
The polio virus and the vaccines 

T
hirty-five years ago, the 
only way to fight polio 
was through the use of 
iron lungs, braces and 
palliative support for the 

victims. Now we have specific preven
tive weapons, and we dare to envision 
the astonishing possibility - even prob
ability, if the social will of the world's 
nations is strong enough and wise 
enough - of totally eradicating this 
scourge of infants and children from 
the world. These weapons are the 
vaccines which will help us to eliminate 
the poliovirus altogether. 

The po&oviruses 
The polioviruses, among the small

est of the viruses that infect humans, 
are among the most-studied of animal 
viruses - studies spurred on by the 
grave threat of paralysis they pose, 
particularly to young children. They 
are members of a large group, entero
viruses, within the picornavirus family. 
They are transient inhabitants of the 
enteric tract, where they multiply 
extensively at specialised sites in the 
throat and intestine. The largest per
centage of infections do not cause any 
symptoms, or cause only mild illnesses. 

It has long been known that there 
are three antigenic types of poliovirus, 
types 1, 2 and 3. Between strains 
within each type there are also 
differences that can now be delineated 
in great detail by use of newly 
developed tools of molecular biology, 
such as reactions with highly specific 
monoclonal antibodies, or actual 
determination of the sequence of the 
individual components in the viral 
RNA genome. Some of the new 
methods permit accurate determin
ation of the origin of a strain - for 
example, whether it is imported or 
endemic, whether vaccine-derived or 
wild. Because recognising such distinc
tions has become very important in 
tracing the origin and circulation of a 
single poliovirus strain, each isolate 
should be identified and labelled ini
tially as to serotype, country (or city), 
strain number, and ~ear of isolation. 
For example, P1/Houston/23/62 
designates a type 1 strain, number 23, 
isolated in Houston in 1962. 

The polioviruses are stable viruses, 
even in an acid environment. They are 
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inactivated by heating at 50oC for 30 
minutes, but can be stabilised by the 
addition of magnesium chloride. This 
property has been used to lessen the 
loss of potency of live poliovirus vac
cines in circumstances where refriger
ation is limited. In water and sewage, 
polioviruses can survive for long 
periods. When in a purified state, they 
can be inactivated by a dilute chlorine 
solution (0.1 part per million), but 
when in human faeces or in · sewage, 
they can survive in the presence of 
much higher concentrations of 
chlorine than are currently used for 
treating drinking water. 

A brief glance at the course of 
natural infection by wild polioviruses 
and the resulting natural immunity 
points up the features needed in 
vaccines, and the ways in which 
vaccine-induced immunity can provide 
protection against paralytic polio
myelitis. The virus enters through the 
alimentary tract (usually by a fecal/ oral 
avenue). As it multiplies in the body, it 

Bectron microscope photo of the polio
virus - a tiny organism that still cripples 
children for life. 

appears in the throat for a few days, 
and particularly in feces for several 
weeks or even months. Secondary 
spread in the body occurs through the 
bloodstream to other susceptible 
tissues. At this stage the virus may 
spread to the central nervous system. 
In about one infection in 100, the CNS 
is so severely damaged that permanent 
paralysis results. 
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Immunity is permanent to the polio
virus type causing the infection, but not 
to the other types. Passive immunity is 
transferred from mother to offspring. 
The maternal antibodies gradually dis
appear during the first six months of 
life, and may be considerably reduced 
even in the first two or three months. 
This can mean that in areas where 
there is early, frequent and heavy 
exposure to wild poliovirus, very young 
babies are at risk. 

For the individual who has active 
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immunity acquired in a previous infec
tion by a wild poliovirus and subse
quently is exposed to the same 
serotype, there are two ways in which 
the acquired immunity can provide 
protection. One line of defence is 
circulating antibodies, which prevent 
dissemination of the virus to the 
nervous system. Another source of 
protection is local cellular immunity, 
which acts by producing secretory 
antibodies at the portal of entry of the 
virus, particularly by preventing intesti
nal multiplication of the virus. 

The vaccines 
There are at present two excellent 

vaccines against poliomyelitis: inacti
vated poliovirus vaccine (IPV - Salk 
vaccine) administered by inoculation, 
and attenuated live poliovirus vaccine 
(OPV - Sabin vaccine) administered 
orally. Both vaccines induce serum 
antibodies. However, antibodies in the 
blood do not affect poliovirus that has 
already entered the brain or spinal 
cord. So immunization is of value to 
the individual only if it precedes the 
invasion of the nervous system. 

In 1954, a multitude of individual 
and team research efforts culminated 
in the development and mass testing 
of the first successful poliovirus vac
cine. This was the formalin-inactivated 
vaccine, IP\1, a trivalent preparation of 
strains grown in monkey kidney cul
tures. Having been tested in cultures, 
in laboratory animals, and then in 
small trials in humans to confirm its 
safety and effectiveness in inducing 
antibody responses, IPV was tested in 
the United States in the summer of 
1954 in a carefully designed and 
controlled national field trial which 
included several hundred thousand 
schoolchildren. The vaccine was licen
sed in 1955. 

In the years just before IPV became 
available, the USA was experiencing 
10,000 to 21,000 cases of paralytic 
polio annually. With wide use of IPV 
from 1956 to 1960, cases decreased · 
dramatically, to 2,000 or 3,000 
annually. But 2,000 to 3,000 paralysed 
children each year were still too many. 
Furthermore, to maintain adequate 
immunity with IP\1, booster doses were 
needed, and there were difficulties in 
getting parents, physicians and public 
health officers to ensure that the 
necessary schedule of repeated inocu
lations was maintained. 

Alternative possibilities were seen in 
live attenuated polio vaccines. Exten
sive investigations began 40 years ago, 
and by July 195 7, WHO saw fit to call 
a meeting of experts to develop 
guidelines for producing and testing 
live poliovirus vaccines and for con
ducting and evaluating field trials. 
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Large-scale field trials of several sets of 
candidate attenuated strains were held 
in a number of countries. At the First 
International Conference on Live 
Poliovirus Vaccines held in 1959 
under the sponsorship of the Pan 
American Health Organization and 
WHO, 20 campaigns with live vaccines 
in 15 countries were reported by the 
various investigators. 

By the time of the second such 
conference, in 1960, the main issue 
was a choice among several strains, all 
of which were at that time produced in 
the USA and therefore subjected to 
the US Public Health Service 
requirements for licensure. Two sepa
rate USA laboratories that had the 
required expertise carried out detailed 
testing and the Sabin strains proved to 
have the least neurovirulence. They 
were licensed in 1961 and 1962, and 
it is these OPV strains that have been 
used worldwide since that time. 

The potency of the inactivated 

Four decades ago, the world had little 
to oHer the polio victim but braces, 
crotches and - maybe - rehabilitation. 
Medical science found ways to prevent 
the disease. Today the challenge is to 
bring the benefits of research to eveJY 
child in the world, and to ensure that 
vaccination schedules are kept up. The 
children of tomorrow should enjoy a 
world free from polio. 

poliovirus vaccine has recently been 
enhanced by the use of purified and 
concentrated virus as a source of 
antigen. It is called "enhanced IPV" or 
"eiP\1''. It has been less widely used 
than OP\1, in part because of the 
greater cost and the need for repeated 
inoculation of booster doses. 

Oral poliovirus vaccine (OPV) con
tains living viruses that have been 
attenuated so that they no longer are 
neurovirulent for humans. The live 
viruses in the vaccine infect, multiply, 

W ORI D HEALTH, December 1989 



WHO/PAHO/C. Gaggero 

WHO/PAHO/C. Gaggero 

WHO/PAHO/C. Gaggero 

The polio virus and the vaccines 
and immunize the recipient; the long
lasting immunity thus developed 
resembles the response to natural 
infection. OPV induces not only serum 
antibodies as does IPV, but also local, 
secretory antibodies in the intestine, 
which then becomes resistant to 
reinfection. This means that those 
immunized with OPV not only are 
themselves protected but also serve as 
a barrier to the circulation of wild 
viruses in the population. With its 
additional advantages of relatively low 
cost and ease of administration, OPV 
has become the polio vaccine of 
choice; it has been administered to 
hundreds of millions of persons, 
worldwide. 

In many developed countries, wide
spread administration of OPV has 
virtually eliminated the disease. For 
example, in the USA only a handful of 
cases occur annually, and wild polio
viruses no longer circulate in the 
population ; even viruses from 
imported cases have not spread. In 
recent years, stimulated and assisted by 
WHO's Expanded Programme on 
Immunization (EPI) , a number of 
developing countries also are gaining 
control of polio by proper and 
sustained use of OPV. 

Rare cases of paralytic polio have 
occurred in recipients of OPV or in 
their household contacts, but it has 
been estimated that there is only one 
vaccine-associated case per five to ten 
million persons who receive vaccine. A 
WHO Consultative Group, set up to 
investigate reports of all cases of acute 
persisting spinal paralysis in 13 coun
tries that use live poliovirus vaccines, 
reported after 15 years of study that 
"live oral poliomyelitis vaccine is one of 
the safest vaccines in use." 

Future vaccines 
With new laboratory methods and 

tools that allow viruses to be studied at 
the molecular level, a great deal has 

been learned about the polioviruses, 
particularly the standard OPV strains 
that are now used around the world. 
Investigators have traced the mutations 
(harmless in over 99.999 per cent of 
persons) that can occur as the virus 
multiplies within the body of the 
vaccinee. Researchers have also 
discovered much about the genetic 
changes that brought about the attenu
ation of the vaccine viruses in the first 
place, and new knowledge has been 
obtained on the surface features and 
even the three-dimensional structure 
of the virus. These findings have 
provided crucial leads toward distin
guishing the antigenic sites on the virus 
that must be retained or even 
enhanced to make the virus a stronger 
immunogen - that is, an inducer of 
long-lasting, neutralising protective 
antibodies. 

By use of this wealth of new 
information and the tools of genetic 
engineering, it is becoming possible to 
modify the standard vaccine viruses to 
create progeny that appear to have the 
desired high potency in stimulating 
immunity, and yet cannot mutate 
toward neurovirulence. Among the 
promising approaches toward 
improved live vaccines is the creation 
of highly stable hybrids between the 
vaccine strains. 

Because there has been so much 
experience worldwide with the present 
Sabin vaccine virus strains, any 
improvements must be based on them. 
In addition, the Sabin strains are being 
investigated as replacements for the 
highly virulent polioviruses now used 
as source material for inactivated polio 
vaccines. 

The main determinants of whether 
poliomyelitis infection and disease will 
be controlled are no longer the local 
presence or absence of wild virus. 
Instead, control depends on the immu
nization commitment and practices of 
each country, and also on the degree 
to which effective and long-lasting 
immunity has been induced in all 
segments of the population, without 
leaving unimmunized or incompletely 
immunized pockets of susceptible 
children who remain at risk 

Total eradication of polio is now 
viewed as a future goal, but this should 
not lead to slackening of immunization 
efforts. At present, wild virulent polio
viruses can all too easily be imported 
into a supposedly polio-free country, 
and vigilant maintenance and expan
sion of vaccination programmes will be 
required for a long time yet. We 
already have two excellent vaccines -
IPV and OPV - and, when properly 
and adequately used, ultimately I 
believe in combination, the world will 
be rid of poliomyelitis. • 
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