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INTRODUCTION

In June 1959 a document containing a suggested outline for use by countries in

discussing "The Role of Immunization in Communicable Disease Control" (the subject

chosen for Technical Discussions at the Thirteenth World Health Assembly, May 1960)

was distributed to all governments, in the anticipation that it might stimulate

interest and evoke comment on matters of general or special concern to the various

countries in the application of immunization programmes. In fact, the original

document seems to have stimulated many joint discussions among medical men in

different specialties, and this is undoubtedly a most important function of the

Technical Discussions. The responses that have come back from many countries have

indicated the great interest in the part which immunization does or could play in the

control of infectious diseases. In this present "background document" many of the

points which have been emphasized in the national commentaries received so far will

be considered within the general framework of the whole subject.

In addition to national meetings to discuss various aspects of immunisation,

the European and South -East Asian Regions had special meetings in which the role of

immunization in the control of communicable diseases was the main subject for

discussion. In preparation for these conferences, all the countries within the

Region were invited to return a detailed questionnaire about legislation and current

practice regarding immunization against a wide range of communicable diseases.

Reports on these conferences will be available at the Technical Discussions. In

addition, international symposia on the subject were organized in London in May 1959

by the Wellcome Foundation, and in Paris, October 1959 by the International Children's

Centre, and the proceedings of these symposia have been published.

This great Interest in immunization at the present time probably derives from

a number of contributory factors, e.g. (a) the dramatic success of national programmes

for the control of diphtheria by immunization; (b) the publicity given to large -

scale campaigns for the control of tuberculosis and poliomyelitis by prophylactic

vaccines; (c) the wider knowledge made available through international bodies like

WHO of the prevalence and economic importance of communicable diseases in developing

countries; (d) the need for protection against the introduction of quarantinable

diseases like smallpox and yellow fever; and (e) the growing realization that

treatment with anti- microbial drugs has definite limitations and disadvantages.

41 !?, g) r ) s7
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PART I

GENERAL CONSIDERATIONS

1. The rationale of immunization

Before discussing the application of immunization to the control of communicable

disease and the problems associated with it, it may be useful to summarize some of

the basic principles in order to clarify what immunization may realistically be

expected to achieve in different types of communicable disease. The objective of

immunization is to produce, without harm to the recipient, a degree of resistance as

great as, or greater than, that which follows a clinical attack of the natural

infection. With this objective in mind, those communicable or infectious diseases

amenable to control by vaccination may be considered in four main groups: toxic,

acute bacterial, chronic bacterial, viral and rickettsial infections. In the

first group, e.g. diphtheria and tetanus, the brunt of the infection is due to a

specific poison or toxin which can be purified artificially, rendered harmless by

treatment with formalin (= toxoid) and used as a very effective antigen or prophylaottc,

particularly if it is absorbed on to a mineral carrier, e.g. aluminium hydroxide or

aluminium phosphate.1 The potency of toxoid antigens can be measured and standardized

with great accuracy, and the amount of antitoxin that is produced in the inoculated

person gives a reliable indication of the degree of resistance to infection in that

individual.

Among the acute bacterial infections there are two categories as far as

immunization procedures are concerned: (a) pyogenic infections (staphylococcal,

streptococcal and pneumococcal) against which vaccines are largely ineffective, since

there are many different antigenic types within the species, e.g. pneumococcus type,

1, 2, 3, etc., so that an infection (or immunization) with one type does not protect

against infection with other types; (b) infections like whooping cough, cholera,

1 These alum salts are tissue irritants and therefore should be used in the
lowest concentration required for an adjuvant action.
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plague and anthrax, where there is one antigenic type of organism, so that a vaccine

prepared with the infecting organism might be expected to give a reasonable degree of

protection. Holreveri,theseorganisms contain many different antigenic components, of

which probably only one or two are particularly concerned with the virulence of the

organism. It is important to try to identify and certainly to preserve these so- called

"protective antigens" in vaccine preparations.

Another difficulty is that in infections like whooping cough and cholera, the

infection affects predominantly the epithelial surfaces so that antibodies produced

as a result of vaccination may not gain easy access to the site where the pathogen

is producing the infection. For this and other reasons it was essential to test

vaccines against whooping cough and cholera in properly controlled field trials,

so that objective assessment of their value could be obtained.

So far the assumption has been implicit that the production of a specific

protecting antibody is the main requirement for effective immunization, although it

should be noted that immunity may persist long after such antibodies cease to be

demonstrable, as in whooping cough. When the chronic bacterial infections are

considered (e.g. typhoid, brucellosis, tuberculosis) it must be concluded from

knowledge of the natural behaviour of these infections that the specific humoral

antibodies which can at pre: :ant be identified play little part in overcoming the

infection. Thus, antibodies to the specific antigens of the typhoid and brucella

bacteria are demonstrable in the blood of the patient within a week of onset of the

clinical illness, but the fever may go on for many weeks before clinical recovery.

In ac;dition, relapses in these continued fevers are not uncommon despite the presence

of high concentrations of specific antibodies. In contrast to the acute bacterial

infections, the infecting organisms in chronic infections are for the most part

intracellular parasites, and it seems likely that what is called cellular immunity

may be more important in overcoming the infection than the presence of humoral

antibodies. It is probably for this reason that in tuberculosis and brucellosis a

living attenuated vaccine is needed to produce immunity.

In the viral infections it is knows that humoral antibodies are important but,

again, cellular immunity also seems to be important in some diseases; thus, children

with a T.mnagl.obul:7 2nemi'. c'<.n rE cover from infections like mencic s, chickonpox and

mumps with an ',pv`s:r ritly good 1-41-111 ty without detectable circulatory antibody,
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whereas they rapidly succumb to acute bacterial or toxic infections. Such children

can also be successfully vaccinated with smallpox vaccine (and with BCG). These

findings indicate that specific humoral antibodtes are not essential for recovery

from some virus diseases. On the other hand, immunity to certain infections seems

to be equated with the presence of antibody; human gammaglobulin can be used effectively

to control measles and infectious hepatitis, and killed viral vaccines which probably

act in virtue of the production of humoral antibody can protect against diseases

like influenza and poliomyelitis.

2. Immune response and duration of immunity

The newborn baby may contain in its blood antibodies to the agents of certain

toxic, bacterial and viral infections according as the corresponding antibodies are

present in the mother's blood. This passive immunity gives protection to the infant

at a time when it is poorly equipped to produce specific antibodies, but it also

interferes to a varying extent with the infant's capacity to respond to the stimulus

of toxoids or vaccines in the early months of life. Killed poliomyelitis vaccines

elicit little or no antibody response when given to children under six months of age;

on the other hand, this antibody interference can be largely overcome by potent

antigens, e.g. alum -adsorbed toxoids. It should be noted that the newborn infant will

respond to living vaccines, e.g. BCG and smallpox vaccines, and probably live polio-

virus vaccine. also.

When a good specific antibody response is being sought to a toxoid or killed

antigen, the usual procedure is to give two or three doses of the antigen at intervals

of several weeks. The first dose of antigen evokes a poor antibody response after

a latent period of approximately two weeks, but after the second dose the amount of

antibody produced is multiplied tenfold and after 4 third dose may be increased a

hundredfold. The first or "priming" dose of toxoid will be more effective the

larger it is; or if it is released slowly as from a mineral carrier; or if it is

mixed with certain bacterial vaccines, e.g. tetanus toxoid plus typhoid vaccine,

diphtheria toxoid plus pertussis vaccine. The second and subsequent doses are

effective in much smaller amounts than the first, and without the help of adjuvants.

With toxoids the response is much better if the two doses are spaced out at an interval

of 4 -8. weeks, and, provided the priming dose is adequate, the response to the second

dose will still be maximal even if given 6 -12 months after the first. It is not
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known whether this phenomenon is applicable also to killed bacterial or viral vaccines.

Where there is reason to believe that a community has acquired a basic immunity from

the widespread occurrence of clinical or inapparent infection, as in influenza, one

dose of antigen will act as the secondary stimulus or booster.

As regards the duration of immunity after the basic course, this can be measured

precisely in the case of toxic infections according to the level of specific antitoxin

in the blood, or, less precisely, in diphtheria by the Schick test. Recent studies

have shown that an adequate concentration of diphtheria antitoxin may persist in the

blood of children for at least four years after primary immunization in early infancy.

After a primary course of three doses of tetanus toxoid, a satisfactory antitoxin

titre may be present for as long as 10 years.

The duration of immunity after injections of killed bacterial vaccines cannot

be equated with the presence of demonstrable antibody; for example, after a course

of three doses of pertussis vaccine given to children (average age one year) there was

no change in the degree of protection in successive six months during a follow -up

period of two- and -a -half years, although antibodies were no longer demonstrable

in a considerable proportion of the children within a year after immunization. Again,

in the chronic bacterial infections, there is no correlation between antibody titres

and clinical protection, as was shown by the controlled studies of typhoid vaccines

in Yugoslavia. In the viral infections, although antibody titres are accepted as a

measure of the degree of protection, there are certain anomolous findings: for

example, high titres of neutralizing antibody have been found in the early stages of

fatal infections in smallpox.

For these bacterial and viral infections, therefore, the only reliable measure

of the duration of immunity after vaccination is a careful assessment of the attack

rate over a period of time, preferably in comparable groups of vaccinated and non -

vaccinated children. In controlled trials of BCG vaccination in the United Kingdom

it has been found that a remarkably high degree of resistance is maintained for a

period of 5 -7 years after vaccination, while in similar American studies, immunity

has persisted for 10 -11 years after BCG vaccination.
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3. The case for immunization

In no instance, with the possible exception of yellow fever vaccination, will

a course of prophylactic vaccine give complete or permanent immunity. Therefore,

when other effective control measures exist, placing too much reliance on vaccination

programmes may have its dangers. The case for prophylactic immunization as a public

health measure will depend on a number of factors:

(a) the infection, its prevalence and economic importance;

(b) the relative value of immunization compared with other control measures;

(o) the immunizing agent, its availability, reproducibility and cost of

production;

(d) the safety, efficacy and practicability of the immunization procedure;

(e) the control of non -endemic infections which may be introduced from

another country, e.g. smallpox, yellow fever.

Infectious diseases against which immunizing agents are presently available may,

as suggested by France, be conveniently divided into groups, of which the following

list gives examples:

(i) those in which there is no satisfactory method of control other than

by vaccination; in this category would be included diphtheria, tetanus,

whooping cough, smallpox, poliomyelitis, influenza, sylvatic yellow fever;

(ii) those in which prophylactic vaccination would be useful along with other

control measures, e.g. tuberculosis, typhoid, cholera, typhus, rabies, urban

yellow fever;

(iii) those in which vaccination would be limited to certain areas or occupational

groups (in conjunction with other control measures), e.g. plague, brucellosis,

leptospirosis, certain forms of encephalitis.

(i) Although in the first group of infectious diseases prophylactic vaccination is the

only reliable control measure, it is doubtful if in any particular country there is

a case for large -scale immunization against all of them. Each country should therefore

prepare its priority list according to its own known needs. At the top of this list

for most countries would be smallpox for a variety of reasons. Diphtheria should be
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near the top of the list since this preventable infection is still too prevalent in

many countries. With diphtheria would be associated whooping cough because of its

high incidence and severity in infancy, and because the two prophylactic agents can

be usefully combined. In many countries active immunization against tetanus is also

combined with diphtheria and whooping cough immunization, and there are obvious

advantages provided some easily accessible record of tetanus immunization is kept.

Poliomyelitis would be high on the list in the more developed countries where clinical

infections are common, but would not yet be required in many developing countries

despite evidence of a high incidence of inapparent infection. Immunization against

yellow fever and influenza has more restricted applications. It is noteworthy that

many countries would put measles high on the list, e.g. Nigeria has put, in order of

priority, smallpox, tuberculosis, measles and whooping cough.

(ii) Tuberculosis might seem to be a preventable infection belonging to the first

rather than the second group, but some countries, e.g. the United States of America,

prefer to use other public health measures for its control, while in certain areas

with a high incidence 'of low degree tuberculin sensitivity, the prophylactic value of

BCG vaccination is still in doubt. Typhoid fever is a prevalent infection in many

of the developing countries; in Ceylon with a population of nine millions it is

estimated that some 20 000 cases of typhoid occur annually, and the disease is

prevalent in many American countries. The long -term control of this infection depends

on good standards of environmental sanitation and household hygiene. Vaccination may

play a useful part as a short -term prophylactic measure. Cholera is an infection

with explosive potentialities now largely confined to India, Pakistan and some

neighbouring countries. Its eventual eradication will depend also on good sanitation;

the value of vaccination during epidemic periods still needs critical assessment.

The control of rabies is intimately linked with the control of the disease in dogs

and other animals.

(iii) With most zoonoses, e.g. brucellosis, tularaemia, anthrax, prophylactic

vaccination will be of less importance, except in areas of high prevalence, than

control of the infection in the natural host. Again, the control of various forms

of insect -borne encephalitis may depend less on vaccination than on other preventive

measures.
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4. Immunization programmes

For countries with well -developed systems for the collection of morbidity and

mortality data relating to communicable diseases plus good public health and general

medical services, it should be relatively easy to decide what vaccinations should

be carried out and how best the programme can be effected. Nonetheless, delays and

lack of co- ordination in the application of knowledge frequently occur even when a

good organization is available. There is also the risk that the incidence and

importance of a disease may be underestimated or miscalculated if notification is

poor, or mortality rates are falling, e.g. in tuberculosis and whooping cough, or

deaths are attributed to secondary causes, e.g. bronchopneumonia following measles

or whooping cough. In countries with limited medical services it is essential that

strenuous efforts be made to provide satisfactory vital statistics and, by sample

surveys or other means, to obtain a reasonably accurate assessment of the main

causes of morbidity and mortality. Mention may be made of the progress in this

direction in Ceylon, where a special epidemiological unit, established with the help

of WHO, has shown that the incidence of typhoid fever in Ceylon was approximately five

times greater than the recorded hospital cases indicated, and has given reasons for

believing that a large proportion of cases diagnosed as "influenza" or "pyrexia of

unknown origin" were in fact cases of typhoid, leptospirosis, rickettsial infections,

etc. Such epidemiological surveys guide public health officers about what preventive

measures, including vaccination programmes, are most needed either for short -term

or long -term control of communicable diseases.

When public health programmes have been prepared in the light of the available

evidence, the question arises as to whether the immunization programme can be fitted

into other public health measures, or whether there should be an ad hoc organization

with medical and auxiliary staff specially detailed for the work. There is a large

body of experience in the use of special teams for organized attacks on specific

communicable diseases, e.g. malaria eradication, treatment of yaws, BCG and smallpox

vaccination, and the like. In countries with limited medical services, special teams

may be needed for an immunization programme that has an obviously high priority.

Indeed, teams already in the field for other purposes might be utilized, since they

already know and are accepted by the community. Ad hoc programmes of this kind may

indeed be a most useful way to initiate an organized and permanent public health

service which will be needed to maintain immunization and other preventive measures.
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For countries where medical services are organized entirely under the State,

the system for the organization, recording and control of vaccinations adopted by

Czechoslovakia has proved to be highly efficient and effective. Control devolves

from the Chief Medical Officer of Health (advised by an expert committee and helped

by the research institutes) through regional and district medical officers of health

working closely with the corresponding hygiene and epidemiological stations, and

with help from specially trained "sanitary workers ". The vaccinations are carried

out by doctors only (mostly paediatricians) using the child welfare centres and the

surgeries of the school health service. Newborn infants are vaccinated against

tuberculosis in the maternity hospitals, older children in the BCG centres of the

tuberculosis departments of the polyclinics.

In countries where the family doctor is mainly responsible for general medical

care, there is usually a division of responsibility for vaccination between the

general practitioner and the public health services. It is noteworthy that in the

United K ngdom an increasing proportion of vaccinations is carried out by the family

doctor. Thus, in a representative sample of the large cities and counties of

Scotland, about 45 per cent. of the inoculations against diphtheria in 1957 were

carried out by general practitioners.

The cost of immunization in most countries is borne by the State, often in

association with the local health authorities. When, as in the case of costly

prophylactics like poliomyelitis vaccine, part of the cost is charged to the individual,

experience is that there is a danger that the vaccination programme will cover an

inadequate proportion of the lower income groups. Some countries have expressed

concern with the costs of production and administration of vaccines but in most

instances there is agreement that prevention is better than cure and much less costly.

The illustrations of this fact provided in the reports of several countries are

indeed convincing. Suggestions for the discussion of ways in which the cost of

vaccines may be reduced will be found in the next section.

In regard to legislation on vaccination, in most countries vaccination is

compulsory against smallpox and, in some countr,ï_es, against diphtheria and other

infectious diseases; or certificates of vaccination are required before school entry.

However, as Czechoslovakia has remarked, "the problem of compulsory vaccination is
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highly theoretical. Insistence on it is based on the principle that an infectious

disease does not concern only the individual but the entire community. In practice,

however, no repressive measures are used. Proper health education of the population

plays a decisive role because it leads to a high standard of health consciousness

and thus also to a high participation rate by the population in vaccination ".

The following paragraph from the Report of the European Conference on the

Control of Infectious Diseases through Vaccination Programmes may also be quoted:

"Many countries have adopted compulsory immunization against some
diseases with voluntary vaccination against others. It has been pointed out
that in some countries voluntary immunization has given as good as and even
better results than compulsory vaccination,. The general tendency to abandon
compulsory vaccination was noted as reflecting the growing educational level
of the population. Successful immunization of the population cannot be
achieved merely by imposing compulsory vaccination. However, compulsion may
still be necessary in certain countries and its removal might be misunderstood
by the population. In conclusion, no quick steps should be taken to modify
present laws but health education activities should be carried out as if
vaccination were not compulsory. Health education was definitely considered
a powerful tool in the successful accomplishment of mass vaccination."

The intelligent application of health education methods in vaccination programmes

needs no elaboration here in view of the Technical Discussions on the subject at

the Twelfth World Health Assembly. However, whether immunization is being carried

out by well - organized public health services or as an ad hoc programme, its accepta-

bility by the people is an essential requirement for success. Here is an extract from

the report from India on this aspect of immunization:

"However urgent the need for immunisation, for the measure to be effective, the
cooperation of the people is essential. Such a cooperation can only be
secured through intensive attempts at the health education of the people.
This subject has received considerable attention during recent years. A Health
Education Bureau has been established in the Central Ministry of Health and
also in some of the States. In the near future, it is expected that all States
will have adequate machinery at their disposal for health education. In this
connection, reference may be made to certain developments which are envisaged
for implementation in the near future. Recently, through the institution of
community development programmes, attempts have been made to secure, in an
increasing measure, the cooperation of the people for the promotion of their
socio- economic well -being and their participation in many programmes designed
for the purpose. As a logical development, the National Development Council
has now recommended certain measures which will ensure that the non -official
representatives of Local Bodies become the chief participants in the development
plans in many fields of activity. This development is a process of democratic
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decentralisation. In the multi- purpose community development programmes,
enunciated seven years ago, health occupies a very prominent place. The
process of democratic decentralisation will develop a new outlook. Hereafter,
there will be "the peoples' programme with government participation" which
will replace the old concept of "government's programmes with peoples'
participation" in them ".

5 The production, control and biological standardization of prophylactic vaccines

In the production of most biological materials simply to follow a prescribed

method of preparation or "recipe" is not a guarantee that an effective product will

be produced. This is impressively shown in Figure I which shows the great differences

in the protective value of a series of pertussis vaccines, all of which were supposed

to have been prepared in the same way by experienced producers of vaccines.

In many countries this is fully recognized and national control laboratories

have been set up with the responsibility of ensuring that national products, as well

as products imported from elsewhere, conform to certain standards of potency and

purity. In some countries the same standards are applied to products before they

are offered for export but this is not universal. I1 a number of countries no

national control laboratory exists, in others it is not equipped to undertake tests

of all types of vaccine and other biologicals, and yet in others the main producing

laboratory also acts as the control laboratory, a situation regarded as undesirable

for a number of reasons.

The quality critera accepted as adequate by national control laboratories vary

considerably, some being too low for a public health officer to be confident that a

vaccination programme will be effective no matter how carefully it is conducted.

For this reason WHO has embarked on a programme to establish recommended international

minimum requirements for vaccines and similar products under the aegis of the Expert

Committee on Biological Standardization. To date recommended requirements have been

published for: General Requirements for Manufacturing Establishments and Control

Laboratories, Poliomyelitis Vaccine, Yellow Fever Vaccine, Cholera Vaccine, Smallpox

Vaccine, and General Requirements for Sterility of Biological Substances. In most

instances such requirements recommend the use of a reference preparation or standard

preparation with which the product under test can be compared. The establishment of

such international standards for biological substances1 is also a continuing activity

1
More than one hundred international standard preparations are currently

available, including five vaccines.
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of the Expert Committee on Biological Standardization. The use of these standards

is not as general as is desirable. Instances are on record of countries faced with

the relative failure of a vaccination campaign in which the vaccine used had been

regarded as satisfactory until it was measured directly against the international

standard. Much money, time and effort can be wasted by the neglect of these precautions

in advance of undertaking an expensive programme.

All countries need to be confident that the prophylactics they use, whether they

produce them themselves or import them, are of acceptable potency and purity. Where

there is a national control laboratory independent of the producing laboratory that

is relatively easy. When a commercial product is already controlled by the national

control laboratory of an exporting country assurance that acceptable requirements

are met may often be obtained by the importing country from the control laboratory.

In some instances when these assurances are not forthcoming and when a country has

no laboratory of its own capable of carrying out the tests required, assistance from

competent laboratories elsewhere may be needed. WHO has on many occasions arranged

for such assistance.

Unfortunately, there are cases in which a laboratory test does not exist which

has been shown to give results correlated with the actual protection afforded to man.

This correlation has been not established for all vaccines since it demands field

trials which may have to be very large and are expensive. These are considered in

some detail, below beca'ise of their importance and the relatively limited world

experience of them.

Some vaccines are much more difficult to produce than others and high standards

of professional competence are required if a potent product is to be ensured and

potential dangers avoided. The cost of producing such vaccines may be very high

especially if the annual demand within a country is small in comparison with the

capital outlay. The inactivated poliomyelitis vaccine is one example and stable

dried smallpox vaccine and dried BCO vaccine are others. It follows that it is often

not economic for smaller countries to produce such vaccines for their own use. It

may be profitable to discuss whether international co- operation and co- ordination

of the production of certain vaccines might not have great advantages. The formulation

of ways in which this might be achieved would be a valuable contribution to progress

in the control of communicable diseases by vaccination.



A13 /Technical Discussions /1

page 13

6. Controlled field and laboratory studies of prophylactic vaccines

Evaluation of prophylactic vaccines and toxoids by means of carefully designed

field trials has in the past 15 years resulted in a revolutionary change in the

accuracy with which the degree of protection afforded to the inoculated can be

assessed. Public health programmes for the use of vaccines so tested can now be

planned with the assurance'that a known degree of effectiveness will be obtained.

Vaccines submitted to controlled field trials so far include those against whooping

cough, tuberculosis, typhoid fever, influenza and poliomyelitis. It will be noted

that although BCG and typhoid vaccines had been available and in use for many years

prior to the time the new methods of field testing were generally applied,_ they had

ultimately to be submitted to test before a true assessment of their value could be

made. It is only by statistically acceptable studies which give unbiased ir.formation

that controversy is settled and confident use can be made of the vaccines on a

large scale.

Well- planned studies0 though costly, save money, time and misplaced effort in

the long run and can give information not otherwise obtainable on dosage, Combined

antigens, duration of immunity and the like. They do not of course answer at once

all the questions regarding the use of the vaccines; instead they may, and do, pose

fresh questions which are still unanswered.

Combined field and laboratory studies of vaccines aim at providing confidence

in the efficacy of future vaccination programmes. Sufficient confidence can only

rarely be attained if the studies do not observe two basic principles which may be

called: (i) the principle of comparability, and (ii) the principle of reproducibility.

(i) The principle of comparability ensures confidence that an observed degree

of protection apparently conferred upon a population group by vaccination was due

to the vaccination and not to other chance influences. It requires comparison of

the incidence of the disease in two or more groups, and precautions to ensure that

these groups can be regarded as identical in all respects except for the factor of

vaccination.

The most convincing evidence will be obtained if one of the groups in a field

trial ( "the control group ") remains unvaccinated, or is vaccinated with an unrelated

vaccine. If it is not feasible to have a control group, comparisons may be made
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between groups treated with vaccines that are prepared in different ways, or sometimes

between groups treated with the same vaccine but following a different dosage schedule.

(ii) The principle of reproducibility ensures confidence in obtaining, in future

vaccination programmes, the same degree of protection as observed in the field trial.

It requires precautions to ensure that the vaccine which was proved to be of value in

the field trial can be prepared again and can, if possible, be validly tested in a

laboratory assay.

A field trial can only show whether or not the actual preparation of vaccine

used in the trial was successful. What is then needed is confidence in the ability

to reproduce this particular preparation or of preparing an equally or more efficient

preparation. The preparation method must therefore be unambiguously described and

the laboratory studies must include assays of different vaccine preparations in

laboratory animals, in order to develop an assay method yielding results that parallel

those obtained in the field, thus permitting the assessment of the protective value

of future vaccine preparations by laboratory assay alone.

If the essential protective antigen of a micro -organism could be isolated,

identified and quantitively assessed with chemical exactitude and if the mechanism

of the production of immunity by the host were understood, there would clearly be

no need to do more than to measure the amount of protective antigen in the first

successful vaccines tested. It could then be ensured that all subsequent vaccines

contained similar or greater amounts of the essential constituent.

Such measurement can be made with some approach to accuracy with toxoids such as

the diphtheria or tetanus prophylactics, but with most bacterial and virus vaccines,

killed or living, this is not possible, and the principle of reproducibility must

therefore be carefully observed. It is then necessary to compare a series of vaccines

in field studies and at the same time to submit them to as many laboratory studies as

possible in the hope that variations of protective power in the field will occur and

will be reflected in one or more laboratory tests. The laboratory test which gave

results most closely corresponding to the protective value may then be adopted as the

test for future batches of vaccine. Such a complete investigation, however, demands

that field and laboratory studies be made of several batches of vaccine.
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6.1 Examples of controlled trials of prophylactic vaccines

Some examples are given of well- conducted field trials that have given valuable

information on the place of prophylactic vaccination against certain infectious

diseases in defined communities.

(a) In whooping cough, following the earlier studies of Kendrick & Eldering

in Grand Rapids, Michigan, a continuing series of controlled field and

laboratory trials of pertussis vaccines have been carried out in the United

Kingdom over the past decade. Altogether some 50 000 children in the age range

six months to two years were inoculated and 25 different vaccines were tested.

The following is an extract from the final report:

"The results of the trials clearly showed that it was possible by
vaccination to produce a high degree of protection against the disease,
as shown by the substantial reduction in the attack rate amongst home
contacts, and, in those cases where vaccination failed to give complete
protection, to reduce the severity and duration of the disease. The

results also showed that the different vaccines employed varied a great
deal in their protective action; the poorest gave an attack rate in

home contacts of 87;x, and the most effective an attack rate of 44."

In regard to laboratory assays of potency three methods of evaluation

were used: agglutinin response in the inoculated children, agglutinin response

in mice, and the mouse -brain protection test. The first two of these tests

correlated well with attack rates in inoculated children with most of the

vaccines tested, but there was a lack of correlation with a purified antigenic

fraction of B. pertussis (the Pillemer fraction) which gave good protection

clinically but a poor agglutinin response in mice. It was therefore considered

that the mouse -brain protection test was the most satisfactory in assessing

prophylactic potency. The results are shown graphically in Figs. 1 and 2.

A controlled trial of pertussis vaccines has recently been carried out

in Slovenia with results that apparently showed as good protection with a

locally prepared vaccine as with a vaccine of proved antigenic potency.

(b) Although it has been assumed for many years that anti -typhoid vaccination

has made a major contribution to the control of typhoid, particularly for the

armed forces in times of war, certain anomalous findings among vaccinated

troops during and after the war raised doubts and called for a fresh critical
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assessment of typhoid vaccination. A controlled trial of two vaccines

(heat- killed phenol- preserved, and alcohol- killed alcohol- preserved) with a

control group given a Flexner dysentery vaccine, was carried out in an

endemic typhoid area in Yugoslavia, involving over 35 000 inoculated persons

in the age range 5 -40 years. The results, over a two -year follow -up period

(1954 -1955), showed a significant degree of protection in those receiving

the phenolized vaccine, whereas there was insignificant protection with the

alcoholized vaccine. It is interesting that in the following three years

provisional data showed that those who received two doses of vaccine in 1954

and a booster in 1955 still showed a significantly lower attack rate than

the control group (see Table 1):

TABLE 1. TYPHOID CASES IN VACCINATED GROUPS

Vaccine
1954 1955 1956 1957 1958

Total
cases

No. of
vacs.

No. of
cases

No. of
vacs,

No. of
cases

No. of
cases

No. of
cases

No. of
cases

Alcohol 12 017 17 8 913 6 1 0 6 30

Phenol 11 503 7 8 595 2 1 1 2 13

Control 11 988 23 9 002 8 4 6 o 50

Total 35 508 47 26 510 16 6 7 17 93

Further trials of typhoid vaccines are being organized in Yugoslavia,

British Guiana, Poland and the USSR.

(c) The relatively low incidence of paralytic poliomyelitis, even in well -

developed countries, has meant that a critical evaluation of polio vaccine

would require very large numbers of children. Such a study was carried out

in the United States of America where over half a million schoolchildren aged

6 -8 years were involved in a strictly controlled trial in 1954. The overall

attack rate of paralytic poliomyelitis in the vaccinated and placebo groups

was in the rate of 1:3.5. This ratio was much greater for the grave bulbo-

spinal (1:18) than for spinal poliomyelitis (1:2.5) and was progressively

greater in the six -, seven- and 8- year -old children (see Table 2). Subsequent

trials carried out in the United Kingdom and Sweden have supported the American

conclusion that killed poliovirus vaccine gives a reasonable degree of protection.
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TABLE 2. PARALYTIC POLIOMYELITIS CASES
BY AGE AND VACCINATION STATUE'

Age (1 May 1959) Vaccinated Placebo Percent
Effectiveness

S.L.

6 years

Number 16 21 NS
Rate per 100 i 00 37 49 24

7 years

Number 12 48 0.001

Rate per 100 000 16 64 75

8 years

Number 4 29 0.001
Rate per 100 000 7 53 87

9 years

Number 1 9 0.01
Rate per 100 000 4 37 89

All ages (6 -10 and over)

Number 33 110 0.001
Rate per 100 000 16 55 71

S.L. - Level of statistical signiftcance; NS - Not significant at
level of 0.05

(d) Despite epidemiological evidence, particularly from Scandinavian countries,

of the protective effect of BCG vaccination, there were until recently very

few well -controlled trials from which a critical assessment of the vaccine

could be made. Now, controlled field trials in different age -groups and

communities, e.g. in the United.. States of America, the United Kingdom,

Algeria, have shown that BCG and vole bacillus vaccines can give a high degree

of protection (around 80 per cent,) to vaccinated infants and adolescents,

and that this protection may persist from five to 10 years after vaccination.

The British data for school leavers in three industrial areas carefully

followed up for over seven years is shown in Figure 3.
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Despite these satisfactory results, other trials carried out in the

southern States of the United States have shown only a small degree of protection

to the vaccinated compared with the control groups. This latter finding may

be related to a high incidence of low -degree sensitivity to tuberculin. Some

countries follow the original Calmette procedure of giving large repeated

doses of BCG vaccine by mouth, but apart from the recent trial in Algiers

there seem to be no controlled studies to assess the protective value of the

oral route of vaccination.
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PART II

PROBLEMS CONCERNING SOME SPECIFIC DISEASES PREVENTABTF BY IMMUNIZATION

In this lart of the background document special consideration is given to

some of the principal communicable diseases in the control of which prophylactic

vaccination plays the predominant role. These have been selected taking into

account the interest expressed and the problems brour;ht fc gard in the replieg received

to the preliminary document.

Pride of place must be given to smallpox because only by vaccination can the

disease be controlled and eradication achieved. However, since the subject of

smallpox eradication forms part of the regular programme of the Assembly it may not

be thought necessary to discuss it at length here, Other problems which need

urgent consideration are the persistence of diphtheria in many countries despite

large -scale immunization programmes; the control of tetanus; the prevention of

whooping cough and measles which with their complications still take a heavy toll

of young lives; vaccination in the control of yellow fever; the relative merits

of killed versus living poliomyelitis vaccines; and the hazards and contra-

indications associated with immunization.

Finally, immunization schedules adapted to different conditions need to be

discussed.

1. Smallpox eradication and control

Smallpox is characteristically a virulent infection transmitted from man to

man by contact with the patient or his immediate surroundings. It can be found

in all regions and climates, Human beings are untVersally susceptible unless they

have acquired immunity from a previous infection or from vaccination. Although

Jenner demonstrated the efficacy of vaccination in the prevention of the disease,

smallpox is still present in large areas of the world.

In June 1958, the Eleventh World Health Assembly, recognizing the importance

of the problem, resolved that immediate efforts should be made to eradicate smallpox

from the world.
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In the Americas, considerable progress towards eradication has been made in

recent years and some countries in which the disease was endemic have succeeded in

achieving eradication through mass vaccination campaigns. Some 3000 cases were

recorded in that continent in 1959, the main foci being still Brazil, Colombia and

Ecuador.

The main reservoir is found in South -East Asia, Africa and parts of the

Eastern Mediterranean region where a large number of cases occur every year. In

1959, about 43 000 cases were reported in India. In East Pakistan, where 48 000

cases had been reported in 1958, only 6500 were reported in 1959. In Africa,

about 14 000 cases have been recorded in 1959.

In the Western Pacific region smallpox is still present in a few countries

that continue to report a few cases every year.

The disease is not regularly present in Europe, where cases are occasionally

introduced from outside; the resultant outbreaks are controlled by vaccination.

That eradication of smallpox is possible has been clearly shown by the example

of many countries that, with different climatic and environmental conditions and

with long- established endemic foci, have freed themselves from the disease through

intensive vaccination campaigns. Persistence of smallpox can nearly always be

explained by deficiencies in the vaccination coverage of the population exposed,

or by the use of an inadequate vaccine. Although vaccination is, undoubtedly, an

extraordinarily effective weapon against smallpox, it does not produce an immunity

as long- lasting as the natural infection. The immunity produced by vaccination is

strong and solid at first, but declines with time. For this reason, infant

vaccination alone, even when done successfully, would not protect the whole population

and will not control the spread of the disease in the community. If universal

primary vaccination in infancy is the first step towards eradication, re- vaccination

at adequate intervals is essential to maintain a high immunity level in the population.

The control of smallpox should be based on two basic elements: the availability

of a potent vaccine - potent at the moment of its inoculation - and the existence

of a public health organization able to apply this vaccine where and when it is

necessary and to provide adequate epidemiological intelligence and international
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quarantine measures. As a result of research carried out under the sponsorship

of WHO, a method has been made available for the preparation of a high potency,

stable, freeze -dried vaccine, able to withstand without loss of efficacy long

periods of time and severe climatic conditions.

The organization of an effective service for the control of smallpox will vary

from country to country according to the characteristics of the problem and the

administrative tradition of the country. When the disease is present, the objective

should be its eradication through mass vaccination. When the country is already

free from smallpox, the objectives of the service are protection against the

re- introduction of the disease and prevention of a serious outbreak or epidemic if

it is re- introduced.

Smallpox eradication will be discussed in the Programme and Budget Committee of

the Assembly. It is therefore suggested that it should not be discussed in depth

during the Technical Discussions but that consideration of the subject be limited

to administrative problems of integration of a mass campaign for eradication into

the regular health services of the country (MCH and other) which will be responsible

for maintaining the position achieved by a mass campaign.

2. Prevalence of diphtheria

Diphtheria is a preventable disease. Although, unlike smallpox, its spread

is associated to S. considerable degree with symptomless carriers, it is possible

that, like smallpox, diphtheria could be eradicated by the maintenance of a high

and persistent level of artificial immunization. Thus in a number of Canadian

cities which were among the first communities to introduce large -scale immunization,

clinical diphtheria has not been encountered for 20 years or more. In the United

Kingdom some 80 health authorities have not had a single notification of diphtheria

for five years or more. If diphtheria should occur in an immunized person, It is

usually a local non -toxic infec Aon, the ration of death in immunized and non -

immunized persons of the same age -group being in the range from 1 :5 in pre- school-

children, and greater than 1 :10 in schoolchildren. It is true that the incidence

of diphtheria may wax and wane irrespective of imrmuniz -,tion programmes. Over

a 100 years ago (1858) Sir John Simon, the first Medical Officer to the Privy Council
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in Eritain had this to say: "Diphtheria is a disease which, though it has been

experienced in former times, is well nigh unknown to the existing generation of

British medical practitioners." Again, in European countries there have been sharp

falls in incidences after the epidemic wave of 1943 -45, and special studies, e.g. in

the Netherlands, have shown that such epidemics are accompanied by a considerable

amount of inapparent infection in the community. But the close correlation between

the initiation and widespread application of active immunization and the steady fall

of both morbidity and mortality rates, can leave no doubt about the effectiveness

of this procedure. The data for the United Kingdom for the past eight years are

given in Table 3 and may be contrasted with an annual average of 55 125 cases and

2783 deathsfor the decade immediately preceding large -scale immunization. It is

generally agreed that diphtheria can be brought under control in a community when

some 70 per cent. of both pre- school and schoolchildren are effectively immunized

and it may be noted that in the United Kingdom with an "immunization index" falling

to around 50 per cent. in the past few years, there has been a slight increase in

the notifications of diphtheria in 1958 and 1959.

TABLE 3. CASES AND DEATHS FROM DIPTHERIA IN ENGLAND AND WALES

Annual
average 1951 1952 1953 1954 1955 1956 1957 1958 1959

1933/42

Corrected
notifications 55 125 664 376 266 173 155 53 37 80

Deaths 2 7834 30 23 20 8 12 3 4 8

Fatality ratio
(deaths per 100
notifications) 5.0 4.5 6.1 7.5 4.6 7.7 5.7 10.8 10.0

The essential requirements for the control of diphtheria are the selection of

an effective prophylactic and the establishment of a sound immunization programme

in which the main considerations are the age at which immunization is begun, the

dosage of the antigen and the proportions of the child community who are inoculated.
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The continued prevalence of diphtheria in a number of European countries where

adequate facilities for carrying out effective immunization programmes would seem

to exist, is a matter of some concern and may be used as a basis for inquiry into

the reasons for the failure to control diphtheria. As regards the antigen, the

most potent preparations are those containing alum and of these the most reliable

and reproducible is a purified toxoid adsorbed onto aluminium phosphate (PTAP),

which in a single injection gives an antitoxin response in the guinea pig five times

greater than does a toxoid adsorbed onto alum- hydroxide (APT). Two doses of an

alum- adsorbed toxoid given at an interval of not less than four weeks to an individual

in the second six months of life will produce an adequate antitoxin response to

protect that child against toxic diphtheria for a period of three to four years.

When diphtheria toxoid is used with tetanus toxoid, it is again strongly recommended

that an alum- adsorbed preparation be used. In recent years there has been an

increasing tendency to use diptheria toxoid in combination with pertussis vaccine.

In such a mixture the bacterial suspension has some adjuvant effect on the potency

of the toxoid but is less reliable in this respect than is alum. It is, therefore,

recommended that three doses be given, again at intervals of not less than one month.

Similarly, if ordinary formal toxoid (anatoxine) is used three doses should be given

for the primary course. Because maternally transferred antibody may interfere

with the antitoxin response in young infants (0 -6 months of age), it has been

generally recommended that diphtheria immunization should be started in the second

six months of life. However, if the diphtheria prophylactic is being combined with

pertussis vaccine, the need arises for commencing immunization earlier because of

the severity of whooping cough in infancy. If a course of combined diphtheria -

pertussis prophylactic is begun about the third month of life, it is recommended

that a booster dose be given about a year after the primary course. It is most

desirable that the full immunizing course be completed before the child's first.

birthday. Where there is likely to be difficulty in giving two or three doses at

monthly intervals, a powerful antigen like PTAP should be used in an adequate dose

for the first inoculation. In these circumstances a second dose given six to

twelve months later will still produce an ad_equa e antitoxin response. It may

again be emphasized that the potency of the prophylactic should be properly

controlled to ensure that it conforms with internationally accepted standards.
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If, as seems likely, most countries use reasonably reliable prophylactics, the

failure to control diphtheria in some countries is probably related most often to

the failure to carry out the immunization programme effectively, that is to give some

70 per cent. of young children the primary course and to follow this with a booster

dose about the time of school entry. The notifications of and deaths from diphtheria

in some European countries with relatively high, medium and low rates are set out

in Table 4. It will be noted that in most countries there has been a satisfactory

downward trend in morbidity and mortality but death rates in 1956 (the latest year

for which data are available) were still high in a few of the countries. An

indication of the effectiveness of an immunization campaign directed primarily at

the pre -school and schoolchildren is the tendency for a shift of both cases and

deaths to higher age- groups. Thus in France, Germany and the United Kingdom, the

proportion of cases over 15 years ranges from 20 -30 per cent. whereas in Italy,

Portugal and Yugoslavia, it varies from 10 -15 per cent.

If the main defect in the control of diphtheria is a failure to immunize

effectively a sufficient proportion of young children (perhaps particularly the

youngest age -group 0 -3 years), inquiry should be made as to how far the failure may

be due to the use of antigens that are not sufficiently potent; to difficulties Of

access to certain communities (rural, overcrowded urban, professional classes); to

inadequate public health education; or to incomplete immunization in individual

children. For example, an inquiry on a national sample of children aged two years

in the United Kingdom in 1948, showed that 80 per cent, of first born children,

but only 50 per cent, of fourth or higher order of children, were immunized.

Obviously this is a potentially dangerous situation in overcrowded communities.

Again, propaganda should be of a kind that is acceptable by the particular community

and should be directed through the most effective channels. In one survey, talks

to schoolchildren was the most rewarding of a number of different approaches.

In countries where there may be difficulties in carrying out second inoculations

within a month or so cf the first, the use of a potent antigen, e.g. PTAP, that

would give a high Sehick conversion rate after the initial dose, is to be recommended.

Or it might be arranged that the first dose of diphtheria prophylactic is given at

the same time as smallpox vaccination and the second dose given a month later when



TABLE 4. CASES.0F AND DEATHS FROM DIPHTHERIA IN SOME EUROPEAN COUNTRIES SINCE 1950

Country

Cases Deaths ! Death rate

1950 1951 1952 1953 1954 1955 1950 1951 1952 1953 1954 1955 1956
7.1-9516)000 000

Denmark 47 25 13 9 1 3 4 3 - 1 - - - 0.0

France 3 950 2 689 2 547 2 514 2 513 2 155 195 13 116 123 91 82 63
[

1 4

Germany

(Federal 40 584 156 0 842 8 344.4 358 1 719 924 53 324 277 182 188 127 2.5

Republic)

Hungary 4 387 2 847 2 073 1 814 1 464 1 079 - - 63 67 45 33 30 3.1

Italy 13 947 2 961 4 5835 749 3 4070.2 027 775 84j1 032 857 657 533 598 12.4

Netherlands 2 985 2 765 2 805 2 714 1 521 744 196 159 173 149 73 46 42 3.9

Portugal 1 68 1 426 1 579 1 850 2 289 2 213 200 183 189 216 208 192 162 19.3

Spain 4 741 2 912 3 361 3 653 3 322 3 692 587 333 297 305 352 363 224 7.7

Sweden 71 30 30 13 1 4 10 1 3 2 - - 1 0.1
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the smallpox vaccination is recorded:, The practice of combining diphtheria toxoid

with pertussis vaccine, or diphtheria and tetanus toxoids, without a mineral carrier

may not be the best procedure f.r the control of diphtheria in countries with

inadequate, public health services, because of the need to give three doses of the

mixture in order to obtain a good level of immunity.

While the situation regarding diphtheria in Europe has been discussed as an

example of some of the present difficulties, similar problems doubtless exist in

other areas. The point to be stressed is that there is an obvious challenge to

many countries to control this preventable disease and it is hoped that this

problem will be a subject for consideration during the Technical Discussions.

3. Tetanus in developing and developed countries

A feature of the reports from many countries is the emphasis that has been laid

on tetanus as a public health problem. In the developing countries, particularly

those with large agricultural communities, tetanus following injuries of various

kinds can be a serious problem and in many, neonatal tetanus is still an important

cause of infant mortality. As examples of the size of the problem approximately

1000 cases of tetanus are admitted annually tc hospital in Ceylon, while pilot

studies carried out in one part of rural India indicated that tetanus was one of

the ten major causes of morbidity and mortality in that area. Again, neonatal

totanus has been shown to occur in over one per cent, of births following confinement

at home in the ilaa.r area of Senegal and accounts for 20-80 per cent. of the deaths

from tetanus at all ages in a number cf count.;. , In countries where tetanus is

a public health menace, active immunisation begun in early childhood and maintained

by booster doses on entering and leaving school, would seem the obvious answer.

Tetanus toxoid is a potent and cheap antigen which can be used in combination with

other prophylactics such as diphtheria toxoid and pertussis vaccine or with typhoid

vaccine.

The problem of neonatal tetanus presents some practical difficulties. Again

the obvious answer would seem to be immunize thcj pregnant woman so that the baby

would be born, with an adequate amount of antitoxin to protect it against neonatal

infection. There seems little doubt that if this could be done, the problem of

neonatal tetanus could be solved, although controlled trials to test the validity
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of this assumption need to be carried out. The practical difficulty is that a

great part of neonatal tetanus occurs following childbirth at home where there has

been no antenatal supervision of the pregnant woman. It would obviously be

difficult to arrange for these women to have active immunization during pregnancy.

An alternative solution, viz. the administration of tetanus antitoxin to the baby

at birth, as is now being done in Dakar, also present practical difficulties and it

seems that extension of maternity nursing care may be the eventual answer.

In the more developed communities the current prophylactic - procedure against

the risk of tetanus among civilians suffering injury, is to give a dose of tetanus

antitoxin which will give protection for a few weeks. The main objections to this

method of control are: (a) the considerable cost of the antitoxin and the many

thousands of cases of serum sickness that still occur after its use; in addition,

acute analphylactic deaths may rarely follow injections of antitoxin; (b) the

patient who has already had an injection of antitoxin and requires a second dose

within a period of say one to two years, will eliminate the second dose of antitoxin

very quickly, so that it ceases to have any protective value. In addition, such

patients are more likely to have anaphylactoid reactions; (c) a considerable

proportion of the clinical-cases-of tetanus follow mild injury when the patient

has not been seen by the doctor.

There is therefore in these countries increasing support for active immunization

against tetanus on a national scale. Experience with this form of immunization

among troops on active service during the second_woricLa _cmor:stratad -boie- effective

it was as a prophylactic against tetanus when the incidence was reduced to less than

0.1 per 1000 wounded. Any individual who has had a course of active immunization

and suffers injury requiring anti -tetanus treatment, is given a further booster dose

of tetanus toxoid. Unfortunately it is often impossible to tell with an injured

person when he has had active immunization against tetanus and therefore the

hospital officer feels obliged to give a dose of tetanus antitoxin. Some reliable

and easily ascertainable method of recording immunization is urgently needed. The

usual arrangement is for the individual to have a personal immunization card on which

his various vaccinations have been recorded but unfortunately these cards get lost

or mislaid and are not available when they are most needed. Alternatively, the
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use of a metal or plastic disc (to be worn rs.und the arm or neck) on which the

immunization history is recorded, has been recommended. It has also been suggested

that a small tattoo mark inside the ankle or on the iliac crest, could be applied

when active immunization is completed and would be readily noticed by any doctor

examining an injured patient. Where a non -immunized individùal has been given a

dose of tetanus antitoxin following an injury, an effort should be made to actively

immunize him since further doses of tetanus antitoxin are unlikely to give protection.

4. Control of whooping cough and measles

With the gradual control of major pestilences like smallpox, malaria and

typhoid fever, the common childhood fevers have come into greater prominence and

it is now widely recognized that whooping cough and measles have been, and still

are in many countries, associated with appallingly high morbidity and mortality

rates in young children.

Whooping cough is particularly severe in the first year of life. In the

period 1940 -1948 it killed three times as many infants under one year in the United

States of America as measles, mumps, chicken pox, scarlet fever, diphtheria,

poliomyelitis and meningitis all together. Death rates in the first year are ten

times greater than in the 1 -4 year -olds, and at least a 100 times greater than in

the 5 -9 year -olds. But even in these age - groups whooping cough can be a protracted

debilitating infection with both physical and mental complications such as broncho-

pneumonia, bronchiectasis and behaviour disorders. The disease may affect 40 -50

per cent. of children before their fifth birthday and 70 per cent. by ten years of

age. The causative organism, now called Dordetella pertussís in recognition of

its discoverer (in 1906) is antigenically homogeneous but early attempts to prevent

whooping cough by prophylactic vaccine were unsuccessful, largely because "rough"

laboratory strains which did not contain the protective antigen were used. When,

later, field studies in the United States of America showed that vaccines could be

made that give a consierable degree of protection, interest was renewed and it

became clear that one of the first requirements. was to control and standardize the

potency of the vaccine. During 1944 -1946, an intracerebral mouse protection test

was developed in the United States of America and when the products of some 14e.
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were submitted to this test, three showed no protective potency and there were

tenfold differences among those with demonstrable activity. In 1949, minimal

requirements based on mouse test were established in the United States, and three

years later a United States Standard Pertussis Vaccine was adopted with a value of

12 twits assigned to that amount of the reference vaccine estimated to give

protection to a child. However, there was no satisfactory evidence that the

laboratory assay of potency was related to clinical protection and it was not until

a series of comparative field and laboratory trials were carried out in the United

Kingdom that a reasonable correlation between clinical and laboratory assessments

of protective potency was established (see Pig. 2). Even so, there will still be

many difficulties in the preparation and laboratory control of pertussis vaccines,

and it is therefore most desirable that manufacturers should make full use of the

knowledge gained in the past decade to ensure the preparation of effective vaccines.

Otherwise, children will be submitted to unnecessary discomfort and parents will

lose confidence, not only in vaccination against whooping cough, but also in

prophylactic vaccination generally.

As examples of the difficulties, it was found that among 100 proven oases of

whooping cough attending child clinics in Washington, D.C. in 1953 -1954, 64 of the

children had completed courses of whooping cough vaccination.. Subsequent laboratory

assays of the vaccines used showed that some 60 per cent. of them had values well

below the standard 12 units per total dose. In another country, early failures

of pertussis vaccination were probably related to the use of parapertussis strains;

in this regard it is advisable that the relative frequency of pertussis and para-

pertussis infection in a country embarking on a vaccination programme against

whooping cough should be dtermined since there is no cross- protection between the

two organisms. When a reliable vaccine is available, immunization should be

begun early (second or third month) in order to prevent, or minimize the severity

of the disease in infants. A course of three injections, each of 20 000 million

organisms,of the plain vaccine (or combined with diphtheria toxoid) is given at

monthly intervals, but two doses of an alum- adsorbed vaccine given before six

months of age will also give reasonable protection. The latter vaccine induces

much higher agglutinin titres than the plain vaccine and the immediate agglutinin
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response to whole bacterial vaccines has been shown to correspond reasonably well

with clinical protection_ Protection persists for two to three years and probably

longer after primary vaccination but a booster dose may be given 1 -2 years after

the primary course. It is not recommended to give a booster at school entry

because of the risk of severe reactions and because infection after this age is

not likely to be severe.

Measles is the most prevalent of the childhood fevers, affecting some 90 per

cent. of the child community. In overcrowded areas the brunt of the infection

occurs in children six months to.three years of age and in this age -group the

incidence of secondary complications, particularly broncho -pneumonia, is high.

The flaring up of tuberculous infection in young children is not uncommon. The

recorded statistics on morbidity and mortality are unreliable since many cases are

not reported and deaths may be attributed to the secondary complication rather than

to the primary disease. Yet some 10 000 children were reported to have died from

measles in Mexico in 1955 and over four -fifths of them were in children under five

years of age. In the same year, there were 14 710 deaths from pneumonia in

children aged 1 -4 years and no doubt an appreciable proportion of these were

complications of measles. Again, in Colombia in 1956, there were 2697 deaths

from measles and 3165 from pneumonia in 1 -4 year -olds.

A number of countries in their reports on the role of immunization and

communicable disease control, are obviously concerned about the ravages of measles

among young children and there seems little doubt that a prophylactic vaccine would

be greatly welcomed in many countries. Attempts to control measles by the use of

gamma globulin can have only limited value, e.g. for children in residential

nurseries and the like, and besides being very expensive, gives only temporary

protection except where it is used to attenuate the attack. The cultivation of

the measles virus by Enders and the possibility of using either a live attenuated

virus vaccine or a killed vaccine, is therefore a significant step forward towards

better control. Preliminary results with experimental live vaccines are promising

but febrile reactions are very common, although notsevere, and are even regarded

as essential for successful immunization at present. Measles is not only a killer

in early childhood but can also be a very severe infection in adults as epidemics
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in isolated islands have shown. Probably the most desirable objective with

prophylactic vaccination when it becomes available, would be to postpone the age of

attack from the pre- school to the schoolchild when the infection is least troublesome.

Since even mild respiratory virus infections may, in infants, lead to serious

complications, it may be better to prevent measles entirely at this age rather than to

induce an attenuated attack. It is to be hoped that properly controlled trials of

measles vaccines will be arranged in overcrowded communities in order to obtain a fair

assessment of the value of this procedure in conditions where the infection has the

most serious consequences.

5. Killed versus live poliovirus vaccines

The efficacy and safety of killed (Salk type) poliovirus vaccines have now been

fully confirmed by large -scale use in many countries. However, a number of

objections have been raised against killed vaccines. For example, the response

after a course of three injections may not persist so that repeated booster doses may

be needed and in some countries a fourth injection is already officially recommended.

This in turn might lead to hypersensitivity to monkey kidney (on which the virus is

grown) as has already happened to penicillin which has been used during the preparation

of the vaccine. Again, infants with maternal antibody do not respond satisfactorily

to the vaccine, and in older children, the antibody response to the most important

component (type 1 poliovirus) is still relatively poor with many vaccines. And

again, some immunologists maintain that killed virus vaccines are not likely to be as

good immunizing agents as living vaccines and point to the long lasting immunity which

follows the use of living vaccines in smallpox and yellow fever. From the time that

the application of poliovirus vaccines became a practical possibility, several

virologists have been devoting their activities to the production of an attenuated live

vaccine which could be administered orally. The relative merits of killed versus

live poliovirus vaccines have recently been contrasted by one of the protagonists of

live vaccines (see table below) but the postulated advantages of the live vaccine may

be more apparent than real as the discussion which follows will show.
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TABLE 5. A COMPARISON BETWEEN KIT,TED AND LIVING VACCINE BY ONE AUTHOR

. Antibody response

2. Administration

3. Subsequent infection
of the intestine by
natural viruses

4. Safety

5. Effectiveness

6. Herd immunity

Killed vaccine

Variable especially
to type 1

3 -4 inoculations

Not prevented

Failure of inactivation
(cf. the Cutter disaster)

Has partially failed in
USA and Canada (1959 data)

Only increased by
increasing the number of
persons inoculated

Living vaccine

All fed with virus produce
antibody if the intestine
becomes infected

One dose by mouth (but 3
separate doses, one of each
type of virus, may be needed)

Prevented

Possible reversion of the
vaccine strains to virulence

The immunity should be as good
as that after natural infection

Increased by spread from the
vaccinated to their contacts

This controversial problem has already been discussed at the First International

Conference on Live Poliovirus Vaccines organized in Washington by the World Health

Organization and the Pan American Sanitary Bureau with the assistance of the Sister

Elizabeth Kenny Foundation and is to be further considered at a Second International

Conference and by the WHO Expert Committee on Poliomyelitis in June so that the pros

and cons of killed versus live poliovirus vaccines will not be discussed in any

detail here. However, some of the claimed advantages of the live vaccine and the

corresponding disadvantages of the killed vaccine, as set out in the above table,

need some comment.

Antibody re °ponse. The poor response to the type 1 virus in ^ome polymyelitis

vaccines can be overcome by trebling the concentration of the type 1 virus component.

On the other hand, studies of the antibody response to the live vaccine show that

antibody will not be demonstrable if for any reason infection of the alimentary

tract is not achieved, e.g. if too small a dose is given or if there is interference

by other viruses.
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Ease of administration. The three or four injections of killed poliovirus

vaccines may in future be combined with other prophylactics, e.g. diphtheria-

pertussis, and some encouraging results have already been reported from such a

combined vaccine, provided it is not given too early in infancy. The oral vaccine

may have to be given in divided doses or at least in repeated doses to make up for

"interference" between one virus type and another,

Alimentary tract infection. The killed vaccine does not prevent natural

infection of the alimentary tract although it is possible that with control of the

clinical infection, there will be a gradual disappearance of carriers, as has

happened with diphtheria. On the other hand, the alimentary tracts of children

which have become parasitized by attentuated polio viruses, may on losing them

become susceptible to re- infection with wild virus. Although unlikely to develop

clinical disease, they may pass on the infection to others.

Cost. The living vaccine may be cheaper to produce although control of its

safety and preservation of its potency may present practical difficulties.

Safety. Since the accident with inactivated vaccine in 1955, laboratory

standards for safety have been much more rigid and a close surveillance has been

kept on the vaccinated population regarding the possibility of paralytic poliomyelitis

following vaccination. There has been no evidence of any such risk. With live

vaccines the main danger is that the attenuated strain might, during growth in the

gut and transmission to new hosts, revert to a more virulent form. There is evidence

that some return to neuro -virulence may occur after human parasitism but that this

reversion is not progressive. Proof lies finally in field observations and a careful

follow -up of large numbers of vaccinated children in the USSR, Czechoslovakia, the

Americas and elsewhere gives good ground for hoping that the live vaccine is as

safe as the killed vaccine.

Effectiveness. There is now a large body of evidence that a course of three

doses of killed poliovirus vaccine gives a very high degree of protection, probably

over 90 per cent. The so- called failures of the vaccine in the United States of

America and Canada in 1559 referred to above occurred in areas where the level of

immunization was inadequate; that is, in overcrowded low income areas, particularly
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in the negro quarters and most cases occurred among unvaccinated children. There

is as yet no adequately controlled assessment of the protective value of live vaccine

against paralytic polio although there is a considerable amount of recent information

which suggests that it may be effective.

In some areas, however, especially where sanitation and hygiene are poor and other

entero- viruses widespread, interference by wild viruses with the live vaccine virus may

prevent infection and hence immunization. This may prove a serious drawback to the

use of live vaccine in tropical and subtropical regions where the viruses are common.

Vaccination in the first weeks of life may overcome this difficulty.

Herd immunity. An apparent advantage of the live vaccine is that it spreads

within the community and so protects non -vaccinated as well as vaccinated members.

But there is evidence that this spread may be quite limited, for example, among close

contacts in nurseries and that only young children are likely to disseminate the virus

among family contacts, Again, spread may be inhibited by previous infection of the gut

with other entero- viruses,

There are other controversial points that need elucidation and much new data may

be expected in the corning months.

6. Control of yellow fever

There are two recognized epidemiological types of yellow fever. First, urban

yellow fever - the classical disease in which the virus is transmitted from man to man

by the Aèdes aegypti. Secondly, the jungle or sylvatic yellow fever, a disease

primarily of wild animals, transmitted from animal to animal and only accidentally to

man by various species of forest mosquitos. The control measures to be adopted differ

for the two kinds of infection.

In the Americas, the eradication of Aèdes aegypti from a large majority of

countries has given protection to the inhabitants of cities and villages against

the urban form of the disease without recourse to vaccination. The situation is

different in relation to jungle yellow fever. As it is impossible to control the

forest mosquitos that transmit the virus, the only measure for the protection of

individuals who enter the forest is vaccination. Large vaccination campaigns

amongst the populations inhabitating forested regions are continuously being carried



A13/I'echnical Discussions/1

page 35

out in the countries of tropical America. The success of these campaigns is shown

by the small number of cases of jungle yellow fever occurring yearly in that continent.

It should be noted also that those few cases occur in persons who have escaped

vaccination. The objective is to vaccinFtP 100 per cent. of the communities living

near the jungle so as to prevent accidental infection from the forest mosquitos.

In Africa, the situation with regard to the control of Aëdes aegypti is not so

favourable as in the Americas. The mosquito is far more widely distributed and does

not seem so domestic as in the Americas. No effective measures of Aèdes aegypti

control have been established and epidemics occur in villages and cities where the

virus is transmitted from man to man by this vector. Under such conditions, mass

vaccination of exposed populations is a more effective means of control. Here,

vaccination is not only applied for the protection of the exposed individual, as in

the Americas, but as a means of obtaining herd immunity and effectively interfering

with the transmission cycle of the disease. (It is estimated that vaccination of

some 80 per cent. of the community will control inter -human spread.) The success

of vaccination in Africa, when properly carried out, is shown by the great'duetlon

in the number of cases in areas where this has been done.

Two strains of attenuated yellow fever virus are currently in use for the

purpose of vaccination; these are the Dakar strain and the 17D strain. French

workers at the Pasteur Institute, Dakar, have produced the "Dakar vaccine" from the

brains of mice inoculated with a strain which, although it has lost its viscero-

tropic properties, is still neuro -tropic for mice and monkeys. This vaccine has

proved to possess high immunizing properties - more than 56 million inoculations had

been performed throughout the territories of French Africa up to the end of 1953 and

only a few cases of yellow fever were observed in small isolated communities, probably

in the persons who had escaped vaccination. The vaccine is applied by cutaneous

scarification.

American workers produced a vaccine using a strain of yellow fever virus - 17D -

that had lost its viscero -tropism as well as its neuro -tropism for monkeys through

successive passages in tissue culture. Today, millions of people have been vaccinated

with this vaccine, mainly in tropical America and the results have indicated that
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approximately 95 per cent. of those vaccinated under field conditions acquired

immunity. The virus is cultivated in chick - embryos and freeze dried. The dried

vaccine is suspended in saline before use and is given by subcutaneous inoculation.

Because of the slight hazard of neurological complications that may exist in

using the Dakar vaccine and in view of the reduction in cost of a mass vaccination

campaign by using cutaneous scarification, efforts have been made to produce vaccines

with the 17D strain to be used by this route. So far scarification with this

vaccine has given a lower percentage of antibody responses than the sub - cutaneous

route but recent reports are more encouraging.

7. Risks of immunization procedures: contra -indications

While proper precautions are taken to ensure that prophylactic biological

substances are free of contaminating germs and free from toxicity, there are certain

hazards associated with the actual injection of such substances and with the host's

reactions to them.

The syringe and needle

Absolute sterility of syringe and needle can be guaranteed if they are heated

in a hot -air oven at 160°C for one hour, or in a high pressure steam sterilizer at

120oC for 20 minutes. The more usual procedure is to boil the syringe and needle

for 10 minutes immediately before use. It is essential that both syringe and

needle be freshly sterilized for each injection if the risk of serum hepatitis is

to be avoided. Alternative procedures are the use of the Gispen valve, which

prevents reflux of tissue fluids into the syringe on changing the needle, the use

of the needleless high pressure injector, or the use of cheap disposable syringes.

Reactions and complications after vaccination

Smallpox vaccine. Complications that may follow smallpox vaccination include

generalized vaccinia (particularly in infants with eczema), and encephalitis. The

risk of post -vaccinal encephalitis is greater after primary vaccination in school-

children and adults and according to a recent study in the United Kingdom greater

in the first year of life than in 1 -4 years age -group. Since, traditionally, it

has been accepted that these risks are least in the first year of life, further

clarification of this report is needed.
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Pertussis vaccine. Although some temporary local and /or systemic reactions

may occur after injections of pertussis vaccine, there are very few contra -indications

to its administration to infants, e.g. febrile illnesses and, perhaps, allergic

conditions (eczema). A rare hazard is the occurrence of convulsions within two to

three days after an injection and a much rarer risk (perhaps less than one in

1 000 000) is encephalopathy with symptoms appearing within 6 to 24 hours after

inoculation. To minimize these admittedly rare risks, pertussis vaccine should not

be given to a child with a history of recent convulsions; any reaction of a

neurological nature after an injection should be a contra - indication to further

injections.

Poliovirus vaccine. Injections of inactivated poliovirus vaccine are remarkably frer

of reactions. Occasionally reactions, characterized by headache, soreness of the

arm and skin rash, have occurred in penicillin- sensitive individuals, but this risk

should disappear when a less commonly used antibiotic is substituted for penicillin

during preparation of the vaccine.

BCG vaccine. In very young children regional suppurative adenitis is not a

rare complication after BCG vaccination. The risk may be diminished very considerably

by a moderate reduction of the vaccine dose. Otitis media may also occur after

oral administration of BCG.

Influenza virus vaccine. If vaccines prepared in the chick embryo are to be

used, inquiry should first be made about hypersensitivity to egg.

Alum - containing prophylactics. Experience in different countries has shown

that there is a slight risk of post -inoculation paralytic poliomyelitis (provocation

poliomyelitis) in children, following the injection of certain prophylactics. This

risk is greatest with alum -containing combined antigens - one in 15 000 inoculations

among children aged one to three years in one study - less with alum- adsorbed

toxoids or mixed pertussis and diphtheria vaccine without alum, and negligible with

pertussis vaccine or toxoids singly. The hazard may be minimized if inoculation

of mixed or alum- containing antigens are given early in infancy under cover of

maternally transferred polio antibody.
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It may be noted here that injection of other substances which cause local

tissue reaction - e.g., procaine penicillin and quinine - may also be associated

with provocation poliomyelitis.

Contra -indications. There are very few valid contra -indications to the

injection of toxoids and killed bacterial or viral vaccines since severe reactions

after such injections are very rare. Obviously if a child is febrile or ill from

any cause (and verified medically), the injection must be postponed until the child

is well again. An allergic diathesis is regarded by some authorities as a contra-

indication to the injection of prophylactic vaccines but the amount of foreign

protein is so small and of a kind that is unlikely to provoke an allergic reaction.

With live vaccines like smallpox and BCG vaccines it must be ensured that the child

is free of skin infections or eczema in order to avoid the risk of secondarily

infected foci through surface contamination. BCG vaccination should not, of course,

be carried out without previous tuberculin testing, except in new barns. It should

be done only by staff specially instructed and trained in the technique of intra-

cutaneous inoculation. Segregation is advisable where there is reason to believe

that the person to be vaccinated will be exposed to an abnormal risk of infection

during six weeks prior to and following vaccination. It is, however, better to

vaccinate without segregation than not to vaccinate at all.

8. Immunization schedules

In discussing immunization schedules a few important considerations may be

reiterated. The aim of immunization programmes is the control of infection in the

community rather than individual protection. A lower level of immunity than is

necessary for solid individual protection can effectively reduce the incidence of

communicable diseases if a high proportion of the susceptible community is immunized.

An immunization campaign carried out without provision for its continuation as

a routine procedure will not give satisfactory results - except where complete

eradication is achieved.

Difficulties in enlisting continued co- operation of the community, limited

health budgets, and shortage of trained staff make it necessary to devise different

immunization programmes according to the facilities available in each country or
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community. The general aim must be to immunize regularly and economically, with

the minimum number of visits and injections, a sufficiently high proportion of the

susceptible population.

Knowledge about the duration of immunity following the primary course of

immunization and after booster (or recall) injections is not yet sufficiently

precise in a number of communicable diseases. The number and timetable of booster

doses must, therefore, be left rather elastic. The need to use efficient

prophylactics and, wherever possible, ones that can be standardized, cannot be

over -emphasized since the continuance of immunization programmes with the co- operation

and confidence of the public depends on the successful results of these procedures.

The two schedules set out below are suggested for discussion as models (a) for

areas with well- developed medical services, and (b) for developing areas with

inadequate medical services.

TABLE 6. (a) SUGGESTED SCHEDULE OF IMMUNIZATION IN PREAS WITH
ADEQUATE PUBLIC HEALTH MEDICAL SERVICES; TO BE MODIFIED

AS REQUIRED TO SUIT LOCAL CONDITIONS.

Age Proposed schedule

2 -6 months Diphtheria- pertussis- tetanus triple vaccine: 3 doses with
1 month's interval between each dose.

6 -7 months Smallpox vaccination.

7 -10 months Poliomyelitis vaccine (inactivated): 2 doses with 1 month's
interval.

15 -18 months Booster dose of triple vaccine; simultaneously, third dose
of poliomyelitis vaccine.

2 -4 years Fourth dose of poliomyelitis vaccine.

5 -6 years Booster dose of diphtheria- tetanus vaccine; simultaneously,

smallpox re- vaccination.

10 -15 years Booster dose of diphtheria- tetanus vaccine if Schick test
positive; no injection of diphtheria prophylactic in Schick
pseudo -reactors.

BCG vaccination (in tuberculin negative reactors).
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TABLE 7. (b) SUGGESTED SCHEDULE OF IMMUNIZATION IN AREAS WITH
INADEQUATE MEDICAL SERVICES; TO BE MODIFIED AS

REQUIRED TO SUIT LOCAL CONDITIONS

Age Vaccination Visit

0-4 weeks (1) BCG vaccination 1st

3 -9 months

(2) Smallpox vaccination

(3) Diphtheria -pertussis- tetanus (triple vaccine with
alum): 2 doses at an interval of one month

The first injection could be given at the time of
smallpox vaccination. Smallpox v:Lccination is
verified at the second visit. Failures of smallpox
vaccination are re- vaccinated.

2nd
and

3rd

School
entry or
soon
there-
after

(4) Diphtheria /tetanus booster (plain or with alum)

(5) TAB vaccination (where necessary): 2 doses at
an interval of one month

(6) Smallpox re- vaccination8 at the time of second
TAB injection

4th
and

5th

10 -14

years

(7) BCG re- vaccination (in tuberculin negative
reactors)

(8) Smallpox re- vaccination

(9) TAB booster

6th
and
7th

Poliomyelitis: The use of live attenuated poliovirus vaccine is not included

in this schedule because of the still limited knowledge about its efficacy when

given orally to infants. This procedure may become the method of choice in countries

where there is a high incidence of clinical disease in early infancy. In these

countries immunization with inactivated vaccine may have to be begun earlier than

suggested in the schedule, but in such circumstances the antibody response will be

negligible in a considerable proportion of infants because of the presence of

maternal antibody.

It is suggested that a fourth dose of inactivated poliovirus vaccine be given

within one to two years after the third dose of the primary course since (a) anti-

body titres may have fallen to low levels by that time and (b) clinical disease
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has occurred in children after three doses. If the polio antigens, particularly

types I and III are improved, it may be possible to postpone the fourth dose until

school entry.

It is envisaged that schedule (b) will be used in countries with a low incidence

of clinical poliomyelitis, In such areas poliomyelitis vaccine should not be

employed routinely, but should be available to those at special risk of clinical

disease.

Quadruple vaccine (DPT and polio) is not recommended at present.

Tetanus: An individual who has been effectively immunized with a primary

course of tetanus toxoid followed by one or two booster doses should be given a

further dose of tetanus toxoid if exposed to the risk of tetanus. If the injury

is extensive, a dose of tetanus antitoxin should also be given. If tetanus anti-

toxin is given to a non - immunized individual, active immunization with tetanus

toxoid should be begun four to six weeks later.

Smallpox and triple vaccine should not be given simultaneously to infants with

a history of convulsions or other evidence of CNS (central nervous system) disease

or to those convalescent from an acute infection.

Tuberculosis: BCG vaccination. High prevalence areas: first vaccination

within first four weeks of life or, it may be given at the same time as the secona

dose of triple vaccine at four to eight months of age. Routine pre -vaccination

tuberculin testing may have to be done at this age, dependent upon the prevailing

infection risk curing the first year of life. Re- vaccination at school entry and

at school leaving age, after tuberculin test.:

Low prevalence areas: first vaccination - in school or before leaving school

after tuberculin test. Re- vaccination may be performed on military recruits,

students, and on the occasion of routine examination of other occupational groups.
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