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Prospects for the prevention
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Most suppurative infections of the meninges are caused by five bacterial species:
Escherichia coli, Haemophilus influenzae type b, Streptococcus pneumoniae,
Neisseria meningitidis, and group B streptococcus. The immune response of adults
to pneumococcal capsular polysaccharides has been studied in great detail and their
responses to meningococcal and H. influenzae type b capsular polysaccharides are
quite similar. Immune responses of adults to E. coli and group B streptococcal
antigens are disappointing. The responses of children below the age of 7 years
differ both quantitatively and in duration. Early experience shows that useful antibody
titres can be achieved with certain antigens butfurther studies are required. In order
to prevent bacterial meningitis by immunization, three vaccine formulations will
need to be developed. When epidemic meningococcal disease occurs in a population,
the vaccine containing only components of the meningococcus would be applied to
a large segment of the population to terminate the epidemic. The second vaccine
would contain components ofH. influenzae type b, pneumococcus, and the meningo-
coccus and would be administered in the first year of life, and repeated at suitable
intervals to maintain life-long immunity. The third vaccine, designed to prevent
neonatal meningitis caused by E. coli KJ andgroup B streptococci, would be admin-
istered to women preferably during the third trimester ofpregnancy, so that their
offspring would inherit sufficient antibodies to protect them during the first 3 months
of life.

The vaccine against the meningococcus is a reality and has been used extensively
during major epidemics, with excellent results. The two vaccines for control of
endemic bacterial meningitides do not exist as yet, but the prospects are good.

Numerous laboratories have studied the potential value of polysaccharide vaccines for
the prevention of diseases caused by encapsulated bacteria.a Considerable progress has
been made; and hence, it is timely to review the accomplishments and to plan the application
of these new tools for the prophylaxis of disease. This article is limited to a consideration
of the prevention of bacterial meningitis. With the development of stable vaccines to
prevent meningitis due to group A and group C Neisseria meningitidis (meningococcus),
epidemic disease by these organisms can now be controlled. The recent emergence of
penicillin-resistant pneumococci as well as the appearance of plasmid-mediated multiple
antibiotic resistance in Haemophilus influenzae and in Neisseria gonorrhoeae (gonococcus),
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an organism of the same genus as the meningococcus, emphasizes the need to develop
vaccines for the prevention of endemic as well as epidemic bacterial meningitis.

EPIDEMIOLOGY OF BACTERIAL MENINGITIS

A great variety of bacteria may give rise to suppurative infections of the meninges.
The majority of such infections, however, are caused by five bacterial species. In the USA,
during the first 10 weeks of life purulent meningitis is mainly due to infection with Escherichia
coli KI or group B streptococcus. Meningeal infection with these organisms is quite
uncommon after 3 months of age. At this time, however, meningitis caused by H. influenzae
type b, Streptococcus pneumoniae (pneumococcus) and Neisseria meningitidis becomes
prevalent. For most countries, the precise incidence of bacterial meningitis is not accurately
known; however, for the USA relatively reliable data are available. One way of viewing
the extent of the problem is to calculate, for a cohort of 1000 newborn, the number of
individuals likely to contract bacterial meningitis in the course of their lives. Approximately
1-2 of them will develop neonatal meningitis. During the first five years of life, approx-
imately 3.8 more children will be afflicted with H. influenzae type b meningitis; and, during
the life span of the cohort, at least 1 additional child will develop either meningococcal
or pneumococcal meningitis, assuming the absence of an epidemic. From these estimates
it is probable, therefore, that at least 6 children will develop some form of bacterial meningi-
tis, 1 will die, and 2 will be left with serious neurological deficits.

As a general rule, bacterial meningitis is an endemic disease, the rates being relatively
constant in any particular area of the world. The exception is meningococcal meningitis,
the incidence of which can vary enormously from a low endemic rate of 2 per 100 000 to
as high as 400 per 100 000 per annum, or more. More than 90% of meningococcal disease,
whether it be sepsis or meningitis, is caused by three serological groups, groups A, B, and C.
Meningococci belonging to other serogroups are, however, very commonly found in the
nasopharyngeal flora. Recently in some countries during periods when a low endemic
incidence has prevailed, groups Y and W-135 have become more prominent and have been
the cause of as much as 10% of meningococcal disease. Epidemic meningococcal disease
is usually caused by group A meningococci. However, in military establishments or other
closed populations, serious outbreaks of group C meningococcal disease have occurred;
and one major epidemic caused by this serogroup has arisen in an open population. Group B
meningococcus generally does not cause widespread epidemics but endemic or hyperendemic
disease may occur.

In Finland, Sweden, and the USA, H. influenzae type b is the leading cause of bacterial
meningitis. This situation is probably also true in many other countries. In addition, this
organism causes epiglottitis, arthritis, and pneumonitis. Unfortunately, about a third of
the patients who survive H. influenzae type b meningitis suffer from severe permanent
neurological deficits despite vigorous antimicrobial therapy. Recently, plasmid-mediated,
multiple-antibiotic-resistant strains have been isolated from patients, re-emphasizing the
need to prevent the disease. Nearly half the cases occur in children under the age of 2 years
and most of the remainder by 5 years of age.

In addition to lobar pneumonia, pneumococci cause a wide variety of diseases, among
them purulent meningitis. While there are 83 recognized types of pneumococci, approx-
imately 90% of the disease they cause is associated with only about 18 serotypes. This
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finding is true for both pneumococcal meningitis and pneumonia; and, with some exceptions,
the same types cause both diseases. The age-distribution of pneumococcal meningitis
resembles that of meningococcal meningitis: while it is primarily a disease ofyoung children,
it also affects older children and adults. About one-third of the cases of pneumococcal
meningitis occur in the first 2 years of life. Infants and children cured of this disease are
frequently left with crippling sequelae.

Approximately 80% of E. coli strains isolated from the spinal fluids of neonates with
meningitis belong to a particular capsular type, namely KI. The Ki polysaccharide is
chemically identical to the group B meningococcal polysaccharide. Disease caused by
E. coli KI occurs during the first few days of life and its prognosis, in regard to mortality
and fitness of the survivors, is very grave. In addition, Ki strains are also an important
cause of neonatal sepsis and of urinary tract infections at all ages.

In recent years, the importance of group B streptococcal neonatal infections has
increased.a This organism is also an encapsulated bacterium and four different capsular
polysaccharides are recognized: Ia, Ib, II, and III. Streptococcal neonatal disease has been
subdivided into early- and late-onset disease. The former occurs in the first five days of life,
is characterized frequently by sepsis without meningitis, and is caused primarily by types
Ia and III. Late-onset disease occurs after five days but rarely after ten weeks and manifests
itself primarily as meningitis caused by type III.

THE IMMUNE RESPONSE TO POLYSACCHARIDE VACCINES

The immune responses of adults to pneumococcal capsular polysaccharides has been
studied in great detail. The responses of adults to the meningococcal and the H. influenzae
type b capsular polysaccharides are quite similar. The usual vaccine dose is 50 ug given
subcutaneously. Serum antibodies rise to peak values within 2-3 weeks of vaccination. The
response is long-lasting with antibodies frequently still measurable 10 years after immuniza-
tion. There is little, if any, interference with the immune response to any one polysaccharide
component when it is given in a mixture, with as many as 14 different polysaccharide
components. A second dose of vaccine causes a minimal anamnestic response, and gen-
erally the titres will not rise above those seen after the first immunization. IgM, IgG, and
IgA antibodies are produced, and the IgG antibodies tend to show IgG subclass restriction
and limited heterogeneity. The immune responses of adults to group B meningococcal
polysaccharide and to E. coli KI antigen are very disappointing; only a few individuals
show a response. The immunogenicity of the group B streptococcal type antigens has not
yet been investigated, although it is known that natural antibodies to them may exist in
maternal and cord sera and may provide protection to the neonate.b

Children from about the age of 7 years have immune responses to polysaccharides that
are essentially like those seen in adults. Below that age, however, their immune responses
differ both quantitatively and in their duration. The reasons for this unusually slow matura-
tion of immune responsiveness are not known. Two factors have been considered, and both
may play a role. First, the maturation of the immune response may depend on prior

a PATTERSON, M. J. & HAFEEZ, A. E. Group B streptococci in human disease. Bacteriological reviews, 40:
774-792 (1976).

b BAKER, C. J. & KASPER, D. L. Correlation of maternal antibody deficiency with susceptibility to neonatal
group B streptococcal infection. New England journal of medicine, 294: 753-756 (1976).
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sensitization by contact with cross-reactive antigens as encountered on non-pathogenic
unrelated bacteria. In addition, in experimental animals at least, there is evidence for the
modulation of the responses to polysaccharide antigens by T suppressor cells. The H.
influenzae type b polysaccharide is a very poor immunogen during the first year of life, and
significant immune responses are seen in children only after the age of 18 months. The
response to group C meningococcal antigen is similar, except that the population is some-
what responsive under the age of 1 year. With neither polysaccharide can a greater response
be induced by a second dose of vaccine at an early age. The immunogenicity to a single
dose of meningococcal group A vaccine is also relatively low. This vaccine differs radically
from the previous examples, however, in that a second dose will elicit a very significant
antibody response in children up to the age of2 years. Thereafter, as in adults, the secondary
response is no higher than the primary response. It is possible, therefore, to produce
significant antibody titres in very young children by giving them the vaccine twice with an
interval of 3 months.

The immune responses of young children to the pneumococcal type-specific polysaccha-
rides are under investigation. They apparently respond to a number of types, such as 1, 3,
4, 8, 9, and 51 (US classification). On the other hand they respond poorly to a number of
other types, such as 6, 12, 14, 19, 23, and 56.

VACCINES FOR CONTROL OF EPIDEMIC MENINGITIS

Group A, Group C, and to a lesser extent Group B meningococci are capable of causing
major epidemics. The serological classification of meningococci is based upon their capsular
polysaccharide antigens and the chemistry and structure of these antigens has been deter-
mined in detail (see Table 1).

Table 1. Structure and composition of the meningococcal capsular antigensa

Serogroup Repeating unit Linkage 0-acetyl Location of0ucontent acetyl groups

A 2-acetamido-2-deoxy-D-mannopyranosyl phosphate alpha 0.7 C3 of mannosamine
1 -_6

B D-N-acetylneuraminic acid alpha none
2 -- 8

ci + D-N-acetyineuraminic acid alpha 1.3 C7 and C8 of
2 _-* 9 sialic acid

ci - D-N-acetylneuraminic acid alpha none
2 -_9

X 2-acetamido-2-deoxy-D-glucopyranosyl phosphate alpha none
1 -_.4

Y 4-0-a-D-glucopyranosyl-D-N.acetylneuraminic acid alpha 1.1 unknown
2 -_6

Z' 7-0-a-D-acetamido-a-deoxygalactopyranosyl-2-keto- beta 1.0 C4 and C5 of KDO
3-deoxy-D-octulosonic acid 2 -*3

W-1 35 4-0-a-D-galactopyranosyl-D-N-acetyineuraminic acid alpha none
2 -_ 6

a Summarized from published data of Dr H. Jennings and colleagues.
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The first meningococcal vaccine to be used on a wide scale was the group C vaccine
which was tested for efficacy in military recruits in the USA. The vaccine consisted of the
purified high molecular weight capsular polysaccharide of an organism carrying the Cl +
antigen, namely the O-acetylated variant, and it is still the component of group C vaccine.
The controlled field trials carried out in young adults proved that the vaccine was 90%
effective in preventing group C meningococcal disease. Controlled field trials were also
carried out in the city of Sao Paulo in Brazil under epidemic conditions, and the results
indicated that the vaccine was able to prevent disease in those above the age of 2 years, but
not in children below that age.

The group A vaccine, consisting of purified capsular polysaccharide in high-molecular
weight form, could not be tested in the USA because group A disease has been almost
nonexistent in that country for 30 years. The first field trial was carried out in schoolchildren
in Egypt and demonstrated that the vaccine was highly effective. Since then, the vaccine
has been tested also in South African adults, in the Sudan in a population ranging in age
from 1 year upwards, and among military recruits in Finland. In all instances, the protection
observed was 90% or better.

It has also been shown that the group A vaccine is effective in young children, most
probably even in the first year of life. In a number of trials carried out during epidemic
conditions in Finland, children from the ages of 3-18 months were vaccinated twice, and
children up to the age of 5 years only once. The group as a whole was protected by the
vaccine.a In addition to the controlled field trials mentioned, combined group A and C
vaccine was administered to the majority of the population of Brazil during a very severe
epidemic. The epidemiology of the disease following the immunization campaign suggests.
strongly that the vaccine was instrumental in terminating the epidemic.

There is considerable information to indicate that both the group A, the group C, and
the combined vaccine are nontoxic. In the course of the immunization campaigns in Brazil
and in other countries, over 120 million individuals received the vaccines without a single
fatality or any long-term sequelae attributable to them. The toxicity of the vaccines appears
to be related to the content of meningococcal endotoxic lipopolysaccharide which, with
the present manufacturing process, is almost negligible.

Two major problems remain to be solved: as yet the group C vaccine is not effective
in children below the age of 2 years; and no vaccine against group B meningococci has
been field tested. These areas are under intense study. For instance, the immunogenicity
of the non-O-acetylated group C antigen (Cl-) has been studied in adults, and has been
found to be excellent; and the antibodies raised were bactericidal for all group C strains
tested. Its immunogenicity in children under the age of 18 months is under investigation
to establish whether two doses of this antigen will be effective in raising protective levels
of antibodies. The problem of group B vaccine is under investigation from several aspects.
Study of meningococcal surface proteins has led to the development of a system of sero-
typing and to the recognition that a few serotypes, in particular serotype 2, are associated
with virulence. This protein antigen has been purified and is protective in experimental
animals. Other surface proteins are also under investigation. In addition, efforts are being
made to understand and to circumvent the poor immunogenicity of the group B meningo-
coccal and E. coli Kl polysaccharides. For example, it has been found that the Kl poly-
saccharide may be produced by the organism either with (K1+) or without (K1 -) O-

a PELTOLA, H. ET AL. Clinical efficacy of meningococcal group A vaccine in children three months to five years
of age. New England journal of medicine, 297: 686-691 (1977).
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acetyl groups. Preliminary evidence indicates that the O-acetylated Ki antigen is more
immunogenic and merits further study.

VACCINES FOR THE PREVENTION OF ENDEMIC DISEASE

To become generally accepted a vaccine for routine use must have very low toxicity
and be highly effective. Polysaccharide vaccines fulfil the first criterion admirably. Such a
vaccine must contain, in addition to the meningococcal antigens, the H. influenzae type b
polysaccharide and 14 or more pneumococcal polysaccharide antigens. Inclusion of
meningococcal group Y and W-135 antigens is also desirable.

The composition and the exact structure, of the H. influenzae type b antigen is known.
It contains ribitol phosphate and ribose and the structure is 3-fl-D-ribose-(l- l)- + -ribitol-
5-phosphate. This antigen is immunogenic in adults and in children over the age of 18
months. Below that age, however, its immunogenicity is disappointing. Its effectiveness has
been studied in field trials in Finland and in the USA. In agreement with the serological
data, excellent protection was seen only in children over the age of 2 years. Several ways
of enhancing the immunogenicity of this material are under investigation. In the first place,
methods are being developed to produce this antigen with a much higher molecular weight.
Alternatively, " native polysaccharide-outer membrane complexes " have been found to
be significantly more immunogenic in laboratory animals; their composition, reproducible
isolation, and standardization are under study. Lastly, the use of adjuvant materials such
as a carrier protein to complex the antigen in order to invoke a T cell-dependent-type
response is under consideration.

Pneumococcal vaccine for the prevention of lobar pneumonia is a licensed product
and is a tetradecavalent vaccine. As indicated before, surveillance data show that, with
few exceptions, the types of pneumococcus that cause pneumonia are also the ones that
cause meningitis. There is considerable interest in extending the benefits of this vaccine
to young children for the prevention of otitis media. Several of the serotypes have already
been shown to be acceptable immunogens in young children. For those that are not,
inclusion of adjuvants is under investigation.

VACCINE FOR THE PREVENTION OF NEONATAL MENINGITIS

Immunization with the Kl polysaccharide has been discussed above. Animal protection
studies and opsonocytophagic tests have demonstrated that antibodies to the group B
streptococcal capsular-type antigens have protective effects. It has been shown also that
neonates who acquire type III disease are born of mothers with low levels of antibody to
this antigen.a The chemical compositions of the polysaccharide type antigens are known
and all four contain glucose, galactose, N-acetyl glucosamine, and sialic acid. Other sugars
have also been reported. The linkages have not been determined. The production of the
antigens in quantity is under study, as is their immunogenicity in human subjects.

As a result of experience with teratogenic effects ascribable to drugs and other substances
used by mothers during pregnancy, there is reluctance to propose a vaccine to be given to
pregnant women. Reasons for hesitation are: potential teratogenicity, induction of antigen-
specific tolerance in the fetus, or abortifacient effects. In the case of the meningococcal

a BAKER, C. J. & KASPER, D. L. Correlation of maternal antibody deficiency with susceptibility to neonatal
group B streptococcal infection. New England journal of medicine, 294: 753-756 (1976).
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polysaccharide antigens, it has been demonstrated that infants born of pregnant women
immunized during the mass campaign in Brazil had a normal response to the vaccine
during the first year of life. The advantages of immunizing mothers as part of their prenatal
care in contrast to vaccinating women planning to become pregnant are considerable.
The immunization would be given during the third trimester to avoid the early critical
phases of gestation and to ensure that antibody levels were high at the time of delivery.
Careful follow-up studies should be carried out to ensure that this procedure does not
compromise the pregnancy and or causes ill effects to the fetus.

RESUMI

Prevention de la meningite bacterienne par les vaccins polyosidiques:
Experience et perspectives

La meningite bacterienne est due principalement a cinq especes de bacteries capsul6es:
Escherichia coli, Haemophilus influenzae type b, Streptococcuspneumoniae, Neisseria menin-
gitidis et Streptococcus groupe B.

Si les epid6mies causees par les m6ningocoques (N. meningitidis) peuvent maintenant
etre aisement enrayees par l'administration a de vastes groupes de population des vaccins
anti-meningocoques A et C, il n'en va pas de meme pour les formes end6miques de la
maladie dues a d'autres agents bacteriens, dont certains (notamment les pneumocoques et
H. influenzae) ont recemment fait preuve d'une resistance simple ou multiple aux antibio-
tiques.

Selon les donn6es recueillies aux Etats-Unis d'Amerique, l'infection y est, jusqu'a l'age de
dix semaines, dueleplussouvent'aE. coliKI ouau streptocoquedugroupeB (avecuneincidence
de 1 ou 2 pour 1000) et, apres l'age de trois mois, a H. influenzae, S. pneumoniae ou N. meningi-
tidis; seraient frappes a un moment ou l'autre de leur vie (mais surtout pendant les 5 premieres
annees) 6 individus pour 1000, chez lesquels seraient enregistr6s 1 deces et 2 cas de s6quelles
graves. L'incidence des formes end6miques de la maladie varie peu dans le monde en general,
mais l'infection 'a meningocoques peut osciller entre 2 et400 pour 100000 par an. N. meningiti-
dis, serogroupe A, est g6neralement a l'origine des epidemies; toutefois, des meningocoques
du groupe C ont recemment provoqu6 des poussees dans diverses collectivit6s, militaires
ou autres. Quant au serogroupe B, il demeure le plus souvent associe & la maladie endemi-
que. Bien que les groupes A, B et C soient le plus frequemment en cause, on a r6cemment
constat6 une percee des groupes Y et W-135. La meningite due a H. influenzae type b est la
forme la plus frequemment diagnostiqu6e en Finlande, en Suede et aux Etats-Unis et il est
probable qu'elle presente une incidence analogue dans de nombreux autres pays; elle peut
entrainer de graves troubles neurologiques permanents chez le tiers environ des survivants,
et des souches r6sistantes aux antibiotiques ont ete r6cemment isol6es chez des individus
atteints (dont pres de la moitie ont moins de 2 ans, la presque totalit6 des cas frappant le
groupe d'age 0-5 ans). Pour ce qui est des pneumocoques, 18 serotypes principaux - sur
les 83 qui sont connus- sont a l'origine de la meningite purulente aussi bien que de la pneu-
monie; elle frappe a peu pres les memes groupes d'age que l'infection a m6ningocoques -
soit, a concurrence d'un tiers des cas, les nourrissons et enfants jusqu'a 2 ans - et elle
laisse souventdessequelles invalidantes. Chezdes nourrissons atteints de meningite a E. coli, on
a isol6 des souches presentant un polyoside capsulaire KI chimiquement identique a celui
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du meningocoque du groupe B. Cette bacterie provoque une forme tres grave de la maladie
avec d'importantes sequelles chez les survivants, et elle cause egalement des septicemies
neonatales ainsi que des infections des voies urinaires a tout age. Les infections neonatales
dues a des streptocoques du groupe B sont en augmentation. Ces agents peuvent presenter
4 types differents de polyosides capsulaires (la, Ib, II et III). Les types la et III sont deceles
dans des septicemies sans manifestations meningees les 5 premiers jours de la vie, alors que

le type III est principalement a l'origine de meningites diagnostiquees entre le sixieme jour
et la onzieme semaine.

La r6ponse immunitaire aux polyosides capsulaires du pneumocoque de N. meningitidis
des serogroupes A et C et de H. influenzae type b, bien etudiee chezl'adulte, est equivalente
pour les trois especes de bacterie. On recourt habituellement a l'administration sous-

cutan6e de 50,ug, qui suscite la formation d'anticorps seriques atteignant un titre maximum
en 2-3 semaines. Cette immunite est durable puisqu'on peut encore la mesurer dix ans plus
tard. L'immunisation secondaire n'entraine pas une amelioration sensible de la reponse.

La reponse a des polyosides meningococciques du groupe B ou al'antigene d'E. coli KI
est tres decevante chez les adultes. En ce qui concerne les antigenes streptococciques du
groupe B, on sait seulement que le nouveau-ne peutetre proteg6 par des anticorps naturels
maternels. A partir de 7 ans, on constate chez les enfants une reponse immunitaire a peu

pres analoguea celle des adultes, maisil n'en va pas de meme auparavant, sans qu'on ait
pu encore en deceler les raisons. Aucun des polyosides ou antigenes examines n'ont suscite
une reponse satisfaisante pendant la premiere annee de la vie. Toutefois, le vaccin anti-
m6ningocoque du groupe A,a la difference des autres, permet d'obtenir une production
d'anticorps tres significative apresl'administration d'une deuxieme dose pourvu qu'elle
intervienne avantl'age de 2 ans. On peutdonc proteger les nourrissons et jeunes enfants
contre les infections a m6ningocoques du groupe A au moyen de deux injections de vaccin
a 3 mois d'intervalle, et on a pu ainsi combattre efficacement uneepid6mie en Finlande.
Des travaux sont en cours sur lareponse a divers types de polyosides pneumococciques chez
les jeunes enfants, mais les types pour lesquels celle-ci est la plus faible sont precisement les
plus fr6quemment a l'origine de l'infection.

Le premier vaccin essay6 sur une grandeechelleetait un vaccin anti-meningocoque du
groupe C, prepare avec un polyoside capsulaire de poids moleculaireeleve, qui s'estrevele
efficacea 90% chez des militaires am6ricains ainsi qu'au cours d'uneepidemie au Bresil.
Un vaccin analogue contre le meningocoque du groupe A a &6 essay6 avec succes chez des

ecoliers 6gyptiens ainsi que dans diverses populations en Afrique et en Finlande, etil a

partout confer6 une protection d'au moins 90%. Enfin, un vaccin associe anti-menin-
gocoques des groupes A et C aete utilise avec de bonsresultats lors d'uneepidemie due a

ces deuxserogroupes au Bresil. Les procedes de fabrication actuels de ces vaccins permettent
de r6duire a un niveau n6gligeable la toxicite qui pourraitresulter de la presence d'une
antitoxineresiduelle dans le polyoside. Deux grands problemes restent toutefois aresoudre:
I'absence d'efficacite du vaccin anti-meningocoque du groupe C chez les enfants de moins de
2 ans etl'essai sur le terrain du vaccin anti-meningocoque du groupe B. L'antigene du
groupe C exempt d'O-acetyle (C -) peut susciter chez les adultes la formation d'anticorps
agissant sur toutes les souches de bacteries du groupe C utilisees dans lesepreuves. On
etudie son immunog6nicit6 chez les enfants de moins de 18 mois avecl'administration
de deux doses. Dans le cadre des travaux pour la mise au point d'un vaccin anti-menin-
gocoque du groupe B, on a pu 6tablir que certains s6rotypes, notamment leserotype 2, ont
un caractere de virulence. L'antigeneserotypique correspondant protege efficacement les

516



POLYSACCHARIDE VACCINES FOR PREVENTION OF BACTERIAL MENINGMS

animaux d'experience. On poursuit l'etude des proteines de surface, ainsi que les recherches
visant a elucider les causes de la faible immunogenicite des polyosides des meningocoques
du groupe B et de E. coli KI. On a deja etabli que I'antigene KI +(O-acetyle) avait une effi-
cacite superieure a I'antigene KI -(sans groupe O-acetyle).

Les vaccins polyosidiques ont l'immense avantage d'une tres faible toxicite. De nouvelles
recherches sont cependant necessaires pour mettre au point un vaccin pour l'immunisation
de routine contre les divers types d'infections mening6es endemiques. On s'efforce notam-
ment de produire un antigene d'H. influenzae type b de poids moleculaire plus eleve; des
travaux sont en cours sur les complexes polyosidiques de la membrane externe, qui semblent
presenter une plus forte antigenicite. L'emploi eventuel d'un adjuvant prot6inique pouvant
susciter une re'ponse au niveau des cellules T est aussi 'a 1'tude. On examine d'autre part
la possibilite d'employer le vaccin antipneumococcique existant pour prevenir chez les
jeunes enfants l'otite moyenne. On sait que les anticorps maternels contre E. coli KI ou le
streptocoque du groupe B conferent une protection au nouveau-ne; la possibilite d'immu-
niser les futures meres au cours du troisieme trimestre de la grossesse est donc a 1'etude.
On a pu constater, a l'occasion de la campagne de vaccination de masse pour enrayer
l'epidemie a meningocoques au Bresil, que les femmes enceintes qui avaient reru le vaccin
conf6raient une protection a leur enfant pendant sa premiere annee. L'immunisation des
meres est toutefois une mesure a n'appliquer qu'avec la plus grande prudence.

En resume, les travaux doivent se poursuivre en vue 1) d'ameliorer encore le vaccin
a utiliser pour enrayer les epidemies dues aux meningocoques; 2) de mettre au point un
vaccin associe contre H. influenzae type b, S. pneumoniae et N. meningitidis, a administrer
au cours de la premiere annee de la vie, avec rajpels ulterieurs; et 3) de disposer d'un vaccin
pouvant immuniser les femmes enceintes afin de pr6venir la meningite n6onatale causee
par E. coli KI ou Streptococcus groupe B.
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