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This conference is concerned mainly with
ethical, social, and legal aspects of the
development, testing, and use of vaccines. But
before coming to these matters, it is necessary
to describe the scientific basis for the present
large-scale use of vaccines against diseases due
to widely differing causal agents as well as to
describe the effects of vaccination and other
measures in reducing the load of infectious
disease in communities.

the diarrhoeal and respiratory infections
although it did not affect their incidence.
Reduction of overcrowding by improved
housing and the increase of time and
opportunities for leisure and recreation
unquestionably reduced death rates from such
diseases as tuberculosis. So also did the
development, early in the century, of mother
and child health services which influenced the
improvement of health by means of pre- and
post-natal care, advice to the mothers, and
regular care of the children in the first years of

CONTROL AND PREVENTION
OF COMMUNICABLE DISEASES

life.
New methods of treatment have also been
important. The treatment of the age-old
scourge of tuberculosis with streptomycin,
PAS, and isoniazid is now so successful that it
is no longer necessary to hospitalize patients,
even during the early stages of illness - a fact
of incalculable significance in the developing
world where the number of hospital beds is
minimal. The disappearance of the long lines of
hospital beds full of the disastrous consequences of infection at childbirth was due to
the sulphonamides and, later, the antibiotics.
Scarlet fever and other streptococcal infections,
the sepsis due to the staphylococci, and the
greatly feared pneumococcal pneumonia have
been tamed by effective drugs despite bacterial
resistance. All this has happened in the last 40
years of continuing progress in development of
new methods of treatment. It is remarkable

IN THE 20TH CENTURY

One of the greatest successes in 20th century
medicine has been the prevention and control
of the communicable diseases in the economically developed world.
Immunization is one of the most important
measures responsible for the transformation of
the position which obtained in the 19tb
century, and for some diseases is the only
practical method for control. However, other
measures have also played their part. The
provision of pure water and the safe disposal of
wastes brought about the disappearance of
cholera and the virtual elimination of typhoid
and other severe enteric infections. Improved
nutrition in infancy and childhood raised the
capacity of the host to deal with infections and
reduced severity and mortality of, for example,
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that more than 95 per cent of the specific
effective treatments for disease presently
available were unknown half a century ago.
Communicable diseases in the developing world
The successes in the developed world have
not been repeated in the developing world,
which has at least half the world's population.
There communicable diseases are as rife and
as deadly as they were in Europe in earlier
centuries. Recently all the Member States of
WHO in Africa south of the Sahara and in Asia
were asked to list what they considered to be
the most important problems of public health.
The consolidated list was as follows (roughly in
order of importance):
malaria and other respiratory diseases, not
tuberculosis
parasitic diseases
tuberculosis

venereal diseases

measles
malnutrition
diarrhoeal diseases poliomyelitis
tetanus (mainly neonatal)
leprosy
It is notable that, except for malnutrition,
all the diseases are communicable. With the
exception of the respiratory and venereal
diseases, none are any longer major public
health problems in the developed world.
Diphtheria and whooping cough are not
mentioned in the list but they are serious causes
of morbidity in much of the developing world
and, in some areas, whooping cough ranks next
to measles as among the worst killing diseases.
THE ROLE OF IMMUNIZATION
mechanisn of immunity
Before going on to describe the results
obtained with vaccines, a brief word is
necessary on how they act on the person or
animal receiving them.
A person is said to be "immune" to an
infectious disease when the causative agent is
prevented from entering and/or multiplying in
the tissues. For many of the diseases the most
effective form of immunity is that which
develops after an attack of the disease. After
The

many of the once-common childhood forms,
e.g., measles, this naturally-developed immunity
is lifelong.
The function of a vaccine is to provoke a
similar immunity without causing any
reaction -or, at most, a degree of reaction
sufficiently mild to be acceptable to the
individual and the community. The vaccine
does this by stimulating the body to produce a
specific response. That is, it will stimulate
protection aginst one disease only; hence the
multiplicity of vaccines. Part of this response is
the production of antibodies which circulate in
the bloodstream or other body fluids. These
antibodies may act directly by neutralizing the
microbe or its toxin or by rendering them more
susceptible to attack by the phagocytic white
blood cells which have the capacity to ingest
and destroy foreign bodies. The other part of
the protective response involves the production
of small lymphocytes which are sensitized to
the content of the vaccine. They have specific
surface antibody and also secrete substances
which can stimulate a non-specific immune response by the host. This is the mechanism responsible for the body's rejection of foreign
material, such as skin grafts, but it also plays a
part in immunity from some communicable diseases, such as tuberculosis.
Once the protective mechanism of the body
is properly stimulated, protection will continue
for a period which, depending on the agent,
may be for several months or years or for life.

Immunization
It has become common in recent years for
the terms "vaccination" and "immunization"
to be used interchangeably and, although there
are still theoretical and semantic objections in
some quarters, the now general acceptance of
this interchangeability of terms will be followed
in this paper.
Apart from smallpox vaccine, which was
flrst tested in 1796, the development of
vaccines essentially began with the commencement of the science of bacteriology in
the 1870's and 1880's. It is just one hundred
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years ago (1876) that Koch identified the
anthrax bacillus, one of the earlest of the
bacteria demonstrated to be pathogenic for
man (as well as other animals). In the next
decade and a half, the typhoid and tubercle
bacilli, the cholera vibrio, and the diphtheria
and tetanus bacilli had all been identified and
cultured in the laboratory.
After the original research and observations
of Pasteur, much of the early work was the
product of the French and German workers. As
Bulloch (1938) remarked in his History of
Bacteriology (1), "The work of R. Koch and
Pasteur respectively, gave two directions to the
subsequent development of bacteriology. The
German school concentrated ... on the isolation and exhaustive study of individual
bacteria ... and this in due course led to the
foundation of many highly specialized branches
of bacteriology . . . The French school, starting
with Pasteur, early concentrated on the
problems of the prevention of infective diseases
by artificial inoculation. The results led to the
creation of that branch of science called
Immunology; although it now has implications
far beyond the bacteriological sphere, it was in
connexion with bacterial diseases that it first
took root."
The approaches of the two groups were
different - but complementary; in fact, one
was essential to the other. The French school
was primarily interested in the application of
the new agents to the control of diseases of
medical or veterinary importance. Pasteur was,
unquestionably, the father of Immunology. The
German school provided methods of accurate
identification of organisms, of purification by
separation from contaminants, of culture, of
inactivation, and of preservation.
How vaccines are developed in the laboratory and tested in the field will be descnbed by
later speakers. Here it is of interest to mention
the crucial discovenes and observations which
made the subsequent developments possible.
Pasteur believed that Jenner's cowpox virus
was simply a smallpox virus attenuated by
repeated passages through cattle. He, therefore,
sought to reduce the virulence of organisms,

5

such as the anthrax bacillus and the agents
responsible for chicken cholera, swine
erysipelas and rabies, and to prepare vaccines
from these less virulent (attenuated) but still
living microbes. The success of the vaccines,
particularly the rabies vaccine, is well known.
However, the attenuation of the other
organisms was not always successful. Sometimes it was inadequate and animals died,
sometimes it was carried too far and the vaccine
did not protect.
In 1886-1887 Salmon and Theobald Smith
siowed that in some instances the injection of
dead organisms could induce protection against
alive and virulent organisms. This observation
was of great practical importance and led to the
preparation of vaccines for the protection of
human beings against typhoid fever, cholera,
and plague on a massive scale - although the
last two vaccines still give rather unsatisfactory
levels of protection.
A little later (1889), Roux and Yersin
proved that the diphtheria bacillus operates by
virtue of a toxin (poison) which it produces and
which is secreted into the culture medium. In
the same year, Faber demonstrated that the
tetanus bacillus had similar properties. This led
to the preparation in animals of antitoxic sera
which were used successfully in man to prevent
or modify the two diseases. It led also,
somewhat later, to the development of
diphtheria and tetanus toxoids (i.e., nonvirulent toxins which retain their imunirzing
properties) for protection of man.
This brings matters to the end of the 19th
century. There has been no slackening of
progress in the 20th century.
The 1920's saw the beginning of BCG, the
live attenuated anti-tuberculosis vaccine, and
gave us diphtheria and tetanus toxoids which
were much better antitoxin producers than the
earlier ones and which, most importantly,
reached the highest possible level of safety. The
1930's saw the beginnings of whooping cough
vaccines and the use of eggs in which to grow
influenza and yellow fever virus vaccines; the
1940's, the development of mumps vaccine
and - a discovery of the greatest importance -
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the propagation in the laboratory of cultures
of embryonic tissues of human or animal origin
in which viruses could be grown in pure culture
and high concentration. This discovery of Dr.
John Enders, Dr. Frederick Robbins, and Dr.
Thomas Weller led directly to the development
of poliomyelitis vaccines in the 1950's; first,
the inactivated and then, the live. The 1960's
saw the development of very effective live
measles and rubella vaccines. The 1970's have
produced vaccines, stil partly experimental,
against meningococcal meningitis and
pneumococcal pneumonia-vaccines which are
composed of pure chemical constituents of the
organisms-a new method of vaccine
preparation.
The 1970's will also see the first use of a
vaccine against one of the most severe forms of
viral hepatitis - hepatitis B.
There is good reason to expect that before
1980 the first vaccine of all, the smallpox
vaccine, wiUl no longer be necessary because the
disease will have been eradicated.
The chronology of development of vaccines
for human beings is shown in Table 1.
Immunization does not capture the imagination as does a new and dramatically successful
treatment of a hitherto dire and fatal disease.
Immunization is done when the person is well.
If a sufficient proportion of the susceptibles in
the community are protected, the disease
virtually disappears and in a few years the
previous impact of its morbidity and mortality
on the individual and on the community are
forgotten. This alnost inevitably leads to a
slackening in the up-take of vaccination and to
the very real risk of recrudescence of the
disease.
Despite its lack of dramatic appeal,
immunization in medical practice has made an
enonnous contribution to health and wellbeimg particularly of children.
In demonstrating the value of vaccines, one
could mention the use of yellow fever vaccine
in Africa and Central and South America, of
Japanese encephalitis in Japan itself and other
countTies in the area, and of tick-borne
encephalitis vaccines in the east of the USSR

_

and neighbouring countries. However, these and
certain other vaccines are of limited geographical importance and the demonstration of
the value of immunization is best served by
illustration of the effects of vaccines against the
more universal diseases. These are mainly
diseases of highest incidence in childhood; they
include smallpox, typhoid, tuberculosis,
tetanus, diphtheria, whooping cough, poliomyelitis and measles.
Smallpox. The first of Jenner's publications
on snallpox vaccine was in. 1798; by 1801,
routine use of the vaccine began in the United
Kingdom and some European countries. The
procedure was rapidly adopted and from 1807
onwards compulsory vaccination on a national
Table I
Chronology of vaccin. for human being
1771
1798
1885
1892

1898
1913

1921

Variolation introduced into Britain.
Jenner's publication on vaccinia.
Pasteur's rabies vaccine.
Haffkine's cholera vaccine.
Wright's typhoid vaccine.
Behring's toxin/antitoxin immunization
against diphtheria.
Calmette and Guerin's vaccine against tuber-

culosis (BCG).
Ramon and Glenny-diphtheria toxoid.
Madsen's pertussis vaccines.
Ramon and Zoeller-tetanus toxoid.
Early influenza vaccines.
Theiler's yellow fever vaccine (1 7D).
1949
Mumps vaccine.
Enders, Robbins and Weller-growth of
poliornyelitis virus in tissue cultures.
1954
Salk's inactivated poliomyelitis vaccine.
1957
Sabin's live oral poliornyelitis vaccine.
1960
Enders' measles vaccine.
1962
Weller's rubella vaccine.
1968
Type C meningococcus vaccine.
1971
Type A meningococcus vaccine.
1 976(?) Hepatitis B vaccine first used.
19784?) Abolition of smallpox vaccination.
1923
1923
1927
1937

Disease Control and Prevention in the 20th Century: The Role of Immunization

Sale was being introduced. The vaccine was
nd is very effective, if of good potency when
dministered, but the immunity must be
,inforced by giving inoculations at intervals of
weral (about 5-7) years. For reasons which it
not necessary to discuss in detail, elimination
f smallpox as an endemic disease was only
owly achieved. Up to 30 years ago it was still
resent in some European countries and also in
arts of North America. The principal foci in
wcent years have been the Indian subDntinent, the African continent, parts of Latin
Lmerica and a few individual countries.
In 1958 and 1959 the World Health
.ssembly resolved that the World Health
Irganization should initiate a programme for
ie eradication of smallpox by stimulating the
idemic countries to establish eradication
rogrammes. WHO's functions were to give
fchnical and administrative guidance; to
rrange the training of laboratory personnel,
linicians and epidemiologists; and to try to
btain from the governments of non-endemic
ountries the vaccine, equipment, and transport

which the local governments could not supply
for themselves. From 1960 to 1966 considerable progress was made in supplying vaccines
from voluntary sources, in establishing new
vaccine production units and in improving
existing ones, and in substituting the very stable
freeze-dried vaccine for the liquid vaccine
which deteriorated quickly at warm temperatures. In 1960 about 37 countries were
regularly reporting cases, but by 1966, nine
were free of the disease and three had almost
achieved this objective. However, it was clear
that unless a more intensive and much
better-funded effort was made, eradication
would be a slow process; in 1967, the WHO
Intensified Eradication Program'me was
launched.
Figure I shows: (a) the areas in which
smallpox was endemic in 1967 and in which
special international commissions have certified
eradication; (b) the countries endemic in 1967
which have succeeded in arresting the
occurrence of new cases, but which have not
yet been certified by the commissions; and (c)

Figure I
SMALLPOX ENDEMIC COUNTRIES, 1967 AND 1975
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the one country (Ethiopia) from which
smallpox is still being reported.
Thanks to the generous financial support
from many non-endemic countries the efforts
of national governments of endemic countries,
and the stimulation and coordination of effort
by WHO, the success of the Programme is

within grasp.
Typhoid. Typhoid vaccine is also one of the
oldest. Alrnoth Wright first used it about
1898. Apart from greater purity,the vaccine has
in essence changed very little since Wright's
day, altfiough recently some improvements in
potency have been made. It was used on a large
scale in the British-South African war of
1899-1902, but the results were difficult to
evaluate. This led the Army authorities and
others in the United Kingdom to consider very
seriously how the value of the vaccine could be
accurately assessed; Karl Pearson, Professor of
Applied Mathematics at University College,
London, defimed clearly how to establish and
conduct the fleld trials essential for obtaining
sound data.
The Army authorities set up a very extensive
study of vaccination in 24 regiments in India
and Egypt although the methodology of
Pearson was not followed. In 1912 they
published a Report which was considered to
provide proof of the value of the vaccine.
However, the findings were not accepted by all
as definite and conclusive, and controversy
continued through both world wars (2). It was
not until the 1950's, when WHO brought
together workers in Guyana, Poland, the United
Kingdom, the USSR, and Yugoslavia to
collaborate in a series of laboratory and field
studies, that the value of the vaccine was finally
determined.
The trial in Guyana (which is described here
as an example of the studies made) was carried
out in schoolchildren. The 72,000 participants
were divided into three groups. One typhoid
vaccine (K) was given to one group, another
(L)-which was prepared by a different
method-was given to the second group, and
tetanus toxoid was given as a control

Inoculation to the third group. The groups were
constituted by the randomization of school
classes. The children were followed up by a
team of nurse-investigators, clinicians, and
laboratory workers for 3% years. The results are
summarized in Tables II and III. There were
nearly 20 times as many cases in the controls as
there were In the group on vaccine K and about
4 times as many in the controls as in the group
on vaccine L Thus, both vaccines protected,
but K was distinctly better than L. Vaccine L,
incidentally, was very similar to the earliest
vaccines, so we may assume the early
preparations too gave some protection. An
unexpected "bonus" from the trial (because it
was not part of the original plan) was the
observation that, at least in the circumstances
in Guyana (where there was a great deal of
typhoid at the time and where natural
infections may have boosted the artificial
immunity), one dose gave as good protection as
two.
Table II
Guyana Typhoid Vaccine Trial 1960438
Summary of Results rsubjecu given 2 doses]

Type of vaccine

Typhoid vaccine K
Typhoid vaccine L
Tetanus toxoid
{control)

Rate
Number Number per 1,000
inoculated of cases persons

24,046
23,431

6
26

0.2
1.1

24,241

99

4.1

asul1. Wid Hith Org., 30: 631-634 (1964)
Table Ill

Summary of Results [subjects given 1 dose onlyla
Type of vaccine
Typhoid vaccine K
Typhoid vaccine L
Tetanus toxoid
(control)

Rate
inoculated of cases per 1,000
persons

3,319
3,371

0
3

0.0
0.9

3,515

14

4.0

80u1t. Wd Hldh Org., 30: 631-634(1964)
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The most important lessn from the history
of typhoid vaccine is that unless vaccines are
tested for protective potency in man using
methods which will give conclusive information, there is a strong possibility that their real
value-or lack of it-will remain a subject for
controversy. This is the greatest justification for
the use of the strictly controlled field trials to
which all recent vaccines have been subjected,
the rationale and methods of which are
described later.
Despite the fact that the vaccine protects,
vaccination is an interim measure in the control
of typhoid fever. The ultunate answer to
control in all parts of the world-however long
it may take-is the expansion of good water
supplies and sanitation.

Tuberculosis BCG against tuberculosis is
another vaccine which suffered badly because
of the absence of strictly controlled trials to
demonstrate its efficacy when it was first
developed. BCG was produced by Calmette, a
pupil of Pasteur, and in the Pasteur tradition it
consists of a live strain of the tubercle bacillus
attenuated by manipulation in the laboratory.
Calmette has recorded that the strain (originally
isolated from a bovine) was sub-cultured in the
laboratory every 3 weeks for 13 years before it
was considered sufficiently attenuated and
stabilized for use in human subjects. Originally
it was given by mouth; the first person to be
fed (in 1921) was a child six months of age
whose mother had died of tuberculosis. The
child remained well. The strain was then fed to
small numbers of human beings over the next
three years. Having proved harmless to man
(and earlier in animals, which after vaccination
were "challenged" by the administration of
virulent tubercle bacilli and found to be
resistant), its use was rapidly extended-in
France mainly-with reportedly good results. In
1927, administration by mouth was abandoned
favour of injection into the layers of the
sidn, a method that gradually spread and is now
used almost universally. In 1930, in the German
town of L;ibeck, a disaster occurred (infra) and

although an inquiry exonerated BCG, this
disaster plus the absence of evidence from
strictly controlled trials delayed extensive
intemational use of BCG. In 1950, theBritish
Medical Research Council began its series of
thorough field trials in which. ultimately,
26,000 schoolchildren, who had no evidence of
previous infection with the tubercle bacillus on
entry, participated. Half were given BCG and
half remained unvaccinated. The follow-up
continued for 15 years; the results are shown m
Tables IV and V.
The reduction in incidence attributable to
BCG was 78 per cent for the 15-year period.
Although there was evidence of a fall-off after
10 years, the level of protection was still
substantial-and probably could be reinforced
by revaccination. The protection extended to
all forms of tuberculosis. No cases of meningitis
or miliary tuberculosis, two of the most fatal
forms of tuberculosis, occurred among the
vaccinated.

Thus, in countries having a high incidence of
tuberculosis in the young, BCG vaccination has
an important part to play in reducing the
incidence of the disease.
Table IV
British Mecical Research Council BCG Trialsa
1950-1965
a

No. of

cases incidence

starting
I

A

Annual

within

15 years

pants

il
Vaccinated

I

12,699

240

13,598

56

Pro-

1,000 tective
partici- efficacy

per

l

1.28
0.28

78%

aBull. Wd Hlt/ Org.. 46: 371 (1972)

Table V
British Medical Research Council BCG TrialPs

1950-1965
Protective efficacy (%M at intervals
(in years) after vaccination

Years

Efficacy

%

0-

24-

81

87

575/70

88uv1. Wd Hith Org., 46: 371 (1972)

10-15
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Diphtheria The use of the toxin-antitoxin
mixture of Behring spread slowly after he
introduced it in 1913. It was taken up in 1914
in New York and gradually came to be used on
a large scale for immunization of susceptible
children until about 1924. It was, however,
unstable and unless prepared with the greatest
attention to detail and stored under proper
conditions, it was potentially dangerous. The
greatest danger was removed by the
substitution of toxoid (i.e., toxin treated with
formalin to make it harmless but still antigenic)
for toxin, but problems of sensitization to the
antiserum in the mixtures remained. About
1930, the present preparation-a toxoid
adsorbed onto an aluminium salt-became
widely available.
This preparation is one of the safest and
most efficient immunizing agents available for
communicable disease control. Although most
of the development of this vaccine occurred in
the United Kingdom, it was not until 1942 that
a national campaign was mounted there. The
results of the continuing use of the vaccine are
seen in Table VI.

Table VI
England and Wales
Average annusl numbers of cases and deaths
from clphtheria
(large-scale ue of immunization begun 1941-421

Period

Cases

Deaths

1930-39
1940.44

61,000
38,000
8,000
488.
85

approx. 3,000

1945-49
1950-54
1955-59
1960-64

1965-69
1970-74

34
16

10

1,860
336
29
7
4
1
1

aSource-Statistical Review of England and Wales,
Pt. I (A) Tlables Medical

Whooping cough. Since the early 1920's
when Zachariassen first used Madsen's vaccine
in the Faroe Islands, whooping cough vaccines
have had a variable history, partly because of
doubt about their effectiveness and partly
because of reports of severe reactions (infra).
Doubts about effectiveness were removed as a
result of the studies in the USA, mainly by Dr.
Sauer and Dr. Pearl Kendrick, and in the United
Kingdom by the Medical Research Council. One
outcome of these studies was that when fresh
strains of bacteria were included the vaccine
protected, and when strains which had been
subcultured over long periods in the laboratory
were included, the vaccine was useless. Another
outcome was the development of a potency test
in mice which was proved to be a valid
indicator of protective potency in man.
The value of good whooping cough vaccines
is demonstrated in Tables VII and VIII, which
were prepared from data from the Medical
Research Council's trials. Table VII shows the
risk of a child developing the disease if exposed
to infection in its own home; e.g., by a sister or
brother. In the unvaccinated, the risk was 87
per cent; but in the vaccinated, it was reduced
to 18 per cent. Table VIII compares the
severity of the disease in the two groups. Sixty
per cent of the unvaccinated who developed the
disease had a cough for two months or more
and only 14 per cent had one for less than six
weeks. In contrast, only 24 per cent of the
vaccinated coughed for two months or more
and 44 per cent coughed for less than six
weeks. Thus, the vaccine prevented infection
altogether in a large proportion and reduced its
severity in the children who were not fully
protected.
Pertussis vaccination was introduced on a
large scale in the United Kingdom in
1956-1957.
The reported number of cases and deaths
from pertussis are shown in Table IX. The
incidence of cases began to fall in the
1955-1959 quinquennium-concurrent with the
use of vaccine. The decline has continued, so
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that during the 1970-1973 period the number
of cases was 13-fold less than in 1950-1954.
However, deaths were falling rapidly before vacciation, undoubtedly associated with the introduction of sulphonamides and antibiotics for
treatment of complications. It is difficult to apportion accurately the contribution made by
treatment and by vaccine prevention to the
reduction of deaths in the United Kingdom.
Table VIl
British Medical Roserch Council
Petussis Vaccine Trialsa

9% cases/

"Home Exposures" Cases exposures
Vaccinated
Unvaccinated

203
173

37
151

18
87

agrit Mod.* J., i: 1463 (1951k
Table VIII
British Medical Reserch Council
Pertussis Vaccine Trials)
Duration of cough (weeksl

<44- 6- 8-

10+

Number of cases 20 46 47 15 21) Vaccinated

(149 cases)
Percentage
13 31 32 10 14)
Number of cases 15 82 178 159 240) Unvaccinated
) (674 cases)
2 12 26 24 36)
Percentage
aBrit Md. J., i 1463(1951)

Table IX

England and Wales
Average annual numbers of c and deaths
from whooping cougha
[large-scale us of vaccine bogun 1956571
Period

Cases

Deaths

1940-44
1945-49
1950-54
1955-59

96,566
99,477
141,169
64,644
31,436
17,651
10,825

1,206

1960-64
1965-69

1970-74

735
283
65

aSource - Statistical Review of England and Wales,
Pt. I (A) Tables Medical

34

18
12
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Tetranus. In the developed world the
incidence of tetanus is low during peacetime, so
the efficacy of tetanus toxoid for active
immunization has been assessed mainly by
measuring the level of antibody in the person
immunized.
Much of the evidence of efficacy has come
from war experience. In the British Army in
World War 11, all soldiers were vaccinated and
the incidence of tetanus on the Westem Front
was 0.6 per 10,000 wounded compared with
14.7 per 10,000 in World War I. Among the 22
million members of the Armed Forces of the
United States in World War II, there were only
50 cases of tetanus compared with 50,000 cases
in the armies of the Axis powers-which did not
use the vaccine.
The toxoid is one of the least irritating of
vaccines and the primary course seldom causes
reactions. even of slight significance. Repeated
reinforcmg doses may, however, lead to local
and general reactions but even these are not
usually very marked; in any event, repeated
reinforcing doses are not necessary.
Because tetanus toxoid can be mixed with
other vaccines-thus not adding to the number
of injections-and because it gives lifelong
protection at little cost, children in many
countries are now immunized routinely, as are
adults m civilian life who are at special risk.
Neonatal tetanus in the infant, a serious
problem in the developing world, can be
prevented by immunizing the mother during
pregnancy. When thls is done, sufficient
maternal antibody is transferred to the child to
protect it from infection in the period of
greatest risk.

Measles. Measles is universal and almost
every human being suffers from it-usually in
childhood. One attack gives lifelong immunity.
In developed countries it is generally mild, but
in tropical areas it is one of the most serious
and fatal hazards of the first three years of
life-it may be responsible for 5 to 10 per cent
of the total deaths in children 0-5 years old;
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when not fatal it is often followed by blindness
and other permanent disabilities. Even in
developed countries respiratory complications
are common and about I case in 1,000 may
develop encephalitis-often mild but
occasionally fatal or associated with permanent
sequelae.
The measles vaccine now in general use was
developed in the late 1950's by Enders and his
colleagues in Boston, USA, and was first used in
children in 1960. It is a live vaccine prepared
from an attenuated strain of measles virus and
causes fever and measles-like rash in a varying
percentage of the vaccinated, depending on the
strain which is used. The reaction, however, is
mild and so far there is no conclusive evidence
of any untoward sequelae such as occur after
the natural disease. Not only is the vaccine safe,
but it has been shown in field studies to be 95
per cent effective and to produce immunity
which is long-lasting-perhaps lifelong.
Despite its safety and effectiveness, measles
vaccine has not been accepted in Europe by the
medical profession and the public to the same
degree as the other vaccines against specific
infections of childhood. In the United
Table X

Poliomyelitis. In the years before
vaccination became available, the United States,
Canada, Australia, and New Zealand (all of
which initiated vaccination on a mass scale very
soon after vaccine was produced) collectively
reported 50,000 cases every year. They now
report less than 50. Similar results have been
obtained in most of Europe and in individual
countries elsewhere. The experience in England
and Wales is given in Table Xi.
In the tropical countries the situation is
entirely different. In Ghana two years ago, a
Table Xl
England and Wales 1940-74
Average annual numbers of cases and deaths
from poliomyelitis

England and Wales 190-74
Cas and death from measles
Averag annual numbers 1940.69:
Anual numbers 1970.74
[lare-scale um of vaccines begun 1967)

[large-sla use of Inactivated vacines begun
1956, and of live vaccine 19821

Period

Cases

1940.49
1950-59

341,480
435,233

569
142

1960-69
1970
1971
1972

370,037

80

307,408
135,241
145,916
152,578
107,916

42
28
29

1973
1974

KCingdom, for example, only about 50 per cent
of children in the susceptible age group are
vaccinated; this explains why Table X shows
the average annual number of cases has been
reduced by only about 50.60 per cent since
vaccine came into general use. In the United
States of America an intensive measles
vaccination campaign was launched in 1963 and
the annual number of cases reported has fallen
from about 500,000 to 50,000 or less. Equally
important, a similar proportionate reduction in
cases of measles encephalitis has occurred.

Deaths

33
7

Period

Cases

1940-44

716*

1945-49
1950-54
1955-59

3,372*

1960-64
1965.69
1970-74

2,827
2,153
249

Deaths
130
374
326
155
21

24

0.8

5

0.7

*Paralytic and non-Paralytic combined
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survey of schoolchildren revealed that 7-8 per
thousand had paralytic disabilities typical of
those of poliomyelitis; in Burma in 1975, even
higher rates were observed in a preliminary
survey. lTese are higher rates than in the USA
in the pre-vaccination period.
These illustrations demonstrate the successes
achieved by immunization against a large
number of different diseases-successes which
have gone far beyond the aspirations and
expectations of many of the early workers. In
the developed world immunization has
revolutionized the allocation of beds in

children's hospitals between communicable and
non-communicable diseases. In many developed
countries "fever hospitals" which were
prominent among hospital services before the
Second World War have now ceased to exist as
such.
HAZARDS OF IMMUNIZATION

There is, however, a certain small price to
pay for success.
In the first comprehensive publication on
the Hazards of Immunization (3) the author,
G. S. Wilson, states: "No vaccine or antiserum
can be regarded as completely safe. Some are
very much safer than others but [nonel that
has yet been used has been free from
complications or accidents of one sort or
another.... The complications and
accidents.. must be looked upon as the price
we pay for the protection these agents confer
upon us. There is no insurance without a
premium. Our business is to provide a greater
and more comprehensive insurance and to
diminish the size of the premium."
Much of the information which follows is
based on Wilson's book (but the interpretation
is the writer's).
Simple reactions Some reaction occurs after
most vaccines in at least a proportion of those
vaccinated. In these reactions, the local or
constitutional disturbance is limited in severity
and duration. There is usually no local
destruction of tissue, and the general
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manifestations are similar to those of a mild
febrile illness.
With smnallpox, measles, and BCG
vaccines-all live-the reaction is an essential
part of the process of multiplication of the
agent which leads to the stimulation of the
host's resistance.
Diphtheria, tetanus toxoid, and live
poliomyelitis vaccines cause little reaction.
Most killed bacterial vaccines cause some
local and general reactions; typhoid perhaps the
strongest, cholera the least, with pertussis
intermediate.
Reactions are reduced by various means;
e.g., by further attenuation of live vaccines; by
giving only the essential antigenic structures of
the killed organisms instead of the whole
bacteria; by using non-irritant adjuvants; by
reducing the amount of the antigen in each
dose; by reducing the volume of the inoculum.

Avoidable and unavoidable hazards
The more serious hazards can be divided into
the "avoidable" and the "unavoidable" or
"inherent."
Avoidable hazards. Avoidable hazards are
those associated with faulty production or
faulty administration; i.e., use of non-sterile
apparatus or contamination by the operator.
In the early days a number of disasters were
associated with faulty production. In this paper
only six episodes require to be mentioned, only
three in detail:
1. In 1930, in Germany, 207 children
developed tuberculosis and 72 died after
inoculation of BCG. The cause was the
unwitting substitution of a virulent culture
of tubercle bacilli for the BCG attenuated
strain. No other such occurrence has been
reported since that time.
2. In 1948, in Japan, 600 children became ill
after inoculation of alum-precipitated
diphtheria toxoid (APT) and 68 died. The
cause was inadequate detoxification of the
toxin with formalin and inadequate testing
of the final product. This is the only serious
accident reported in the literature arising
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from the faulty production of APT, despite
its manufacture in numerous different
laboratories (some ill-equipped and without
highly experienced personnel) throughout
the world and its widespread use over 50
years in amounts which total thousands of
millions of doses.
3. In 195S, in the USA, 260 persons
developed poliomyelitis and 10 died after
the inoculation of 'killed" poliovirus
vaccine. The problem was inadequate
inactivation by formalin of the poliovirus in
the vaccine. It was due to technical
difficulties associated with filtration and
clumping of the virus particles which
prevented the formalin from penetrating to
the centre of the clumps. No further
accidents have been reported despite the
widespread use of the inactivated vaccine in
numerous countries from 1956 to 1962 and
its continued use up to the present in
Scandinavia, Holland, and some provinces of
Canada.
Of the remaining three episodes, one, in
Colombia in 1916, was associated with the use
of typhoid vaccine containing staphylococci.
Contamination probably occurred during the
hand-filling of the rubber-stoppered vials. Of
322 persons inoculated, 94 had severe local or
general manifestations and 4 died. The other
two episodes were associated with smallpox
vaccine. In one (in Sweden, 1932), there was
contamination with staphylococci; out of
112,000 vaccinated, several hundreds (at least)
had local or general manifestations, but none
died. In the second, there was a strong
suspicion that 63 persons in the Northeastern
USA in 1901 had been vaccinated with lymph
containing tetanus bacilli, but this was never
definitely proved.
The first of these six accidents was due to
faulty storage and handling of virulent tubercle
bacilli in the laboratory in which BCG was
prepared. Ihe second was due to carelessness in
the production process and failure to submit
the final bulk product to adequate tests before
the material was filled into vials. The third,

during the early days of production of killed
poliovirus vaccine, was due to failure to
appreciate some of the problems of inactivating

viruses with formalin.

The renainder were due to contamination
with extraneous organisms, and all occurred in
the distant past.
Faulty administration-use of non-sterile
apparatus. Among vaccines relevant to this
paper there are six reports of accidents
associated with the use of non-sterile apparatus
or materials. They are listed in Table XII. They
occurred between 1926 and 1950, and involved

diphtheria and tetanus toxoids. The second
series of cases in France (due to tuberde bacilli)
was composed of small outbreaks occurring
between 1942 and 1950. In each group the
source was considered to be imperfectly
sterilized syringes. Of the six episodes listed,
three were associated with tubercle bacilli, two
with streptococci, and one with hepatitis virus.
All of these episodes would have been avoided
by employing simple methods of stenrlization,
and by using a separate sterile syringe and
needle for each injection.
Faulty administration-contamination from

he operator. Contamination from the operator
is noted in nine episodes between 1935 and
1966, six in the United Kingdom and three
elsewhere. Three were contaniinations with
tubercle bacilli and six with streptococci. Two
deaths occurred, both in children inoculated
with tubercle bacilli. The data do not permit
exact statements of the total numbers of
children inoculated in these episodes or of the
total numbers with symptoms.
The rrity of oidable hazards. Over the
period of fifty years, the accidents associated
with the three types of avoidable hazards
described above have been strikingly small in
number. Six were due to faulty production,
another six to faulty sterilization of injection
equipment, and nine to contamination with
pathogenic organisms carried by the operator.
It is, of course, probable that the actual number
of episodes is greater than that reported and
also that episodes involving single cases and
those with clinically mild manifestations were
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Table XlI
Hazards of immunization-use of non-sterile apparutLs

Country

Vcn
Vaccine

andtr

Cnaint
Contaminant

Cases/

eak

No. inoculated

China
1926

diphtheria
toxoid

haemolytic
streptococci

France
1932

diphtheria
antitoxin

tubercle
bacilli

8 (I)
172

Contaminated syringe

Ireland

diphtheria
toxoid

tubercle
bacilli

24 (1
38

Source not determined

1936
Canada
1938

diphtheria
toxoid

haemolytic

1 2 (1)
29

Probably cotton-wool:

streptococci

France
1942-50

diphtheria and
tetanus toxoids

tubercle
bacilli

58 (n.s.)
630

Contaminated syringes

USA
1945

tetanus

hepatitis

toxoid

virus

<11 (0)
110

Person to person transfer
of virus via multi-dose

38 (5)
89

Vaccine diluted with contaminated distilled wster

source of contamination
not determined

syringes

(

)Number of deaths.

missed. Nevertheless, the producers and
adcnimstrators of vaccines have a right to be
proud of their record of continuing attention to
careful detail for more than half a century.
Furthermore, in recent years most developed
countries have not only made producers conform to detailed requirements for vaccine production, but have also established laboratories
for independent checking of efficacy and
freedom from risk of the products used. This is
a further important step in assuring that the
vaccines are potent and safe. It may also
explain the absence of disasters due to avoidable hazards associated with faulty production
in the past quarter of a century.
Inherent hazards

Some of the inherent hazards are of minor
importance. The occurrence of sterile abscesses
at the site of injections of alum-precipitated
diphtheria toxoid has frequently been reported.
They occur several weeks after the injections
and are commoner after injections into the

more superficial layers of tissue than after
injections into the deeper layers. Occasionally
similar cysts have been reported after the use of

alum-precipitated pertussis vaccine. The
incidence has not been accurately ascertained.
The cysts disappear within a month or two,
almost always without rupture of the overlying
skdn, and there are no lasting ill effects. It is
probable that reducing the quantity of alum
reduces the incidence of cysts. Other vaccine
adjuvants, such as mineral oil, have also been
associated with cysts and this type of adjuvant
is no longer in general use. Another relatively
minor hazard is the increased local reactions
wlhich often follow repeated injections of the
same material. They are much more commnon
after injections of serum than vaccines. When
they do occur after vaccine inoculation, they
indicate that the immunity of the individual is
already adequate and further inoculations are
unnecessary.
There are more important inherent hazards.
Encephalomyelitis after smallpox vaccinahon. Encephalomyelitis occurs sometimes after

16

W. Caules Cockbum

smallpox vaccination. It begins suddenly, runs
an acute course, and carries a death rate of
about 35 per cent. In patients who survive,
however, recovery usually sets in after 1-2
weeks and as a rule is complete, no matter how
severe the manifestations in the acute stage. It
more often follows primary vaccination than
revaccination and Is more frequent in
adolescents and adults tha in children. The
diagnosis is hard to make, particularly in
infants, and post-mortem examinations have
frequently shown that the original diagnosis
was incorrect. Therefore, it is difficult to arrive
at a true incidence of this condition;
furthermore, the great variations in reported
incidence from different countries and by
different observers add to the confusion.
Figures from the United Kingdom for
1922-1960 give rates varying betweeen 13 and
23 per nmllion vaccnated, but other
countries-The Netherlands and Germany, for
example-have reported rates S to 10 times

higher.
In addition to enoephalomyelitis, skin
complications may occur after smallpox
vaccination. Some, such as those seen in
eczematous persons, may occasionally be fatal,
but usually the sldn complications clear up. In
the United Kingdom the rate was estimated at 1
in 94,000 and the mortality at 1 in 1.1 million.
Encephalomyelitis after whooping cough
vaccine. In the first definitive report of
encephalomyelitis associated with whooping
cough vaccine (4), Byers and Moll described 15
cases that occurred over a period of 10 years.
During the same period in the same area, 26
cases of similar illnesses occurred in children
suffering from whooping cough itself. As with
encephalomyelitis after smallpox vaccine,
diagnosis is difficult and accurate figures on
incidence are not available. Three different
post-pertussis vaccine syndromes have been
identified:
(a) prostration and screaming;
(b) "'simple" convulsions;
(c) encephalomyelitis (serious
involvement of the nervous system).
,

Prostration and screaming attacks 6 to 12
hours after inoculation are infrequent, but have
been described. There are reports from a
sufflcient number of different observers to
warrant the conclusion that the phenomenon is
related to the vaccine, but its rarity is such that
many large-scale vaccinators have never seen a
case. The mechanism is completely unknown.
The children recover within a few hours and no
long-term sequelae have been reported.
"Simple" convulsions are the type from
which a proportion of apparently normal
infants (perhaps 5 to 10 per cent) suffer when
they have a rise in temperature. In these cases
the vaccine probably acts in the same way as
any fever-provoking infection. ln the British
Medical Research Council trials, 18 of 50,000
children had such convulsions within 72 hours
of vaccination (usually one convulsion only);
none had any permanent damage.
Encephalomyelitis, a much more severe
condition, is extremely rare. No cases were
found in the Medical Research Council trials
although the children were carefully followed
by means of monthly visits over penrods of 2 to
3 years. In these studies no child was vaccinated
if it had either a history of convulsions or of
definite nervous disease in its family, if it were
suffering from an infectious disease (including
respiratory disease) at the time it came for
inoculation, or if it had had a severe local or
general reaction to a previous injection of the
vaccine.
There are data from many countries on the
incidence of encephalomyelitis due to smallpox
vaccines both after the flrst vaccination and
after subsequent vaccinations. It is true that
great variations occur from country to country,
but in individual countries over different
periods of observation the rates are usually
similar. With pertussis vaccine such data are
hard to find. In one country with a good
reporting system and a very efficient
vaccination programme, four cases were
detected amongst 1.6 to 2.0 million children
vaccinated over a 12 year period. If they were
all directly due to the vaccine, the incidence
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would be 1 in 400,000-500,000 vaccinated
children or 1 in 1.2-1.5 million doses of
vaccine.
Paralysis after ive poliomyelitis vaccine.
Live poliomyelitis vaccine is one of the most
effective vaccines and also one of the safest.
With regular immunization progranunes, the
disease has virtually disappeared in Europe,
North America, and in a number of countries in
other parts of the world. There have been
reports of cases of typical paralytic disease
occurring soon after vaccination, either in the
person vaccinated or in someone in contact
with him. There are three polioviruses in the
vaccine-types 1, 2 and 3. In the USA in 1964,
a country-wide study concluded that the extent
of the risk was 1 in 50 million distributed doses
for type 2; 1 in 6 million doses for type 1; and
1 in 2.5 million doses for type 3. Results of a
multi-country, five-year study coordinated by
WHO were recently completed and the results
are being analysed. Whereas in 1964 the three
vaccine types were often administered
separately, in recent years the practice has been
to give all three types simultaneously. It is,
therefore, not possible to give figures precisely
similar to those quoted above. With the
trivalent vaccine the preliminary resiuts of the
WHO study suggest that in some countries the
rate of vaccine-associated cases may be as low
as 1 per 10 million doses distributed-an
incidence rate so small that it is difficult to
determine whether the cases are truly related to
the vaccine or are chance occurrences. In other
countries the rate may be higher-about 1 per
million doses. The reasons for this difference
are being studied. It is possible that one
element is variation in the strains used for
production.
In Wilson's survey of hazards (3), it stands
out very clearly that although no vaccine is
completely free from risk, no disasters due to
faulty production or the use of non-sterile
apparatus for administration of vaccines have
been reported in the past twenty-five years.
Hazards associated with contamination from
the operator will always be present, although
only one in Wilson's list has been reported in
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the same period. The increasing use of
disposable syringes and needles or of the
jet-type injector (which obviates syringe and
needle) will further reduce the risk.
Of the inherent risks, those associated with
smallpox vaccine will disappear with the
discontinuation of vaccination. With stringent
control of the strains used for the production
of live poliovirus vaccine and stringent testing
of the batches of vaccine produced, the risk of
polio vaccine-associated cases can probably be
reduced nearly to the vanishing point.
There is ground for belief that some
whooping cough vaccines carry a greater risk of
encephalomyelitis than others. A collaborative
study covering laboratory and field
investigations in ten countries has recently been
initiated by WHO, and information on four or
five vaccines is expected within 3 to 5 years. In
the meantime it must not be forgotten that
although prompt and effective treatment of
complications can reduce deaths from the
disease to a very low level in the developed
world, there is no evidence that it can reduce
the severity of the disease itself. Whooping
cough remains a severe prolonged disease,
possibly with long-term damage to the
respiratory tract. In the developing world it is,
after measles, one of the greatest causes of
death in children under five years of age. Thus,
there are strong reasons for continuing pertussis
vaccination.

Comnment
As background for the participants of the
Conference an effort has been made to provide
information on the following points:
- The success in the developed world in
controlling most of the communicable
diseases which were important public health
problems, and the failure, so far, to apply
the methods to the developing world.
- The sound scientific grounds on which
immunization has been based from its
earliest beginnings.
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- The

enormous contribution
immunization has made to the prevention of
specific communicable diseases (the
universal childhood infections have been
used to illustrate the achievements).
- The nature and extent of the remote
hazards associated with immunization.
In relation to the benefits, the hazards exist
but they are infinitesimal. Paradoxically, the
success of vaccination'in bringing a disease to
the vanishing point transfers the preoccupation
of the community and the individual from the
consequences of the incidence, severity, and
mortality of the natural infection to the
occasional untoward sequelae associated with
the vaccine. The community has a right to
obtain accurate information regarding the
benefits and risks, but, given this information,
it has to decide whether the risk is sufficient to
give up the use of an agent which has reduced
to the vanishing point the high morbidity,

considerable mortality, and sometimes life4ong
disability of such a disease as poliomyelitis or
diphtheria or pertussis.
Public health and laboratory workers have a
duty to ensure by adequate and continuous
monitong that vaccines are as safe and as
effective as is humanly possible. The careful
control of safety and efficacy of vaccines by
national control laboratories and national
control authorities is the fundamental requirement for continuing confidence of the public in
the use of the products.
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