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Abstract Streptococcus pneumoniae– the pneumococ-
cus– affects children and adults worldwide. Invasive
pneumococcal disease, including pneumonia, meningitis
and bacteraemia, has been linked annually to the deaths
of millions of children. The pneumococcus is also a
significant contributor to mucosal infections such as
acute otitis media and sinusitis. Though pneumococcal
infections can occur at any age, persons at greatest risk
include children younger than 2 years of age and adults
aged 65 years or more. Rates of pneumococcal disease
and the prevalence of pneumococcal serotypes vary by
geographic location and patient age. Accurate ascer-
tainment and sound epidemiological data are essential
for the rational development of effective programmes for
prevention and treatment. Pneumococcal resistance to
penicillin and other antibiotics has emerged rapidly in
recent years, highlighting the importance of vaccine
development. Newer pneumococcal vaccines, such as
those conjugated to protein carriers, can now overcome
the limitations of older polysaccharide vaccines. Such
conjugated vaccines induce excellent immune responses
even in infants and young children and they may also
reduce asymptomatic nasopharyngeal carriage of pneu-
mococci. Pneumococcal 7-valent conjugated vaccine
PNCRM7 contains common prevalent serotypes cou-
pled to a nontoxic diphtheria variant (CRM197). This
vaccine has demonstrated high efficacy against invasive
pneumococcal disease in clinical trials in infants and
young children and is currently licensed for use in the
United States and selected countries in Europe and
Latin America. Conclusion: across Europe, pneumo-
coccal infection is responsible for considerable morbid-
ity and mortality, particularly in the very young and the
elderly, groups whose members respond poorly to non-

conjugated vaccines. The advent of new conjugated
pneumococcal vaccines now offers an exciting opportu-
nity in developed countries to reduce both the current
burden of disease and the threat of rising antibiotic re-
sistance. Rolling out the use of such vaccines across
Europe must be accompanied by detailed ongoing sur-
veillance in order to detect any changes that might occur
in the pattern of pneumococcal serotypes.
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Introduction

The pneumococcus is a bacterial pathogen that affects
children and adults worldwide. It causes a wide spec-
trum of disease ranging from asymptomatic colonisation
of the nasopharynx and other mucosal surfaces, through
superficial infections including otitis media, sinusitis,
and exacerbations of chronic bronchitis, to invasive in-
fections including pneumonia, meningitis, and bactera-
emia [9]. Children under 2 years of age are particularly
susceptible [48,60], as are the elderly. In developing
countries, the pneumococcus is the most common bac-
terial cause of mortality in young children [29] and
pneumococcal disease has been linked annually to the
deaths of over 1 million children worldwide [10,61].

Benzylpenicillin is the drug of first choice in the
treatment of invasive pneumococcal infections, but in
recent years, resistance to penicillin and other antibiotics
has emerged. The reduced effectiveness of antibiotics
against pneumococcal infections has highlighted the
importance of the development of safe and effective
vaccines [9,61]. It has been suggested that approximately
50% of the deaths caused by this bacterial pathogen
could be prevented by vaccination [9]. Newer pneumo-
coccal vaccines, in which capsular polysaccharides are
conjugated to immunogenic proteins, can overcome the
limitations of the older plain non-conjugated polysac-
charide vaccines. These conjugated vaccines are capable
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of inducing an immune response in young children (<2
years of age) and reducing the rate of asymptomatic
carriage of pneumococci [15]. They are also likely to
offer a long duration of protection [11].

In this article, an overview is presented of the current
burden of pneumococcal disease in European children
(particularly the western countries), including the prev-
alence and consequences of antibiotic resistance, and
current methods for the prevention of pneumococcal
disease in young children are reviewed.

Rates of invasive pneumococcal disease
in western Europe

Rates of invasive pneumococcal disease in Europe vary
according to geographic location and patient age
(Table1) [18, 20, 24, 32, 34, 43, 49, 55, 56, 60, 62].
Generally, the incidence is higher in young children (<5
years of age) and the elderly (>65 years of age) than in
persons of other age groups. Children aged younger
than 2 years exhibit the highest incidence of invasive
pneumococcal disease [18, 20, 48, 60].

Pneumococcal capsular polysaccharide

The pneumococcus is a gram-positive encapsulated
coccus [61]. The capsule surrounding the microbe is a
critical virulence factor [35]. Extensive antigenic diver-
sity in the pneumococcal polysaccharide capsule serves

as the basis for serotyping [54]. At least 40 serogroups
comprising 90 serotypes have been recognised to date,
although only a fraction of these serotypes are com-
monly associated with invasive pneumococcal infection
[35]. Knowledge of the distribution of pneumococcal
serotypes causing invasive disease is important since it
permits evaluation of the potential impact of vaccines
containing specific serotypes. Although the distribution
of serotypes associated with pneumococcal disease can
vary according to geographic location and patient age
[30, 33, 45,51], current indications are that 11 serotypes
cause at least 75% of invasive disease in all regions [61].

The intact human immune system can generate
opsonic antibodies to pneumococcal capsular polysac-
charides that facilitate bacterial phagocytosis [35].
Pneumococcal polysaccharide antigens are type 2 T-cell-
independent antigens and thus the generation of mature,
antibody-secreting B-cells is accomplished independent
of T-cell assistance. However, B-cells of young children
(especially those aged less than 2 years) do not respond
effectively to these polysaccharide antigens. Conse-
quently, infants and young children do not develop an
effective immune response to the bacterial capsule, nor
do they respond adequately to pneumococcal polysac-
charide vaccines.

Several studies have been conducted to determine the
pneumococcal serotypes associated with invasive dis-
ease. Scott and associates [51] collated information from
over 7,000 episodes of invasive pneumococcal disease
from 13 different databases in Europe and the United
States. They concluded that the 12 most common sero-

Table 1 Incidence of pneumococcal disease in selected European countries

Country Year Reference Disease manifestation Age group Incidence/100,000
per year

Denmark 1981–1999 [34] Invasive pneumococcal disease <1 year 39.4 (17.5–58.8)b

<2 years 34.9 (13.7–54.8)b

2–6 years 5.5 (2.4–10.3)b

<7 years 13.9 (5.3–23.6)b

France 1987–1997 [24] Invasive pneumococcal disease All ages 9.5–10.5
Meningitis All ages 0.85–1.05

Finland 1985–1989 [20] Invasive pneumococcal disease Newborn–15 years 8.9 (<16 years)
24.2 (<5 years)
45.3 (<2 years)

Germany – [62] Meningitis <16 years 1.63
<1 year 10.74

Bacteraemia <16 years 1.75
Pneumonia <5 years 9.5

Greece 1995–1999 [56] Invasive pneumococcal disease <14 years 44 (<14 years)
100 (<5 years)

Italy 1994–1998 [49] Meningitis All ages 1.1 (Newborn–4 years)
The Netherlands 1990–1999 [55] Meningitis All ages 1.0–1.5

<5 years 8.2 (1999)
Bacteraemia <5 years 2.7–5.8(1991–98)

Sweden 1981–1996 [18] Bacteraemia and septicaemia All agesa 5.2–15.2
1991–1992 [32] <1 Month 3.6

Switzerland 1985–1994 [60] Invasive pneumococcal disease Newborn–17 years 2.7 (<17 years)
11 (<2 years)

United Kingdom 1996–1998 [43] Invasive pneumococcal disease <15 years 6.6 (39.7<1 year)
Meningitis 1.6 (15.7<5 years)

aAge of children not specified in the reference
bMean annual incidence (lowest rate to highest rate)
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groups in these regions were (in rank order): 14, 6, 19, 3,
23, 1, 9, 4, 8, 18, 7, and 5 (Fig. 1). These 12 serotypes
accounted for almost 81% of the pneumococcal strains
in the study. There were differences in serogroup distri-
bution based on age, gender, and geographic location.
For example, serogroups 6, 9, 14, 18, 19, and 23 were
most commonly observed in children from birth to 9
years of age. A study by Sniadack and colleagues [54]
included data from 19 individual studies conducted in 16
developed countries. These workers found serogroups
14, 6, 19, 18, 9, 23, 7, 4, 1, and 15 (in rank order) to be
the ten most commonly associated with invasive disease
in children. A comparison of serogroup prevalence in
the United States, Spain, Belgium, Finland, and Den-
mark demonstrated geographic differences (Table2) [54].
For example, Spain exhibited a high prevalence of se-
rogroup 23 whereas Denmark exhibited a much lower
prevalence of this serogroup. Serogroup 14 was un-
common in Spain but was quite common in other
countries.

Geographic differences in serogroup distribution
have also been observed between developed and devel-
oping countries [54]. In developing countries, the 11
most common serogroups were (in rank order): 6, 14, 8,
5, 1, 19, 9, 23, 18, 15, and 7. For example, the mean
prevalence of serogroup 5 was 8.5% in developing
countries but only 1.1% in developed countries, whereas
the mean prevalence of serogroup 4 was 0.9% and 3.7%,
respectively.

Hausdorff and associates [30] analysed geographic
differences in serotype distribution. In this analysis,
which included 72 worldwide data sets, results were
stratified by continent rather than by socio-economic
grouping. Because of the wide variation in age grouping
in these studies, young children were defined as those
with assumed protection from a diphtheria-pertussis-
tetanus immunisation schedule. This definition most
commonly included those aged 5 years and younger, but
for some studies it included those aged up to 18 years.

The analysis revealed that serogroups 4, 6, 14, 18, 19,
and 23 were implicated in 70% to 88% of invasive
pneumococcal disease in young children in North
America, Oceania, Africa, and Europe, and more than
65% of invasive pneumococcal disease in Latin America
and Asia. These six serogroups, together with sero-
groups 1 and 5, were responsible for 80% to 90% of
invasive pneumococcal disease in every continent except
Asia [30].

Invasive pneumococcal disease

Invasion of the lung parenchyma or direct dissemination
of pneumococci into the bloodstream may be followed
by pneumonia, meningitis, or bacteraemia [9] with
particularly high rates of disease in young children
(especially those younger than 2 years of age) [10, 57,61].
Other risk factors for invasive disease include male
gender, a history of frequent otitis media, underlying
immunodeficiency such as HIV infection, sickle-cell
disease, or functional/anatomical asplenia [51]. Invasive
pneumococcal disease can lead to death or serious
neurological impairment including hearing loss [29,52].

Fig. 1 Most common sero-
groups/types causing invasive
pneumococcal disease in
Europe and North America.
Reprinted with permission [51]

Table 2 Differences in serogroup prevalence (% of pneumococcal
disease) among some European countries and the United States.
Reprinted with kind permission from [54]

Serogroup Percentage of invasive pneumococcal disease

United States Spain Belgium Denmark Finland
14 27.3 2.6 28.6 13.4 21.5
6 17.1 17.4 7.8 20.1 18.4
19 14.2 17.4 15.6 10.4 17.4
18 9.3 4.8 9.1 16.5 7.6
9 7.2 4.8 9.0 6.7 6.0
23 7.1 15.0 5.2 2.4 7.3
7 1.6 3.0 6.5 6.7 8.5
4 6.7 2.4 2.6 1.8 6.0
1 1.1 3.0 5.2 6.7 0.0
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Pneumococcal pneumonia

Pneumonia is the most common cause of pneumococcal
death worldwide [61]. Most children diagnosed with
pneumococcal pneumonia require hospitalisation [58].
Mortality rates attributable to pneumococcal pneumo-
nia have been estimated to range from 10% to 20%,
while rates may exceed 50% for high-risk groups such as
young children and the elderly [61].

Pneumococcal meningitis

Pneumococcalmeningitis is a serious disorder that ismost
frequent in children aged less than 24 months and adults
aged 65 years or more [9]. Following the introduction of
theHaemophilus influenzae type b conjugated vaccine and
the subsequent reduction of H. influenzae meningitis,
S. pneumoniae has become the most common cause of
bacterial meningitis in the United States [53]. In develop-
ing countries, S. pneumoniae is associated with approxi-
mately 30% of cases of acute bacterial meningitis [44].

Pneumococcal otitis media

Pneumococci can induce acute otitis media and other
upper respiratory tract infections [9]. In certain areas of
the world, S. pneumoniae is a common cause of acute
bacterial otitis media with upwards of 40% to 50% of
cases attributed to this pathogen [25]. These infections
are associated with considerable morbidity and health
care costs due to the high number of physician visits and
the extensive use (and overuse) of antibiotics. In the
United States, 7 to 12 million cases of otitis media and
more than 15 million physician visits are attributed to
pneumococcal infections each year [59]. Sequelae may
include hearing loss, and occasionally, untreated otitis
media can lead on to serious complications such as
meningitis, chronic otitis media, and lateral sinus
thrombosis [47]. Chronic otitis media may require
treatment with tympanostomy tube placement. In the
United States, about 512,000 tympanostomy tubes are
inserted each year [12]. Identified risk factors for otitis
media include day care attendance, age younger than 2
years, and prior antibiotic treatment [25].

The incidence of S. pneumoniae infection varies
somewhat across geographic regions. In a French study
of 126 young children with acute otitis media who had
failed on oral antibiotic therapy, S. pneumoniae consti-
tuted almost 40% of bacterial isolates [25]. In a study by
Jacobs and associates [31], pathogens were isolated from
the middle ear fluid of 917 children with acute otitis
media from Eastern and Central Europe. S. pneumoniae
was reported in 35% of the patients compared with
21% of isolates from patients in Israel and 26% from
patients in the United States. When patients younger
than 12 months were analysed separately, S. pneumoniae
made up more than 60% of the isolates from Eastern

and Central Europe, but about 25% of those from Israel
and 30% of those from the United States [31]. Sero-
groups of S. pneumoniae that have been reported in
European studies of bacterial isolates from children with
otitis media include (in rank order) 6, 14, 19, and 23 [25].

Difficulties in disease management

The management of pneumococcal disease is compli-
cated by several factors including control of disease
transmission, the impact of antibiotic resistance, and the
limitations of 23-valent plain non-conjugated polysac-
charide vaccines.

Disease transmission

S. pneumoniae is often identified in the normal naso-
pharyngeal flora of healthy individuals [5]. The organism
may be carried for prolonged periods of time without
evidence of pneumococcal disease. Asymptomatic car-
riers can transmit the organisms via respiratory droplets
to other individuals [11]. Asymptomatic nasopharyngeal
carriage of pneumococci is widely prevalent among
young children and is an important factor in the devel-
opment and transmission of pneumococcal disease [22].
Risk factors for pneumococcal nasopharyngeal carriage
include young age, the presence of siblings younger than
2 years of age in a household, previous antibiotic con-
sumption, male gender, and day care attendance [27,
40,42].

Pneumococcal carriage rates vary according to age
and geographic region. Younger children are more likely
to be asymptomatic carriers than their older counter-
parts [11]. Appelbaum and associates [6] found that
approximately 30% of children from Central and East-
ern European cities were asymptomatic carriers of
pneumococcus. Most of these children were aged
younger than 5 years and most were either hospitalised
or attending outpatient clinics or day care centres. In a
study by Lopez and colleagues [40] of healthy 6-year-old
children in Northern Spain, 36% of children had posi-
tive cultures for S. pneumoniae. In an orphanage in
Northeastern Romania, carriage rates were as high as
70% in HIV-negative and HIV-positive children aged 4
to 12 months [38]. In a study of children in eight day care
centres in Israel, the overall pneumococcal carriage rate
was almost 80% [27]. In a study that followed 82 chil-
dren for the first 2 years of life, almost all of the children
(96%) carried one or more types of pneumococci at
some time during the observational period [28].

Antibiotic resistance

Pneumococcal antibiotic resistance presents a major
challenge to the clinician. Rapid increases in the
incidence of infection with penicillin-resistant S. pneu-
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moniae have been reported worldwide (Fig. 2) [3, 8, 13,
14, 26, 37,39]. In France, penicillin resistance amongst
pneumococcal strains increased during a 10-year period
(1987–1997) from less than 4% to more than 48% [24].
Similarly in Spain, rates increased from 6% in 1979 to
44.3% in 1989 [23]. Conversely, low levels of resistance
(<5%) have been reported in several northern Euro-
pean countries (e.g. Germany, Denmark, Sweden, The
Netherlands) [19, 34, 55,62]. The restricted use of anti-
biotics in those countries may account for this lower
prevalence of resistance.

Pneumococcal strains that are resistant to penicillin
are also more likely to be resistant to other classes of
antimicrobial agents [7]. In addition, the effectiveness of
b-lactam antibiotics in the treatment of infections due to
penicillin-resistant pneumococci is limited by the in-
ability of such drugs to achieve adequate levels in the
central nervous system. This has grave implications for
patients with invasive disease. Further, in countries and
regions where penicillin-resistant pneumococci fre-
quently cause meningitis, the empirical antibiotic treat-
ment of all cases of suspected bacterial meningitis may
need to be revised.

The proportion of pneumococcal isolates that are
antibiotic resistant is generally highest among preschool-
aged children [8]. Resistance has also been linked to
overuse of antibiotics and day care attendance [25,27].
In Italy, samples collected from nasopharyngeal swabs
of 3- to 5-year-old children in day care centres or out-
patient hospital clinics showed a high prevalence of
penicillin-resistant pneumococci (14%), erythromycin-
resistant pneumococci (60%), and multiple antibiotic-
resistant pneumococci (53%) [50].

Antibiotic resistance of pneumococci has important
implications for the treatment of acute otitis media. In
an evaluation of 170 isolates collected from middle ear
fluid in 126 children in France with a history of recurrent
otitis media, 77% of isolates exhibited reduced suscep-
tibility to penicillin [25]. While the clinical significance of
such reduced sensitivity has yet to be determined, the

findings could explain the increase in the incidence of
persistent acute otitis media, defined as an episode of
acute otitis media evolving for longer than 3 weeks de-
spite one or several courses of antibiotic treatment [41].
In France, a study of 475 children aged 3 months to 6
years was conducted to evaluate changes in the epide-
miological features of persistent acute otitis media over
15 years and to compare these features with those of
acute otitis media [41]. During the study period, among
cultures with positive results, the prevalence of S.
pneumoniae increased from 18% to 44% (P<0.001)
(Fig. 3) [41]. These pneumococcal strains became in-
creasingly resistant to penicillin over time. No resistance
was observed in cultures collected in 1989, but resistance
was present in 76% of cultures collected in 1993 and in
97% of cultures collected in 1996 (P=0.01). Pneumo-
coccal otitis media is less likely than other bacterial ear
infections to resolve without treatment. Pneumococcal

Fig. 2 Global escalation of
penicillin-resistant S. pneumo-
niae [3, 14, 26, 37,39]

Fig. 3 Prevalence of S. pneumoniae-positive cultures in children
with persistent acute otitis media and acute otitis media over a 15-
year period in France. Adapted from [41] with permission. Note
that during this same time period, S. pneumoniae cultures exhibiting
resistance to penicillin in children with persistent acute otitis media
increased from 0% (through 1989) to 100% (through 1996)
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resistance to antibiotic treatment may compound diffi-
culty in treating this condition successfully [25,31].
Strategies for reducing the morbidity associated with
acute otitis media may need to take into account the
impact of resistant pneumococci and the potential for
disease prevention by vaccination [17].

Reducing the emergence of antibiotic resistant
pneumococci can be achieved through more judicious
use of antibiotics by clinicians, education of the public
regarding the implications of needless or imprecise an-
tibiotic usage, and prevention of pneumococcal disease
through use of effective vaccines [16].

Limitations of the pneumococcal
polysaccharide vaccines

Effective vaccines could reduce greatly the worldwide
health care burden caused by pneumococci. Currently
available non-conjugated polysaccharide vaccines con-
tain 23 pneumococcal serotypes. They are ineffective in
infants and young children, but have been used to pre-
vent invasive pneumococcal disease in older children
and adults. Since non-conjugated polysaccharides are
T-cell-independent antigens, the antibody response is
limited and memory B-lymphocytes are not generated.
Infants and individuals with immature immune systems
or immune deficiencies are unable to respond effectively
to these vaccines. Additionally, these vaccines do not
decrease nasopharyngeal carriage of pneumococci nor
do they protect against otitis media [11,59]. In immu-
nologically responsive individuals, non-conjugated
polysaccharide vaccines are 60% to 70% effective in
preventing invasive disease, but evidence that protection
is limited can be found in a study that included 254
children of mean age 40.6 months with pneumococcal
pneumonia [58]. Although these children had pneumo-
coccal disease, 11% had received one or more doses of
the 23-valent non-conjugated polysaccharide vaccine
before their infection.

Future directions

Pneumococcal disease constitutes a major health care
burden. Antibiotic treatments that were effective in the
past have been impaired by the emergence of resistant
pneumococci. More discriminating use of antibiotics by
clinicians and better patient education regarding the
implications of inappropriate and inaccurate use of an-
tibiotic therapy in the development of resistance should
help to control the current rapid emergence of resistant
S. pneumoniae.

Vaccination against S. pneumoniae represents an
important approach to controlling both invasive and
non-invasive disease. Limitations of the current non-
conjugated polysaccharide vaccines can be overcome by
conjugating the capsular polysaccharides to protein
carriers [35]. Conjugation improves the immunogenicity

of pneumococcal vaccines by eliciting T-cell-dependent
responses to the protein carrier. The protein is
presented in association with the major histocompati-
bility complex class 2 molecules on the surface of
antigen-presenting cells causing stimulation of T-helper
cells that then stimulate B-cells to produce antibodies
and to mature into memory cells. The T-cell-dependent
nature of the immune response to such pneumococcal
conjugated vaccines permits their effective use in young
children (<2 years of age). Furthermore, by reducing
the rate of carriage of the targeted bacterial pathogen,
conjugated vaccines may also reduce pneumococcal
transmission.

Pneumococcal 7-valent conjugated vaccine contains
saccharides coupled to the non-toxic diphtheria variant
CRM197. A clinical trial of this conjugated vaccine in the
Northern California Kaiser Permanente Healthcare Sys-
tem showed high efficacy rates against invasive pneumo-
coccal disease (97% for serotypes inclusive of the vaccine;
89% regardless of serotype) [6]. This led to the approval
of this vaccine by the United States Food and Drug Ad-
ministration as prevention against invasive disease caused
by S. pneumoniae and acceptance and incorporation into
standard paediatric immunisation schedules by the
Academy for Certification of Immunization Practices, the
American Academy of Pediatrics, and the American
Association of Family Practice [1, 2,59].

In Europe, six pneumococcal serogroups (6, 9, 14, 18,
19, and 23) were reported to be associated with more
than 70% of invasive disease [30]. Due to geographic
variation of serotype distribution, the coverage rate of a
7-valent conjugated vaccine could be less than 70% in
some European countries. Recent epidemiological
studies from Germany, Denmark, Greece, the United
Kingdom, Spain, and southern Sweden have suggested
that coverage rates for the 7-valent conjugate vaccine
could range from 53% to 83% among children in
these countries [19, 23, 34, 43, 56,62]. Approval by the
European Commission (representing 16 European
countries) has taken place and licensing is proceeding in
many other countries worldwide. The inclusion of other
pneumococcal serotypes (e.g. 1, 3, 5, and 7) in more
extended conjugated formulations under clinical inves-
tigation may evoke additional interest in those European
countries where these serotypes contribute materially to
the burden of invasive disease.

Clinical trials with conjugated pneumococcal vac-
cines against bacterial otitis media have shown modest
efficacy (6%––7%) [6] and this rate increased to 57%
when analysis was focused on by episodes caused spe-
cifically by those serotypes included in the conjugated
vaccine. Regarding the effect on nasopharyngeal car-
riage of the pneumococcus, recent preliminary analyses
have also demonstrated that the 7-valent conjugated
vaccine is effective in reducing carriage of vaccine-spe-
cific serotypes among two distinctly different paediatric
populations: Finnish children [36] and children of native
Americans (i.e. Navajo and Apache Indians) [46]. The
phenomenon of carriage replacement with non-vaccine
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pneumococcal serotypes was also observed in both these
studies and also in the Kaiser Permanente trial [6]. At
the present time the clinical significance of such serotype
replacement is unclear; however, investigators have
noted the potential pathogenic importance of such re-
placement [21]. Routine surveillance of carried as well as
invasive serotypes may be warranted in ongoing and
future trials with conjugated vaccines.
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