P. H. Mikela

Capsular Polysaccharide Vaccines Today

Summary: Polysaccharide (PS) vaccines are a relative-
ly new class of antibacterial vaccines that have special
advantages but also special problems related to their
character. Several of them have proven very effective
in preventing bacteremic infections caused by encapsu-
lated bacteria such as meningococci, pneumococci and
Haemophilus influenzae type b. Protective activity
shows excellent correlation with serum anti-PS. How-
ever, young children often respond poorly to PS anti-
gens and this limits the use of these vaccines in child-
hood. Some PS are poor immunizing agents even in
adults. The practical implications of these aspects for
the use and development of PS vaccines are discussed.

Zusammenfassung:  Kapsel-Polysaccharid-Vakzinen
heute. Polysaccharid (PS)-Vakzinen sind eine relativ
neue Klasse von Impfstoffen, die besondere Vorteile,
aber auch ganz spezielle Probleme aufweisen. Mehrere
dieser Impfstoffe haben sich als sehr wirksam zur Pra-
vention bakteridmischer Infektionen durch Kapselbak-
terien wie Meningokokken, Pneumokokken und
Haemophilus influenzae Typ b erwiesen. Die protektive
Wirkung korreliert hervorragend mit dem anti-PS im
Serum. Junge Kinder reagieren jedoch oft nur schwach
auf PS-Antigene, was der Anwendung dieser Impfstof-
fe in der Kindheit Grenzen setzt. Einige PS sind auch
bei Erwachsenen nur gering immunogen. Die prakti-
schen Folgerungen hieraus fiir die Anwendung und
Entwicklung der PS-Vakzinen werden diskutiert.

Introduction

In the last 15 years, capsular polysaccharide (PS) vaccines
have proven efficacious and useful in affording protection
against bacterial meningitis as well as against other inva-
sive, that is bacteremic, infections caused by the same
bacteria. While our understanding of these vaccines and
their mode of action has increased, we have also learned
that they have certain limitations, because of which they
are not a panacea for all of these discases. Briefly, we
now have good PS vaccines against meningococci of all se-
rogroups other than B and for most serotypes/groups of
pneumococci that cause invasive infections. The efficacy
of the PS vaccine against Haemophilus influenzae type b
is limited by the age of the child to be vaccinated, but it
could, when used at the proper age, prevent half of all
serious infections caused by H. influenzae type b.
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Capsular PS vaccines are generally very well tolerated.
Whereas some early preparations contained endotoxin
and could cause transient fever reactions, especially in in-
fants, this problem could be eliminated as soon as it was
realized (1). The pneumococcal vaccine can cause adverse
reactions by a different mechanism, a local antigen-anti-
body reaction at the site of the PS injection (2). This is all
the more likely the more anti-pneumococcal antibodies
the person has — meaning that the vaccination was not
necessary in the first place. In practice this means that too
frequent revaccination is not recommended — but in per-
sons who need it because of reduced antibody response
for one reason or another, revaccination is of course al-
right exactly for this reason.

There is an excellent correlation between the concen-
tration of serum antibodies to the capsular PS and protec-
tion from invasive infection (3-5). A very good example
of such a correlation is seen in H. influenzae type b infec-
tions. 50 years ago, serum anti-H. influenzae type b bacte-
ricidal activity was already shown to be inversely correlat-
ed with the occurrence of bacteremic H. influenzae type b
infection at different ages (6). The bulk of the bactericidal
activity is due to antibodies to the capsular PS, and indeed
the same correlation can be seen when comparing the oc-
currence of the disease with the mean serum concentra-
tion of anti-H. influenzae type b PS antibodies (3). This
correlation is of great practical importance since it allows
PS vaccines to be tested in relatively small groups of
people; if they stimulate a good serum antibody response,
they are likely to be protective. Thus it is possible to mon-
itor the quality of such vaccine preparations and the prob-
able duration of protective immunity in a relatively easy
way.

Special Properties of Polysaccharides as Immunizing
Agents

Several capsular PS have proven good immunizing agents
in man (7, 8). This is actually surprising since the same
preparations are often not at all or only poorly immuno-
genic in the common experimental animals. The same an-
imals can usually respond to the PS antigens if the vaccine
is not purified PS but whole bacteria containing this PS in
their capsules, or the PS conjugated to a protein carrier
(9, 10). Why humans respond better to the purified PS an-
tigens is not known. The PS antigens differ from the more
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familiar protein antigens — tetanus or diphtheria toxoids,
and the major immunizing components of most viral vac-
cines — in important ways. One dose of vaccine is enough
to produce the maximal antibody response, and the re-
sponse cannot, as a rule, be boosted with further doses.
The elevated serum antibody concentrations can last for a
very long time, but this depends both on the PS and the
age of the person vaccinated. Finally, most people have
antibodies to many PS antigens. Thus, the antibody re-
sponse to vaccination is not a true seroconversion from an
antibody-negative to an antibody-positive state, but ra-
ther an increase of the antibody concentration to a level
sufficient to protect from infection (the “natural” anti-
bodies are protective, too, if present at a high enough le-
vel; the relatively strong resistance of adults to bacterial
meningitis is very probably due to them). The adult level
of anti-PS antibodies develops throughout infancy and
childhood, presumably in response to contacts with bacte-
ria containing the same or related, cross-reactive PS anti-
gens. In many cases vaccination can speed up this process
of natural immunity development and thus extend the in-
fection resistance to an earlier age.

Thus, the advantages of PS vaccines are many. However,
there is another side to the coin, represented by the limi-
tations to their applicability. These are all related to the
immunizing capacity of the PS. Whereas adults usually
respond with a high antibody level that is sustained for a
long time, ten years or more, the response of children
tends to be limited both in height and persistence (11, 12).
Thus, the duration of protection will depend on the age
when the child was vaccinated. Secondly, some PS may be
good immunogens in the adult but almost totally without
effect in infants and young children (3). Thirdly, some PS
may immunize poorly, even in adults. This biological me-
chanisms dictating these limitations are not well under-
stood. A predominant stimulation of suppressor cells is
one possibility, antigenic relatedness to PS structures in
the human tissues causing immunological tolerance is an-
other one (13, 14). It would, however, be important to
understand the basis of these limitations in order to direct
future research towards improved vaccines in a rational
manner.

Meningococcal Vaccines

The meningococcal vaccine now recommended for use is
the tetravalent one, containing PS of groups A, C, Y and
W135. Since serious infections caused by groups Y or
W135 are quite rare, it is also usually acceptable to use
the A + C vaccine. All these PS cause good antibody re-
sponse when given to adults or children older than two
years, but in younger children only the group A (menin-
gococcus A) vaccine gives a satisfactory response. It has,
however, been shown to be protective starting from three
months of age (4); it is also one of the few PS that show a
booster response when reinjected two to six months after
the first dose (4, 12).
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The elevated antibody levels and protection can last quite
a long time: protection afforded by the meningococcus A
vaccine was shown to last for more than § years in Finland
in a postepidemic situation when the incidence of group A
disease was low (15). The elevated anti-meningococcus A
antibody levels were estimated to last for ten years in per-
sons vaccinated at the age of seven years or more (12).
Their rate of decline was progressively more rapid in
younger children, and thus it would be advisable to give a
second dose of vaccine two to three years after the first to
children who are younger than five years when first vacci-
nated.

The most rational use of the tetravalent meningococcal
vaccine would be to give it to all children at the age of two
to three years, with a second dose two years later. Even if
the incidence of the respective meningococcal infections
in most industrialized countries is rather low, this practice
would have the definitive advantage of inducing in the po-
pulation a solid immunity status that would most probably
prevent any meningococcal epidemics. However, in areas
where meningococcal epidemics are frequent and the in-
cidence very high — such as is the case, for example, in the
Sahel area in Africa — this practice would be of special im-
portance. Unfortunately, these areas have so far mostly
found it difficult to organize such continued vaccination.
Instead, they tend to use the meningococcal vaccine when
an epidemic has already started, in order to stop it quick-
ly. It is obvious that this is not as effective as a communi-
ty-wide protective immunization.

At special risk of meningococcal meningitis are two
groups of people: close contacts (family members) of
mengingococcal patients, and recruits in the army. It is
obvious that such risk groups should be immunized. The
vaccination of the family members should be arranged by
the doctor who diagnosed the initial case, and it should be
performed as soon as possible and without waiting, for ex-
ample, for confirmation of the meningococcal group in
the patient. In this case of special risk, vaccine should also
be given to infants younger than two years, who do bene-
fit at least from the group A component.

The tetravalent meningococcal vaccine is a good agent
against meningococcal epidemics. In non-epidemic per-
iods, however, most cases are caused by group B menin-
gococci, for which the present vaccine affords no protec-
tion. All attempts at producing a vaccine from the PS of
group B have been futile. The recent demonstration of
structures in the human brain that cross-react with anti-
bodies to the group B PS suggests that there is a good ba-
sis for immunological tolerance to this PS. Alternative
vaccines, based on other surface structures of the menin-
gococci, are being explored, but so far we have no group
B vaccine that has shown a protective effect in man (16,
17).

Haemophilus influenzae

Almost all cases of invasive H. influenzae infection — be it
meningitis, epiglottitis, arthritis, pneumonia or septice-
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mia — are caused by type b bacteria whose capsular PS is a
ribosyl-ribitol-phosphate polymer. This H. influenzae
type b polysaccharide gives rise to good protective im-
munity in children vaccinated when 18 months-old (3). It
was, however, without effect in infants and younger chil-
dren.

Since H. influenzae type b meningitis peaks between six
and 18 months of age, much work has been devoted to im-
proving the immunogenicity of the PS in order to extend
the protective efficacy to a younger age. This may be diffi-
cult, since even natural H. influenzae type b infection, in-
cluding meningitis, does not give rise to an anti-H. in-
fluenzae type b response in children younger than 18
months (18). The most promising approach may be cova-
lent conjugation of the H. influenzae type b PS to a pro-
tein carrier (10). This is expected to change the PS to a
more protein-like immunogen, that would give rise to a
response of IgG antibodies that could be boostered. How-
ever, the first tests of the immunizing ability of this PS in
human infants are only now being done. If they prove
promising, a field trial will probably still be necessary to
establish protection. Furthermore, such chemically mod-
ified vaccines have so far not been used in man, and
therefore the potential vaccine will have to undergo quite
extensive testing for safety. Thus, even in the most opti-
mistic case, it will take several years before we can plan
on a general use of H. influenzae type b vaccine in young
infants.

In contrast, the H. influenzae type b PS vaccine is ready
for use in older children. It is protective and safe. Fur-
thermore, a four-year follow-up of children vaccinated
with it at ages ranging from three months (when it was not
protective) to five years of age showed that it had no un-
toward late effects (19). Most importantly, there was no
indication of immunological tolerance, even in the infants
who were too young to respond to the vaccine (20). The
administration of this PC vaccine to children at 18 months
of age, followed by a second dose two years later, could
prevent more than half of all serious H. influenzae type b
infections (19). It would be cost-effective in the short-run
in terms of the costs of hospitalization of the acute cases
(3), but its main impact would be in preventing the neuro-
logical and psychological sequelae that are common after
bacterial meningitis (21).

Pneumococcal Vaccine

The protective efficacy of PS vaccines against pneumo-
coccal pneumonia was established in man 40 years ago
(22). It is most likely that protection from meningitis
would be equally good. The pneumococci causing such
serious infections can be of many different serotypes/
groups, and therefore vaccine development is aimed at a
polyvalent vaccine containing capsular PS of all the com-
mon types. Until recently, a 14-valent vaccine has been
available that covers 80% of all pneumococci isolated
from infections (23). A new 23-valent formulation that
has an even better coverage is now being introduced and
is the vaccine of choice (24).
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In industrialized countries, pneumococcal meningitis is
rather rare, and vaccination to prevent it might not be jus-
tifiable. However, the fact that the same vaccine would
prevent pneumococcal pneumonia, which is much more
common, changes the situation completely. Pneumococ-
cal pneumonia is most serious in elderly people (who also
have an increased risk of pneumococcal meningitis), and
vaccination is recommended for all people aged 65 or
over. Revaccination should be considered ten years later.
Persons at a very high, special risk of serious pneumococ-
cal infections are all those with defective spleen function —
primarily those splenectomized — and it is very important
that they should all receive the vaccine. In these patients
the antibody response is also partially affected, and there-
fore their serum antibody levels decline more rapidly than
normal (25). For this reason it may be useful to revacci-
nate these patients sooner than normally recommended.
The optimal interval is still being investigated; it may be
three or five years. In contrast, immunocompromised pa-
tients who also have an increased risk of pneumococcal
(as well as of other) infections have less benefit from the
pneumococcal vaccine because of their poor ability to re-
spond with antibody production (5).

In many developing countries, pneumococcal meningitis,
like other serious pneumococcal infections, are much
more common. In such a setting, the vaccine given at two
years of age, combined with revaccination some years lat-
er, would be of great benefit. Unfortunately, the vaccine
is quite expensive for this purpose.

The pneumococcal vaccine is not recommended for chil-
dren younger than two years. This is because several of its
components, especially those of serogroups 6 and 23, im-
munize very poorly in young children (26). The situation
looks rather similar to that with the H. influenzae type b
PS; it remains to be seen whether similar methods of im-
proving immunogenicity will work for all these.

Neonatal Meningitis

The bacteria causing meningitis in the newborn are a
completely different set from those discussed above. Two
bacteria are of prime importance: Escherichia coli of the
capsular type K1, and streptococci of group B. The K1
capsule is chemically and antigenically identical to that of
group B meningococci, and thus no vaccine is available or
can readily be found. The group B streptococci are also
encapsulated and fall into five capsular serotypes, all with
a related chemical structure. Since neonatal meningitis
has been shown to occur in the babies of mothers without
antibodies to the group B streptococci (27), it would be
essential to induce a good response in all mothers. Vac-
cination trials suggest that these PS may not be able to in-
duce an antibody response in all those vaccinated (28).
The logistics of administering vaccine to women before
they become pregnant have also not been solved. Thus,
the possibilities of preventing neonatal meningitis by vac-
cination in the near future do not look very good.
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