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ABSTRACT: Infection with Streptococcus pneumoniae remains a major global health
burden meaning the development of effective vaccines is urgently needed. The current
23-valent polysaccharide vaccine has been shown to prevent pneumococcal pneumonia
in immunocompetent young adults, but not in elderly persons.

However, in prevention of invasive pneumococcal disease, the vaccine is efficacious in
the elderly and may also be effective in some groups of immunocompromised patients.
The polysaccharide vaccine is, therefore, recommended in all older (=>55-65 yrs of age)
adults and in young children (>2 yrs of age) who have a high risk for pneumococcal
disease. Revaccination can be safely performed and is recommended 5 yrs after the first
dose.

In children <2 yrs of age, the new polysaccharide-protein conjugate vaccines,
including 7-11 serotypes, seem to be effective in the prevention of invasive disease,
severe pneumonia and serotype-specific (and vaccine-related types) otitis media. The
low serotype coverage, need for repeated doses, and high price, may decrease the
usefulness of the new conjugates. However, the included serotypes correspond to those
most often associated with penicillin resistance and vaccination is, therefore, a possible
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tool in limiting the spread of antibiotic-resistant pneumococci.
Eur Respir J 2001; 18: 184-195.

Infection with Streptococcus pneumoniae remains a
major cause of morbidity and mortality in all age
groups, being the most common cause of otitis media,
community-acquired bacterial pneumonia, and bac-
terial meningitis [1, 2]. The burden of disease is
greatest among young children and the elderly.
Although the exact incidence is not known, it has
been estimated that pneumococcal pneumonia causes
at least 1 million deaths yearly in children <5 yrs of
age, with most occurring in the developing world [3].
Severe pneumococcal infections are most often the
result of dissemination of bacteria to the bloodstream,
the central nervous system, or other normally sterile
sites. The incidence of such "invasive pneumococcal
disease" has been estimated at 15-30 per 100,000
inhabitants per year in developed countries, with the
highest rates among persons =65 yrs of age (=50/
100,000) and children aged <2 yrs (>150/100,000)
[1, 4]. Being based mostly on blood cultures, these

figures are likely to be an underestimation of the true
incidence of invasive pneumococcal disease, since they
do not take into account persons from whom blood
cultures were never obtained or those where the
culture was performed after the start of antibiotic
therapy [5]. In adults, pneumococcal bacteraemia is
associated with pneumonia in 60-85%, meningitis
5-10% and no focal infection in 5-10% of the cases,
respectively, while in young children the most frequent
finding is bacteraemia without focal signs of infection
[1, 6, 7]. Despite appropriate antibiotic therapy and
intensive care treatment, there is a considerable case-
fatality in pneumococcal bacteraemia, 15-20% among
the adults overall, with the highest rates among the
elderly and patients with severe underlying medical
conditions [1, 4, 7]. Thus, pneumococcal diseases are a
major public health problem all over the world, a pro-
blem underlined by the rapidly spreading antimicro-
bial resistance to common and essential antibiotics.
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At the moment, vaccination is the only available tool
to prevent disease caused by S. pneumoniae.

Pneumococcal vaccines

There are currently two established approaches to
pneumococcal vaccination: capsular polysaccharide
vaccines and protein-polysaccharide conjugate vac-
cines. Of these, the polysaccharide vaccine has been
available for >15 yrs and for several different con-
jugate vaccines, clinical trials have recently finished or
are ongoing. One hepatvalent conjugate vaccine has
recently been licensed in some countries. In addition,
there is active research for improved vaccine formula-
tions. The research area is extensive, but includes
evaluation of possible adjuvants to the polysaccharide
or conjugate vaccines and of different protein antigens
common to all pneumococcal serotypes, as potential
vaccine candidates.

Capsular polysaccharide vaccines

Vaccine development. A pneumococcal vaccine, a
crude whole-cell vaccine, was developed for the first
time in 1911, 30 yrs after the isolation of S. preumoniae
[8]. During the next 30 yrs, with the realization that
the pneumococcus consisted of different capsular
serotypes, several studies with single type-specific
vaccines were performed. Based on studies with vac-
cines including two to four serotypes, two hexavalent
vaccines were marketed at the end of the 1940s. These
vaccines, however, were on the market only for a few
years because, at approximately the same time, anti-
biotics that were highly effective against pneumococci
became available, leading to a significantly reduced
mortality in pneumococcal disease and a general belief
that vaccines were no longer necessary. In 1964,
AusTrIAN and GoLD [9] demonstrated that this belief
was false, reporting that case-fatality rates in pneu-
mococcal bacteraemia were still very high despite
adequate antibiotic therapy. In their 10-yr study from a
large hospital in New York, ~25% of all patients with
bacteraemia, and nearly half of those aged >60 yrs,
died. Their findings revived the interest in pneu-
mococcal vaccines, and in 1977 a polysacccharide
vaccine including 14 capsular serotypes (14-valent)
was licensed for use in the USA. In 1983, this vaccine
was replaced by the current 23-valent vaccine. The
23-valent vaccine includes 25 pg purified capsular
polysaccharide antigens from each of 23 serotypes
(serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A,
12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and
33F) that represent ~90% of all serotypes that cause
invasive pneumococcal disease [1].

Immunogenicity. To date, 90 different serotypes of
S. pneumoniae have been described, based on antigenic
differences of the capsular polysaccharide [10]. These
antigens induce type-specific antibodies that enhance
opsonization, phagocytosis and killing of pneumococci
by phagocytic cells [1]. Polysaccharide antigens in-
duce antibodies primarily by a T-cell-independent

mechanism, meaning that children <2 yrs of age do not
respond or respond poorly to vaccination because of
their immature immune system. Otherwise, vacci-
nation in general induces a two-fold or greater rise of
serotype-specific antibody within 2-3 weeks [11]. The
antibody response is also satisfactory in most elderly
persons [12, 13], but a subset of those may respond only
to some of the 23 serotypes included in the vaccine [14,
15]. Furthermore, the functional activity (opsono-
phagocytosis and/or avidity) of postvaccination anti-
bodies may be lower in elderly than in younger persons,
even at similar levels of antibody titres [16]. Thus,
it is not surprising that it has not been possible to
clearly define a "protective level" of pneumococcal
antibodies [1]. In immunocompromised patients, the
antibody response is often low or even absent, while
persons >2 yrs of age with anatomical or functional
asplenia, or chronic diseases such as chronic obstruc-
tive pulmonary disease (COPD) or diabetes mellitus,
generally respond with levels comparable to those
observed in healthy persons.

Vaccine efficacy and effectiveness. There are two major
obstacles when trying to determine the efficacy of the
polysaccharide vaccine. Firstly, the lack of sensitive
and specific diagnostic methods for establishing the
diagnosis of pneumococcal pneumonia makes this an
unreliable end-point. However, since S. pneumoniae is
the major cause of community-acquired pneumonia,
this problem, which of course applies to prospective,
randomized studies, as well as to case-control or
indirect cohort studies, may be partly overcome by
using radiographically confirmed pneumonia as an
end-point. However, this, will require a much larger
sample size or a study population with a very high risk
for pneumococcal disease [17].

Secondly, because of the relatively low incidence of
invasive pneumococcal disease, a very large study
population will be required if this should be the end-
point of a prospective study [18]. However, this
obstacle may be overcome by the use of case-control
or indirect cohort studies [19, 20].

Thus, it is not surprising that the question of the
efficacy of the polysaccharide vaccine in prevention of
pneumococcal pneumonia in those who need it most
today (the elderly) remains unresolved, while it has
been convincingly shown that the vaccine prevents
against invasive pneumococcal disease in adults,
including the elderly.

Pneumococcal pneumonia. Before the license of
the 14-valent vaccine, two randomized, controlled
trials demonstrated a significant protective efficacy
of multivalent vaccines against pneumococcal pneu-
monia and radiographically confirmed pneumonia
among ~ 9,000 young, healthy, novice gold-miners in
South Africa [21, 22]. In another prelicense study,
performed with a 14-valent vaccine and including
~12,000 persons >10 yrs of age from Papua New
Guinea, the risk for pneumonia overall was the same
in the vaccine as in the placebo group, but there were
significantly fewer pneumonia deaths among those
who were vaccinated [23].

Since the license of the 14-valent vaccine, five large
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studies have been performed in elderly persons. The
results have been conflicting, with two in favour of the
vaccine [24, 25] and three showing no difference
between the pneumococcal vaccine group and the
control group [17, 26, 27]. Different approaches, for
example, the choice of study population, if the study
was placebo-controlled or not, and if so, the choice of
placebo, have been used in these five studies, making
the results difficult to compare. The study by GAILLAT
et al. [24], which included 1,686 elderly persons from
~50 French geriatric hospitals or homes for the
elderly, used the 14-valent vaccine and was random-
ized, but was not placebo-controlled or blinded. In
addition, the few cases of pneumonia during the study
period indicated either an uncommonly low incidence
(2%) for that population, or a low detection rate.

An American study by SIMBERKOFF et al. [20]
included ~2,300 ambulatory patients at Veterans
Administration hospitals, who were >55 yrs of age
and had an increased risk for pneumococcal disease.
The power of this study was lowered by an unex-
pectedly low incidence of pneumococcal pneumonia
(all types), 0.4% instead of a calculated annual rate
of 1%.

Two Finnish studies have used the approach of
giving pneumococcal vaccine plus influenza vaccine to
the vaccine group and influenza vaccine only to the
control group. The first study by Koimvura et al. [25]
was performed during the first half of the 1980s, but
took >10 yrs to publish. In this study, using the 14-
valent vaccine in ~2,800 persons =60 yrs of age
recruited from the community, no significant protec-
tion was found against pneumococcal pneumonia,
15% (95% confidence interval (CI), -43-50%). There
was a protective efficacy of 56% (95% CI, 3-80%) in a
subgroup of persons with a high risk for developing
pneumonia, but the CI was wide, almost reaching
zero, and the efficacy in the low-risk group was nearly
the opposite, -66% (95% CI, -257-23%). For pneu-
monia overall, no protection could be demonstrated,
either for the group as a whole or for any of the
subgroups. The second Finnish study used the 23-
valent vaccine and included nearly 27,000 persons
=065 yrs of age in Northern Finland in 1992-3 [27].
During the follow-up period of 38,037 person-yrs,
there were 261 cases of radiographically verified
pneumonia (83% admitted to hospital) and 35% of
those were diagnosed as pneumococcal pneumonia,
mostly by serology. Since influenza is a major risk
factor for pneumonia, the inclusion of influenza
vaccination in both groups may have left less room
for protection by the pneumococcal vaccine. The

results were, therefore, presented as the "incremental"
effectiveness of the pneumococcal vaccine given
simultaneously with the influenza vaccine over influ-
enza vaccine given alone during the influenza season.
As can be seen in table 1, no protection against pneu-
mococcal pneumonia or pneumonia overall could be
demonstrated. In addition, a subanalysis performed
outside the influenza season, showed that the rela-
tive risk for pneumococcal pneumonia or pneumonia
overall was similar, with no difference between the
two groups.

ORrTQVIST et al. [17] performed a multicentre,
randomized, placebo-controlled, blinded study of the
23-valent vaccine in 693 persons, 50-85 yrs of age,
who had a history of previous admittance to hospital
because of community-acquired pneumonia. Using a
Cox regression analysis, no difference could be
demonstrated for the primary end-points, pneumonia
overall and pneumococcal pneumonia, between the
two groups during a total follow-up period of ~ 800
person-yrs. The incidence of diagnosed pneumococcal
pneumonia in this population was lower than the
pretrial calculations, which somewhat lowered the
power of the study. However, the assumption that S.
pneumoniae cause =50% of all community-acquired
pneumonia in the elderly is also likely to have been
true for the patients in that study, and is supported by
the fact that pneumococci was the causative agent in
60% of those with an established aetiological diag-
nosis. Therefore, it is likely that only a very limited
protective efficacy would have been demonstrated in
this patient group. Middle-aged and elderly persons
with a high risk for pneumonia are, of course, groups
where effective vaccines are the needed most, but
these results [17] may not be applicable to the gene-
ral population of the same age. Although overtly
immunocompromised patients were not included, the
higher risk of pneumonia in patients who had already
been hospitalized for this disease [28] may, in some
cases, have been due to a partially deficient general or
local immune defence and a poorer response to
vaccination. To analyse this further, the magnitude
(geometric means) of postvaccination antibody titres
and antibody pre-post vaccination increases have been
compared in patients from the vaccination study who
developed a new pneumonia with those without
recurrences [29]. The type-specific antibodies to types
1, 4, 14, 18C, 19F, and the combined geometric mean
antibody titre of these five antigens were measured
and it was found that patients who responded to the
combined antigens with an antibody fold increase
of =4, or a high postvaccination antibody titre

Table 1.—Outcome rates per 1000 person-yrs, relative risk and incremental effectiveness of vaccine versus control group

Vaccine group*

Control group”

Relative risk  Incremental effectiveness

(95% CI) (95% CI)
n Rate-1000-yr! n Rate-1000-yr!
Pneumonia 145 7.4 116 6.3 1.2 (0.9-1.5) -20 (-50-10)
Pneumococcal pneumonia 52 2.7 40 2.4 1.2 (0.8-1.9) -20 (-90-20)
Pneumococcal bacteraemia 2 0.06 5 0.17 0.4 (0.1-1.9) 460 (-40-90)

Adapted from [27]. CI: confidence interval. *: pneumococcal + influenzae vaccines;

*

: influenzae vaccine only.
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(>12 ug'mL™"), had a significantly lower risk for
recurrent pneumonia than poor responders.

In summary, the results of prospective trials in the
elderly are inconclusive as they do not clearly show
that the pneumococcal vaccine is efficacious in the
prevention of pneumococcal pneumonia, nor convin-
cingly demonstrate a lack of protection. This conclu-
sion is also supported by two meta-analyses, although
they are both somewhat limited as they only include
studies published before 1987 [30, 31].

Performing cohort studies including high-risk sub-
jects with a high event rate is one way to increase
the power of vaccination studies. Recently, a 2-yr
retrospective cohort study assessing the health effects
in elderly persons with chronic lung diseases was
published [32]. The authors studied a cohort of
members of a managed care organization who were
>65-yrs-old and had a diagnosis of chronic lung
disease. Out of the 1,898 subjects of the cohort, those
who had received a pneumococcal vaccination (67%)
were compared with unvaccinated subjects for two
outcomes, hospitalizations for pneumonia or influ-
enza, and deaths all causes. A multivariate model
was used to control for covariates and potential con-
founders. Pneumococcal vaccination was found to be
associated with a significantly lower risk for pneumo-
nia and influenza hospitalizations, relative risk (RR)
0.57 (95% CI 0.38-0.84), and death, RR 0.71 (95% CI
0.56-0.91). Although interesting, this study has severe
limitations. Some of these were appropriately pointed
out by the authors and include significant differences
in baseline characteristics between the two study
groups. The unvaccinated subjects were older and
had significantly more comorbid conditions such as
heart disease, stroke/dementia, cancer, liver disease
and a history of pneumonia. Further, only 56% of the
unvaccinated group received influenza vaccination
compared to ~80% of those who had been vaccinated
with the pneumococcal vaccine. This is crucial since
influenza vaccination alone has been shown to reduce
the need for hospitalization due to influenza and
pneumonia and lower the risk of death [33-36]. What
the authors do not comment upon is why hospitaliza-
tion for influenza was included as an end-point in a
pneumococcal vaccine study. In total, there were 174
hospitalizations (it is not evident whether subjects
were admitted more than once) for pneumonia or
influenza during the 2-yr outcome period. It is not
stated how many of these were caused by influenza.
Neither is the absolute number of patients hospita-
lized for pneumonia stated, or the RR for this
occurrence outside the influenza season. Even when
using multivariate statistical methods it is difficult
to see how the effects of influenza and pneumococcal
vaccination could be separated, without at least
analysing the outcome during the influenza-free
period.

Large-scale intervention studies are another way of
addressing the problem of power in vaccination trials.
In Stockholm County, Sweden, a 3-yr intervention
study is ongoing with the aim to immunize as many as
possible of ~250,000 persons =65 yrs of age with both
influenza (yearly) and pneumococcal vaccines [37].
This is a nonrandomized, observational, cohort study,

where need for admission to hospital for influenza,
pneumonia overall, pneumococcal pneumonia and
invasive pneumococcal disease will be compared
between immunized and nonimmunized patients.
The immunized patients personal-identification code
is entered into a database and then matched with the
four main end-point discharge diagnoses, accord-
ing to the International Classification of Diseases,
Tenth Revision (ICD-10-CM), from all hospitals in
Stockholm County. In the first study year (1998),
100,242 persons (39% of the target population) received
the influenza vaccine (n=99, 401) and/or the pneumo-
coccal vaccine (n=77, 018). During the first six-month
observation period, December 1998 to May 1999, the
incidence of hospital treatment was significantly lower
in the vaccinated than in the unvaccinated cohort for
all end-points; 46% lower for influenza, 29% for
pneumonia overall, 46% for pneumococcal pneumo-
nia and 50% for invasive pneumococcal disease. These
data are promising, but work is now ongoing to
address some crucial questions, the most important
being the comparability of the vaccinated and
unvaccinated groups, but also, of course, the outcome
during influenza-free periods.

Invasive pneumococcal disease. In contrast to pneu-
monia, there is strong evidence that the polysac-
charide vaccine is effective in preventing invasive
pneumococcal disease. In young adults and adults
of mixed ages, the prospective trials using a 13- or
14-valent vaccine performed during the 1970s in
South Africa and Papua New Guinea, showed ~ 80%
effectiveness in prevention of bacteraemia or bacter-
aemic pneumonia [21, 23]. A meta-analysis of nine
prospective studies, including 40,431 patients, per-
formed during 1966-1987, confirmed these findings
and concluded that the vaccine is efficacious in the
prevention of bacteraemic pneumonia among low-
risk adults, defined as <55 yrs of age and healthy
[30]. Effectiveness in case-control studies and indi-
rect cohort studies, also including elderly persons,
have generally ranged from ~50-80% [19, 20,
38-40] (table 2). The only exception [38] may be
explained by a relatively small sample size and an
incomplete ascertainement of vaccination status of
patients. Interestingly, a similar protective efficacy,
60-80%, in prevention of invasive pneumococcal
disease in the elderly was found in two of the most
recent prospective trials, although in both studies,
the number of patients with bacteraemia was too
small to obtain a statistical significance [17, 27]. In
the Swedish study there were five bacteraemic pati-
ents in the control group versus one in the vaccine
group, and the corresponding figures in the Finnish
trial were five versus two patients, respectively.

The indirect cohort study from the Centers for
Disease Control (CDC) [20] indicated that the vaccine
may also be effective in patients with underlying
immunocompromising diseases (table 2). However,
these results were based on the fact that patients
with different diseases were grouped together. Since
the number of patients in each category was small, the
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Table 2. —Case-control and indirect cohort studies of pneumococcal vaccine effectiveness in prevention of invasive

disease
Reference Population studied Case/ Study design  Type of infection % Efficacy or
controls effectiveness*
n (95% CI)
[38] Patients admitted to a Veterans  89/89 Case-control  Bacteraemia -21 (-221-55)
Administration Centre
[39] Patients >55 yrs of age 122244 Case-control  Invasive infection” 70 (37-86)
admitted to hospital
[19] Patients >18 yrs of age 983/983 Case-control  Invasive infection
admitted to hospital All patients 56 (42-67)
Immunocompetent patients 61 (47-72)
Immunocomopromized patients 21 (-55-60)
Persons aged 65-74 yrs (yr <3)' 80 (51-92)
Persons aged 65-74 yrs (yr 3—5g+ 71 (30-88)
Persons aged 65-74 yrs (yr >5) 58 (-2-83)
Persons aged 75-84 yrs (yr <3)T 67 (20-87)
Persons aged 75-84 yrs (yr 3-5)* 53 (-15-81)
Persons aged >85 yrs (yr <3)T 46 (-31-78)
[20] Patients >5 yrs of age 515/2322 Indirect cohort Bacteraemia and/or meningitis
with pneumococcal All patients 57 (45-66)
bacteraemia or meningitis Moderate risk patients” 49 (23-65)
High risk patients** 49 (22-67)
Patients aged >65 yrs 75 (57-85)
[40] Patients >2 yrs of age 85/152 Case-control  Bacteraemia 81 (34-94)

with a chronic illness, or
=65 yrs of age

*: For prevention of infection with serotype included in the vaccine; *: isolation of Streptococcus pneumoniae from a normally

sterile site; ' efficacy during the first three after vaccination;

- efficacy during yr 3-5 after vaccination; % efficacy during yr

>5 yrs after vaccination; 7: including persons >5 yrs of age with chronic, but not immunocompromizing illnesses, and those
aged 65 yrs or more without underlying illness; **: including sickle-cell anaemia, anatomic asplenia, dysgammaglobulinae-
mia, haematological, and several other immunocompromizing conditions. CI: confidence interval.

CI became very large and included zero for most of
the diseases when analysed separately.

The question of the protective efficacy of the polysac-
charide vaccine in the prevention of invasive disease in
children is unresolved [3]. The case-definition of two
of the case-control and indirect cohort studies
included small children, although it was not clear
how many, if any children were included [20, 40]. With
the exception of a study in Papua New Guinea,
indicating that the vaccine is also efficacious in
children <2-yrs-old [41], this field has been poorly
explored. However, an indirect cohort analysis of
invasive pneumococcal disease in 48 vaccinated and
125 unvaccinated children, 2-5 yrs of age, with an
underlying chronic disease, was recently published
[42]. This study showed an overall effectiveness of the
vaccine of 63% (95% CI, 8-85%). If only serotypes not
included in the heptavalent conjugate vaccine (see
later) were included in the analysis, the effectiveness
was as high as 94% (95% CI, 45-100%). One reason
for the low interest in polysaccharide vaccine in
children has probably been the ongoing development
of the new protein-conjugate vaccines [3]. However,
the high vaccine price and need of repeated doses are
likely to make an extensive global use of the conjugate
vaccines very difficult. This, together with the limited
number of serotypes that, at the moment, are tech-
nically possible to include in the conjugate vaccines,
creates a strong argument for re-evaluation of the
polysaccharide vaccine in children.

In patients with human immunodeficiency virus

(HIV) infection, S. pneumoniae is the most commonly
identified bacterial pathogen causing pneumonia, and
this patient group have a 10-100 times higher risk for
pneumococcal pneumonia and bacteraemia than non-
HIV infected persons [43-47]. In communities with a
high prevalence of HIV infection, the large percent-
age of patients with pneumococcal disease may be
attributable to the number of patients who are HIV-
positive [48, 49]. Despite the higher risk, the mortality
in invasive pneumococcal disease does not seem to be
higher in infected than in non-HIV infected persons,
which may be due to the fact that the former are often
young, do not have other underlying diseases, and
receive prompt attention by medical care [46, 47, 50].
Conflicting results have been obtained concerning the
immunogenicity of the pneumococcal polysaccharide
vaccine in HIV infected patients. However, HIV-
positive patients seem to respond less well to vaccina-
tion than healthy adults, at least for some serotypes,
whereas it is unclear if there is a correlation between
the magnitude of the response and the patients CD4+
T-cell counts [51, 52]. So far there are few data
concerning the efficacy of the polysaccharide vaccine
in HIV-positive patients. A recent double-blind, ran-
domized, placebo-controlled clinical trial showed that
the vaccine was ineffective in 1,392 HIV-1 infected
Ugandan adults, aged 15-55 yrs [53]. In fact, all-cause
pneumonia was significantly more frequent in the
vaccinated group, which made the authors specu-
late whether the vaccine might even have been harm-
ful in this population. In slight contrast to this, a
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retrospective case-control study performed in the
USA demonstrated protection against invasive pneu-
mococcal infections among White but not Black HIV-
infected adults [54].

Adverse reactions, duration of antibodies and revac-
cination. The pneumococcal polysaccharide is a safe
vaccine [1]. Although mild local reactions usually last-
ing <48 h are common, moderately severe systemic
reactions such as fever and myalgias are uncommon,
and severe systemic reactions, for example anaphy-
laxia, are extremely rare [1, 30, 55].

Following vaccination there is a slow but steady
decline of serotype-specific antibody titres and prevac-
cination levels are generally reached within 5-10 yrs
[1, 56, 57], although the rate of this decline varies and
may be more rapid in some groups, for example the
elderly [58]. Since the polysaccharide vaccine is T-cell-
independent, an anamnestic response does not occur
at revaccination, but there is a significant increase in
antibody levels, albeit sometimes to a slightly lower
level than after the primary dose [59].

To the present author’s knowledge, there are no
studies on the clinical effectiveness of the polysacchar-
ide vaccine following revaccination. This lack of
knowledge, which is basically a lack of knowledge
concerning serologic correlates of protection, is prob-
ably partly the reason why revaccination has not been
commonly advocated. However, a more important
reason may have been the fear of an increased risk of
adverse reactions. Earlier studies of revaccination
have shown an increased risk of severe local reactions
of the arthus-type in patients receiving their second
dose <2 yrs after the first one, while no such increase
was seen if the second dose was given after >4 yrs [1].
These findings seem logical, since the level of prevac-
cination antibodies in patients receiving their first dose
have been shown to be associated with the risk for
both local and general adverse events [60]. However, a
recent comparative intervention study of adverse
reactions in persons 50-74 yrs of age receiving their
first pneumococcal vaccination (n=901) versus those
who were revaccinated (n=513), >S5 yrs after a
primary dose, has clarified that prevaccination anti-
body levels are much more important than the time
period that has elapsed after vaccination [61]. No
serious or unexpected adverse events occurred and
systemic symptoms were equally rare (e.g. fever
>38.6°C, 0.4-1%) in the two groups. However, the
risk of a local reaction of more than 10.2 cm in
diameter within two days of vaccination was signifi-
cantly higher in revaccinated persons (11%) than in
those receiving their first dose (3%). These reactions
resolved by a median of 3 days following vaccination.
This increased risk was seen in immunocompetent but
not immunocompromised persons. The risk of local
reactions was significantly correlated with the pre-
vaccination antibody concentrations, irrespective of
whether it was a primary or revaccination. Interest-
ingly, in immunocompetent persons who were revac-
cinated, the risk of adverse events was not correlated
with the number of years since first vaccination, only
to prevaccination antibody concentrations, thus

illustrating that the rate of decline of antibody levels
varies from person to person.

In conclusion, following revaccination there is no
increased risk of severe systemic reactions than after
the primary dose, only for relatively mild local ones.
Thus, the risk of adverse events does not represent a
contraindication for a single revaccination.

One problem which may be encountered is which
patient groups should be revaccinated and when.
According to the recommendations of the Advisory
Committee on Immunization Practices (ACIP) in the
USA this is a complicated question [1]. ACIP states
that routine revaccination of immunocompetent per-
sons is not recommended. Revaccination is only re-
commended in those >2 yrs of age who are at highest
risk of serious pneumococcal infection and are likely
to have a rapid decline of antibody levels, provided
that 5 yrs have elapsed after the first dose. This latter
group includes patients with asplenia, HIV infection
or other immunocompromising diseases or treat-
ments. Further, revaccination of persons >65 yrs of
age is only recommended if they received their first
dose =5 yrs previously and before the age of 65 yrs.
The author believes the ACIP recommendations to be
unnecessarily complicated and contradictory to an
improved implementation of the vaccine. Given the
knowledge of the steady antibody decline after
vaccination, the low risk of adverse events following
revaccination and the low cost of the polysaccharide
vaccine, it would be logical to recommend revaccina-
tion to all patient groups where the primary vaccina-
tion is recommended. If the increased risk of adverse
events in immunocompetent persons is a concern,
revaccination could, in this group, be performed after
~10 yrs, by which time it is likely that most persons
have reached their prevaccination antibody levels.
Further, the study of SHAPIRO et al. [19] showed that
the significant protection against invasive disease in
the elderly vaccinated with the pneumococcal vaccine,
lasted <5 yrs for those immunized between 65-74 yrs,
and <3 yrs for those immunized between 75-84 yrs
(table 2). Why then, should an elderly person who
received a primary vaccination at the age of, for
example, 66 yrs, not be revaccinated?

The question of whether vaccination with the
polysaccharide vaccine should be repeated more
than once remains unanswered. Very little is known
about the immune response and safety following
repeated revaccinations.

Conjugate vaccines

Immunogenicity. In contrast to pure polysaccharide
antigens, polysaccharide-protein-conjugate vaccines
have also been shown to induce antibody production
and an immunological memory in very young children
with an immature immune system [62, 63]. The immune
response to protein antigens is T-cell-dependent, so
that a covalent coupling of the pneumococcal poly-
saccharide to a protein carrier induces T-helper cells to
stimulate polysaccharide specific B-cells to develop
into either antibody producing plasma cells or memory
cells. Conjugate vaccines including 7-11 serotypes are
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under evaluation in clinical trials, and a 7-valent
vaccine has recently been licensed in some countries.
The 7-valent vaccines include serotypes 4, 6B, 9V, 14,
18C, 19F, 23F and cover ~50-80% of the serotypes
causing invasive pneumococcal infections in children.
In the 9-valent and 11-valent vaccines, serotypes 1 and
5, and 3 and 7V, respectively, have been added. By
these additions a 70-90% coverage could be achieved in
most regions of the world [64]. Several carrier proteins
have been used, tetanus toxoid, diphteria toxoid,
CRM197 protein and meningococcal outer membrane
protein, and although some differences have been
shown between these vaccines, concerning, for exam-
ple, dose-response and avidity, they generally produce
a significant antibody response, antibodies with a high
functional activity, and prime for memory response in
the very young [62, 63, 65-68]. To induce antibody
production in early infancy, three doses are needed for
some serotypes (6B and 23F), while one dose may be
enough for other serotypes (14, 18C, 19F) [62]. The
conjugate vaccines have also been shown to produce
salivary anticapsular antibodies in infants and reduce
nasopharyngeal carriage of pneumococcal serotypes
included in the vaccine [62, 69-72]. This reduction of
carriage is potentially very important from a clinical
point of view, since the pneumococcal serotypes most
often associated with penicillin resistance are included
in the 7-valent vaccine. However, at the same time, a
relative increase in carriage rates of nonvaccine types
has been observed, raising some concern that the
incidence of infections caused by such types may
increase.

Conjugate vaccines also seem to be able to induce
an immunoglobulin G (IgG) response in immuno-
compromised children infected with HIV [73], and in
older children with recurrent infections, and who have
not responded to the 23-valent polysaccharide vaccine
[74]. In contrast, studies performed with conjugate
vaccines in adults have largely been unsuccessful, in
that the magnitude of the antibody rise seems to be
approximately the same as that following vaccination
with the 23-valent polysaccharide vaccine [75-78]. Two
probable explanations of this have been proposed [62];
firstly, adults may have high pre-immunization anti-
body titres due to previous infections, resulting in
poor increases, and secondly, the antigen content of
each serotype is much lower in the conjugate vaccine
(usually 1-5 pg-serotype™) than in the polysaccharide
vaccine (25 pg-serotype™!). In addition, the functional
capacity of the antibodies induced by the conjugate
studies, as well as the possibility of obtaining a
booster effect by repeated immunizations, has been
poorly studied in adults. That repeated vaccination is
of potential importance was illustrated by a study of
adults genetically incapable of responding to poly-
saccharide antigens [79]. In five of seven subjects, an
excellent IgG response was seen after a series of
vaccinations with protein-conjugated polysaccharide
vaccines, ending with an octavalent diptheria toxoid
preparation. Thus, it is clear that further studies with
the conjugate vaccine are warranted in adults.

Safety and efficacy. Two large clinical trials have
recently been reported, one from California [6, 80, 81]

and one from Finland [82]. Both studies showed that
the 7-valent pneumococcal vaccine, containing sero-
types 4, 6B, 9V, 14, 18C, 19F, 23F, conjugated to
CRM197, was safe and immunogenic. BLACK ef al. [6]
studied 37,868 children in Northern California, who
were randomly assigned 1:1 to receive either the pneu-
mococcal CRM197-conjugate vaccine or a menin-
gococcal CRM197-conjugate vaccine at 2, 4, 6, and
12-15 months of age. The main end-point was the
occurrence of invasive pneumococcal disease caused by
vaccine serotype, and other outcomes included pneu-
monia and otitis media. The vaccine proved to be
highly efficacious in the prevention of invasive disease,
moderately efficacious in the prevention of pneumonia,
and showed a significant, but low-level efficacy in the
prevention of clinical visits or episodes of otitis media
[6, 81] (table 3). There were nine cases of invasive
disease caused by nonvaccine serotypes, six in the
control group (serotypes 3, 6A, 11A, 18B, 19A, 38)
and three in the vaccine group (serotype 10F and
two type 38). Thus, no increase of nonvaccine types
in the vaccine group could be demonstrated, even if
the vaccine-related types (types 6A, 18B, 19A) were
discounted.

In the Finnish study, acute pneumococcal otitis
media was verified by myringotomy and bacterial
culture [82]. In the double-blind, randomized study,
1,662 children received either the pneumococcal-
conjugate vaccine or hepatitis B vaccine (control), at
2,4, 6, and 12 months of age. For all episodes of acute
otitis media there was a 6% (95% CI, -4-16%)
reduction in the vaccine group, as compared to the
control group, which, although not statistically signi-
ficant, was of the same magnitude as in the Californian
study. Nearly 700 episodes of pneumococcal otitis
media were diagnosed, irrespective of serotype, and
in this group the vaccine was 34% (95% CI, 21-45%)
efficacious. Serotype-specific pneumococcal otitis media
was diagnosed in 107 of 786 children in the vaccine
group, compared to 250 of 794 children in the control

Table 3.—Efficacy in 'Intent to treat’ analysis of a 7-valent
pneumococcal CRM197-conjugate vaccine versus control
(meningococcal CRM197-conjugate vaccine) in prevent-
ion of invasive pneumococcal disease, pneumonia and
otitis media

Disease/Infection n Efficacy
Invasive disease
Serotype-specific 52 94 (80-99)
Regardless of serotype 61 89 (74-96)
Pneumonia
Clinical diagnosis 1066 11 (1-21)
Radiograph verified 115 33 (7-52)
Consolidation* 26 73 (38-88)
Otitis media
Visits 73041 8 (5-11)
Episodes 52789 6 (4-9)
Frequent otitis media® 5451 9 (4-14)
Ventilatory tube placement 432 20 (4-34)

Data presented as % (95% confidence interval). *: Con-
solidation with a diameter of >2 cm visible on radiograph;
#. >3 episodes during 6 months or >4 episodes during 1 yr.
CI: confidence interval. Adapted from [6] and [81].
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group, corresponding to an efficacy of 57% (95% CI,
44-67%). The efficacy against vaccine-related sero-
types (types 6A, 9N, 18B, 19A, 23A) was 51% (95%
CI, 27-67%), while the reverse was seen for all other
types, with an increase of 34% (95% CI, 0-81%) in the
vaccine group compared to controls.

Thus, the results so far with the conjugate vaccine in
children <2 yrs of age have been very promising for
invasive disease, severe pneumonia and serotype-
specific (and vaccine-related types) otitis media.
Although the efficacy of the conjugate vaccine in
prevention of otitis media overall seems to be only
marginal, it has been estimated that as many as 2
million episodes of this disease could be prevented
each year in the USA by a widespread vaccination [6].
However, perhaps the most important potential
benefit of the conjugate vaccine is the possibility of
preventing carriage and infection with those pneumo-
coccal serotypes mostly associated with antibiotic
resistance. Of course, many questions remain; the
optimal dosage of the vaccine, the duration of protec-
tion, the need for booster doses with the conjugate or
the polysaccharide vaccines, if herd immunity can be
induced, and if there will be a replacement of
nonvaccine types [62]. In addition, the usage of the
vaccine in other patient groups, for example immu-
nocompromised patients and elderly persons, needs
further study.

Several more trials are ongoing, or in the process of
being started, in South Africa [72], among Native
Americans in the USA, in the Netherlands, Israel,
Chile, the Gambia and the Philippines.

Future prospects of new pneumococcal vaccine formu-
lations

The use of adjuvants is one possible way of
improving the immunogenicity of pure polysaccharide
antigens, but also of polysaccharides converted to
T-cell-dependent forms by protein-conjugation. In
mice treated with interleukin-12 (IL-12) and then
given pneumococcal polysaccharide vaccine, there is a
significantly enhanced response of both IgG2a, the
murine isotype most efficient in mediating comple-
ment fixation and opsonization, and IgG3 [83]. This
cytokine has also been shown to enhance cell-
mediated immunity through the activation of T and
natural killer (NK) cells. These results suggests that
IL-12 might also be useful as an adjuvant to increase
the protective efficacy of the pneumococcal vaccine
in humans. However, the results from a recent phase
I/IT randomized, double-blind study were disappoint-
ing [84]. Co-administration of 1 pg or 4 ug of re-
combinant human IL-12 (rh-IL-12) compared to
placebo (23-valent pneumococcal vaccine alone), did
not significantly increase total IgG or antibody iso-
type concentrations nor the antibody avidity, but was
associated with high incidence of both local and
systemic side-effects. During the last decade, a lot of
work has been done to develop vaccines against pro-
tein antigens common for all pneumococcal serotypes.
The most studied so far is the surface protein A
(PspA) [85]. This molecule is highly immunogenic and

antibodies to PspA have been shown to protect
against pneumococcal infections in mice [86-88]. A
recent study demonstrated that antibodies to PspA are
present in human sera, both in adults and children
[89]. Children 7-36 months of age with invasive
pneumococcal infection, had significantly lower anti-
body levels than those with other infections, indicat-
ing that PspA antibodies might play a role in
protection against pneumococcal disease. Other pos-
sible protein vaccine candidates are pneumococcal
surface adhesin A (psaA), choline-binding protein A
(cbpA), and S. pneumoniae secretory immunoglobu-
lin-A (IgA) binding protein (SpsA), proteins all
probably involved in the process of bacterial adher-
ence [90-92], and further, two proteins of importance
for the virulence of the bacteria, pneumolysin [93] and
neuramidase [85]. However, no large trials have been
performed in humans with any of these vaccine
candidates, and their potential usefulness in clinical
practice remains unknown.

Cost-effectiveness of pneumococcal vaccination

Previous studies on the cost-effectiveness of vacci-
nation with the pneumococcal polysaccharide vaccine
have been hampered by the incorrect assumption that
the efficacy of the vaccine in prevention of pneumonia
in the elderly is of the same magnitude as that of
invasive disease [94, 95]. However, in a study from the
USA, the vaccine was shown to be highly cost-
effective and, in most instances, cost-saving in the
prevention of pneumococcal bacteraemia in persons
=65 yrs of age [96]. Because of differences between
the USA and countries in western Europe regarding
the organization and costs of healthcare, a similar
European multicentre study was performed in Bel-
gium, France, Scotland, Spain and Sweden [97]. This
study also demonstrated that the vaccine was cost-
effective, although only to an acceptable to moderate
degree, in preventing invasive disease in the elderly.
The main reasons for the more favourable results in
the American study, were that they assumed a higher
incidence of invasive disease, lower vaccine costs, and
higher hospitalization costs, than in the European
study. A cost-effectiveness study of the pneumococcal
conjugate vaccine has also been performed, based on
the effectiveness data from the Californian study [6,
81]. The results of this study indicate that the newly
licensed heptavalent conjugate vaccine may have the
potential to be cost-effective in the prevention of
invasive disease, pneumonia and otitis media, and
could result in net savings for society if the vaccine
cost was <$46 per dose [98].

Conclusions

The global health burden of pneumococcal diseases
creates an urgent need for an effective vaccine. The
effectiveness of the 23-valent polysaccharide vaccine
in the prevention of pneumonia is unclear, but it is
definitely efficacious and cost-effective in the preven-
tion of invasive pneumococcal disease in immuno-
competent persons, including the elderly, and may
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also be effective in some groups of immunocompro-
mised patients. The polysaccharide vaccine is, there-
fore, highly recommended in persons >2 yrs of age,
who have a high risk for pneumococcal disease, and in
all older (=55-65 yrs of age) adults. One revaccina-
tion, after 5 yrs have elapsed after the first dose, can
be safely performed and is recommended in all
persons who fulfilled the indications for primary
vaccination. Polysaccharide-protein-conjugate vac-
cines are effective in the prevention of invasive disease,
severe pneumonia and serotype-specific (and vaccine-
related types) otitis media in children <2 yrs of age,
and may be an effective tool in limiting the spread of
antibiotic resistant pneumococci. The conjugate vac-
cines can be recommended primarily in countries
where the coverage of included serotypes is high, or
where there is a substantial clinical problem with
penicillin-resistant pneumococci. A low serotype cover-
age, the need for repeated doses, and a high price, may
decrease the usefulness of the new conjugate vaccines
in many countries. The efficacy of the 23-valent poly-
saccharide vaccines in the prevention of invasive
disease in young children should, therefore, be re-
evaluated. The optimal usage of conjugate vaccines is
still largely unknown, and hopefully questions con-
cerning the duration of protection, need for booster
doses, herd immunity, and the risk for replacement of
nonvaccine types, will be answered by ongoing stu-
dies. In addition, the usage of the conjugates in other
patient groups, for example immunocompromised
and elderly patients, needs further study. Finally, the
"ideal" pneumococcal vaccine, probably based on a
protein antigen common to all serotypes, that is safe
and highly immunogenic in all age groups and also in
immucompromised persons is still awaited. However,
don’t forget to use the current vaccines while waiting!
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