age. In the United States, however, the view is
taken that higher immunization rates will be secured by starting immunization
earlier (71).

Evidence also exists that the antibody response may be impaired in old age (59,
6, 35); a vaccine proven in young people should not be assumed necessarily to be
equally effective in the elderly. This factor may be particularly relevant to the use
of influenza in elderly persons in whom the response may be poor (Howells,
personal communication). On the other hand the possibility also exists that the
response to influenza vaccine may, in certain circumstances, improve with age
owing to previous natural exposure to the antigens(42).

PASSIVE IMMUNITY

As with naturally acquired passive immunity in the newborn, active immuniza-
tion with the corresponding antigens may also be impaired by antibodies provided
deliberately for prophylactic or therapeutic purposes. Inhibition has sometimes
been avoided by delaying immunization until the passive antibodies have been
eliminated from the body, as used to be the practice in wounded persons protected
against tetanus with horse antitoxin(51). On the other hand, inhibition may be
overcome by increasing the strength of the immunizing stimulus, as with the use
of adsorbed tetanus toxoid in the United Kingdom to allow simultaneous im-
munization of passively protected persons(66), and in rabies by increasing the
number of injections in the course of immunization(y1). When human im-
munoglobulin is given to sickly children immunized with attenuated measles
vaccine, the dose requires to be small to avoid completely neutralizing the

vaccine(57, 53).
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ADMINISTRATIVE FACTORS
VACCINATION RATE

Having decided the vaccines to be used, and with an understanding of the number
of doses that should be given and of their timing and spacing, the vaccination
programme should secure a high immunization rate in the groups to be immu-
nized, whether infants or schoolchildren, particular occupational groups or,
perhaps, elderly people exposed to the risk of influenza. It is possible that the
highest coverage may not be secured by a schedule considered best from the im-
munological or epidemiological point of view. Thus, it may well be true that
higher acceptance rates will result from starting immunization at perhaps two
months of age rather than six months of age; the earlier time is recommended in
the United States despite the immunological disadvantage and the possibility that
reactions of pertussis vaccine may be commoner under six months of age(71).

A high vaccination rate may be ensured by introducing legislation to make
acceptance compulsory, but the use of legal powers varies in different countries.
No vaccination procedures are nowadays compulsory in the United Kingdom,
although smallpox vaccination remained mandatory until 1947 (x6). However, in
the USA many states require certain immunizations prior to school entry(33).
Where legislation is not possible or not justifiable, the administrator must con-
sider the need for publicizing the need for, and availability of, immunization.

The cost of a vaccination programme must be related to the likely benefits. Thus,
for example, fetanus neonatorum could be eliminated from developing countries
by ensuring the active immunization of all pregnant women, but in many coun-
tries the cost would be too great. Again, it might be possible to cause a significant
reduction in excess mortality due to influenza in the USA by securing a high im-
munization rate among old persons, but the cost of doing so is prohibitive. Con-
siderations of cost may become increasingly important with the development of
vaccines against diseases formerly considered to be relatively trivial. In the case
of mumps vaccination, for example, most physicians would probably agree with
the use of a safe, effective vaccine giving a long-lasting immunity, but the cost
might be considered difficult to justify in view of the infrequency with which
serious complications of mumps are believed to arise.

Recording of vaccinations must also be considered by the medical administrator,
because health workers may wish to know who has been given vaccine and how
many doses they have received (62). He may need also to ensure that the occur-
rence of reactions or vaccine failures can be noted and related, if necessary, to the
vaccination procedure. Thus it may be preferred to give booster doses of vaccines
during school years rather than in younger or older children, so that recording
can be done by school health authorities rather than by general practitioners. The
schedule must be planned to give time and facilities for whatever recording is
considered necessary.

Administrative factors relating to immunization schedules may also change —
directly from changes in legislation concerning vaccines, but also indirectly from,
perhaps, alteration in the age of school entry or in the budget available for pre-




210 J.W.G.SMITH

ventive medicine. Consequently, like the other considerations affecting schedules
of immunization, administrative factors also require to be kept under review.

CONCLUSIONS

The design of an immunization schedule for a particular community must take
into account epidemiological, immunological and administrative factors. Guid-
ance may be obtained from published schedules (e.g. 11, 71) and from the con-
sidered views of experts — concerning both developed and developing countries
(x0, 31). Although an established, effective schedule should be changed with
reluctance, it is important to maintain a regular review. Thus, the epidemiology
of infectious diseases is liable to change, new information will appear on the
timing and spacing of doses of vaccine, and changes will occur in the choice of
vaccines which are available, and also in administrative factors which may affect
the immunization schedule.
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Les vaccinations dans les pays en voie de développement se heurtent souvent a
la difficulté de pratiquer plusieurs injections. Une solution du probléme a été
recherchée dans la réduction du nombre d’injections pour certains vaccins et en
vaccinant en une seule fois contre le plus grand nombre possible de maladies.
L’emploi d’un injecteur sous pression sans aiguille, permet de vacciner aussi dans
un temps relativement court un grand nombre de sujets.

Il a été démontré qu’on obtient un taux élevé d’anticorps circulants aprés deux
injections de vaccin antidiphtérique—antitétanique* a un an d’intervalle(r, 2) et
que les vaccins adsorbés sur phosphate de calcium peuvent étre administrés a
I'aide d’un injecteur sous pression de type Ped-O-Jet(4, 5).

Les programmes de vaccinations présentés ici avaient d’une part comme but,
d’étudier I'efficacité et 'inocuité de plusieurs associations vaccinales et d’autre
part, d’étudier &4 nouveau la vaccination antidiphtérique-antitétanique en deux
injections a un an d’intervalle.

ETUDE D'UNE ASSOCIATION VACCINALE QUINTUPLE

Cette étude, dont les résultats détaillés seront publiés ailleurs(3), a été entreprise
par FOCEAC (Drs C. Gateff, R. Labusquiere, M. Mc Bean et D. Monchicourt),
PInstitut Pasteur de Paris (Dr L. Chambon), I'Institut Pasteur de Garches (Dr
E. H. Relyveld), et I'Institut Pasteur de Dakar (Drs G. Le Gonidec et J. Vin-
cent). Les vaccins étudiés étaient: antivariolique (VAR); antiamarile (FJ); anti-

* Vaccin IPAD-DT de I'Institut Pasteur.
[215]
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rougeoleux (ROUG), BCG et antitétanique (T'ET); les six protocoles de vaccina-
tions réalisés aprés tirage au sort sont:

VAR; FJ; ROUG; BCG; TET
VAR; FJ

VAR; ROUG

VAR; BCG

VAR; TET; ROUG

VAR; Placebo (Soluté physiologique)

Chaque protocole comptait 100 sujets, des deux sexes, agés de 1 4 5 ans, origi-
naires d’une zone rurale située 4 150 km au Nord-Ouest de Yaoundé, Cameroun.

On a pratiqué a 'aide d’un Ped-O-Jet:

La vaccination antivariolique 4 la région deltoidienne droite en intradermique
sous volume de o,1 ml (minimum 1,10%> UFP/dose — vaccin lyophilisé ‘ Dryvax’ -
Wyeth).

Le BCG a la face antérieure de P'avant-bras droit en intradermique sous
volume de o,1 ml (vaccin lyophilisé de 'Institut Pasteur de Dakar contenant
9,10° unités cultivables par mg et reconstitué a la concentration de 1 mg par ml).

La vaccination antiamarile 4 la face externe de la cuisse gauche par voie sous-
cutanée sous volume de 0,5 ml (vaccin lyophilisé de I'Institut Pasteur de Dakar
contenant 8300 DL 5o souris de la souche 17D par dose).

Le vaccin antitétanique adsorbé sur phosphate de calcium (IPAD-T) de
I'Institut Pasteur de Paris 4 120 UF/ml) a servi de solvant au vaccin antirougeo-
leux (Lyovac Attenuvac de Merck-Sharpe & Dohme). La dose vaccinante de
0,50 m] a été administrée a la seringue dans la région deltoidienne gauche.

Les controles ont été pratiqués a des périodes différentes selon la vaccination
dont il convenait d’évaluer les effets. Des prélévements de sang pratiqués avant
et aprés la vaccination ont permis de titrer les anticorps circulants et de connaitre
le pourcentage de sujets non-immuns protégés apres la vaccination antiamarile,
antirougeoleuse et antitétanique. Les taux de protection obtenus pour les 6 pro-
tocoles de vaccinations sont présentés dans le Tableau 1. Les prises pour la
vaccination antivariolique dépassaient 97 %, dans tous les protocoles et n’ont pas
été rapportés dans ce tableau.

L’association quintuple donne vis-a-vis de la fiévre jaune la méme protection
que le vaccin antiamaril administré seul, en moyenne de 85 %, ce qui correspond
au taux habituellement obtenu.

Le nombre de sujets porteurs d’anticorps anti-rougeoleux avant la vaccination
oscillait entre 50 et 589, ce qui a considérablement diminué les effectifs. Ceux
des trois groupes vaccinés ne permettent pas d’affirmer que la différence des
résultats soit significative, méme si I'association quintuple fait apparaitre une -
légére diminution de la protection. Les taux de protection sont néanmoins in-
férieurs a ceux qu’on aurait pu obtenir chez des sujets de cet age.

Les résultats pour le BCG concernent des sujets non réagissant a la tubercu-
line avant la vaccination. Il n’y a pas de différence significative entre les résultats
obtenus avec le vaccin administré seul ou associé. Les résultats sont toutefois
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Tableau 1. Taux de protection pour six protocoles de vaccinations

Fiévre jaune Rougeole BCG Tetanos
Associations - ) I — — ~ , —
vaccinales No % No % No % Ne %
VAR-FJ-ROUG- 64 84,4 29 69,3 69 58 52 84,6
BCG-TET

VAR-F] 75 86,7 — — — — — —
VAR-ROUG — — 38 81,5 — — — —
VAR-BCG — — — — 71 53,5 — —

VAR-TET-ROUG — — 32 81,2 — - 45 93,3

VAR-Placebo 73 o 34 o 267 2,6 45 4,4

Neo = nombre de sujets non protégés, contr6lés aprés vaccination.
Y% = pourcentage de ces sujets protégés apres vaccination.

médiocres (environ §5 %, de virage) pour un vaccin dont la qualité ne peut pas
étre mise en cause. Le méme vaccin administré a la seringue a fait apparaitre 95 %,
d’allergie dans une étude différente et il semble donc que c’est la technique de
vaccination par injecteur sous pression qui est en cause, ce qui a méme fait pré-
coniser I’abandon de cette méthode de vaccination.

I1 a aussi été vérifié que Pefficacité du vaccin BCG n’a pas influencé la produc-
tion d’anticorps amarils ou rougeoleux, mais a fait apparaitre un léger fléchisse-
ment du taux de protection antitétanique par rapport aux témoins.

Les résultats de la vaccination antitétanique montrent aussi une légére chute
du taux de protection pour I'association quintuple. Cette association permet
néanmoins de protéger 859, de I'effectif en une seule injection.

Le titre moyen d’anticorps circulants de 0,5 UAI/ml contre 1 UAI/ml pour
'association triple, laisse augurer d’une protection moyenne durable jusqu’a
'injection de rappel un an apres. Le fait d’avoir utilisé Panatoxine tétanique ad-
sorbée comme solvant du vaccin rougeoleux, n’a pas modifié la réponse immuni-
taire vis-a-vis de ces deux vaccins.

L’association des vaccins a, dans tous les cas, été bien supportée et n’a donné
lieu 4 aucune réaction locale ou générale plus importante que celle observée avec
les vaccins isolés. On peut donc conclure que I'association quintuple présente un
intérét certain pour les vaccinations dans les pays en voie de développement,
méme si efficacité n’est pas pour tous les composants aussi bonne que celle des
vaccins administrés isolément.

ETUDE SUR LE CALENDRIER DES VACCINATIONS EN AFRIQUE SUD-
SAHARIENNE (AU CAMEROUN)

Le Tableau II montre le calendrier de plusieurs associations vaccinales faisant
actuellement ’objet d’une étude par le Centre International de I'Enfance (Drs C.
Fillastre, M. Guerin, F. M. Lévy et N. Cabau), chez deux groupes d’enfants
agés de 2 4 6 mois et de 6 4 12 mois. Les résultats présentés ici comportent les
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Tableau 1. Etude sur le calendrier des vaccinations au Cameroun

Enfants 4gés de 6 & 12 mois

Randomisation
Enfants agés — —
de 2 2 6 mois Groupe 3 Groupe 4 Groupe 35
1°7 jour prise de sang DT-BCG-VAR DT-BCG- DT-BCG- DT-BCG-
VAR-ROUG- VAR-ROUG VAR
Randomisation FJ
o Bl
Groupe 1 Groupe 2
2 mois plus tard prise de — DT-ROUG — DT-F]J DT-ROUG-
sang + IDR FJ
12 mois plus tard prise de DT-ROUG- DT-FJ — — —
sang+IDR FJ
24 mois plus tard prise de — — DT DT DT

sang
26 mois plus tard prise de
sang

contrdles effectués avant les vaccinations et aprés 2 et 12 mois et seront complétés
par la suite.

11 s’agit de trés jeunes enfants dont une partie est porteur avant vaccination
d’anticorps d’origine maternelle; le taux de protection a été exprimé par rapport
au nombre total de sujets.

La vaccination antidiphtérique-antitétanique a été effectuée avec un vaccin
adsorbé sur phosphate de calcium (IPAD-DT de I'Institut Pasteur), titrant
30 UF de chacun des anatoxines par ml. Ce vaccin a déja fait I'objet de plusieurs
essais, en particulier pour I’étude de la vaccination par deux injections a un an
d’intervalle(x, 2). La dose vaccinante de 1 ml a servi comme solvant pour le
vaccin antirougeoleux et a été administrée a la seringue.

Le Tableau IIT montre les résultats de titrages pour le tétanos; on note la
présence d’anticorps circulants d’origine maternelle avec un taux de protection
d’environ 23 9%, chez des enfants 4gés de 2 4 6 mois et d’environ 119, chez des
enfants de 6 4 12 mois.

Les résultats de cette vaccination sont excellents, en particulier dans les
groupes ayant recu une seule injection (84,2 et 97,29, de protection). L’étude
faite antérieurement avait donné un taux de protection un peu moins élevé, mais
tous les enfants, sans exception, avaient un titre élevé d’antitoxine a la suite de la
2¢éme injection effectuée un an apres la 1¢re.

Les résultats pour la diphtérie étaient par contre décevants: un taux d’anti-
corps circulants égal ou supérieur 4 0,05 unités internationales anti-toxiques
(UAI) par ml ne fut retrouvé apreés 2 mois, que chez 32 %, des sujets du groupe
2 et apres 12 mois chez 44 9%, du groupe 4. Des anticorps circulants d’origine
maternelle 4 un taux > 0,05 UAI/ml avaient été décelés avant vaccination, chez
39 Y% des sujets du groupe 1, 48 % du groupe 2 et 13 a 16 %, des groupes 3 4 3.
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Tableau I1I. Etude sur les vaccinations en Afrique Sud-Saharienne (au
Cameroun). Resultats des controles: Tetanos

Age au 1°r Vaccinations Avant vace.  Aprés 2 mois  Aprés 12 mois
contrble ‘ \ \
(mois) Groupes 1°T jour 2 mois plus tard Ne % No % No %
246 1 DT-BCG-VAR — 63 23,8 49 81,6 38 84,2
2 DT-BCG-VAR DT-ROUG 6o 21,7 52 76,9 44 93,2
6 a1z 3 DT-BCG-VAR- — 62 9,7 36 83,3 36 97,2
ROUG-F]
4 DT-BCG-VAR- DT-FJ 55 10,9 40 70 42 97,6
ROUG
5 DT-BCG-VAR DT-ROUG-F] 50 12 30 76,7 34 100

N©¢ = nombre total d’enfants controlés
% = nombre protégés

Il est donc fort possible que ces anticorps aient ralenti la réponse immunitaire.
Seul l'effet de rappel permettra de juger de I'efficience de la primo-vaccination.
Lefficacité du vaccin BCG exprimée par le nombre de sujets réagissant a la
tuberculine était de 65 4 76 9, 2 mois aprés la vaccination, et de 77 4 go %, apreés
12 mois. Les résultats sont donc moins bons que ceux qu’on pouvait espérer.

Des anticorps antirougeoleux furent retrouvés au premier contrdle (avant
vaccination) a un titre protecteur, chez 609, des enfants des groupes 1 et 2 et
chez 8 a 129, d’entre eux dans les groupes 3 a 5. Les taux de protection aprés
vaccination, étaient par contre cette fois-ci trés décevants, et aprés 1 an au
maximum de 53 %, dans le groupe 5 vacciné en dernier lieu.

L’efficacité de la vaccination antiamarile n’était pas meilleure (seuls les
groupes 3, 4 et 5 furent vaccinés). La présence d’anticorps maternels constatée
comme auparavant avec un taux de protection élevé avant vaccination ne peut
pas en étre uniquement la cause, elle était pratiquement nulle dans les groupes 4
et 5 lors de la vaccination. La protection aprés 12 mois dans ces groupes, n’était
pas supérieure a 25 et 42,5 %,.

Les résultats préliminaires de cette étude ne permettent pas de formuler des
conclusions définitives, mais montrent bien qu’a 'exception du tétanos, les
enfants trés jeunes se vaccinent moins bien qu’aprées 1’dge de 1 an. La présence
d’anticorps maternels joue certainement un réle, pourtant pas toujours €vident,
un titre trop bas du vaccin antirougeoleux a aussi été évoqué.

A noter aussi que lorsque la réponse aux vaccins antirougeoleux et antiamaril
n’est pas satisfaisante, le succés du BCG n’a pas provoqué de chute de protection
vis-a-vis du tétanos, par contre, chez les sujets plus agés, qui ont fait 'objet de la
premiére étude et répondant mieux a ces vaccinations, cette concurrence peut
s’ébaucher.
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VACCINATION DE MASSE CONTRE LE TETANOS A COTONOU, DAHOMEY

Une étude au Cameroun avait déja montré que la vaccination antidiphtérique—
antitétanique par deux injections 4 un an d’intervalle de vaccin DT purifié et
adsorbé sur phosphate de calcium confére un excellent taux d’anticorps circu-
lants. Tous les sujets étaient immunisés aprés la deuxiéme injection(1, 2).

A la suite de ces résultats, des essais ont été réalisés pour vacciner contre le
tétanos par un injecteur sous pression sans aiguille et comparer les résultats avec
ceux obtenus par injection a la seringue. On a pu conclure que ce procédé de
vaccination était éfficace et anodin. Tous les sujets vaccinés étaient protégés, les
réactions a la vaccination se limitaient & une faible douleur passagére et une
légére induration au point d’injection paraissant pendant 10 & 12 heures, et ayant
totalement disparu aprés 42 a 36 heures. Il n’y a jamais eu de réactions générales
et en particulier, pas de fievre(4, 5).

Les résultats de ces essais ont justifié 'étude de 'immunisation antitétanique
par deux injections a4 un an d’intervalle sur un nombre important de sujets et
dans une région avec une endémie tétanique et une mortalité élevée.

Une campagne de vaccination de masse a été entreprise a Cotonou, (ville
tropicale ol le nombre de morts par tétanos était de 'ordre de 10 par mois pour
une population de 120000 personnes) par les Drs M. Charpin et A. Massacrier
du Centre Hospitalier sur place, et les Drs L. Chambon, E. H. Relyveld et R.
Reynaud de I'Institut Pasteur de Paris. Toute la population, ainsi qu’un grand
nombre de sujets des environs qui se sont présentés aux séances (venant méme
du Togo voisin), au total 200000 personnes, ont été vaccinés par 0,25 ml d’ana-
toxine tétanique adsorbée sur phosphate de calcium a 120 UF/ml (IPAD-T 120
d’Institut Pasteur). Les injections ont été faites a aide d’un Ped-O-Jet.

Le but de cette campagne était de comparer le nombre de tétaniques hospita-
lisés avant et aprés la vaccination, et de titrer les anticorps circulants chez des
groupes déterminés de la population (écoliers, personnel administratif, dockers,
etc.) avant et aprés l'injection de rappel au mois de Mars 1973 pour évaluer
Vefficacité de 'immunisation.

11 avait aussi été prévu d’administrer sans attendre une injection de rappel
antitétanique en cas de blessure avant la deuxiéme injection, et ainsi de protéger
le sujet de fagon certaine. Cette mesure ne s’applique malheureusement pas au
grand nombre d’individus contractant le tétanos aprés une injection intra-
musculaire (en particulier de quinine) avec des seringues mal stérilisées.

Des sondages effectués 8 mois aprés la premiére injection ont montré qu’en-
viron 509%, des sujets possédaient des anticorps a4 un titre protecteur, ce qui
correspond au taux déji relevé précédemment(x). Les résultats avant et aprés
I'injection de rappel seront rapportés par la suite.
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RESUME

Les résultats de 1’étude de 5 vaccinations associées (antivariolique, antiamarile,
antirougeoleuse, BCG et antitétanique) chez des enfants de 1 & 5 ans ont permis
de conclure que I'association présente un intérét certain dans les pays en voie de
développement, méme si I'efficacité pour les composants n’est pas toujours
aussi bonne que celle des vaccins administrés isolément.

Les premiers résultats composés de plusieurs calendriers de vaccinations
associées chez divers groupes d’enfants de 2 4 6 et 6 2 12 mois, ont montré que
les taux de protection ne sont pas aussi élevés que ce qu’on pouvait espérer en
particulier pour la diphtérie, la rougeole et la fievre jaune. Les anticorps circu-
lants d’origine maternelle sont certainement une des causes de la faible réponse
immunitaire. La production d’anticorps antitétaniques était par contre trés bonne.

Une vaccination de masse contre le tétanos par 2 injections 4 un an d’intervalle
a été entreprise a Cotonou (Dahomey).

SUMMARY

Wide-scale immunization in Africa encounters many difficulties and programs have been
undertaken to study the simultaneous administration of several vaccines and to reduce the
number of injections especially for tetanus.

Simultaneous vaccination against variola, yellow fever, measles, tuberculosis and
tetanus was studied in Cameroun in groups of children aged 1-6 years. Even if the
effectiveness of the association is not as good as when the vaccines are administered
individually one can conclude that this method of immunization can be applied in
developing tropical countries. The efficacity of the adsorbed tetanus toxoid was shown to
be excellent, 93.3 % of the subjects of the control group and 84.6 %, of those receiving the
5 vaccines were protected after one injection (mean antitoxin levels 1 and 0.5 units/ml).

Several vaccine combinations were studied in babies and it was found that with the
exception of tetanus protection against yellow fever, measles and diphtheria was not as
good in older children. Circulating antibodies of maternal origin can be the cause of the
low antibody response.

Antitetanus vaccination of the population of Cotonou, Dahomey, and surroundings
(about 200000 persons) by 2 injections with an interval of 1 year between each has been
undeitaken. Antibody titrations carried out 8 months after the first injection revealed a
protection of 50 %, results before and after the second injection will be reported later on.
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VACCINATION PROGRAMMES
IN BELGIUM

A. LAFONTAINE
Institut &’ Hygiene et d’Epidemiologie, Bruxelles

Only two vaccinations are compulsory in Belgium, these are smallpox and polio.

Smallpox vaccine must be given during the first year of life and the reporting
of both take rates and any side reactions is compulsory. These are mainly neuro-
logical disorders and generalized vaccinia seldom occurs. Unfortunately the
criteria for evaluation are not standardized, which makes it difficult to have cor-
rect figures, so that the number of complications, between 1 in 50000 and 1 in
100000 must be considered as exaggerated.

The Council of Hygiene, taking into account that world wide eradication of
smallpox has not yet been achieved and in order to avoid the spread of imported
cases from abroad, has maintained vaccination at the present time in Belgium.
Revaccination for smallpox is recommended at entry to elementary school and is
usual for recruits and medical staff. Travellers going to an epidemic area are
recommended to have a repeat inoculation against smallpox. Evidence is lacking
for changing the present schedule of administration and for eventually giving the
vaccine later than the first year of life.

After the first use of inactivated polio vaccine in 1959, with a consequent de-
crease in poliomyelitis incidence, a mass vaccination campaign was organized in
Belgium in March 1963 giving three doses to about 50 per cent of the population
between 3 months and 40 years of age. The campaign was followed by the dis-
appearance of the disease in the country. Only exceptional cases, generally in un-
vaccinated people, have been reported between 1964 and 1972, in fact there were
no cases in 1971 and 1972. In support of that programme, and because of the
disappearance of motivation amongst the citizens, compulsory vaccination was
begun in 1966 for children under sixteen months of age. The vaccine is well
tolerated without noticeable side effects. The percentage of the population inocu-
lated is very high but, as for other communicable diseases, problems which can
influence the epidemiological patterns and the vaccination schedules are created
by the introduction of immigrants in the country; random control revealed
that polio virus is still in circulation (154 isolations of virus in 1971) but the
general level of immunity seems to be sufficient to control the epidemiological
situation.

No decision has been reached as to the need of polio revaccination. Continuous
serological surveillance of selected groups, shows a progressive decrease of anti-
bodies, mostly for Type III, and will indicate what action should be taken in the
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future. However, certain groups of physicians do revaccinate on entry to the
elementary school.

In the Belgian schedule, diphtheria, tetanus and pertussis vaccines are used in
combination for the three primary inoculations which are given at 3, 4 and g
months of age. This programme is not compulsory but generally is accepted.
Normally, booster inoculations are given after one year for the trivalent vaccine
and after a five-year interval for tetanus and diphtheria. Unfortunately the pro-
gramme of revaccination is often neglected, which explained the occurrence of
31 cases of i :htheria in 19770 and 25 cases in 1971. The reported cases of tetanus,
16 in 1970 and 18 in 1971, usually occurred in old people and the problem of
reaching a proper level of immunization in adults remains open. The one excep-
tion is that the high-risk groups who are exposed professionally to the infection
are compulsorily vaccinated every three years.

BCG vaccination has not yet found adequate application although it is for-
mally recommended and included in the vaccination schedule and the physicians
usually use the vaccine only in highly exposed groups. This policy probably ex-
plains the disturbing fact that Belgium still has more than 2000 new cases of
tuberculosis each year.

Rubella vaccine has been authorized in the country since 1969 and the Belgian
rubella vaccine made from the Cendehill strain is the only one used. It has been
shown to be well tolerated in all age groups. Official recommendations have been
issued by the Ministry of Health to immunize systematically all prepubertal girls
and to give protection to the susceptible adult women, except those who are
pregnant, with priority to the high-risk groups, such as teachers, nurses,
laboratory workers, etc. No decision has been taken as to the general vaccination
of young children. At the present time these recommendations have not met with
the general participation of all physicians. As rubella or congenital rubella are not
reported in Belgium the evaluation of the efficacy of vaccination remains difficult.
However, no significant outbreak has been observed.

Until now, no measles vaccine has been approved in Belgium. Here again the
lack of systematic reports of the disease do not stimulate a great interest for the
use of the vaccine by Belgian physicians. The problem is now being recon-
sidered by the Council of Hygiene and the approval of live attenuated vaccine
may be expected. Undoubtedly the tendency will be to leave the vaccine to the
paediatricians for private use in specific cases and not to perform mass vaccina-
tion campaigns. The influenza vaccines available today are only recommended in
high-risk adult groups in closed communities. Preliminary trials have been super-
vised by the authorities using a new live attenuated flue vaccine administered
intranasally.

As for the other vaccines such as yellow fever, typhoid and cholera, their use is
restricted to travellers going to endemic countries. Vaccination against rabies is
only performed when therapeutically indicated.

In concluding this review it appears appropriate to make an appeal to vaccine
producers and control authorities to investigate further the possibilities of finding
new tools for protecting against old microbial diseases which have been eclipsed




VACCINATION PROGRAMMES IN BELGIUM 225

tor the time being by viral vaccines. We are thinking particularly of meningo-
cocci, pneumococci, staphylococci and pseudomonas. The lack in recent years of
effective chemotherapy against many of these should be and would be, I think,
adequately corrected by preventive medicine measures including vaccination.

We should add also, that for the control of vaccines and sera a close collabora-
tion exists between the three countries of Benelux.
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THE IMMUNIZATION PROGRAMME IN
BULGARIA AND ITS EFFICIENCY

S. RANGELOVA
Centre of Communicable and Parasitic Diseases, Sofia

A complex programme for the limitation and eradication of certain infectious
diseases has been in progress in Bulgaria. A component part of this programme is
the carrying out of systematic mass immunizations. The compulsory immuniza-
tions during the first and second year after birth are: BCG, combined diphtheria~
pertussis—tetanus (DPT) vaccine, poliomyelitis and variola. Systematic re-
immunizations are carried out in different intervals in accordance with the
different infections.

The strict application of this programme gave some very significant results.
Here we should mention the fact that in the course of a number of decades, no
cases of variola have been registered in Bulgaria, in spite of the fact that during
the same period of time, more especially last year, there was a variola epidemic in
neighbouring Yugoslavia. Due to this in 1972 a mass reimmunization was carried
out with variola vaccine and approximately 5 million persons were reimmunized.
The post-vaccinal complications were of the order of 0.6 per 100000 of which
0.4 per 100000 were post-vaccinal encephalitis, but with no fatal cases.

I would like to present in the form of diagrams the morbidity rate of the infec-
tions against which the vaccination is compulsory.

As seen in Fig. 1 the tuberculosis morbidity has dropped sharply — from
400 per 100000 in 1952 to 73 per 100000 in 1971, which is nearly a five-fold
reduction for a period of 20 years. In connection with this it should be borne in
mind that the social conditions have changed for the better. An analysis of the
morbidity rate shows that the non-vaccinated are afflicted three times more than
the vaccinated.

Diphtheria (Fig. 2) has been reduced to single sporadic cases, while in 1972 there
has not been a single registered case of diphtheria. The level of the collective im-
munity was traced according to the Schick test. It proved tobe high, as of the 20350
persons in the age group from o to 17 years, 96.9 %, proved to be Schick negative.

We have still not achieved entirely satisfactory results with pertussis (Fig. 3),
which is due to the comparatively weaker efficacy of the vaccine. Bulgaria is
among the countries with a low pertussis morbidity rate.

As a result of the immunizations carried out the tetanus morbidity rate has
been reduced 4.5 times (Fig. 4). The level of collective immunity is high. Of the
total of 4152 persons examined during the last 5 years only 8 %, have proved with-
out protective antitoxin titre.
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Fig. 1. Tuberculosis morbidity rate per 100000 population for the period 1952—71.
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Fig. 2. Diphtheria morbidity rate per 100000 population for the period 1952~72.

After the mass immunization with live vaccine carried out in 1960 the polio-
myelitis morbidity rate dropped sharply, no poliomyelitis case being registered
in Bulgaria in the course of the last 2 years (Fig. 5). The level of the collective
immunity is high, being tested during 1972 on 1540 persons from different age
groups.

Definite contingents have been immunized with live anti-influenza vaccine,
prepared from local strains and strains from the USSR. The epidemiological
efficiency of the vaccines was shown to vary during the various years in the range
from 2.0 to 7.9.

Four years ago we started a systematic immunization of the children up to
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Fig. 3. Pertussis morbidity rate per 100000 population for the period 1921—72.
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Fig. 4. Tetanus morbidity rate per 100000 population for the period 1960—72.

7 years of age with live measles vaccine —strain Leningrad-16. The percentage of
children immunized in the different regions of the country of this age group
varies from 19 to 8o (about 40.8 9, for the entire country). The immune response
is good (Fig. 6). The study of the epidemiological efficiency of the vaccine is in
progress.

During the last 4 years approximately 200000 persons were immunized with
live mumps vaccine, prepared from our Sofia-16 strain. The vaccine produces an
immune response in 92 %, of the immunized. The antibodies persist in the course
of the last 4 years. Studies on the epidemiologic efficiency of the vaccine are
presently in progress.
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Fig. 5. Poliomyelitis morbidity rate per 100000 population for the period 1926—72.
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Fig. 6. Measles morbidity rate per 100000 population for the period 1952-72.
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VACCINATION AGAINST COMMUNICABLE
DISEASES IN CYPRUS

V. P. VASSILOPOULOS
Drirector General, Ministry of Health, Nicosia

The prevalence of communicable diseases in Cyprus, particularly those which
are directly related to the environmental sanitation has shown a marked decline
in the last one or two decades. The mortality from infective and parasitic diseases
accounts for a median proportion of deaths at all ages and all causes of about 2.5
per cent. This is mainly attributed to the rising standard of living of the general
population and the improvement of the environmental santitation in particular.

There are, however, certain communicable diseases the prevention of which
depends to a large measure on artificial immunisation.

Whereas the general principles of immunisation may be applicable everywhere,
it can be said that there is no universal blueprint for vaccination programmes.
The nature and the severity of the disease, for which immunisation is intended,
vary from country to country, depending on the epidemiological situation in each
country; therefore immunisation programmes should match the community
hazards of individual countries.

In this respect it is worth mentioning that no disease of high epidemic potential
such as the quarantinable and other diseases of international significance occur in
Cyprus. Even the common infections, which were dominating our epidemiological
picture until one or two decades ago, have nowadays been brought under full
control. It is logical therefore that our immunisation programmes may be dif-
ferent from those applied in countries where, for example, smallpox or tubercu-
losis are prevalent.

The communicable diseases for which immunisation programmes are carried
out in Cyprus are: diphtheria—tetanus-pertussis (usually in a combined triple
vaccine), poliomyelitis and smallpox.

The basic course of vaccination for these diseases is scheduled to start in in-
fancy. A change has taken place, however, recently with regard to the optimum
age at which this basic course should begin. Whereas in the old days the basic
course started as from the age of three months, sometimes earlier, the practice
now is to delay the starting age until the child reaches the age of six months. This