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1. Introduction

A 7-valent conjugated pneumococcal vaccine (PCV-7) intended
for use in children has been shown to be highly efficacious against
invasive pneumococcal disease (IPD); a vaccine efficacy of 97.4%
has been demonstrated when the vaccine is administered to infants
in a four-dose regimen with three primary immunizations during
the first year of life, and a booster in the second year of life [1].
PCV-7 was licensed in the United States in 2000, and a significant
decline in IPD incidence rates among children under 2 years old was
observed already in 2001 [2]. The decrease in IPD incidence rates
extended beyond the target population to older children, adults
and elderly persons [3,4]. Conjugate vaccines reduce nasopharyn-
geal carriage of Streptococcus pneumoniae belonging to the vaccine
serotypes, i.e. serotypes 4, 6B, 9V, 14, 18C, 19F and 23F, leading to a
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reduced transmission and, subsequently, to herd immunity [5]. At
least twice as many cases of IPD are prevented indirectly by herd
immunity as by the direct effect of vaccination [4].

Ninety-one serotypes of pneumococci are currently known
[6,7]. PCV-7 covers the serotypes most commonly associated with
IPD in children, although the serotype distribution, and thus the
proportion of vaccine preventable IPD varies with time and geog-
raphy [8,9]. During the 1990s the incidence rate of IPD increased in
Norway, as in other Scandinavian countries [10,11]. In the period
1995–2001 the incidence rate of IPD was stable at approximately
19–20 cases/100,000 population, and vaccine serotype pneumo-
cocci were responsible for 73% of IPD in children <5 years [10].
However, the incidence rate of IPD caused by macrolide-resistant
serotype 14 pneumococci in Norway started to increase in 2002,
representing about 30% of cases in children aged less than 10 years
by 2005 [12].

PCV-7 was licensed for use in a four-dose regimen, with three
primary immunizations and a booster (3+1 schedule). However,
the initial effects of vaccination in the United States were observed
although complete immunization nationwide could not be per-

http://www.sciencedirect.com/science/journal/0264410X
mailto:didrik.frimann.vestrheim@fhi.no
dx.doi.org/10.1016/j.vaccine.2008.03.087


accine
3278 D.F. Vestrheim et al. / V

formed due to vaccine shortages. The effectiveness of three- and
four-dose schedules seems to be similar in a case-control study
[13], and comparable serological responses have been observed
in children receiving either three or four vaccine doses [14]. How-
ever, experiences with a three-dose (2+1) schedule vaccination
programme are lacking.

Through the Norwegian Childhood Vaccination Programme,
immunizations are offered free of charge to all children living in
Norway. PCV-7 was introduced in the Norwegian Childhood Vacci-
nation Programme in July 2006, with catch up for all children born
in 2006 [15]. Immunization followed a 2+1 dose schedule, with two
primary immunizations at 3 and 5 months of age, and a booster at
12 months of age. In the Childhood Vaccination Programme, PCV-7
is administered concomitantly to established vaccination against
diphtheria, tetanus, pertussis, polio and Haemophilus influenzae
serotype b (DTP-IPV-Hib). This is the first report on the effectiveness
of a 2+1 dose schedule of PCV-7 in a vaccination programme.

2. Materials and methods

2.1. Study population

The total Norwegian population aged <5 years in 2002–2007
was included in this study. PCV-7 was licensed in Norway in 2001.
All vaccine doses are distributed by the Norwegian Institute of Pub-
lic Health (NIPH). Prior to 2006 approximately 800 vaccine doses
were distributed from NIPH, and in 2006, approximately 12,000
doses were distributed outside the vaccination programme. PCV-
7 was introduced as a programme vaccine on 1 July 2006, and
immunization has been offered to all children born in 2006 and
onwards, i.e. a catch-up for children aged 3–6 months. Approx-
imately 250,000 vaccine doses were administered through the
vaccination programme in 2006 and 2007.

2.2. Surveillance of IPD

Cases of IPD were identified by the Norwegian Surveillance
System for Communicable Diseases (MSIS) at the NIPH. IPD was
defined as the identification of S. pneumoniae from a normally ster-
ile body site, including positive culture from blood or cerebrospinal
fluid (CSF), or detection of S. pneumoniae in CSF by antigen-
tests or nucleic acid amplification. Surveillance of IPD has been
ongoing since 1977, with mandatory notification of laboratory-

confirmed cases of IPD by both the microbiology laboratory and
the clinician, including data on clinical manifestations and previous
vaccination.

S. pneumoniae isolates from cases of IPD were forwarded to
the National Reference Laboratory for Pneumococci at NIPH and
serotyped by the Quellung reaction using serotype-specific antisera
(Statens Seruminstitut, Copenhagen, Denmark). Serotypes included
in PCV-7, i.e. serotypes 4, 6B, 9V, 14, 18C, 19F and 23F, were
designated as vaccine serotypes, and all other serotypes were des-
ignated as nonvaccine serotypes. Antimicrobial susceptibility was
screened by the disc diffusion test on Mueller-Hinton agar with 5%
horse blood (before 18.12.2006: Neo-Sensitabs, Rosco Diagnostics,
Taastrup, Denmark, after 18.12.2006: BD BBL Sensi-Discs, Becton,
Dickinson and Company, Maryland, USA). For isolates with reduced
susceptibility to one or more antimicrobial, minimum inhibitory
concentrations (MICs) were determined using the Etest method (AB
Biodisk, Solna, Sweden).

Following the introduction of PCV-7, MSIS requested local lab-
oratories to forward missing isolates to the National Reference
Laboratory for Pneumococci in order to get complete data on
serotype distribution.
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2.3. Surveillance of PCV-7 vaccine coverage

Immunizations administered through the Norwegian Childhood
Vaccination Programme are mandatorily registered in the Norwe-
gian National Vaccination Register (SYSVAK), and vaccine coverage
in the study population was obtained from this register.

2.4. Surveillance of PCV-7 vaccine failure

A vaccine failure was defined as a case of IPD caused by a vac-
cine serotype with onset more than 2 weeks after complete primary
immunization with two vaccine doses, but before booster immu-
nization in a child younger than 13 months, or with onset more
than 1 week after booster immunization in a child aged at least
12 months and having received a complete primary immunization
before 12 months of age. For all cases of IPD among children a ques-
tionnaire regarding vaccination status and risk factors for infection
was filled by the clinician. For possible cases of vaccine failure, the
vaccination status of the patient was obtained by the questionnaire
and confirmed by means of SYSVAK data.

2.5. Statistical analyses

IPD incidence rates were calculated using data from MSIS and
population data from Statistics Norway, using yearly numbers as
of 1 January. Age-specific IPD incidence rates were calculated
for the age groups <1, 1, <2 and 2–4 years. A baseline incidence
rate of IPD was calculated as an average of 2004 and 2005, the
two last years before introduction of PCV-7. Serotype-specific IPD
incidence rates were calculated for the age groups <1, 1, <2 and
2–4 years using the data available from the isolates forwarded
to NIPH.

Changes in IPD incidence rates were calculated as incidence
rate ratios (IRRs) with 95% confidence intervals (CIs) and p-values,
using Episheet. Vaccine programme effectiveness was calculated
as: (1 − IRR)100%. Two-sided p-values <0.05 were considered sta-
tistically significant. In order to account for missing isolates, we also
calculated a vaccine programme effectiveness using IPD incidence
rates estimated by assuming the same serotype distribution as for
available isolates, and multiplying the overall incidence rate of IPD
by the proportion of serotype-specific disease.

3. Results
3.1. Study population data

In the period from 2002 through 2007, the average population of
Norway was 4,596,915. The average birth cohort was 56,953 chil-
dren per year. During the study period, 523 cases of IPD among
children aged <5 years were notified to MSIS.

3.2. PCV-7 vaccine coverage data

PCV-7 was offered to all children born after 1 January 2006, and
by 1 January 2008, data on vaccine coverage showed that approx-
imately 95% of children aged >3 months had received at least one
immunization, approximately 90% of children aged >6 months had
received two immunizations, and approximately 80% of children
aged >13 months had received three immunizations.

3.3. Incidence rate of notified IPD

Prior to PCV-7 introduction, the incidence rate of IPD among
children <5 years gradually increased, from 25.0 cases/100,000
population in 2002 to 42.9 cases/100,000 population in 2005, IRR
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Fig. 1. Incidence rates (no. of cases/100,000 population) of invasive pneumococcal
disease among children <5 years in Norway 2002–2007 by age and year of notifi-
cation. The 7-valent pneumococcal conjugated vaccine was introduced in July 2006
and offered to all children born after 1 January 2006.

1.72 (95% CI 1.29–2.29), the increase being most pronounced among
children aged <3 years as shown in Fig. 1.

The incidence rate of IPD among children aged <2 years
decreased sharply from an average of 67.7 cases/100,000 popula-
tion in the two pre-vaccine years to 32.6 cases/100,000 population
in 2007, IRR 0.48 (95% CI 0.34–0.69). Age-specific incidence rates
of IPD are shown in Fig. 1. A decline in the IPD incidence rate for
children aged <1 year started in 2006 and continued in 2007, fol-
lowed by a decline among 1-year olds starting in 2007. Age-specific
incidence rates and IRRs showing the change from 2004–2005 to
2007 are listed in Table 1.

3.4. Incidence rate of serotype-specific IPD

A total of 454 isolates of S. pneumoniae from IPD in children
aged <5 years were received at NIPH from 2002 to 2007. Follow-

Table 1
Invasive pneumococcal disease incidence rates among children <5 years in Norway before (
vaccine (PCV-7)

Age Total no. of casesa No. of cases

2004–2005 2007 2004–2005

Notified cases of IPDd

<1 year 39 13 68.6
1 year 38 25 66.9
2–4 years 27 19 23.6
<5 years overall 104 57 36.0

Vaccine serotype IPDe,f

<1 year 23 2 40.5
1 year 30.5 14 53.7
2–4 years 15.5 13 13.5
<5 years overall 69 29 23.9

Nonvaccine serotype IPDg,f

<1 year 9 10 15.8
1 year 5.5 10 9.7
2–4 years 8.5 6 7.4
<5 years overall 23 26 8.0

Macrolide-resistant IPDh,f

<5 years overall 25.5 8 8.8

a No. of cases and incidence rates for 2004–2005 are given as the average for the 2 year
b Incidence rate ratios and 95% confidence intervals (CI) were calculated using Epishee
c p-Values were calculated using Episheet.
d IPD; invasive pneumococcal disease.
e Vaccine serotype; the serotypes included in 7-valent conjugated pneumococcal vacci
f No. of cases and incidence rates were calculated using available isolates.
g Nonvaccine serotype; serotypes not included in the 7-valent conjugated pneumococc
h Macrolide-resistant IPD: IPD caused by pneumococci resistant to erythromycin and/o
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ing an intensified surveillance as of July 2006, the proportion of
isolates forwarded to NIPH improved; direct communication with
the diagnostic laboratories revealed that the remaining missing
isolates either failed to be subcultured, or that the diagnose was
reached by methods other than culture. The yearly proportions of
isolates forwarded of the total number of notified cases are shown
in Table 2. All isolates were serotyped. The yearly serotype distri-
butions for the period 2002–2007 are shown in Table 2. With one
exception, all isolates were recovered from either blood or CSF; the
proportion of isolates recovered from CSF each year ranged from
7.3% to 22.9%. One isolate, serotype 3, was recovered from synovial
fluid.

During the 4 years prior to introduction of PCV-7 in the vacci-
nation programme, an increased incidence rate of vaccine serotype
IPD was observed among children <5 years, from 13.5 cases/100,000

in 2002 to 28.0 cases/100,000 in 2005, IRR 2.08 (95% CI 1.42–3.03).
The most prevalent vaccine serotype, serotype 14, was a major con-
tributor to the pre-PCV-7 increase among children; the incidence
rate of IPD caused by serotype 14 pneumococci increased from 3.71
cases/100,000 in 2002 to 12.5 cases/100,000 in 2005, IRR 3.35 (95%
CI 1.71–6.59).

After introduction of PCV-7, an overall decline of vaccine
serotype IPD was observed among children aged <5 years when
compared to the pre-PCV-7 baseline (Table 1). Statistically signif-
icant reductions in vaccine serotype IPD were observed among
children aged <1 year (IRR 0.08, 95% CI 0.02–0.35), and for 1-year
olds (IRR 0.45, 95% CI 0.25–0.81) (Table 1).

3.5. Antimicrobial susceptibility

Throughout the surveillance period, 11 penicillin non-
susceptible pneumococcal isolates were identified, ranging
from 0 to 4 isolates per year. The incidence rate of IPD caused
by macrolide-resistant pneumococci among children <5 years
increased from 3.03 cases/100,000 population in 2003 to 11.75
cases/100,000 population in 2005, IRR 3.87 (95% CI 1.86–8.07).

2004–2005) and after (2007) introduction of the 7-valent pneumococcal conjugated

/100,000 population Incidence rate ratio
(95% CI)b

p-Valuec

2007

22.1 0.32 (0.18–0.58) <0.01
43.3 0.65 (0.41–1.02) 0.06
11.0 0.46 (0.28–0.78) <0.01
19.7 0.55 (0.41–0.73) <0.01

3.4 0.08 (0.02–0.35) <0.01
24.3 0.45 (0.25–0.81) <0.01

7.5 0.55 (0.29–1.06) 0.07
10.0 0.42 (0.28–0.63) <0.01

17.0 1.08 (0.50–2.33) 0.85
17.3 1.79 (0.76–4.22) 0.18
3.5 0.47 (0.18–1.18) 0.10
9.0 1.10 (0.70–1.82) 0.63

2.8 0.31 (0.15–0.66) <0.01

s.
t.

ne, i.e. serotypes 4, 6B, 9V, 14, 18C, 19F, 23F.

al vaccine.
r clindamycin.
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Table 2
Yearly serotype distribution of Streptococcus pneumoniae from cases of invasive
pneumococcal disease among children aged <5 years in Norway, 2002–2007

No. of isolates

2002 2003 2004 2005 2006 2007

Vaccine serotypesa

4 – 2 3 6 10 1
6B 13 10 12 19 6 6
9V 2 5 3 3 8 2
14 11 17 29 36 27 11
18C 7 7 1 8 7 4
19F 2 2 5 3 2 3
23F 5 3 4 6 7 2
Total 40 46 57 81 64 29

b,c
Nonvaccine serotypes
1 3 10 5 6 2 2
3 – 3 1 4 2 3
6A 1 – 5 2 6 3
7F 3 6 5 5 4 5
33F – 1 – – 1 4
Total 16 24 23 23 23 25

Total 56 70 80 104 90 54

Macrolide-resistant isolatesd 9 7 19 34 19 8
Proportion available isolates (%)e 75.7 80.5 95.2 83.9 92.8 96.5

PCV-7 was introduced in the Norwegian Childhood Vaccination Programme 1 July
2006 and offered to all children born after 1 January 2006.

a Vaccine serotype; the serotypes included in 7-valent conjugated pneumococcal
vaccine, i.e. serotypes 4, 6B, 9V, 14, 18C, 19F, 23F.

b Nonvaccine serotype; serotypes not included in the 7-valent conjugated pneu-
mococcal vaccine.

c Only serotypes with more than two isolates per year are shown in the table.
d Macrolide-resistant isolates: pneumococcal isolates resistant to erythromycin

and/or clindamycin.
e Proportion of notified cases for which a corresponding pneumococcal isolate

was available at the reference laboratory.

After introduction of PCV-7, the incidence rate declined to 2.8
cases/100,000 population in 2007, IRR 0.31 (95% CI 0.15–0.66)
when compared to the pre-PCV-baseline (Table 1). Serotype 14
pneumococci constituted nearly 90% of the macrolide-resistant
isolates in this period.

3.6. Vaccine failure

Among children born from January 2006 for which data on

serotype was available, no vaccine failure was observed. Two cases
of invasive disease occurred in partially vaccinated children; an 8-
month-old with IPD 8 weeks after the first dose (serotype 6B), and
a 4-month-old with IPD 6 weeks after the first dose (serotype 18C).

3.7. Vaccine programme effectiveness

Among children <2 years of age, a vaccine programme effec-
tiveness of 71% (95% CI 51–83%) was demonstrated by the decline
of vaccine serotype IPD. When accounting for missing isolates, the
vaccine programme effectiveness was estimated to be 74% (95% CI
57–85%). No significant increase in nonvaccine serotype IPD was
observed after introduction of PCV-7.

4. Discussion

The vaccine coverage for PCV-7 reached high levels soon after
introduction in the Norwegian Childhood Vaccination Programme
in July 2006. The incidence rate of IPD rapidly declined in the
population targeted for vaccination; a significant decrease among
children <1 year was observed already in 2006. This decrease
26 (2008) 3277–3281

continued in 2007, when a decrease among 1-year olds was also
achieved. Thus, the initial decline in IPD incidence rates follows
the 2006 birth cohort, the first cohort offered PCV-7. In this report
we have estimated the effectiveness of the vaccine programme to
be 74% among children aged <2 years, 18 months after implemen-
tation of PCV-7. A decline in IPD incidence rates were also noted
among 2-year olds and 3-year olds, which might be due to a start-
ing herd effect. However, the total number of IPD cases among the
2- and 3-year olds is small, and the overall decline is influenced by
a concomitant decrease in nonvaccine serotype IPD.

The use of PCV-7 in Norway prior to 2006 was limited; as few
as approximately 800 doses were distributed from 2001 to 2006.
When implementing PCV-7 in the Norwegian Childhood Vaccina-
tion Programme, a catch-up was offered to children born in 2006,
i.e., children aged 3–6 months. However, in the first half of 2006,
approximately 12,000 doses of PCV-7 were distributed outside the
vaccination programme, possibly due to an increased awareness
of vaccine availability. Hence, an increased use of PCV-7 in 2006
among children aged >6 months in 2006 might influence the small
decline in IPD among 2- and 3-year olds observed in 2007.

No vaccine failure was identified among children who had
received at least two immunizations with PCV-7 through the Nor-
wegian Childhood Vaccination Programme. This clearly indicates
a very high efficacy of two primary immunizations with PCV-7. A
case-control study is planned in order to investigate vaccine effec-
tiveness further.

During the 4 years prior to introduction of PCV-7 in the Nor-
wegian Childhood Vaccination Programme, the incidence rate of
IPD among children aged <2 years increased significantly, due to an
increase of vaccine serotype IPD. The rapid spread of a macrolide-
resistant serotype 14 clone, the England14-9 clone in Norway has
previously been described [12]. The incidence rate of IPD caused
by this clone started to increase in 2002, and by 2005 it accounted
for 30% of IPD cases among children <10 years of age. Thus, the pre-
PCV-7 increase in vaccine serotype IPD incidence rate was to a large
extent driven by clonal expansion of macrolide-resistant serotype
14 pneumococci. No changes in diagnostic practices or methods
have been implemented recently, and the pre-PCV-7 changes are
believed to represent a true epidemiological trend rather than
altered diagnostic sensitivity or blood culturing practice. Follow-
ing the introduction of PCV-7, the incidence rate of IPD caused by
macrolide-resistant pneumococci significantly declined. Hence, the
conjugate vaccine has effectively limited the spread of these resis-
tant pneumococci in the community, as has also been demonstrated

in the United States after licensure of PCV-7 [16]. The incidence rate
of IPD caused by penicillin non-susceptible pneumococci was low
and unchanged throughout the study period.

In this report, we have calculated changes using average base-
line disease incidence rates of 2004–2005. Due to the pre-PCV-7
increase in IPD incidence rate from 2004 to 2005, this might falsely
result in an underestimate of the post-PCV-7 changes, compared
to the changes from 2005 to 2007. In the United States, a 78%
(95% CI 74–82%) decline in vaccine serotype IPD among children
<2 years was observed in 2001, 1 year after licensure of PCV-7 [2].
This effect was somewhat higher than the estimated vaccine pro-
gramme effectiveness of 74% (95% CI 57–85%) among children <2
years observed in our study. However, the baseline incidence rate of
IPD among children aged <2 years in Norway was lower than in the
United States prior to PCV-7 introduction; 67.7 cases/100,000 popu-
lation and 188.0 cases/100,000 population, respectively. Similarly,
the estimated serotype coverage of PCV-7 was lower in Norway
than in the United States; 78.5% and 83.1%, respectively. Thus,
the incidence rate of vaccine serotype IPD, i.e. IPD preventable by
PCV-7, and the potential for reductions in vaccine serotype IPD inci-
dence rates at the onset of vaccination was higher in the United
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States compared to Norway. In the United States, blood cultures
are obtained both in outpatient clinics and in hospitals, while in
Norway, this procedure is only carried out in hospitals. More fre-
quent blood culturing in the United States, yielding more positive
samples, might in part explain the higher rate of IPD in the United
States as compared to Norway.

Conjugated vaccines reduce nasopharyngeal carriage of vaccine
serotype pneumococci, leading to reduced transmission and, sub-
sequently, to herd immunity [5]. At least twice as many cases of IPD
are prevented indirectly by herd immunity as by the direct effect of
vaccination [4]. Reduced carriage of vaccine serotype pneumococci
in 1-year olds has been demonstrated after only one immuniza-
tion with a conjugated vaccine [17]. Based on experiences during
the first years after licensure of PCV-7 in the United States it has
been modelled that vaccination with even less than three doses,
and incomplete vaccination coverage, may be able to induce herd
immunity [18]. The magnitude of the indirect effect of PCV-7 in
Norway following a 2+1 dose schedule with high vaccine coverage
remains to be evaluated.

By reduced carriage of vaccine serotype in the population fol-
lowing the introduction of PCV-7, an ecological niche is created in
the nasopharynx, in which vaccine serotypes might be replaced by
nonvaccine serotypes, a phenomenon called serotype replacement
[19]. The increased prevalence of carriage of nonvaccine serotypes
might lead to an increased incidence rate of nonvaccine serotype
IPD in the population. Several reports describe such serotype
replacement IPD in the United States after the licensure of PCV-7 in
2000 [20,21]. Replacement IPD seems to be more prominent in the
older age-groups than among children [21]. No significant increase
in nonvaccine serotype IPD was found among children in Norway,
although a small increase of serotype 33F IPD was noted (from
no cases in 2004–2005 to four cases in 2007). However, serotype
replacement might increase and be more evident with time.

By the use of reduced dose vaccination schedules, the cost of vac-
cination can be substantially reduced. This has great implications
for introduction of PCV-7 in national immunization programmes,
especially for low income countries. The 2+1 dose schedule fur-
ther has the advantage of being compatible with many national
immunization programmes, including those of many developing
countries [22]. However, the total cost-effectiveness of the vacci-
nation programme is influenced by the herd immunity induced.
A Norwegian study of cost-effectiveness of a PCV-7 vaccination

programme concluded that a three dose schedule would be cost
saving, when assuming the same effect of three vaccine doses as
four doses, and accounting for herd immunity and indirect costs
[23]. The experience from Norway so far, with no registered vaccine
failure, indicates that the direct effect of a three-dose vaccination
schedule in is comparable to that of a four-dose schedule.

This report on the direct effect of vaccination indicates that
PCV-7 administered in a 2+1 dose schedule is highly effective
against vaccine-preventable IPD, as demonstrated by an early, esti-
mated vaccine programme effectiveness of 74% among children
aged <2 years. Importantly, no vaccine failure was observed. Further
follow-up is needed in order to obtain more definite results, and to
establish the impact of the 2+1 dose schedule on herd immunity.
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