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The introduction of a formalinized (inactivated virus) antipoliomyelitis
vaccine -the " Salk vaccine "-is one of the most significant advances in
public health of modern times. Through its use we can at last exercise a
measure of control over a disease which is increasing in frequency in a large
part of the world and for which there is no known cure. However, it cannot
yet be claimed that poliomyelitis is conquered. The vaccine will prevent
paralysis in a substantial proportion of those vaccinated, but it is not 100%
effective. The duration of the immunity produced is as yet unknown, and
reinforcing doses may be needed at intervals throughout life. The vaccine
does not apparently prevent infection and therefore cannot eradicate it,
so that the possibility of exposure will continue. This has been regarded
as a desirable characteristic, and indeed it probably is under conditions
where exposure to natural infection with all three types of virus is frequent,
so that it may be relied upon to reinforce the immunity produced by the
vaccine and to convert it to the permanent immunity which is the usual
result of natural infection. However, in highly developed communities
exposure to natural infection is relatively infrequent, as much as half the
adult population still being susceptible to the disease. If the present trend
continues this proportion will increase, and will be found in more and more
parts of the world as economic conditions improve. It will then not be safe
to depend on natural reinforcement. In addition to these considerations,
although the safety factors in the preparation of this vaccine seem to have
been successfully controlled, production presents considerable technical
difficulties, the vaccine is expensive, and it must be administered by injection.

Theoretically, the administration of an attenuated live virus vaccine
by the oral route might overcome some of these disadvantages. The most
effective vaccines we possess against virus diseases are live virus vaccines-
for instance, yellow fever and smallpox vaccines (administered by inocula-
tion and scarification respectively) and a number of other successful ex-
amples in the veterinary field. Using such a vaccine, administered by mouth,
it may be possible to reproduce the long-lasting immunity produced by
natural infection without the associated risk of paralysis. There are,
however, many problems associated with such a project which are currently
the subject of research by several workers in different countries. The results
of one series of studies carried out by Dick and his colleagues in Belfast
and supported by the World Health Organization (and by national resources
in the United Kingdom) have recently been published in the British Medical
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Journal; a and a review by Sabin of other studies carried out in the USA
has recently appeared in the Journal of the American Medical Association. b

Koprowski and his associates were the first to show that the feeding
of a type-2 poliovirus of diminished virulence for monkeys could produce an
immunogenic alimentary infection in human beings. Subsequent studies
by Koprowski and his fellow-workers,c Sabin, and most recently by Dick
and his colleagues, with a number of strains of the three types of poliovirus
have established beyond doubt not only that immunization of human
beings (that is, the stimulation of antibody formation) by oral administration
of virus is possible, but also that in the several hundred persons used in
these studies this occurred without any significant symptoms. A crucial
question now is-what kind of attenuated strains may justifiably be used
on increasingly larger numbers of human beings until the safety of the
procedure is finally established in practice? Sabin has devoted particular
attention to determining what constitutes attenuation, how to measure it,
and how to control it. He has shown that attenuation is not an all-or-none
property of the polioviruses, but that different strains exhibit a spectrum of
activity which can be measured by reference to some fixed property such
as the cytopathogenic effect in tissue cultures. This activity ranges from high
neurotropism or virulence in strains capable of producing paralysis in
chimpanzees fed with the virus, to that exhibited by the most attenuated
strains which can produce paralysis only when large doses are injected
directly into the spinal cord of monkeys, this procedure representing the
most severe form of exposure. These highly attenuated strains fail to produce
paralysis when injected either intracerebrally into monkeys and chim-
panzees, or intraspinally into chimpanzees.

Sabin's findings indicate that the alimentary tract of man is the most
susceptible to infection, followed by that of the chimpanzee, and of the
cynomolgus and rhesus monkeys, while as regards the nervous system the
lower primates are the most susceptible, the chimpanzee less so, and man
probably the least. Furthermore, the cells of the spinal cord are more sus-
ceptible than those of the brain. This indicates that a virus which fails to
paralyse a monkey by the intracerebral route, and which produces paralysis
only when large doses are inoculated by the intraspinal route, will fail to
paralyse chimpanzees by any route of inoculation, and this has been con-
firmed. Such a virus should also be unable to produce paralysis in the less
susceptible human nervous system, although it will still be able to produce
a symptomless immunizing infection in the human intestinal tract.

There exist strains of poliovirus of all three types which fail to paralyse
monkeys intracerebrally and which only produce paralysis intraspinally
when injected in large doses. It might therefore be thought that a live
poliovirus vaccine is now available. This is not so because there are many
other factors which must be taken into consideration.

Polioviruses, like most others, produce a certain number of variants
with different characteristics-if there were no variants there would be no

a Dick, G. W. A. et al. (1957) Brit. med. J. 1, 59, 65, 70
b Sabin, A. B. (1956) J. Amer. med. Ass. 162, 1589
c Koprowski, H. et al. (1956) J. Amer. med. Ass. 160, 954
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attenuated viruses. Thus, when investigating an attenuated virus which
has arisen by mutation or adaptation, one must be sure that reversion to a
virulent state will not occur, and that none of the original virulent particles
remain in the culture used for immunizing man in case they should outgrow
the attenuated particles in the human alimentary tract.

Until the development of the plaque technique by Dulbecco & Vogt d
it was difficult to be sure that none of the original virulent particles re-
mained, even when the terminal dilution method was used. By the plaque
method it is now possible to develop a culture of cytopathogenic polioviruses
starting from a single virus particle. Repeated " plaquing " and investiga-
tion of the progeny of single particles enables the purity of a strain to be
established with a high degree of confidence. The importance of this has
been re-emphasized by the results reported by Dick. He used two attenuated
strains originally developed by Koprowski. One of these, the TN type-2
strain, had been extensively studied in the laboratory and in human ex-
periments by Koprowski and his colleagues, and appeared to have charac-
teristics making it suitable for trial as a vaccine. Dick and his colleagues
fed the virus to 21 adults, 10 infants, and 159 children without significant
illness being observed in any individual during the month following vaccina-
tion. Most, but not all, of the children developed antibodies. When alimen-
tary infection occurred virus was excreted in the faeces for a varying period
of up to a month or more. The excreted. virus was carefully studied in
monkeys, in mice, and in tissue culture. It was found that, whereas the
vaccine virus was non-cytopathogenic in tissue culture and avirulent
intracerebrally for monkeys, the virus excreted was often cytopathogenic
in tissue culture and intracerebrally virulent for monkeys. Whether this
was due to reversion or to the presence of some relatively virulent particles
in the vaccine is not known. Unfortunately, this particular virus cannot
be purified by the plaque technique since it is non-cytopathogenic in tissue
culture and thus does not produce plaques. Dick concluded that in its
present form this strain of virus was not suitable for human immunization.

The other virus he used, the SM type-I strain, was also developed by
Koprowski, and had previously been administered with promising results
to 75 children. The pool of virus used by Dick, pool N 90, had been prepared
before the plaque technique became available, and was a chick-embryo
tissue-culture seed pool. Dick fed this virus to 16 subjects, none of whom
developed any serious illness. All developed antibody and all became
faecal excretors of virus for periods varying from one to more than seven
weeks. In one instance a trace of virus was recovered from the blood of an
adult. The virus excreted by four subjects was tested intracerebrally in
monkeys and was found to produce paralysis in a proportion of monkeys
inoculated, although it was still of relatively low virulence. In one instance
in which a vaccinated child infected a sibling, the second human-passage
virus showed no increase in virulence over the original vaccine virus, and the
same result has been reported by Koprowski on repeated human passage.
Such findings might well be due to the presence in the vaccine of a few
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particles of higher virulence, although the possibility of mutation cannot be
excluded.

This virus is cytopathogenic in tissue culture and thus can be purified
by the plaque technique. This has now been done by Koprowski, and the
results of further experiments will be awaited with interest.

Another problem which has been emphasized by Dick is that of conta-
gion. Live virus from vaccines such as yellow fever and smallpox vaccines
can be transmitted from man to man not at all or, in the case of vaccinia,
only to a very limited extent with no danger of starting an " epidemic"
of vaccinia. Thus their continued safe use can be ensured simply by ensuring
the safety of the seed virus. With all live polioviruses, attenuated or other-
wise, the possibility exists of transmission of the virus from man to man
because it is excreted in the faeces, and if repeated transmission occurs
there is a theoretical possibility that reversion to virulence may take place.
The degree of inherent stability in this respect that can be attained in an
attenuated poliovirus is not yet known. It is true that with some attenuated
strains the amont of virus in the faeces is not great, so that transmission is
less likely, but that it does nevertheless occur under conditions of close
contact has been shown by both Koprowski and Dick. The real importance
of this is not known, nor how it may be overcome. Obviously, as far as the
individual family is concerned the possibility of sequential spread within
the family can be eliminated by feeding virus to all members simultaneously.
Spread outside the family, although less likely to occur under satisfactory
conditions of hygiene, is much more difficult to control. More work is
needed before a live virus vaccine that is safe for the individual can automa-
tically be accepted as safe for the community. In the presence of a severe
epidemic, however, dissemination of an attenuated virus in an attempt to
interfere with the transmission of the epidemic strain would seem to be
justifiable, since there is little else which can be done with hope of success.
Both inactivated vaccine and gamma globulin have so far proved dis-
appointing when administered during an epidemic, and cannot in any case
interfere with the transmission of the virulent infection.

Sabin reports results of extensive studies of the greatest importance
on various technical aspects of attenuated polioviruses. These cannot be
discussed in detail here, but it is clear that good progress is being made in
understanding the basic principles underlying immunization with attenuated
polioviruses. However, in his words " we are not ready for so-called mass
trials of an orally given vaccine but only for those tests on increasingly
larger groups that must precede any consideration of tests on a large
scale ".
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