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Abstract In excess of 1 million young children die every
year as a consequence of disease caused by Streptococcus
pneumoniae, the vast majority in developing countries.
Although the first vaccine against the Pneumococcus
was produced before the First World War, licensure of
the first vaccine with documented efficacy against severe
infections in infants and young children did not occur
until February 2000 in the United States. This conjugate
vaccine consists of purified polysaccharide, from each of
seven pneumococcal serotypes, chemically linked to a
carrier protein. A high degree of efficacy of the new
vaccine against potentially life-threatening infections has
been shown in both poor and affluent countries. The
vaccine’s potential to protect from acute otitis media,
however, is very limited, although encouraging indirect
effects, such as reduced antibiotic prescriptions, have
been reported. An inherent problem with the new
pneumococcal conjugate vaccines is that, while more
than 20 pneumococcal serotypes may cause invasive
disease, only a more limited number of polysaccharides,
11 or so, can in practice be conjugated to carrier protein
as part of a single vaccine formulation. Because of var-

iation in the ranking of serotypes most commonly
responsible for pneumococcal disease, by region, age
and disease manifestation, compromise was required in
selecting serotype-specific saccharides for inclusion.
Conclusion: Complex conjugate technology comes at a
price, and the present costs keep most of the world’s
children far out of reach of an effective vaccine. How-
ever, the pneumococcal conjugate vaccine is a highly
functional weapon against deadly pneumococcal infec-
tions, and strenuous efforts are needed to maximise its
accessibility to children most at risk.
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vaccine where saccharides of serotypes 4, 6B, 9V, 14,
18C, 19F, and 23F are individually covalently linked to
a carrier consisting of a non-toxic mutant variant of
diphtheria toxin, CRM197 Æ Hib: Haemophilus influenzae
type b

Introduction

More than 1 million infants and children perish each
year as a consequence of pneumococcal infection,
almost all in ‘countries of the south’ [67]. Recent licen-
sure of a vaccine against Streptococccus pneumoniae
infections in the United States (Prevenar (PCV7) a
heptavalent pneumococcal conjugate vaccine where
saccharides of serotypes 4, 6B, 9V, 14, 18C, 19F, and
23F are individually covalently linked to a carrier con-
sisting of a non-toxic mutant variant of diphtheria toxin
CRM197) has raised considerable hope among physi-
cians and the general public [4]. Have we finally got a
potent weapon against severe pneumococcal diseases -
pneumonia, meningitis, and septicaemia? Can it also
reduce the burden of acute otitis media (AOM)?
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Results of critical initial efficacy trials with PCV7 are
now published and the clarity of the whole picture is fast
gaining resolution. The answers we have learnt differ by
disease manifestation. From industrialised countries
there is clear evidence that deadly invasive pneumococ-
cal diseases can, on the whole, be prevented, but for
otitis media, the evidence is much less encouraging. The
critical question is, however, what can vulnerable chil-
dren of the world gain from this new vaccine?

Background to vaccine development

In 1881 Louis Pasteur was among the first to isolate the
gram-positive encapsulated bacterium, Streptococcus
pneumoniae [46]. By 1911, whole-cell pneumococcal
vaccines were being tested in South African gold miners
[65]. Some benefit was reported, but the page turned
once more when the crucial role of type-specific capsular
polysaccharides in the immunology of invasive (bacte-
raemic) pneumococcal diseases began to be understood
[24,27] and a vaccine based on purified polysaccharide
was developed. Another early lesson was that the
immunological response of infants and small children to
pneumococcalpolysaccharides was poor [19]. This
property is the Achilles’ heel for all polysaccharide
antigens. They induce a humoral (B-cell) response only
in older children (aged >18 months). However, conju-
gation to a protein overcomes this problem [7].

Vaccines for humans consisting of capsular polysac-
charide (unconjugated) were produced before the
Second World War. However, an intrinsic problem with
the pneumococcus then (and now) was that there are 90
different serotypes with dissimilar capsular polysaccha-
rides, and most may cause disease. Although, not all
serotypes are equally prevalent [6,26], the most common
pneumococci are, unfortunately, not the same through-
out the world (Fig. 1) [6, 13, 14, 26, 32, 34, 42, 44, 63]
and not in all disease manifestations and age groups

[21, 22,67]. All this has posed a major challenge to
vaccine developers. In the United States, types 4, 6B, 9V,
14, 18C, 19F, and 23F (which PCV7 covers) account for
86% of invasive diseases, but only 65% of pneumococ-
cal acute otitis [26]. Worldwide these seven serotypes
cover only about 50% of invasive cases.

Clinical protection against pneumonia was demon-
strated in military recruits in the 1940s [40]. The poly-
saccharide vaccine produced antibodies that were shown
to persist at least for 5–8 years [28]. Following World
War 2, tetravalent, and soon hexavalent, vaccines were
licensed in the United States. However, the licenses to
manufacture were later allowed to lapse because the
revolutionary new sulphonamides and (later) penicillin
were thought to solve the problem with pneumococcal
infections [5]. That this was wrong eventually became
apparent—patients continued to contract and die from
serious pneumococcal infections, so a reappraisal of
polysaccharide vaccines was in order.

The number of serotypes incorporated in vaccines was
increased gradually to the current 23 while the amount of
each polysaccharide was reduced to 25 lg instead of the
earlier 50 lg. There is no known limit for the number of
polysaccharides one can add to a vaccine, but this amount
was considered a compromise between epidemiology,
need, and costs. Interestingly enough, the overall efficacy
for prevention of severe infections in patients older than 5
years increased only from 53% (95% CI 38%–64%) to
60% (95%CI 30%–77%), when the 14-valent and the 23-
valent vaccines were compared [12].

Immunogenicity, which has proven difficult to mea-
sure adequately [37,43], is not the same for each poly-
saccharide, but 80% of adult vaccinees in one study
showed at least a two-fold rise in specific antibody
concentration to each vaccine component [43]. Type 6A
especially is a poor immunogen, whereas types 3 and
18C elicit fairly good antibody production even in
infants [36]. Poor immunogenicity, especially in infants
and young children, remained the main obstacle, and

Fig. 1 Worldwide prevalence of
pneumococcal serotypes
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polysaccharides have never been used to a significant
extent in infants.

Effectiveness of polysaccharide vaccine

Table 1 outlines known data on the effectiveness of
polysaccharides in children. Direct comparison of results
is difficult because the quality of data collection and the
follow-up periods have varied, but one can conclude that
the vaccine effectiveness is 40%–60% against severe
infections in children older than about 2 years. No data
exist on infants, which is lamentable since the incidence
of pneumococcal meningitis is then at its highest. One
may expect low effectiveness because of the poor
immunogenicity of polysaccharides in infancy [40,67].
AOM is poorly prevented, the efficacy varying from 0%
to around 60%, depending on whether all AOM, or
AOM caused only by vaccine strains is considered [20,
29, 41,54]. Furthermore, polysaccharides have only a
modest, if any, effect on nasopharyngeal carriage [36].

Despite several shortcomings, polysaccharides have,
however, one indisputable advantage; they are rather
inexpensive vaccines, thanks partly to the less complex
manufacturing process. Since economic constraints pose
a fundamental issue in less privileged countries [59],
expanded use of these vaccines in developing countries
remains promising and worthy of further research [56].
Polysaccharide vaccine continues to be recommended in
the United States [2] and elsewhere for children 2 years
of age and older who have medical conditions placing
them at increased risk of invasive pneumococcal disease
(e.g. sickle cell disease, HIV infection). Importantly,
polysaccharide vaccine can be used successfully in con-
junction with conjugate vaccines to expand serotype
coverage [8] or as a booster [14]. The vaccine is well
tolerated, including in young children [20,29].

Conjugate vaccines

The conjugation technique by which T-cell independent
antigen (polysaccharide) is made T-cell dependent
through covalent linkage of polysaccharide with a car-
rier protein (several types can be used) has been suc-
cessfully applied to the pneumococcus. The spectacular
success of Haemophilus influenzae type b (Hib) conju-
gates in many countries [47] gave reason to believe that
pneumococcal disease, too, could be prevented by vac-
cines manufactured using this ‘new’ (rediscovered)
technique. As was predicted from the experience with
Hib conjugates [30], pneumococcal conjugates are po-
tent immunogens in infants [1,58]. However, the prac-
tical limitation is that only a limited number of
polysaccharides may be conjugated to a carrier. The
largest clinical trials so far have used a 7- or 9-valent
vaccine, and an 11-valent conjugate is about the maxi-
mum currently feasible. Hence, a conjugate vaccine
needs to be better tailored to the local requirements (in
terms of the serotypes covered) than the 23-valent
polysaccharide vaccine.

This requirement causes problems. In Israel, 65% of
paediatric infections are caused by six types (4, 8, 17, 9,
10, and 26) [16], and 35% of cases are due only to types 1
and 5 - both rare in Western Europe and North Amer-
ica. In Finland [22], the five most common serotypes in
childhood meningitis are types 6, 19, 7, 9, and 4, pneu-
monia is mainly caused by types 7, 19, 14, 6, and bac-
teraemia by types 14, 6, 19, 18, and 9. In Pakistan [42],
70% of paediatric acute lower respiratory tract infec-
tions are attributable to only four types (9A, 16, 19A,
and 19F). An appropriately tailored tetravalent vaccine
(including types 1, 5, 6, and 14) for Kenya [55] would
cover 52% of their severe pneumococcal infections.
A list of the optimum vaccines for each region, disease

Table 1 Clinical efficacy of pneumococcal polysaccharide vaccines in the key series including children

Vaccine
valence

Country/reference Age at 1st
vaccine dose

Study design Study
material/
population

Cases in
vaccinees/
controls

Efficacy
(%)

P 95% CI

Meningitis
14-valent USA [11] ‡2 years Clinical data 151 CSF isolates 63 1–86
14/23-valent USA [12] >5 years Epidemiological 239 CSF isolates 46 –12–74
Pneumonia
14-valent Papua NG [51] 6 months – 5 years 871 37% reduction in ‡17-month-oldsa

14/23-valent Papua NG [52] Children Double-blind 41 deaths 12/29 59 <0.01 19–79
<2 years 36 deaths 12/24 50 <0.05 1–75

14/23-valent USA [12] >5 years Epidemiological 2837 57 Not
significant

45–66

Otitis media
14-valent Finland [40] 6 months – 6 years Randomised 827 56% reduction against vaccine types

other than type 6
14-valent Finland [29] 7–9 months Randomised 3340 No efficacy
14-valent Sweden [53] 6 months – 5 years Double-blind 405 24% reduction in 2–5-year-oldsa

(58% in vaccine types)
14-valent Australia [20] 6 months – 5 years Double-blind 1273 No efficacy

aAge when vaccinated
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manifestation, and age group could be endless, and all
expectations cannot be met; compromise is needed.

Such a compromise is the heptavalent vaccine, PCV7
or Prevenar (Wyeth Laboratories, Pearl River, NY,
USA), the first conjugate on the market, that was ap-
proved by the USA Food and Drug Administration in
2000. It uses a non-toxic protein CRM197 of mutant
Corynebacterium d iphtheriae as carrier. This vaccine is
composed of polysaccharides 4, 6B, 9V, 14, 19F, and 23,
and of oligosaccharide type 18C, a constellation which
fits fairly well the disease profile in North American
children. The amount of each antigen is 2 lg, except
type 6B, for which it is 4 lg. In addition, there is 20 lg
of CRM197 carrier protein, and 0.125 mg of aluminium
phosphate as adjuvant. The vaccine is a liquid prepa-
ration (white suspension after shaking), and a dose is
0.5 ml, which is to be injected intramuscularly.

The Committee on Infectious Diseases of the Amer-
ican Academy of Pediatrics recommends pneumococcal
conjugate for universal use in children aged 23 months
and younger [3]. For infants, four vaccine doses should
be given, the first three at the age of 2, 4, and 6 months,
with a booster at the age of 12–15 months. For those 7
to 12 months of age, two doses are recommended, fol-
lowed by a third dose after the 1st birthday. After this
age, only two doses are deemed sufficient. The doses
should be separated by an interval of 6 to 8 weeks. For
children aged 24 to 59 months who are at high risk, two
doses are recommended, and for these subgroups, the
23-valent polysaccharide vaccine should also be admin-
istered (to expand coverage).

PCV7’s coverage has already been added to, by the
inclusion of serotypes 1 and 5, making a nonavalent
conjugate; an 11-valent vaccine (serotypes 3 and 7 ad-
ded) is also being tested. Serotypes 1, 3, 4, 5, 6B, 7F, 9V,
14, 18C, 19F, and 23F would cover approximately 75%
of pneumococcal disease worldwide [43]. PCV7 covers
only about 50% of clinically important pneumococcal
disease worldwide.

Safety

Being highly purified products, pneumococcal conju-
gates are well tolerated [1,58], the post-vaccination
symptoms and signs differing little from those seen fol-
lowing Hib conjugate vaccine. In a randomised, double-
blind controlled study conducted at 23 sites within the
Northern California Kaiser Permanente Health Main-
tenance Organisation, four doses of heptavalent vaccine
were administered at the age of 2, 4, 6, and 12 to 15
months [9,57]. Both the pneumococcal and control
vaccine (a serogroup C meningococcus conjugate vac-
cine) used the same CRM197 carrier protein. Local
swelling and redness, and fever were more common (P
<0.05) in pneumococcal than meningococcal C con-
jugate vaccinees but no significant difference was ob-
served in more severe reactions [58]. However, fever
exceeding 38�C developed more often with PCV7.

Long-term safety data, particularly in relation to rare
events, is awaited.

Efficacy

Invasive disease

The first field trials have understandably focused on the
main manifestations of invasive pneumococcal disease
(e.g. meningitis, bacteraemia, septicaemia). The current
data are derived from the United States [9,57], Finland
[14,23] Israel [15,17] and South Africa [33,35]; a sum-
mary of the results is presented in Table 2.

The primary endpoint of the Californian trial was
invasive disease defined as a positive culture for
S. pneumoniae from a normally sterile body fluid. Sec-
ondary endpoints included protection from otitis media
and pneumonia. Almost 40,000 children were enrolled.
By the time 40 cases of invasive pneumococcal disease
had developed, 39 were in the control group. This
resulted in an efficacy of 97.4% ( P <0.001; 95% CI
82.7%–99.9%) against disease caused by vaccine ser-
otypes. In the intent-to-treat analysis the respective
numbers of cases were 49 versus 3, the protection thus
being 93.9% (P<0.001; 95% CI 79.6% to 98.5%). Dis-
ease due to non-vaccine serotypes was found in six chil-
dren in the study group and three in the control group.
Clearly the vaccine was highly efficacious against invasive
disease, and the study was interrupted for ethical reasons.

The only vaccine failure was caused by type 19F, the
one serotype that may require a higher concentration of
circulating antibody than other types [9]. Otherwise, a
serum concentration between 0.15 lg/ml and 0.5 lg/ml
seemed to predict long-term protection, and this concen-
tration for all vaccine types was reached by 90% of
vaccinees. For pneumonia, the results were not as
impressive, partly because of difficulties in defining
pneumonia. An elegant way to present the results was
classifying ‘‘pneumonia’’ in four ways: pneumonia as
justified by the (junior) doctor on call, pneumonia with
X-ray evidence as interpreted by a non-radiologist,
pneumonia with the radiograph interpreted by a radiol-
ogist, and pneumonia with at least a 2.5 cm (1 inch)
alveolar consolidation on the X-ray film. With this cate-
gorisation, the efficacy of heptavalent conjugate in Cali-
fornia was 11%, 12%, 35%, and 63%, respectively.
Evidently, the more likely the pneumonia was aetiologi-
callypneumococcal, the better the vaccine efficacy [9].
However, when the Californian data were analysed a
further year after unblinding, when the oldest children
were 3.5 years of age, the efficacy appeared to fall after 2
years of age, although the difference is not significant [10].

The recently reported South African study [33,35] of
a 9-valent conjugate vaccine showed 83% efficacy (95%
CI 39%–97%) in HIV-negative children for prevention
of a first episode of invasive pneumococcal disease
caused by a vaccine serotype, while it was 65% (95% CI
24%–86%) in HIV-positive children. In children
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without HIV, there was a 20% (95%CI 2%–35%)
reduction in the incidence of first episodes of radiologi-
cally confirmed alveolar consolidation. There was also
evidence of a 66% reduction in invasive pneumococcal
disease caused by penicillin-resistant strains.

Acute otitis media

AOM is overwhelmingly the most common pneumo-
coccal infection with 7 million cases per year in the
United States. However, the conjugate vaccines have not
fulfilled the expectations of many. In a Finnish study,
AOM (confirmed by myringotomy and culture) was the
primary endpoint of a randomised, double-blind con-
trolled trial comprising almost 1,700 infants [23,31].
Four doses of a pneumococcal conjugate vaccine (PCV7
or PnOMPC, a heptavalent conjugate covering the same
seven serotypes as PCV 7 but using an outer membrane
protein of meningococcus for conjugation) or hepatitis B
vaccine were administered at ages 2, 4, 6, and 12 months.
When the efficacy of PCV7 was assessed at age 2 years,
the overall incidence of AOM (Table 2) was reduced
only by 6% (95% CI included zero), culture-proven
pneumococcal otitis by 34%, and vaccine-specific AOM
by 57%. PnOMPC reduced AOM due to vaccine sero-
types by 56% but the overall rate of AOM was not
different in intervention and control groups [31].

In contrast, the study using Prevenar in California
[9,57] did not investigate bacteriologically proven AOM,
but interesting findings were still observed (Table 2).
The incidence of AOM (defined clinically and without
myringotomy), declined by 6% - exactly as it did in

Finland -, but doctor visits for AOM, frequent AOM,
and the need for ventilatory tube placement were
reduced by 8%, 9%, and 25%, respectively [57]. In terms
of spontaneously draining ears, the serotype-specific
effectiveness was 53%, similar to Finland. The Israeli
data support this experience (Table 2); a nonavalent
conjugate prevented 17% of AOM [15,17].

A recent study from theNetherlands casts further light
on the impact in older otitis-prone children. Children aged
between 1 and 7 years with a history of at least two epi-
sodes of AOM in the previous year were randomised to
PCV7 followed 6 months later by a 23-valentpneumo-
coccal polysaccharide vaccine, or to sequential hepatitis
vaccines. Theywere followed for 18months.No reduction
in the overall rate of AOM was observed, although
nasopharyngeal carriage of vaccine serotype strains was
less frequently observed in recipients of pneumococcal
vaccines and there was a compensatory increase in car-
riage of non-vaccine serotypes [62]. There was a difference
in the numbers of episodes of AOM in the 6 months after
children were given either conjugate pneumococcal or
hepatitis vaccine but before boosting with polysaccharide
pneumococcal (or hepatitis) vaccine (170 versus 195
respectively) compared with the numbers after boosting
(275 in the polysaccharide pneumococcal vaccine group
versus 200 in the control group, P =0.0001). This sug-
gests initial benefit from use of PCV7 that is lost after
receipt of polysaccharide pneumococcal vaccine. It is
plausible that the boosted protection against PCV7 ser-
otypes increased the likelihood of acquiring colonisation
and mucosal disease due to other bacteria [50].

Combining all efficacy data accumulated on AOM so
far, conjugate vaccines seem surprisingly not to differ

Table 2 Clinical efficacy of pneumococcal hepta- or nonavalent conjugate vaccines in children

Vaccine valence Country/reference Age at 1st
vaccine dose

Study
design

Study
population
(n)

Efficacy
(%)

P 95% CI

Invasive pneumococcal
diseases

USA [9,58] 2 months Double-blind 37,868 97 <0.001 82.7–99.7

S. Africa [33] 6 weeks Double-blind 39,879 85 <0.01 32.0–99.7
Pneumonia
Clinical diagnosisa USA [9,58] 2 months Double-blind 37,868 11 7.3–51.5
With consolidationa USA [9,58] 2 months Double-blind 37,868 73 38–88.3
Lower resp. infectionsb Israel [5,15] ‡12 months Double-blind ? 16 2–28
Otitis media
Any otitisa Finland [23] 2 months Double-blind 1,662 6c –4–16

Finland [31] 2 months Double-blind 1,662 0c Not available
Pneumococcal otitisa Finland [23] 2 months Double-blind 1,662 34c 21–45

Finland [31] 2 months Double-blind 1,662 25c 11–37
Vaccine strainsa Finland [23] 2 months Double-blind 1,662 57c 44–67

Finland [54] 2 months Double-blind 1,662 56c 44–66
Doctor visitsa USA [9,58] 2 months Double-blind 37,868 8 <0.001
Any otitisa USA [9,58] 2 months Double-blind 37,868 6 <0.001
Frequent otitisa USA [9,58] 2 months Double-blind 37,868 9 <0.001
Tube placement USA [9,58] 2 months Double-blind 37,868 25 <0.001
Any otitisb Israel [5,15] 12 months Double-blind ? 17 2–33
Use of antimicrobialsb Israel [12,17] 12 months Double-blind ? 20

a7-valent vaccine
b9-valent vaccine
cCases diagnosed by myringotomy
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much from polysaccharides (Table 1), except in the
youngest age groups (those most prone to otitis). Direct
effects are modest, and prevention of otitis on its own is
not an indication for this vaccine [2,3]. On the other
hand, AOM is so common that even a tiny clinical
reduction in the disease episodes would potentially have
impressive overall impact.

Nasopharyngeal carriage and herd immunity

Indirect effects of vaccination have been observed, espe-
cially in Israel, Finland and the United States. Like pre-
viously with Hib conjugate vaccines [47,60],
pneumococcal conjugates reduce nasopharyngeal car-
riage. This is particularly the case for colonisation with
anti-microbial-resistant pneumococci [18]. A herd
immunity effect is likely, e.g. vaccination of day-care
centre attendees has been shown to reduce carriage of
pathogenic pneumococci by younger siblings [25]. With
less transmission, one can infer a lower risk of invasive
disease. There is evidence from the United States that use
of PCV7 in children may be preventing disease in adults,
especially those of an age likely to have young children
[64] Of concern, however, is (the observation [45] now
confirmed [23]) that conjugate vaccine may lead to
replacement of the vaccine serotypes by other serotypes.
So far it is unclear if this potential change in nasopha-
ryngeal flora has clinical consequences.

Given, however, that one conjugate (PnOMPC)
produced no overall decline in the incidence of AOM,
there is concern that the overall efficacy against blood-
culture negative pneumonia (another ‘‘mucosal’’ form of
disease) may decline over time. No significant increase in
invasive disease due to non-vaccine serotypes has been
observed to date among children in the Californian
study, but, worryingly, the herd benefit in US adults
does not include HIV-positive women in whom the rate
of invasive pneumococcal disease is static, a fall in
vaccine-serotype disease being equalled by a rise in
non-vaccine serotype disease (‘‘Invasive pneumococcal
disease in HIV-AIDS: Has introduction of
7-valentpneumococcal conjugate vaccine reduced
HIV-related disease burden in the US?’’ Schuchat A,
Flannery B, Heffernan R et al. 4th International Sym-
posium on Pneumococcal Diseases, Helsinki, May 9–13,
2004). Also relevant is the finding that reduced carriage
may decrease the use of antimicrobials in children. In
Israel [17], the reduction was 53% or 20% depending on
whether acute lower respiratory infections or AOM,
respectively, were looked at. The experience in Califor-
nia is similarly encouraging and coincides with this
observation.

The cost issue

The current information strongly favours the view that
vaccine serotype-specific serious infections can be pre-
vented with pneumococcal conjugates, even in infants,

the major risk group. However, meningitis and other
life-threatening manifestations are rare in industrialised
countries, in contrast with developing countries where
the burden is large [49, 56,59]. For this reason, pneu-
mococcal conjugates have an enormous potential,
especially in the less privileged world. Sadly even Hib
conjugates, for which abundant data demonstrate their
efficacy, are not much used there [3] - because of their
high cost. The cruel reality of cost applies also to
pneumococcal conjugates, but to an even greater extent.
The current United States list price is $57 per dose, or
$228 for all four doses. ‘‘Any medical cost savings that
are associated with the vaccine are unlikely to be high
enough to offset the cost of the vaccine at its current
price’’ [51]. Even in the United States, a full course costs
more than the other paediatric vaccines combined [39].
Such pricing is entirely unrealistic in most countries of
the world. The decision in Australia to implement PCV7
first in the aboriginal population (who are at high risk
through deprivation) is laudable [61].

A cost-effectiveness projection done in the United
States suggests that the impact of PCV7 on otitis media
accounts for 60% of the cost-savings expected by a pro-
gramme of vaccination against pneumococcal disease
[39]. This saving may be lost if the results shown with
PnOMPC in Finland are borne out in practice. The more
certain benefit is in prevention of invasive disease. Inter-
estingly, in Germany, the 7-valent vaccine would proba-
bly prevent nomore than 52%of invasive cases in children
[38]. The planned 9- and 11-valent vaccineswould perhaps
increase the effectiveness to 62% and 71%, respectively.

Conclusion

Pneumococcal conjugates have opened a new (but
expensive) path to the prevention of serious childhood
infections. Although the routine vaccination schedule is
becoming more congested [48], it is likely that this con-
jugate vaccine will be implemented in affluent countries
(as in the United States). This inclusion will be facilitated
by the development of combination vaccines, e.g. with
meningococcus C conjugate. However, those who really
need the vaccine are again likely to be the last to receive it.
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