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Potential use of new poliomyelitis vaccines:
Memorandum from a WHO meeting*

Largely due to the intensive use of Sabin aftenuated oral vaccines, the incidence of poliomyelitis is
continuing to decline, particularly in the western hemisphere. In developing and tropical countries, use of
trivalent attenuated vaccine may, however, sometimes produce suboptimal antibody responses, especially
to type 1 and 3 polioviruses. Epidemics of poliomyelitis continue to occur in some countries with high
vaccination coverage, though these are rare, and cases of vaccine-associated paralysis could become
increasingly visible in countries that achieve control of the wild-type virus. Recent progress in understanding
the biology ofpolioviruses has suggested several possible approaches to solving some of these problems.

This Memorandum discusses the broad scientific and ethical criteria that would justify submitting new
attenuated oral poliomyelitis vaccine candidates to different levels of testing in the laboratoryand in humans.

Introduction
In a world where the incidence of poliomyelitis is
continuing to decline because of increasingly wide-
spread use of Sabin trivalent attenuated poliovirus
vaccine, careful planning is required before initiating
human trials of potentially improved Sabin-derived
vaccine strains. The decreased incidence of poliomy-
elitis is particularly striking in the western hemisphere,
where circulation of wild poliovirus has been almost
eliminated by intensive use of Sabin attenuated oral
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vaccines. However, in developing and tropical coun-
tries the administration of trivalent attenuated vaccine
may sometimes be followed by suboptimal antibody
responses, especially to types 1 and 3 viruses. Epi-
demics of poliomyelitis continue to occur in some
countries with high vaccine coverage. Moreover, rare
cases of vaccine-associated paralysis may become an
increasingly visible problem in countries that achieve
control of the wild-type virus. Recent progress in
understanding the biology of polioviruses has sugges-
ted several possible approaches to overcoming these
limitations of existing Sabin vaccine strains, and this
has already resulted in the development of new vaccine
candidates derived from the Sabin strains. These
events emphasize the need to prepare for the further
evaluation, including introduction into humans, of
potentially more immunogenic and genetically stable
Sabin-derived vaccine candidates.

The WHO Expanded Programme on Immuniz-
ation (EPI) and the WHO Programme for Vaccine
Development convened a Consultation in Geneva on
12-13 March 1990. The Consultation focused on
scientific criteria for the selection and laboratory
testing of new vaccine candidates derived from the
Sabin vaccine strains, and on broad scientific and
ethical criteria for evaluating candidate vaccine strains
in human trials. The scientific principles considered
relevant to development of new Sabin-derived polio-
virus vaccines are summarized below. These prin-
ciples are not intended to constitute requirements, but
rather may be considered by national control authori-
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ties in evaluating proposals for human trials of such
vaccines.

New vaccine candidates

Selection of new strains
Candidate poliovirus vaccine strains should be derived
from existing Sabin attenuated vaccine strains. While
the development of candidate strains not derived from
existing Sabin strains is not recommended at the
moment, it remains possible that new knowledge
would permit this possibility to be reconsidered.

In considering the development of an improved
Sabin attenuated poliovirus vaccine, the primary
objectives should include the following:
-enhanced immunogenicity ("take rates" defined by

seroconversion);
-greater genetic stability of the attenuation pheno-

type; and
-improved thermostability.

The highest priority should be given to improving
the immunogenicity of types 1 and 3 Sabin vaccine
strains. An ideal vaccine formulation would be one
that conferred immunity to each of the three poliovirus
serotypes in at least 95% of all recipients after one
dose or at most two doses.

Problems with the genetic stability of the attenu-
ation phenotype of existing vaccines have not posed
a major obstacle to eradication of poliomyelitis, but
will acquire greater significance as eradication efforts
reduce disease due to the wild-type virus. Thus,
improved genetic stability is another important ob-
jective. Ideally, a new vaccine candidate would possess
both improved immunogenicity and enhanced genetic
stability of the attenuation phenotype.

Improved immunogenicity and attenuation pro-
perties of vaccine candidates should be retained when
such candidate strains are incorporated into multi-
valent vaccine formulations. One promising approach
to overcoming interference between vaccine strains is
to establish a common genetic background in those
strains that express different antigenic specificities.

Although a genetic approach to improved vaccine
thermostability should not be excluded, a search for
new stabilizing substances to be added to existing
vaccines appears to be a more practical approach at
present.

The thermostability and in vitro growth proper-
ties of candidate vaccine strains should be at least
comparable to those of existing Sabin vaccine strains.

Candidate vaccine strains derived from cDNA
are acceptable, in principle, and are potentially ad-
vantageous with respect to genetic homogeneity and
stability of master seed lots.

Variations in the genomic sequences of Sabin
strains have been reported between different conven-
tional vaccine lots, and each vaccine lot consists of a
mixture of viruses with different sequences. None the
less, the core cDNA including intertypic recombinants,
sequences from which new candidate vaccine strains
are derived, should be as close as possible to the
consensus RNA sequences of the individual Sabin
vaccine strains.

Mutations known to be associated with attenu-
ation in existing Sabin strains should be conserved in
improved derivatives, unless the attenuation proper-
ties have been enhanced by further genetic manipu-
lation at these sites.

Laboratory characterization of strains
The biological and biochemical characteristics of the
candidate vaccine virus should be established.

The results of neurovirulence tests must demon-
strate that the attenuation phenotype of the vaccine
candidate strain is comparable to or better than that
of the existing Sabin strains.

The genetic stability ofthe attenuation phenotype
of candidate strains should be assessed during passage
in different cell systems, including human cells and
possibly organ cultures, under different culture con-
ditions including elevated temperature. Tests for
measuring the mutation rates should be considered.

The genetic stability ofthe attenuation phenotype
of a candidate vaccine strain should be assessed in
appropriate animal models. It is desirable to assess
the stability of candidate strains following enteric
infection of chimpanzees. The genetic stability should
be at least comparable to those of existing Sabin-
derived vaccine strains.

The extent and duration of virus excretion by
human vaccinees and their contacts, and the properties
of the excreted viruses, should be assessed. Specimens
should be examined by in vitro biological and bio-
chemical tests. These tests should include markers
characteristic of the candidate strains such as rct, host
range, d and s markers. The biochemical tests may
include oligonucleotide mapping, genome sequencing,
and nucleic acid hybridization. The excreted virus
should maintain the sequences upon which attenua-
tion is dependent for a period comparable to or longer
than that of viruses excreted by recipients of the
existing Sabin strains. Selected specimens of excreted
virus should be examined for neurovirulence in mon-
keys. It would be desirable to examine material from
comparable groups of children who have been vac-
cinated with the Sabin strains.

Recommendations for additional research
Substantial progress has been made recently in under-
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standing the genetic control of neurovirulence of
poliovirus in animals. However, present state of
knowledge about the genetic control ofneurovirulence
in humans is insufficient. Although there is now
increasing evidence that viral attenuation may be due
to lowered efficiency of certain steps essential for virus
replication in certain cells, the biological mechanisms
altered by the mutations responsible for the attenuated
phenotype remain to be elucidated. Investigation of
the capability of the virulent and attenuated viruses
to grow in human cells of neural or gastrointestinal
origin may be especially rewarding in this respect.
Progress made in this field should be followed closely
and incorporated in future studies of the candidate
vaccine strains.

New animal test models should be investigated,
including transgenic mice which express a human gene
that encodes a cellular receptor for poliovirus. Recent
observations suggest that the behaviour of mouse-
adapted poliovirus strains in mice may reflect the
characteristics of the virus in humans.

WHO should facilitate developments in these
areas by making available for study vaccines that have
been associated with a high rate of vaccine-related
disease.

Manufacture and trials

Manufacturing process

Various factors should be investigated in the course
of developing the production process for the novel
candidate vaccine. These include the nature and
preparation of the seed virus, the multiplicity of
infection and temperature used in production, and the
cell substrate. The conditions for the production of
an optimum vaccine should be established and should
ensure that the characteristics of the seed strain are
maintained. Existing requirements for the production
of poliomyelitis vaccines will be applicable, in part.
The variability of the vaccine in tests for neuroviru-
lence should be evaluated.

Initiation and progression of human trials
A high level of genetic stability of the attenuation
phenotype of a vaccine candidate, as determined by
the results of monkey neurovirulence tests and in vitro
markers, does not guarantee an equivalent degree of
genetic stability in the course of its replication in man.
Human trials must therefore be conducted as part of
the process of assuring vaccine safety.

Trials that involve humans should only use
vaccine candidates which laboratory and animal tests

have shown to be comparable to or safer than the
Sabin strains, and which meet applicable current
WHO requirements.

New candidate vaccines should have passed pro-
duction consistency tests. At least five sequential,
high-titre vaccine lots should have behaved alike in
laboratory tests for genetic stability, antigenicity, and
neurovirulence in monkeys.

A sufficient stock of vaccine should be available
so that once laboratory and animal tests are satisfac-
torily completed, the same stock can be used for initial
human tests as well as subsequent larger field trials.

Trials should move sequentially from highly
immune adults to progressively more susceptible in-
dividuals. The opportunity for vaccine viruses to
spread outside the trial populations, especially to
seronegative children, should be minimized. Virus
shedding, vaccine stability, and serological responses
can be studied in individuals who have received only
inactivated vaccine. Previously unimmunized infants
represent the ultimate target group; they should be
recruited with great care and after consideration of
safety and ethical issues. In order to properly control
clinical trials, comparable groups might be immunized
with existing Sabin vaccine strains.

In the above trials, samples of faeces should be
collected regularly over an extended period and tested
for poliovirus, as outlined in the section on the
laboratory characterization of candidate vaccine virus
strains, to determine not only the duration ofexcretion
of polioviruses by vaccinees, but also the properties
of the excreted viruses. Blood samples should be taken
prior to administering the vaccine and at suitable
intervals after immunization. The duration of vaccine-
induced immunity should be assessed by studying the
persistence of measurable antibody. Evidence of vir-
aemia should be sought in seronegative children.

Laboratory studies in support of clinical trials
must be carried out in laboratories with an established
record of excellence in poliovirology.

Trials can be conducted with an individual vac-
cine candidate or with a mixture of the three strains
of poliovirus. The trials with the mixture of vaccine
viruses will be of particular importance in determining
immunogenicity since there is competition between
the current Sabin strains. Appropriate formulations
should be examined to assure an optimum trivalent
antibody response.

The genetic stability of the attenuation phenotype
on transmission of vaccine virus to contacts is import-
ant and should be the focus of additional clinical
studies. Samples of virus recovered from such contacts
should be investigated by appropriate laboratory tests,
as described in the section on the laboratory charac-
terization of candidate vaccine virus strains.

Larger trials are justified if it can be shown that
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the immunogenicity of the new vaccine is potentially
superior to the current Sabin strains, particularly in
tropical areas. It must also be shown that the new
vaccine is at least comparable in its genetic stability
to that of the current Sabin strains.

Population-based studies will be necessary to
unequivocally document the safety and efficacy of new
vaccine candidates and to determine whether they
could replace the current Sabin strains. Entire coun-
tries or regions could shift to using the new vaccine
and conduct surveillance for the appearance of any
cases of paralysis temporally associated with admi-
nistration of the vaccine. Such cases should be
thoroughly investigated virologically and epidemiologi-
cally, as recommended in the poliomyelitis eradication
plan. In addition, every effort should be made to
characterize the wild strains of poliovirus present in
the countries where such trials are to be conducted.

Conclusions

The above guidelines for the development of new
candidate vaccines that are derived from existing
Sabin strains emphasize safety and immunogenicity
and build on the detailed knowledge of the biological
behaviour and molecular structure of the current
Sabin strains. The approach that is outlined does not
require that new vaccines be administered to 100 000
serologically negative children under experimental
conditions (a requirement for the original Sabin
strains) but provides for the progressive introduction
of a demonstrably superior Sabin-derived vaccine into
progressively larger populations of seronegative
children. The final development and approval for
worldwide use of such vaccines could have far-reach-
ing significance for the global poliomyelitis eradica-
tion initiative.

WHO Bulletin OMS. Vol. 68 1990.548


