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Oral Immunization against Poliomyelitis
A. M.-M. PAYNE, M.D., M.R.C.P.1

In the ten years since attenuated poliovirus was first administered to man for im-
munization against poliomyelitis, a vast body of experience has grown up and an attempt
can now be made to assess the potentialities of oral poliovirus vaccine. The author of this
paper seeks to answer two main questions: how safe are the strains now under study, and is
oral vaccine effective in practice under the different conditions in which it may be used?

From the information gained in large-scale trials involving a total of nearly 70 million
people, he concludes that where poliomyelitis is predominantly a disease of infancy and
early childhood the vaccines now available are safe both for the individual andfor the com-
munity. The Sabin strains appear also to be safe for use in areas where the disease affects
older children and adults; there is still not enough information to permit final conclusions
to be drawn as to the safety of the Koprowski and Lederle strains in such areas.

The evaluation ofdata on the efficacy ofrural vaccines is beset with many problems, but
the evidence of serological conversion rates suggests that, with one exception, there are no
striking differences in efficacy between any of the strains when used in monovalent vac-
cines. However, 100 % conversion cannot be expected in all circumstances from any oral
vaccine given once only ; repeated administration is clearly necessary, although it is still too
early to say what the best vaccine schedule may be in any particular set of circumstances.

While the problems yet to be solved are legion, great progress has nevertheless been
made in the past decade, and the author looks forward to a steady extension of the use of
live poliovirus vaccine and even to the eventual possibility of the eradication of polio-
myelitis.

It is just ten years since an attenuated polio-
virus was first administered to a human being for
immunization purposes. Today the score is in
the region of 70 million attenuated vaccine admi-
nistrations, and the time has come to examine
this massive experience and to decide whether oral
immunization with live poliovirus vaccine should
take its place alongside other accepted prophylactic
measures in public health programmes.

PROBLEMS INVOLVED IN LIVE POLIOVIRUS
VACCINATION

The potential advantages of the live attenuated
oral vaccine over the inactivated vaccine have
been discussed many times in the literature. I need
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not enlarge on these, except to call attention to
those of special significance for tropical health
programmes. First and foremost among these is
the ease and economy of administration of an
oral vaccine. Many tropical countries have neither
the medical organization nor the financial re-
sources to undertake a Salk vaccination pro-
gramme. Oral vaccine should be much more easily
applied by health services in under-developed
countries, relying to a large extent on medical
auxiliaries, than injectable vaccines. Further-
more, experience has shown that injections are
poorly accepted and that the proportion of vac-
cinees returning for second and reinforcing doses
falls off considerably. Oral vaccination should be
much more readily accepted. However, as will
appear later, the idea that a single oral adminis-
tration would be all that is needed appears to
have been too optimistic.
Of course, the oral vaccine also has disadvan-

tages of considerable practical importance. It
is a live virus which requires careful handling to
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preserve its potency under tropical conditions-a
problem which may be compared with that
experienced with smallpox vaccine lymph, which
has been solved only by the development of stable
dried vaccine. Also, the potency of live poliovirus
vaccine at the moment of application cannot be
determined without laboratory assistance, in con-
trast to the easy estimate of the potency of small-
pox vaccine by " take rates ".

Oral poliomyelitis vaccine is unique in that it is
a live virus which spreads in the community
beyond those originally vaccinated, especially in
areas with poor sanitation. This spread cannot be
controlled, and it is therefore necessary to ensure
that the vaccine is harmless, not only for the
vaccinated persons but also for the community
in which they live. Acceptance of such a vaccine
in human preventive medicine is a radical depar-
ture from current practices and raises difficult
technical and ethical issues.
The vaccine is also unique in that interference

by co-existing intestinal infections with other
viruses which are common in tropical areas may
prevent intestinal infection and successful immu-
nization in an apparently susceptible person.
Furthermore, although there are good grounds for
believing that, provided infection is established and
results in antibody formation, the vaccine will be
effective against poliomyelitis, this must be actually
demonstrated before it can be accepted without
question.
Thus there are two main questions: are one

or all of the strains now under study safe for the
individual and the community; and is the vaccine
effective in practice under the different conditions
in which it may be used?

In attempting to answer these questions some
definition must be made of what evidence will
accepted as valid. Clearly, when we speak of
safety, we mean safety for man, and that can only
be determined by experience in humans fully
susceptible to the natural disease. Natural infec-
tion with wild polioviruses is followed by disease
only about once in 100 infections by fully virulent
strains, and only once in 1000 or perhaps 10 000
infections in the case of relatively mild wild
strains: very large numbers of susceptible persons
must therefore be studied before we can come to
any conclusions. Furthermore, the frequency with
which paralysis develops after natural infection
varies with age, being least in infants and greatest
in fully susceptible adults. It follows, therefore,

that should the vaccine virus retain any residual
paralytogenic properties, this would be most likely
to be detected in the highly vulnerable triple-
negative adults. It is perhaps as well to stress
that a fully susceptible person is one without
antibodies to any of the three types, since it has
been abundantly demonstrated that there is a
degree of cross-protection between types. This
might be quite sufficient completely to conceal
residual paralytogenic properties in attenuated
strains.

I have said that the vaccine virus spreads in the
community by human passage. During this pro-
cess it is known to undergo genetic changes in the
direction of increased neurovirulence for monkeys.
The significance of these changes as regards safety
for man can be determined only in studies on
man himself in which opportunity for the natural
passage of the virus is offered.
Thus satisfactory evidence of safety demands

studies on a very large number (several hundred
thousand) of fully susceptible individuals (triple-
negatives), including a sufficient proportion of
triple-negative adults, living in a community in
which some proportion of susceptibles is not
immunized, so as to give an opportunity for
natural passage. These studies must be followed
by close surveillance, so as to detect any evidence
that the vaccine has caused disease.

This raises the question-how can one deter-
mine whether or not disease following vaccination
is related to the vaccine or is coincidental? The
vaccine is known not to be 100% effective and it
has been used when poliomyelitis is present in the
community in epidemic form. Cases of polio-
myelitis are therefore bound to occur, and have
indeed occurred, after vaccination. What are the
criteria on which a decision as to the status of
each case is to be based? Obviously the time
relationship of onset to vaccination is important
since one would expect symptoms to occur not
earlier than about four or five days after vacci-
nation and within a month of vaccine adminis-
tration if the vaccine virus were etiologically con-
cerned. Poliomyelitis in vaccinees occurring later
than this may be due to vaccine failure, but can,
I think, be assumed not to be due to the vaccine
virus. Cases in contacts may occur later than
cases in vaccinees. Suspicious cases demand labo-
ratory studies of the resemblance of the causative
agent to the vaccine virus, even though interpre-
tation of the results may not be clear as yet.
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Furthermore, epidemiological circumstances must
be taken into account, such as the ratio of observed
to expected cases, their age distribution, and evi-
dence of accumulation of cases within a month of
vaccination.
One special problem of safety arises from the

presence of adventitious agents in the monkey
kidney tissue cultures used for the preparation of
the vaccine. There is no evidence that these have
caused harm so far, but their presence is clearly
undesirable. Very little is known about the pos-
sible long-term effects of such agents.

Efficacy can be estimated in two ways-by the
rate of establishment of intestinal infection and
serological conversion, and by the protection
against paralytic poliomyelitis. Only the latter
provides a direct measurement and, strictly,
demands the comparison of the paralytic attack
rate in a vaccinated group with that in an unvac-
cinated group which is comparable in all respects
except for the event of vaccination. Only by
such a measure is it possible to have a high
degree of confidence in the result. Unfortunately,
the need for strictly controlled trials is still not as
widely appreciated as it should be, and here, as
with many other vaccines in the past, we have
to make do with much cruder estimates, such as
comparison with the incidence in unvaccinated
groups in different areas in the same year, or in
the same area in different years. Anyone who has
studied the epidemiology of poliomyelitis will
realize how unreliable such estimates can be,
because of the great variability of the incidence
of poliomyelitis from year to year, season to
season and place to place. Only continuous
observation over a period of years can give any
confidence in the results, unless the vaccine proves
nearly 100% effective, and oral vaccines have so
far been used for too short a time for that. The
other measure of efficacy is indirect but is much
more easily made-namely, to estimate the sero-
logical conversion rate after vaccination in persons
without antibody to any of the three types of
poliovirus. Only the findings in triple-negatives
should be relied on, because of the heterotypic
responses which may occur in persons with anti-
bodies to types of poliovirus other than that
administered in the vaccine. But it must be
emphasized that there are difficulties even in
making this apparently simple estimate. Firstly,
the significance of the appearance of antibody at
the lowest measurable titres is not clear. We do

not know whether a person with antibodies at this
low level is satisfactorily immunized. And second-
ly, the vaccine, although potent, may fail to
immunize because of the interference phenomenon
already mentioned. The importance of this varies
greatly from time to time and place to place,
according to the prevalence of interfering viruses.
For this reason an estimate of efficacy based on
serological conversion under one set of conditions
cannot be applied to all epidemiological circum-
stances. For example, the findings in temperate
zones cannot be applied to tropical areas.

I have devoted some space to emphasizing some
of the difficulties in evaluating data on these
vaccines because these are sometimes glossed over.
In the reports of a number of studies insufficient
information is given to enable one to form an
opinion. For example, a bald statement that no
illness attributable to the vaccine was observed
means little unless it is specified on what grounds
it was decided whether or not to attribute an
illness to the vaccine, and this is often not done.
Sometimes, indeed, the decision seems to have
been taken for inadequate reasons. This criticism
does not, of course, apply to all studies, many of
which have been admirably conducted and
reported.

EXPERIENCE IN LARGE-SCALE TRIALS

A mass of data available on oral poliomyelitis
vaccines has been presented at two international
conferences convened jointly by the World
Health Organization and the Pan American Health
Organization in June 1959 and June 1960. The
second conference was followed by a meeting of
the WHO Expert Committee on Poliomyelitis.'
The rest of this paper is largely based on the
reports of these conferences and the WHO Expert
Committee. However, I must make it clear that
the opinions I express are mine alone.
The field studies so far carried out fall into

two groups: small, carefully controlled studies
backed by extensive laboratory tests on which
much of our knowledge of the behaviour of these
viruses is based; and large-scale, even massive,
field experiences which have been subjected to sur-
veillance and laboratory control, which has varied
considerably in different studies. Clearly only the
large trials will answer the questions posed above.

1World Health Organization, Expert Committee on
Poliomyelitis (1960) Wld Hith Org. techn. Rep. Ser., 203.
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They have been conducted in Latin America,
Miami, Minnesota and West Berlin (Lederle
strains); in the then Belgian Congo and Poland
(Koprowski strains, types 1 and 3); in Mexico,
the USSR, Czechoslovakia, Hungary and other
countries in Eastern Europe and Asia, and, in
1960, in Kenya, Mauritius, Cincinnati and else-
where (all three types of Sabin's strains); and,
earlier, in Singapore (Sabin's type 2 only). Sabin's
strains have now been used on more than 50 mil-
lion persons, Koprowski's on about seven million
and the Lederle strains on some two million
persons.

Sabin's strains

Of the 50 million vaccinated with Sabin's strains
it is estimated that five to seven million were
triple-negative, mostly under the age of 15, but
approximately half a million persons over the
age of 20 have been vaccinated; it is not known
precisely how many of these were triple-negative,
probably several tens of thousands, especially in
areas such as Estonia and Lithuania. It is clear
that this vaccine has been thoroughly tested in
children but there is still a difference of opinion
as to whether it has been adequately tested in
triple-negative adults. The opinion in the USSR
is that this has in fact been done.
With that one reservation, the universal opinion

is that, following use of Sabin's strains, untoward
post-vaccinal reactions have been either absent
or insignificant and that the so-called major illness
of poliomyelitis has not either directly or indirectly
been induced. Nor has the progeny of the vaccine
virus induced harmful effects as it has spread in
the local community. I would add that a careful
study by a WHO consultant of the surveillance in
the large trials in the USSR and Czechoslovakia
led to the conclusion that if ill-effects had been
produced they would have been detected. Some
cases of poliomyelitis have indeed occurred within
the month following vaccination. As pointed out
above, this is to be expected when the vaccine is
used in the epidemic season or in the face of an
epidemic. In some instances cases could be dis-
counted because they were due to a virus type
different from that which had been fed. Others
occurred too soon (within five days) after vacci-
nation for it to be likely that there was any causal
relationship. Others could not be virologically
confirmed and were probably not poliomyelitis.
However, there is still a small remnant of cases

which. it is impossible to prove were not due to
the vaccine virus. These were fewer in number
than would have been expected by chance in
the absence of vaccination; there was no accu-
mulation of cases in the period 5-20 days after
vaccination, which covers the normal incubation
period; and there was no unusual age distribution.
On epidemiological grounds, therefore, it is con-
sidered that there was no evidence of a causal
relationship. It is here that we badly need new
tools which will enable us to recognize vaccine-
derived strains with certainty. Several genetic
markers are under investigation which show pro-
mise in this respect.

Another finding in these trials in Eastern Europe
is that spread in the community seems to be less
extensive than had been expected. Opinions differ
as to whether spread is a good or a bad thing.
It occurs regularly in institutions and individual
families, especially when there are very young
children, less often to non-familial contacts, and
apparently comparatively little to remote contacts.
There is no evidence of spread beyond the vacci-
nated area to neighbouring unvaccinated areas and
the vaccine virus does not seem to be able to
maintain itself for long in the population, as
judged by the low frequency of virus isolation
several weeks and a few months after mass vacci-
nation. These observations were made in Czecho-
slovakia, and, of course, it does not follow that
the same will necessarily apply in different epide-
miological circumstances.

Koprowski's strains

Field experience with Koprowski's strains is
limited. The mass programme in Poland is too
recent for one to be able to say more than that
there is no evidence that poliomyelitis resulted
from the use of the vaccine in children up to the
age of 14. However, children below the age of
7 were given inactivated vaccine before the live
vaccine. Children over the age of 7 were not
pre-immunized but the proportion of triple-nega-
tives was low. The first large-scale trial in the
Belgian Congo in 1957, using the Koprowski type 1
strain, provided no useful evidence regarding safe-
ty, since it is clear that the vast majority of the
population vaccinated were already naturally
immune. The second trial, in Leopoldville, co-
incided with an epidemic and some cases occurred
in the vaccinated and their contacts. However,
studies of the antigenic character of the strains
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isolated from the cases suggested that this was
similar to the epidemic strain and different from
the vaccine virus. Of course, the validity of this
antigenic test remains to be established, but I
personally think that there are no grounds for
concluding that the cases were vaccine-induced.
In this trial there were estimated to be about
12000 triple-negatives among vaccinated children
under the age of 4 years. No adults were vac-
cinated. These strains have therefore not yet been
adequately tested in the highly susceptible triple-
negative adult group. It should, however, be
stressed that there is no evidence in any trial,
including several carefully observed small ones,
that they have ever caused disease.

Lederle strains

The Lederle strains have been used mainly in
Latin America and recently in some areas in the
USA and Europe. Roughly two million people
have been vaccinated, mostly young children.
There have been cases of poliomyelitis after
vaccination but the reports of the trials all claim
that none was causally related. The trial in which
the largest number of triple-negative adults has
been vaccinated with this vaccine is that carried
out in Miami in 1960. Only preliminary data are
as yet available but a few cases of poliomyelitis
occurred during the period 5-30 days after vacci-
nation in adults who were vaccinated or were
contacts of vaccinees. The actual number of
cases was no more than was normally expected in
the population at that time of year, but the age
distribution was unusual and calls for a close study
of the causative viruses. This is in progress.
It should be pointed out that the carefully observed
trials in Minnesota, which have recently been
expanded on a considerable scale and which have
included a number of triple-negative adults, yielded
no evidence that the vaccine has caused polio-
myelitis. However, in a recent trial in West Berlin
a number of cases were recorded in vaccinees and
their contacts within a month of vaccination, and
there is a strong suspicion of etiological association
with the vaccine. Laboratory examinations are
not yet complete, and clearly a decision must be
suspended until these are available.

Efficacy
Turning now to efficacy, it should be noted that

large-scale use of these vaccines is too recent for
the accumulation of good epidemiological evi-

dence. No strictly controlled trials comparable
with the Francis trial of Salk vaccine have been
done. Some trials in the USSR were conducted
with control groups but the validity of a compa-
rison between the groups is doubtful. In these,
when vaccination was performed before the polio-
myelitis season, protection was estimated to be
over 90 %.
When vaccination was performed during an

epidemic, as, for example, in Tashkent (Sabin's
strains) and Leopoldville (Koprowski type 1),
protection is even more difficult to estimate. In
these episodes, it has been estimated, using various
statistical methods, as being of the order of 60 %-
70 %, but this estimate is clearly very rough. In
the interesting trial in Singapore, where Sabin's
type 2 strain was fed in an effort to interfere with
a type 1 epidemic, the results suggested a high
degree of protection.

Epidemiological evidence of efficacy was ob-
tained in the USSR in the form of a striking
alteration of the seasonal curve of poliomyelitis
in regions where mass vaccination was accom-
plished. Poliomyelitis cases were at a minimum
during the second half of the year-indeed polio-
myelitis practically disappeared-although during
previous years most of the cases had appeared
during that period. A further period of observa-
tion is necessary to be sure that this was in fact
due to vaccination.
Experience has not been consistently satisfactory

everywhere. In one nation-wide trial in Latin
America, for example, enough cases of poliomye-
litis followed within a few months to suggest that
immunization of this population had not been
adequate. It is probable that interference played
a major role in this.
There is now a considerable body of informa-

tion on the serological conversion rates produced
by the various strains under different conditions.
These have varied from about 40% to 100%,
depending on the strain used, the dosage and the
prevalence of interfering viruses. The Lederle
type 2 strain is clearly a less efficient immunizing
agent than the other strains. There does not
appear to be any striking difference between the
others in this respect, when used as monovalent
vaccine provided an adequate dosage is used.
The Sabin type 3 strain seems less efficient when
used in a trivalent vaccine. However, it already
appears that 100 % conversion cannot regularly be
attained in all circumstances by a single adminis-
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tration, whether of single or triple vaccine.
Repeated administration is necessary. What is the
best vaccine schedule is not yet clear and will
depend on the result of future studies and presum-
ably on the practical problems in the specific
area concerned.

Interference

The main cause of failure of the vaccine virus
to "take" seems to be the interference pheno-
menon. Its importance varies according to the
time of year and from place to place, being
especially serious in tropical and subtropical
regions where enteroviruses, including wild polio-
viruses, are very common. In Leopoldville, for
example, conversion was achieved in only 60 %
of the vaccinated children, whereas 35% of the
unvaccinated converted, all the latter and some
of the former presumably owing to infection with
wild viruses. This is a difference of only 25 %,
which is certainly not satisfactory. In a recent
study in Toluca, Mexico, Sabin's strains in a
trivalent vaccine were administered to practically
the whole child population in a very short time and
produced conversion rates of 68 %, 82% and 43 %
to the three strains. A second dose a few weeks
later to 44 children who had failed to respond to
one or more types achieved conversion in 96%,
96% and 72% respectively. For types 1 and 2
these results suggest that interference may be
largely overcome in this way, since over 70% of
children in the first year of life were excreting an
enterovirus during this study-a severe test indeed.

Interference may occur between the vaccine
strains in a trivalent vaccine. There is a tendency
for one strain to be dominant and for the less
infective strains to fail. Adjustment of the dose
of the individual strains may help to overcome
this, but it is certain that complete reliance cannot
be placed on a single administration of trivalent
vaccine.

Conclusions from large-scale trials

The two main questions posed at the beginning
of this paper can to a large extent be answered.
These vaccines seem to have proved safe in the
field, for both the individual and the community,
for use where poliomyelitis is predominantly or
exclusively a disease of infancy and early child-
hood, as is the case in nearly all tropical and
subtropical regions. Where poliomyelitis also
affects older children and adults opinions differ;

in my opinion the information regarding Sabin's
strains indicates that they are safe in those cir-
cumstances too. We do not have enough informa-
tion about the other sets of strains to express an
opinion in this respect. Some experts believe that
in such circumstances it may be wiser to perform
primary vaccination with inactivated vaccine,
reserving the live vaccine for the reinforcing dose.
Regarding effectiveness, the outlook is promising
but a longer period of observation is necessary
and more data are needed, particularly on how to
overcome interference.

USE OF LIVE VACCINE
IN SPECIAL POPULATION GROUPS

Special consideration had to be given to safety
and efficacy in special groups. These include
pregnant women, premature and newborn infants,
and persons undergoing certain medical or surgical
treatment.

Regarding pregnant women, the problem arises
as to the possible dangers to the foetus from the
occurrence of viraemia in the mother following
administration of the vaccine, especially in the
first trimester of pregnancy. These theoretical
dangers include abortion, developmental abnormal-
ities and immunological tolerance. In the limited
experience so far no harmful effects to the foetus
have been reported, nor has an increase in the
abortion rate been noted. The phenomenon of
immunological tolerance has not been observed.
Nevertheless some authorities would give prefer-
ence to strains which do not at all or only rarely
produce viraemia. Unfortunately the different
strains have not yet been sufficiently studied in a
comparable manner in this respect. In a recent
trial in Minnesota viraemia was detected in about
7 % of persons vaccinated with Lederle type 1.
In studies in Czechoslovakia and the USSR virae-
mia was not found following the use of Sabin's
type 1 strain. It has occasionally been detected
elsewhere following use of Sabin's type 2. But it
must be stressed that the lack of comparability
of techniques makes it impossible to attribute the
observed differences to differences in the vaccines
alone.

Regarding immunization of newborns, it has
been found that it may fail rather more frequently
if the vaccine is given soon after birth than if it is
delayed for two or three months. It appears to
be safe.

700



ORAL IMMUNIZATION AGAINST POLIOMYELITIS 701

GRADING OF THE PROPERTIES OF THE VARIOUS VACCINE STRAINS*

Desirable properties Sabin types Koprowski types Lederle types
of vaccine strains 1 2 1 3 1 3 1 2 3

Low neuropathogenicity for monkeys a a a b b c c b

Good immunizing effectiveness a a a | a a a c a

Genetic stability on human passage b b c b c b b c

Field trials:

Size More than 50 million 7 million 6 million Approx. 2 million

Age of vaccinated persons Mainly under 15 years; approxi- Under Under Mainly under 15 years; at least
mately 500000 aged 20 or more 15 years 15 years 200 000 aged 20 to 40

Proportion of triple-negatives 10%-14 % | _ 8%-10%

* The ratings a, b and c indicate the order in which strains appear to approach the optimum from the standpoint of possession
of desirable properties. -= information inadequate for a decision.

** Less effective in a trivalent mixture.

It is considered that care should be taken in
administering live poliovirus vaccine to persons
undergoing treatment with corticosteroids or sur-
gery on the oropharynx, particularly if they are
triple-negative adults.

CRITERIA FOR ACCEPTABILITY OF STRAINS

One important question remains to be ans-
wered: are we in a position to express preference
for any one or more of the-individual strains now
being used and, if so, on what criteria should
such preference be based?
The WHO Expert Committee on Poliomyelitis'

formulated the following criteria concerning the
acceptability of strains:

1. Low neuropathogenicity for monkeys, as
determined by the intracerebral route of inocu-
lation.

2. Good immunizing effectiveness, as deter-
mined by evidence of infection and antibody res-
ponse when administered as a monovalent
vaccine.

3. Genetic stability on human passage, as
determined by tests of the viruses isolated from
vaccinated persons and their contacts.

4. Lack of paralytogenic properties in man,
as determined by field trials which demonstrate
both the safety and effectiveness of the procedure.

1 Op. cit., page 697.

5. Restricted capacity to spread, as determined
by family, institutional and community studies.

6. Reduced capacity to invade tissues remote
from the alimentary tract, as determined by the
absence or a low incidence of viraemia in the
course of infection.

In view of the incompleteness of the informa-
tion on many of these points the Committee could
attempt only a tentative grading of the various
vaccine strains according to the first four of
these properties. This is given in the accompa-
nying table.

The Committee made the following interpreta-
tion of these data:

" The Committee was of the opinion that the neuro-
virulence for monkeys [of the various strains] is the only
property that has been adequately studied on a com-
parative basis. With regard to this property, the three
strains of the Sabin set of viruses approach most closely
the optimum of low neuropathogenicity.

" A majority of the Committee also felt that the over-
all characteristics of the Sabin type 1 and type 2 strains
approach more closely to the optimum than do those of
the other viruses. In the case of type 3, the Sabin strain
has undesirable genetic instability as have all the type
3 strains. For this reason, the Commnittee did not wish
to express a preference for any of them."

It should be added that the lower capacity of
the Koprowski type 1 strain to spread (the fifth
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property above) is considered a most important
quality by some authorities.

CONCLUSION

It is evident that the last word has not been said
on many of these questions and there are other
problems which I have barely mentioned; an
exhaustive review of the subject would demand
far more space. There are problems of manu-

11 y a 10 ans, un poliovirus attenue 6tait administre
pour la premiere fois comme vaccin A un etre humain.
Maintenant, environ 70 millions de personnes ont ete
vaccinees, et le moment est venu d'evaluer les resultats
de cette vaste experience et de determiner si la vaccination
par voie orale peut prendre place parmi les mesures
de sante publique.

Les avantages du vaccin vivant, bon marche et facile
a administrer, sont evidents pour les pays tropicaux qui
n'ont souvent ni l'organisation m6dicale ni les moyens
financiers suffisants pour entreprendre la vaccination
par le vaccin Salk, accepte d'autant moins volontiers
par les populations que les injections doivent etre rep&
tees. Toutefois, il ne faut pas exagerer les facilites d'ad-
ministration du vaccin par voie orale, car il semble se
verifier qu'une seule dose en une seule fois n'est pas la
posologie optimum. Ses desavantages ne sont du reste
pas negligeables. I1 est vivant et doit etre manipule avec
escient, pour conserver son activite, dans les conditions
des tropiques. Le meme probleme s'est pose pour la
vaccination antivariolique; il n'a e resolu que par la
production de vaccin dess&eh. En outre, l'activite du
vaccin antipoliomyelitique ne peut pas etre evaluee,
comme celle du vaccin antivariolique par le simple fait,
macroscopique, qu'il # prend ou ne oprend pas Y). En
outre, c'est un vaccin qui se repand dans la collectivite
de fa9on incontrolable. Son application met donc en
jeu des principes - techniques et ethiques - nouveaux
dans l'histoire des vaccinations. II a pour autre parti-
cularite d'interferer avec d'autres virus intestinaux,
communs dans les collectivites tropicales, ce qui peut
faire obstacle au succes de la vaccination antipoliomy&
litique. Enfin, son efficacite et son innocuite doivent etre
confirmees dans les diverses conditions ou il est utilise.

Or, ces deux aspects essentiels ne peuvent etre evalues
que sur des etres humains receptifs A l'infection. L'infec-
tion naturelle par les virus sauvages ne se manifeste que
chez 1% des porteurs de virus - dans le cas des souches
pleinement virulentes - et chez 1 sur 1000 ou sur 10 000
pour les souches peu virulentes. L'etude doit donc porter
sur de trbs vastes groupes de population pour que ses

facture and testing, the elimination of simian
viruses, the identification of vaccine-derived
strains, the significance of variance of genetic
markers, possible synergism between poliovirus
and other enteroviruses, etc. Nevertheless great
progress has been made in ten years, and we can,
I believe, look forward to a steady extension of
the use of live poliovirus vaccine and perhaps
even to the eventual possibility of the eradication
of poliomyelitis.

IUMt

conclusions soient valables. En outre, l'apparition de
formes paralytiques au cours de l'infection naturelle
varie selon l'age, etant minimum chez les nourrissons et
maximum chez les adultes d6pourvus des trois types
d'anticorps. C'est dans ce groupe d'age que se revelerait
donc l'eventuelle neurovirulence residuelle du vaccin
ou toute mutation dans le sens d'une augmentation de la
neurovirulence qui se serait produite au cours du passage
du virus sur d'autres sujets que les vaccines. Une etude
tout A fait valable devrait donc s'etendre a plusieurs
centaines de milliers de sujets sensibles, dont une certaine
proportion d'adultes negatifs aux trois types de virus,
qui seraient etroitement surveilles et suivis, de facon que
puisse etre decelee toute manifestation pathologique due
au vaccin. Mais comment decider a coup sufr que c'est
bien le vaccin qui est en cause? En outre, quels criteres
adopter pour evaluer l'immunite: le niveau minimum
d'anticorps mesurable indique-t-il une immunite satis-
faisante ? Quel est le r6le de l'interf6rence dans di-
verses conditions regionales? Autant de questions A
resoudre.
Pour etre strictement valable, l'etude doit porter sur

un groupe vaccine et un groupe temoin non vaccine, en
tous points comparable au premier. Cette exigence
n'ayant pas toujours e comprise ou etant parfois
irrealisable, les comparaisons ont porte souvent sur des
groupes qui n'etaient pas comparables, ce qui exclut
l'exactitude des conclusions.

L'auteur resume ensuite les experiences faites au cours
des grandes campagnes de vaccination, dont les resultats
ont et presentes a deux conf6rences intemationales
reunies par l'OMS et l'Organisation panamericaine de la
Sante, et examines en outre par le Comite OMS de la
Poliomyelite. I1 conclut que les vaccins vivants semblent
s'etre montres efficaces et inoffensifs, tant pour l'individu
que pour la collectivite dans les zones tropicales et sub-
tropicales, ou la poliomyelite est surtout une maladie de
la premiere enfance. LA oii la maladie affecte des groupes
d'age superieurs, la souche vaccinale de Sabin semble
satisfaire aussi aux exigences. On manque encore de
donnees suffisantes au sujet des autres souches. Certains
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experts estiment qu'il vaut mieux proceder a une pre-
miere vaccination par vaccin inactiv6, et utiliser le vaccin
vivant pour l'injection de rappel. L'obstacle de l'inter-
ference reste 'a vaincre.

Apres avoir envisage les cas particuliers que consti-
tuLent les femmes enceintes, les nouveau-nes, les prema-

tures et les personnes subissant certains traitements
medicaux, I'auteur passe en revue les criteres qui doivent
presider aux choix des souches destinees au vaccin, et
enum&e les multiples questions qui restent a resoudre.
11 exprime finalement 1'espoir que le vaccin vivant puisse
contribuer a l'eradication de la poliomyelite.
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