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Developments in pertussis vaccines: Memorandum
from a WHO Meeting*
Recent research on the host-pathogen interaction in pertussis and on the
imtnunochetnistry of Bordetella pertussis has resulted in the identification of certain

potential protective antigens. These developmyients have led to the prospect of less
reactogenic and mlore potent acellular or component vaccines to replace the whole-cell
vaccines currently in use. This Memorandummi outlines the present situation regarding
pertussis vaccines, discusses wvays to evaluate candidate vaccines, and identifies fituare
research needs.

Whooping cough is a disease of worldwide distribution. However, despite its importance in both
developed and developing countries, the
host-pathogen relationships in pertussis are still
poorly understood. In particular, relatively little is
known about the bacterial structures and extracellular products that are important in pathogenesis and
in the establishment of immunity. Although research
has resulted in the isolation and characterization of
certain components of Bordetellapertussis, their role,
individually and collectively in pathogenesis or as
protective antigens, has not been fully elucidated.
This lack of basic knowledge of the disease, of the
etiological agent, and of the protective immune
response has delayed considerably the developments
of an improved vaccine. Nevertheless, recent developments have led to the prospect of less reactogenic and
more potent acellular or component vaccines to
replace the whole-cell vaccines currently in use. A prerequisite to the routine clinical use of such vaccines
* rhis Memorandum s%as prepared by Dr E. (iritf iths anid Dr I.

G. K<reeftenberg and is based on the reports of three WA'HO WorkinLg
Groups which met to consider recent developments in, anid the
laboratorv anid clinical testing of', ness acellular perItLssis %accines.
rhe meetings v ere held in Geneva, Sssitzerlanid, oil 25-27 October
1983 and on 28-30 May atid 28-29 Septenmber 1984. A list ol ihc
participants is given on pages 246-247. Requests for reprints should
be addressed to Division of Communicable Diseases, World Health
Organization, 1211 Genesa 27, Switzerland. A Frech tranislatiol of
this article ssill appear itl a later issue of the Binlletiin.
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will be the development of appropriate methods to
characterize the vaccines and to evaluate both their
safety and efficacy.
This Memorandum outlines the present situation
regarding pertussis vaccines, discusses ways to
evaluate candidate vaccines, and identifies future
research needs. Further details may be obtained from
the reports'" anid reviews listed (1-6).
WHOLE-CELL PERTUSSIS VACCINES
CURRENTLY IN USE

Most of the whole-cell pertussis vaccines at present
in use throughout the world, in common with other
inactivated whole-cell vaccines, such as those for
Vibrio cholerae and Salmyionella typhi, are biologically complex and were developed long before the
many recent advances in biochemistry, genetics and
on Deveiolnen(t.s inl
Report of'tle .14d Hoc WforAnig G -ol)ot
PertlnSSis V'acine.s. U npublished WHO dociumientl W 'HO/1BVI/
83.14, 1983. A copy is available oni requecs t 1romii WHO.
f
Collahorative
Reporti oltil Meetitig on tihe Results o/tile WHO
.Stuidt of the Acellular DTP I'accine. Unipuiblished WHO documenil
AWHO/vIPPERT,'84.I, 1984. A copy is asailahle oni rcquest 1ront
WHO.
Rep)ort oJ 'ihe Meeting on Clinical Trials o/ Newt Candidate
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Table 1. Toxins and other antigenic components of B. pertussis
Agglutinogens
Adenylate cyclase

Endotoxin
Filamentous haemagglutinin

(FHA)
Heat-labile toxin (HLT)

Lymphocytosis-promoting
factor (LPF)
Tracheal cytotoxin (TCT)

Agglutinogens 1-6 may be found in strains of B. pertussis, provide useful serological markers,
and are proposed protective antigens. Agglutinogens 2 and 3 appear to be fimbrial in nature.
B. pertussis produces a heat-stable calmodulin-activated adenylate cyclase which can be found
both in culture supernatants and in intact cells. Considered a toxin which interferes with the
host's defence mechanisms.
The toxic biological activities of the lipopolysaccharide (LPS) of B. pertussis is characteristic of
the LPS of other Gram-negative bacteria.
Can be isolated from the supernatants of static cultures of B. pertussis. The protein is a
haemagglutinin and is thought to be involved in attachement of B. pertussis to host tissue cells.
It has been shown to be a protective antigen in animal models.
HLT is also known as dermonecrotic toxin. It is cell-associated, destroyed by heating at 56 °C
for 30 minutes, and has a dermonecrotizing effect in rabbits and guinea pigs; it is lethal to mice.
Because of its diverse biological activities LPF is also known as histamine-sensitizing factor,
islet-activating protein, pertussis toxin and pertussigen. It is unique to B. pertussis, but like other
toxins it is made up of several protein subunits.
TCT is a small glycoprotein which can inhibit DNA synthesis in monolayer cultures of hamster
trachea epithelial cells. The toxin causes ciliostasis and extrusion of ciliated cells from hamster
trachea organ cultures.

immunology took place. The vaccines are produced
from a variety of different strains of B.pertussis
cultivated in liquid culture or on solid media. The
organisms are killed and detoxified using different
time-temperature incubations, formalin, thiomersal,
long-term storage at 2-8 °C, or some combination of
these methods. Most pertussis vaccines are combined
with diphtheria and tetanus toxoids and adsorbed on
an aluminium or calcium carrier. Although there is a
limit to the amount of adsorbent that can be
contained in a vaccine, there is little or no control of
the physical characteristics of the adsorbent or the
degree of adsorption of the final vaccine on the
carrier.
Whole-cell pertussis vaccines are standardized on
the basis of cell opacity and their potency is measured
by the mouse intracerebral challenge test (mouse
potency assay); freedom from excessive toxicity is
usually determined by the mouse weight-gain test.
These vaccines contain biologically active lymphocytosis-promoting factor (LPF) and lipopolysaccharide (endotoxin) (Table 1). The endotoxin content
of the vaccines is kept to a minimum by limiting the
number of bacteria to the level necessary to achieve
acceptable potency. Little is known about the stability
of some of the vaccines in use.
In view of the complex nature of whole-cell
pertussis vaccines, and the narrow margin between
their required potency and unacceptable toxicity, it is
not surprising that the rate of minor complications
and side-effects of vaccination is high. Sometimes the
side-effects are more severe and cause public concern.
In some countries the benefits of vaccination, in
comparison with the risk associated with the use of

the vaccine, have been questioned and vaccine
acceptance has decreased with a consequent increase
in the incidence of the disease. Even the contribution
that pertussis immunization has made towards
reducing the incidence and severity of whooping
cough has been questioned. Part of the problem lies in
the fact that the diagnosis of pertussis can be confused
with other upper respiratory tract infections, and this
has led to difficulties in the interpretation of
epidemiological data as well as data collected in field
trials of vaccines. Furthermore, the time at which
immunization starts, the interval between injections,
the immunization route (intramuscular or subcutaneous), the preferred site of injection, and the
number of doses which constitute a total immunizing
dose all vary between countries and also complicate
the overall picture.
Although it is generally accepted that the whole-cell
pertussis vaccine has been useful in controlling
pertussis throughout the world, there is general
agreement that a less reactogenic and more.effective
vaccine is needed and that the development of such a
vaccine is now an achievable goal.

RECENT DEVELOPMENTS IN ACELLULAR (COMPONENT)
PERTUSSIS VACCINES

Recent research on the host-pathogen interaction
in pertussis and on the immunochemistry of
B.pertussis has led to the identification of several
prospective immunogens that could be included in a
component vaccine. There is nearly universal
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agreement that LPF is an important protective
antigen and that appropriately detoxified LPF should
be a component of acellular vaccines. Filamentous
haemagglutinin (FHA) (Table 1) is another factor
produced by B. pertussis. It is apparently non-toxic
and immunogenic and although the precise function
of FHA in pathogenesis is still unclear, it is thought
that it also should be included in a component
vaccine. Currently available evidence points to FHA
as a mediator of attachment of B. pertussis to host
tissue. Studies of other antigens located at or near the
surface of the pathogen, such as the
fimbriae/agglutinogens (Table 1) and the outer
membrane proteins, indicate that they too may be
important protective antigens and their inclusion in
the new vaccines should be considered.
Interest in an improved pertussis vaccine to replace
the current whole-cell vaccine centres, in part, on the
acellular vaccine at present in use in Japan. The
Japanese acellular vaccine, which contains mainly
toxoided LPF and FHA, is prepared from the culture
supernatant of B. pertussis. The supernatant is
subjected to ammonium sulfate fractionation, extraction with a high concentration of sodium chloride,
and sucrose density gradient centrifugation to obtain
a haemagglutinin (HA) preparation practically free of
endotoxin. The HA preparation is treated with
formalin to destroy the activities that cause leukocytosis promotion and histamine sensitization, and
aluminium hydroxide is added as an adjuvant.
According to Japanese investigators, the new vaccine
has an acceptable level of potency, as measured by
their modified mouse potency assay, but contains less
than one-tenth of the specific toxicities associated
with whole-cell vaccines (leukocytosis promotion,
histamine sensitization, and endotoxicity). However,
since the modified potency assay involves challenging
mice at three weeks following vaccination instead of
the standard two weeks, the potency of the vaccine
cannot be expressed in terms of the established
International Protective Units. When assayed by the
standard mouse potency test, the Japanese acellular
vaccine was sometimes found to be less potent than
the whole-cell vaccine.
This acellular vaccine, called Precipitated Purified
Pertussis Vaccine, has been used, mixed with
diphtheria and tetanus toxoids, in mass immunization
of mainly 24-month-old children in Japan since the
autumn of 1981, although it should be noted that its
efficacy is still under study. Since the pertussis
component has been rigorously toxoided with
formalin and contains not only less bacterial mass per
dose than whole-cell vaccine but also remarkably less
endotoxin, it would be expected to be less reactogenic
than the currently used whole-cell vaccines when
injected into children. Comparisons of whole-cell and
acellular vaccine have shown that the latter does
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indeed induce fewer febrile reactions and less
erythema and induration than the whole-cell
vaccine.
The name "Precipitated Purified Pertussis
Vaccine" suggests that a single vaccine has been
studied and used in Japan, but this is not the case.
Although the six licensed manufacturers in Japan
employ a prescribed manufacturing procedure, there
are differences not only between the vaccines
produced but also variations from lot to lot which are
inherent in the production method. Some formulations contain only toxoided FHA and LPF and no
detectable agglutinogens, whereas other formulations
contain appreciable amounts (10%) of agglutinogens
and other unidentified antigens in addition to
toxoided FHA and LPF. The ratio of FHA: LPF also
varies between vaccines. These differences in the
formulation of vaccines used in clinical trials clearly
complicate the evaluation of vaccine efficacy. To
date, only a relatively small number of individuals
have been evaluated in matched case-contact studies
and it seems that no record has been made of the formulation used for any or all of the vaccinations
received by each subject. The limited number of casecontact studies carried out, however, do suggest that
the vaccines give good protection.

STANDARDIZATION AND LABORATORY CONTROL OF
ACELLULAR (COMPONENT) VACCINES

It is unlikely that current requirements for pertussis
vaccine will be appropriate for the new vaccines and it
is to be expected that new standards and control
measures will be established. These measures, the
development of which will need collaborative studies,
should as far as is possible be firmly based upon a
sound understanding of the protective mechanisms
involved in immunity. Minimum requirements will
also have to be established by a WHO Expert
Committee on Biological Standardization.
There is general agreement that the standard mouse
potency test and the mouse weight-gain test for
toxicity may not be appropriate for the control of
acellular vaccines and that they should be replaced by
more relevant tests as soon as possible. For this
reason, a more precise description of antigen content,
safety, and immunogenicity of new vaccines is
needed. In order to further the development of
relevant tests and new requirements, a collaborative
study of one batch of the Japanese acellular vaccine
was undertaken by several laboratories. The study
measured the antigen content, toxicity, immunogenicity, and stability of the vaccine and all tests were
performed in at least two of the participating laboratories. From the results of this study various tests,
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which might be appropriate for controlling acellular
vaccines, have been proposed.
Antigen content
A number of biochemical techniques can be used to
monitor the antigen content of acellular vaccines.
Some tests are carried out before detoxification and
others afterwards. For example, a sandwich ELISA
works well for both native FHA and LPF, whether
based on monoclonal or polyclonal antibodies, or,
for LPF, on the haptoglobin/antibody technique.
Assays for toxoided FHA, however, need improving
and no assay for toxoided LPF exists at present.
Using these procedures, the collaborating laboratories found that the Japanese acellular vaccine
examined contained only FHA and detoxified LPF.

Toxicity
The three major potential toxic contaminants of
the new vaccines were considered to be active LPF,
dermonecrotic (heat-labile) toxin, and LPS, although
the possible presence of other components, such as
tracheal cytotoxin and adenylate cyclase (Table 1),
should not be overlooked. Several functional tests are
available to detect the various toxins. For example,
residual amounts of active LPF can be measured
in mice by leukocytosis and hyperinsulinaemia
promotion and by histamine sensitization. Active
LPF can also be estimated in vitro by its toxic effects
on cell cultures (lymphocytes, rat glioma cells, and
Chinese hamster ovary cells). A number of tests which
measure the pharmacodynamic properties of new
vaccines, especially their effects on the glucose
metabolism and the cardiovascular and autonomic
systems, might be useful during the developmental
stages of vaccines, although there appears to be no
reason for including such tests on a routine basis at
this stage. In view of the many more specific tests
which are now available, the mouse weight-gain test
for toxicity is no longer considered useful. The results
of the collaborative study showed that the Japanese
vaccine tested met all of the criteria required for
current whole-cell vaccines regarding toxicity. Indeed
it was found to be remarkably non-toxic in all of the
tests applied. These included the tests for dermonecrotic toxin, for LPS and for biologically active LPF,
as well as the standard mouse weight-gain test. Some
residual activity in the hyperinsulinaemia test was,
however, noted four days after treatment.

Potency and immunogenicity
Conflicting results were obtained when the potency
of the Japanese vaccine was measured using the
conventional mouse protection test. Sometimes,
slightly higher potency values were obtained by using

a three-week challenge, as in Japan, instead of the
standard two-week challenge. However, there seemed
to be little justification for doing this and it was
considered that no useful correlation could be made
between potencies calculated in such a way and those
obtained for whole-cell vaccines using the standard
procedure. Indeed it was concluded that although the
mouse intracerebral challenge test has provided a
useful index of potency for whole-cell pertussis
vaccines, its usefulness in assessing the potency of
acellular vaccines, containing a few well characterized
antigens, was in doubt. Acellular vaccines might be
better assessed by alternative methods, such as
measurement of antigen content and immunogenicity. However, there was concern about the advisability of proceeding to clinical trials with a vaccine that
had shown no protection in any animal model. In this
respect, intranasal or aerosol protection tests in mice
might be useful in aiding the formulation of
vaccines.
The immunogenicity of toxoided antigens can be
assayed by injecting them into animals and testing the
sera for appropriate antibodies against the native
antigens. ELISA methods can be used for measuring
such antibodies, but assays demonstrating inhibition
of biological activity should be employed where
available, since some antibodies may be non-functional. Tests of immunogenicity can be standardized
by injecting test materials and standards over a range
of appropriately spaced doses. The collaborative
study showed that the Japanese acellular vaccine
tested induced antibodies in mice to LPF and FHA
although no agglutinin responses were demonstrated.
Results from Japan, using children's sera and sera
from individuals recovering from pertussis, have
shown that there is a good correlation between the
results of antibody tests using ELISA and those
obtained with an LPF neutralizing assay using
Chinese hamster ovary cells. A similar correlation has
been reported for sera of mice given the acellular
vaccine.
CLINICAL TRIALS

Ultimately, the efficacy and safety of a potential
vaccine will have to be evaluated in controlled field
trials. The justification for a clinical trial will require
considerable evidence of probable efficacy and the
candidate vaccine should be as fully characterized as
possible. Furthermore, its composition should
remain unaltered throughout the trial.
A study to establish the incidence of minor
reactions to a new pertussis vaccine should be
relatively straightforward and should be carried out
with only a small number of, at first, adult volunteers,
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and subsequently children. The assessment of the
incidence of serious, rare reactions, however, will be
difficult and is likely to require a large number of
vaccinees and a prolonged surveillance programme. It
will not be possible to estimate the frequency of rare
adverse reactions during a clinical efficacy trial since
the sample size will be too small. However, since
serious rare reactions may occur in the study
population, investigators should be prepared to
investigate thoroughly any suspect events, some of
which may not be attributable to the vaccination.
A field trial is already in progress in Japan using the
Japanese Precipitated Purified Pertussis Vaccine,
although, as already mentioned, assessment of the
results of this trial may be difficult because vaccines
of differing compositions have been used. More
specific data, relating antigen content, immune
responses and protection are, however, becoming
available. A cyclic increase in pertussis cases might
occur in Japan in 1984-85 and detailed information
concerning the protection afforded by the acellular
vaccine during this time may well be forthcoming.
However, trials should be carried out in other areas of
the world in order to assess the toxicity and effectiveness of acellular vaccines on different population
groups and to allow the results from Japan to be
compared with those obtained in other countries.
Efficacy studies should take place in countries where
there are efficient surveillance systems and a
sufficiently high incidence of the disease to allow
epidemiologically satisfactory results to be obtained
within a reasonable time. However, safety and
immunogenicity trials could be undertaken in
countries without a high incidence of the disease and
could provide valuable information on dosage, route
of administration, and scheduling. Among the
countries that have expressed an interest in trials are
the Netherlands, Sweden, United States of America,
and Yugoslavia. A Medical Research Council subcommittee is to be established in the United Kingdom
to consider clinical trials in that country. A Swedish
safety and immunogenicity trial has already started in
October 1984 and will compare a Japanese acellular
adsorbed vaccine (LPF:FHA ratio, 1:1) with a wholecell unadsorbed vaccine. All immunizations will be
given to children of at least six months of age so that
any maternally derived antibody will have waned.
The choice of vaccine was influenced by concern
about the ratio of LPF:FHA in the product and the
need for appropriate data on the stability of the
vaccine, especially with regard to the possible
reversion of toxoided LPF to active LPF. It is
proposed that clinical efficacy trials will begin in
Sweden at the end of 1985.
Long-term evaluation of acellular vaccines
formulated with a limited number of well characterized antigens will also be necessary to assess their
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effect on the natural history of whooping cough and
on herd immunity. This evaluation should cover not
only protection against the disease symptoms but also
assess the effectiveness of new vaccines in inducing
protection against infection with B. pertussis and
monitor the occurrence of complications due to the
vaccination. Since a major reason for introducing an
acellular pertussis vaccine is to decrease the risk of
rare, serious adverse reactions, special efforts should
be made to collect data on suspected cases routinely as
experience accumulates with the use of acellular
vaccines in Japan or elsewhere.
The number of controlled trials in which the
protective efficacy of a given type of acellular
pertussis vaccine can be assessed in normal children is
limited, possibly to one or two trials, because of
ethical considerations. Additional trials of efficacy
will be justified only if they involve a vaccine with a
substantially different formulation or a population
with a very different immune responsiveness. For
these reasons, all countries have a major interest in
the design and conduct of pertussis clinical efficacy
trials and international coordination is desirable.
Such coordination can best be undertaken at an
international level through working groups. Guidelines for planning appropriate clinical efficacy trials
of new acellular vaccines have recently been
formulated at a WHO meeting on clinical trials of
new acellular pertussis vaccines.d These guidelines
discuss the points that should be considered when
choosing the vaccine or vaccines to be evaluated, the
comparison groups to be included in trials, the
methods of assigning participants, the sample sizes
which might be required, the study site, and
procedures for ascertaining common and rare adverse
reactions, as well as ethical considerations.
FUTURE RESEARCH NEEDS

Notwithstanding the developments that have
already taken place, there are still large gaps in our
knowledge. Avenues of research that might yield
information leading to improved vaccines, to
vaccines which might be produced more efficiently,
and to more effective immunization procedures are
outlined below. It must be recognized, however, that
these aims may take some time to achieve and may
depend upon advances in related fields.
Protective antigens
There is a need for a better definition of bacterial
components and products that are important in
pathogenesis and in the establishment of immunity. It
d

See footnote c on page 241.
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is particularly important to establish which antigens
are responsible for the protective immunizing effect
in man. Genetic and biochemical analysis of
B.pertussis is urgently required to provide a detailed
understanding of the factors associated with virulence
and protection, and of their molecular organization.
Application of this knowledge should facilitate the
identification of antigens that should be included in
new vaccines. Such information would also be
invaluable in controlling the strains selected for
vaccine production in order to produce vaccines with
predictable characteristics. Furthermore, the molecular cloning of relevant B. pertussis genes in another
host microorganism could permit more efficient
large-scale production of appropriate antigens.
Methods for the easy and reliable detoxification of
the biological activities of toxins should be
investigated, as should the synthesis of toxin subunits
or genetically engineered antigens which would retain
their immunogenic characteristics but lack toxicity.
The detailed examination of potential vaccine
components for possible antigenic variation is also
particularly important if new vaccines are to contain
only a few purified component proteins.
Immune mechanisms
Tests should be developed for examining the antibody responses to the structures or products of
B. pertussis which have been shown to play an important role in pathogenesis and/or in the establishment
of immunity in man. Antibody responses produced
by vaccination should be compared with those
produced by the natural disease. Available
information suggests that whooping cough is a
disease whose manifestations are due to one or more
toxins produced during the localized growth of
B. pertussis on the mucosal surface of the respiratory
tract. A useful distinction may therefore be made
between protection against the disease symptoms,
depending on antitoxin immunity which may or may
not be required to act locally, and immunity to the
infection itself; protection against the infection will
depend upon local mucosal defences. Little is known
about the mechanisms of immunity in local infection
or about the relative contribution of the cellular and
humoral components. The local production of
secretory IgA antibodies, the major immunoglobulin
isotype in mucosal secretions, is considered by some
to be an important means of defence against bacterial
pathogens, although IgM and IgG may also be
involved. Such mucosal antibodies may play an
important part in inhibiting the colonization of the
respiratory mucosa by B. pertussis. Studies are
needed to define practical ways of measuring mucosal
immunity in the respiratory tract of man. There

should also be a search for methods to elicit a mucosal
immune response through evaluation of various
antigen forms and routes of administration. Mucosal
and serum antibody responses should be compared
and their relative contributions to protection
assessed. Whether the human secretory immune
system, once stimulated, can provide long-lasting
protection against B. pertussis in different population
groups should be investigated. The possible influence
of age, nutritional status, genetic factors, and coexisting microbial and parasitic infections should also
be taken into account.
Studies on immune mechanisms should include the
examination of breast milk for antibodies directed
against pertussis antigens and an investigation of the
ability of these antibodies to provide passive
immunity to the baby. It is already known that
maternal IgG antibodies to FHA and LPF are present
in cord blood and recent data suggest that these preexisting maternal antibodies can interfere with
immune responses following early vaccination.
Pertussis morbidity and mortality are most serious in
very young infants and the transmission of maternal
antibody in utero and/or via milk may be a useful way
of avoiding the problems of immunological unresponsiveness in infants and the risks associated with
early vaccination. Ensuring that women of childbearing age have a sufficiently high level of antibodies
to the relevant antigens of B.pertussis may simplify
the creation of effective immunity in newborn
infants. Active immunization of children with vaccine
could then be safely deferred until after 6 months of
age.
*
*

*
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