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SUMMARY

A total of 4624 pneumococcal isolates from episodes of systemic pneumococcal disease were
received at the Norwegian Institute of Public Health during the period 1995-2001. All isolates
were serotyped and tested for susceptibility to benzylpenicillin, lincomycin, erythromycin,
tetracycline and trimethroprim—sulphamethoxazole. The proportion of strains resistant to these
antimicrobial agents remained stable at a low level, ranging from 0-1 % for benzylpenicillin to
2:5% for erythromycin. The distribution of serotypes was also stable over the 7 years: serotypes
1,4,9, 14,7, 6 and 23 were the most frequent, representing 70-5% of isolates. Overall, 95-8 % of
the isolates were of serotypes/groups included in the current 23-valent polysaccharide vaccine,
52:2% were of serotypes/groups included in the 7-valent conjugated vaccine and 85-5% were

of serotypes/groups included in the 11-valent conjugated vaccine.

INTRODUCTION

Streptococcus pneumoniae is a leading cause of
bacteraemia and meningitis worldwide. Even when
optimal antibiotic treatment is provided, the case
fatality rate among cases of systemic pneumococcal
disease remains high [1, 2]. Systemic pneumococcal
disease is most common in young children and the
elderly. Splenectomized and immunocompromised
persons are at markedly increased risk for severe
pneumococcal disease [3]. Benzylpenicillin has been
the drug of choice for treatment of systemic pneumo-
coccal disease, since its introduction in the 1940s.
However, penicillin-resistant and multidrug-resistant
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isolates have been increasingly frequently recovered
from patients and carriers in several countries [4].
Emergence of multidrug-resistant pneumococci em-
phasizes the importance of vaccination as a means to
prevent pneumococcal disease. Vaccination might also
reduce carriage of resistant strains and even contrib-
ute to lowering the introduction of such strains into
areas with little resistance [5].

At least 90 different serotypes of pneumococci
have been described, based on differences in the anti-
genic structure of their capsular polysaccharides [6].
Since 1984, a vaccine containing 23 different pneumo-
coccal capsular polysaccharides has been available
in Norway. It is recommended for high-risk groups,
such as splenectomized patients and the elderly [7, 8].
Due to poor antibody response to the polysacchar-
ides, the 23-valent polysaccharide vaccine is not rec-
ommended for children younger than 2 years of age.
In recent years, pneumococcal conjugated vaccines
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have been developed, in which capsular polysacchar-
ides are covalently linked to a carrier protein; such
vaccines also induce an antibody response in children
younger than 2 years of age. A 7-valent conjugated
vaccine is now available, and 9-valent and 11-valent
vaccines are undergoing clinical trials [5, 9].

In this paper, we review the pneumococcal disease
situation in Norway, using retrospective data on
systemic pneumococcal isolates collected at the
Norwegian Institute of Public Health during the
period 1995-2001. The incidence rate of systemic dis-
ease, the age and sex distribution of the patients, the
distribution of serotypes and the susceptibility of the
isolates to antimicrobial agents are presented. These
data are intended to inform a discussion on the
place of the new conjugated vaccines in preventing
systemic pneumococcal disease in the Norwegian
population.

MATERIALS AND METHODS
Bacterial isolates

Systemic pneumococcal disease has been a notifiable
disease in Norway since 1977. All clinical micro-
biology laboratories in Norway routinely submit
pneumococcal isolates from normally sterile body
sites to the Norwegian Institute of Public Health
(NIPH) for further characterization. Isolates from
approximately 80% of the notified cases of systemic
pneumococcal disease are received at the NIPH. This
study includes a total of 4624 strains received during
the period 1995-2001. All isolates were confirmed as
S. pneumoniae by the optochin-sensitivity test, and if
necessary, by bile solubility [10]. For patients with
meningitis from whom both blood and cerebrospinal
fluid (CSF) isolates were received, only the CSF iso-
late was included in the analysis.

Data on age and sex distribution of the Norwegian
population in 1995-2001 were obtained from Stat-
istics Norway.

Serotyping

Pneumococcal typing was performed by the quellung
reaction using antisera produced by Statens Serum-
institut (Copenhagen, Denmark). All strains were
serogrouped. Strains isolated from children aged be-
tween 0 and 5 years were also typed using factor sera,
to identify types within groups. From patients with
multiple isolates of the same type during the same
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disease episode, only one isolate was included in the
analysis.

Antimicrobial susceptibility

The drug susceptibility pattern of the strains was
tested using the disc diffusion method for benzyl-
penicillin (applying 1 ug oxacillin discs), lincomycin,
erythromycin, tetracycline and trimethroprim—
sulphamethoxazole (Neo-Sensitabs, Rosco Diagnos-
tics, Taastrup, Denmark) on PDM medium with 5%
horse blood incubated overnight at 35 °C in 5% CO,.
Inducible clindamycin resistance in erythromycin-
resistant isolates was not tested. Isolates showing
reduced zone sizes for any one of these antibiotics
were tested further using the E test method (AB
Biodisk, Solna, Sweden) on PDM medium with 5%
horse blood in 5% CO,, to determine the minimal
inhibitory concentrations (MICs) against benzyl-
penicillin, erythromycin, chloramphenicol, doxy-
cycline, cefotaxime and clindamycin. Isolates with
MIC values of <0-06 ug/ml and >2 ug/ml were
defined as penicillin sensitive and penicillin resistant
respectively. Isolates with MIC values <1 ug/ml
and >4 ug/ml were defined as sensitive and resistant
to erythromycin, doxycycline and clindamycin re-
spectively [11]. Isolates with chloramphenicol MICs
of <4 ug/ml and >8 ug/ml were recorded as sensi-
tive and resistant respectively. Finally, strains with
cefotaxime values of <0-5 ug/ml and >2 ug/ml were
likewise recorded as sensitive and resistant [12]. For
control purposes we used S. pneumoniae TIGR4
(NIPH 7/87) [13], ATCC49619, and NIPH 76/00;
these strains are wild type, penicillin intermediately
sensitive and penicillin-resistant isolates respectively.

RESULTS
Incidence rates of systemic pneumococcal infections

All cases of systemic pneumococcal disease are re-
ported to the Norwegian Notification System for
Infectious Disease (MSIS). Data from MSIS show
that Norway, with a population of 4-5 million, as at
the end of 2001, has experienced a steady increase in
incidence rates of systemic pneumococcal disease,
from 6/100 000 in 1989 to approximately 20/100 000 in
1996 [14]. Annual numbers of reported cases are given
in Figure 1. From 1996 the incidence has remained
stable at approximately 19-20/100000. Nearly half
of the cases occurred in individuals aged 65 years
or more.
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Fig. 1. Numbers of cases of systemic pneumococcal disease in Norway reported to the Norwegian Notification System for

Infectious Diseases from 1989 to 2001.

During the study period from 1995 to 2001, a total
of 5890 cases were reported to MSIS.

Incidence of systemic pneumococcal disease by
age and gender

A total of 4624 isolates, representing 78-5% of all re-
ported cases, was received at the NIPH and included
in the analysis. The anatomical site of isolation of
the organisms is presented in Table 1. Of the strains
received, 4319 were collected from blood cultures, 292
from CSF and 13 from other normally sterile body
sites. The number of CSF isolates remained stable
in absolute numbers during the 7 years, representing
5:3-7-1% of the total number of isolates. The number
of isolates collected followed a seasonal pattern, with
a reduced incidence of disease during the summer
months (data not shown).

Of the 4624 strains received, 2206 (47-7%) were
from individuals aged >65 years, 325 (7-0%) were
from children aged <5 years and 2086 (451%)
were from the 6-65 years age group. For seven
patients (0-2%) the age was not available. The age
range of the patients was from 0 to 101 years, median
63 years, mean 57 years.

The incidence of pneumococcal disease by age and
gender is shown in Figure 2. Total of 2349 strains
(50-8%) were recovered from females and 2272
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Table 1. Site of isolation of the systemic
pneumococcal strains from Norway, 1995-2001

No. of isolates (relative frequency, %)

Year Total Blood CSF

1995 573 534 (93-2) 36 (6:3)
1996 703 653 (92+9) 50 (7-1)
1997 662 626 (94-6) 35(5-3)
1998 665 628 (94-4) 36 (5-4)
1999 684 634 (92-3) 48 (7-0)
2000 643 595 (92-5) 45 (7-0)
2001 694 649 (93-5) 42 (6°1)
Total 4624 4319 (93-4) 292 (6:3)

(49-1%) from males. The incidence rates of systemic
disease were calculated using the age distribution in
the population in 2001. The rates were highest among
small children (0-2 years of age) yielding 18-6/100 000
and among the elderly (>65 years of age) reaching
46:6/100000. The incidence rate of systemic disease
was higher among males (14:7/100000) than among
females (11-0/100 000) in the earliest years of life (0—5
years). The incidence rate among people aged 6—65
years was similar for the two genders (8/100000),
while among people aged >65 years, it was once
again higher for males (51-1/100000) than for females
(43-4/100 000).
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Fig. 2. Incidence rates, age and sex distribution of systemic pneumococcal disease in Norway 1995-2001.

Table 2. Serotype/group distribution of systemic

Capsular types of systemic pneumococcal isolates
pneumococcal disease isolates

The serotype distribution of pneumococci isolated
from blood or CSF from all patients is presented in No. of isolates (relative frequency, %)

Table 2. The most common serotypes/groups in order ~ Serotype/
of frequency were 1, 4, 9, 14, 7, 6 and 23, accounting group All Age 0-5 years  Age > 65 years
for 70-5% of the systemic isolates. The seven most 1 846 (18-3) 36 (11-1) 224 (10-5)
common serotypes/groups causing disease among 4 525 (11-4) 13 (4:0) 242 (11-3)
patients aged > 65 years were 14,4, 9, 1, 23, 6 and 3, ?4 32(9) ng; ?6) 2?72)2) iég 838
accounting for 68-4% of the cases. Serotypes 4 and - 342 (7-4) 18 (5-5) 11 (52)
9 were more prevalent among people older than ¢ 330 (7-1) 55 (169) 173 (8-1)
65 years, while serotypes 18 and 6 were more preva- 23 276 (6:0) 21 (6:5) 174 (8:1)
lent among children aged up to and including 5 years. 3 244 (5-3) 7(22) 153 (7-1)
Isolates received from children (0-5 years) were 19 206 (4-5) 32(98) 11(52)
serotyped by factor sera to differentiate between types ;g }ig 8%; 32 818)1 ) gz Eig
within the groups (Table 3). The most common sero- 12 108 (2:3) 1(0:3) 43 (2:0)
types were 14, 6B, 1, 18C, 19F, 23F and 7F, rep- 8 62 (1-3) 1(0-3) 23(11)
resenting 70-2 % of the cases in this age group. 33 60 (1-3) 3(09) 32 (1-5)
Serotypes 6, 4, 14, 18, 23, 7 and 9 were the most 10 54 (1-2) 3(0:9) 30 (1-4)
frequent serotypes isolated from CSF; accounting for }2 3471 88; i E?g; é 2 ?1)2
60-3% of the CSF-positive cases (data not shown). ;% 43 (09) 3(09) 27(1-3)
The highest incidence rate of CSF-positive cases was 1 41 (09) 1(03) 31(1-4)
seen among patients aged 0—1 year (6-1/100 000). Others 165 (3-6) 721 84 (3-7)
We found little year-to-year variation in the sero- 4624 (100) 325 (7:0) 2140 (46°3)

type distributions. Table 4 shows a slight but steady

https://doi.org/10.1017/50950268803001511 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268803001511

Table 3. Serotype distribution of pneumococci isolated
from systemic pneumococcal disease in patients aged
0-5 years
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Table 4. Annual variation in the most prevalent
serotypes/groups of pneumococci isolated from cases
of systemic disease in Norway, 1995-2001

Serotype No. of isolates Frequency (%)
14 56 17-2
6B 42 12-9
1 36 11-1
18C 34 10:5
19F 22 6-8
23F 20 62
7F 18 55
9V 16 49
4 13 4-0
6A 13 4-0
19A 10 31
3 7 22
22F 6 1-8
9N 4 12
10A 3 09
15C 3 09
33F 3 09
35F 3 09
Other types* 16 4-9
Total 325 100

* QOthers include type 38 and 16F (two isolates each); §, 21,
11A, 12F, 15B, 18A, 18B, 23B and 24F (one isolate each),
and three non-typable strains.

increase in serotype 12, from 1-0 to 4-9 % and a peak
of serotype 1 to 23-3% in 1997, followed by a decline
in the more recent years.

The current 23-valent vaccine would cover 95-8 %
of the pneumococcal serotypes isolated from all age
groups in the study period. The 7-valent conjugated
vaccine would cover up to 52:2% in all age groups.
The coverage would be higher among children <2
years of age, among whom 72-7% of the cases were
caused by serotypes included in this vaccine. The
11-valent conjugated vaccine would cover 85:5% of
the pneumococcal serotypes/groups isolated in all
age groups during the study period. For this vaccine,
the coverage was similar in all age groups. The cal-
culated vaccine coverages in individual age groups are
shown in Table 5.

Antimicrobial susceptibility

The results from the antimicrobial susceptibility
testing are shown in Table 6. A total of 51 (1-1%)
of the 4624 strains showed reduced susceptibility to
penicillin, and 5 were found resistant. The most
resistant strain, with a benzylpenicillin MIC of
16 ug/ml, was recovered from a child arriving from
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Relative frequencies of serotypes (%)*
Serotype/
groups 1995 1996 1997 1998 1999 2000 2001

1 12-7 225 233 215 173 160 140
4 152 108 101 120 102 101 11‘5
9 106 100 86 86 105 106 122
14 106 114 115 98 &6 95 97
7 103 71 66 50 64 &7 81
6 68 63 66 60 86 84 71
23 63 65 47 69 61 62 50
3 56 36 38 60 72 72 39
19 40 46 48 44 51 39 43
18 35 34 38 32 37 30 23
22 44 28 38 27 19 28 33
12 1-2 1-0 15 -7 25 34 49

Others 87 101 109 123 118 103 137

* Per cent of the total numbers of pneumococci analysed
per year.

Romania. This strain was also resistant to erythro-
mycin, doxycycline and clindamycin. The other four
strains resistant to penicillin (MICs 2—4 ug/ml) also
showed additional resistance to 2 or 3 drugs. The five
strains resistant to penicillin were serotypes 23F, 9V
and three were type 14.

Of the 4624 strains, 2-5% showed resistance to
erythromycin, 2% to doxycycline, 0-9% to clinda-
mycin, 0-5% to chloramphenicol and only 0-1% to
cefotaxime. We found only slight year-to-year vari-
ations regarding to the number of resistant strains,
but a moderately increased circulation of resistant
strains was seen in the years 1998 and 1999 (Table 6).

DISCUSSION

Worldwide, the pneumococcus is a common cause
of systemic disease, especially among young children
and the elderly. An increase in pneumococcal disease
incidence has been observed in several Scandinavian
countries and in Scotland in recent years [15-18].
Norway has also experienced a steady increase in
pneumococcal disease, from an incidence rate of
6/100000 in 1989 to a stable incidence around
19/100000 since 1996. The increased occurrence of
pneumococcal disease, observed in Scandinavia and
Scotland, has mainly been caused by a rise in the inci-
dence of bacteraemia, while the numbers of menin-
gitis cases have remained stable. The increase could be


https://doi.org/10.1017/S0950268803001511

172 M. K. Pedersen and others

Table 5. Potential coverage of the different pneumococcal vaccines in Norway

Age
Vaccine coverage* <2years <15 years 15-65 years > 65 years Total
No. of isolates tested 234 422 1984 2211 4617
Covered by the 23-valent polysaccharide vaccinet 97-0% 95-7% 96:6 % 95-3% 95-8%
Covered by the 7-valent conjugated vaccinef 72:7% 59:5% 43:3% 58:7% 52:2%
Covered by the 11-valent conjugated vaccine§ 85:9% 86:3% 87:3% 83:6% 85:5%

* For patients > 15 years of age factor typing was not carried out. The coverage percentages include all types within a group.

For seven patients the age was not known.

1 Includes serotypes 1, 2, 3, 4, 5, 6B, 7F, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F.
1 Includes serotypes 4, 6B, 9V, 14, 18C, 19F and 23F (cross reaction with 6A included).
§ Includes serotypes 1, 3, 4, 6B, 7F, 9V, 12F, 14, 18C, 19F and 23F (cross reaction with 6A included).

Table 6. Resistance to antibiotics of systemic pneumococcal isolates in Norway, 1995-2001

No. of isolates (%) intermediately resistant/resistant to

No. of
Year isolates  Penicillin Cefotaxime Erythromycin ~ Clindamycin ~ Chloramphenicol = Doxycyclin
1995 573 3(0-5)/0 0/0 0/12 (2°1) 0/0 5(0-9)/3 (0-5) 1(0-2)/9 (1-6)
1996 703 2 (0-3)/0 0/0 0/10 (1-4) 0/4 (0-6) 6 (0-9)/1 (0-1) 0/11 (1-6)
1997 662 7(1-1)/1(02) 3(0:5)/1(0-2) 1(0-2)/17(2:6) 0/4(0:6) 4 (0-6)/2 (0-3) 2(0-3)/12 (1-8)
1998 665 7(1-1)/3(0-5) 2(0-3)/2(0-3) 0/24 (3:6) 0/10 (1-5) 10 (1-5)/4 (0-6) 4 (0-6)/17 (2:6)
1999 684 10 (1:5)/1 (0-1) 3 (0-4)/1 (0-1) 0/18 (2-6) 0/13 (1-9) 3(0-4)/7 (1-0) 1 (0-1)/19 (2-8)
2000 643 11 (1-7)/0 3(0-5)/0 1(0-2)/14 (2:2) 0/5(0-8) 6 (0-9)/3 (0-5) 1 (0-2)/13 (2-0)
2001 694 11 (1-6)/0 1(0-1)/0 0/20 (2+9) 0/4 (0-6) 5(0-7)/3 (0-4) 0/14 (2-0)

a result of more frequent use of blood cultures rather
than an actual increase in disease cases [15, 18]. It has
also been noted that serotypes 1 and 5 cause a rela-
tively higher amount of pneumococcal disease in
European countries than in the United States. Dif-
ferent clinical practice on when to perform a blood
culture has been stated as one possible reason for this
difference [19].

Extremely high incidence rates of pneumococcal
disease have been reported from the native popu-
lations in Australia, reaching 2052/100000 among
children <2 yearsand 178/100 000 among people aged
20-59 years [20], and in Alaska, reaching 74/100 000
[21]. These high incidence rates have been associated
with malnutrition, smoking, alcoholism and low socio-
economic status. These associations may also help to
explain why males are often more frequently affected
by pneumococcal disease than are females.

The age distribution among the Norwegian patients
is similar to that found in other countries [18, 22, 23],
with the highest incidences among children aged <5
years and the elderly aged >65 years of age. Some
studies have reported a higher incidence among males
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than females in the 35-49 years age group [15, 24].
Our data show, to the contrary, a similar incidence
for males and females in that age group, and higher
incidences among males than females in the <5 and
> 65 years age groups.

Pneumococcal infections have been shown to be
more frequent during the winter months [18, 25],
which is confirmed in our study. A high occurrence of
viral infections during the winter has been stated as
a risk factor for pneumococcal disecase, facilitating
both the spread and the invasion of pneumococci. As
many as 50-80% of pneumococcal infections may
be associated with antecedent viral infections [26].

Limited data regarding the pneumococcal disease
situation in Norway have been published earlier [27,
28]. A review of the situation and a mapping of the
serotype distribution are essential in order to develop
an appropriate immunization policy for different age
groups in Norway. Currently, the 23-valent vaccine is
recommended for all persons with certain underlying
diseases and those 65 years of age or more [7]. This
vaccine covers strains with serotypes responsible
for 95-8% of all systemic pneumococcal disease in
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Norway and 95-3 % of the cases in patients > 65 years
of age. Similar results have been reported from other
countries, where 86-98 % of systemic pneumococcal
disease is caused by serotypes covered by the 23-
valent vaccine [15, 17, 24, 29-31]. The 23-valent vac-
cine, composed of polysaccharide antigens, does
not elicit a satisfactory immune response in children
<2 years old, nor in many immunocompromised
persons. Even in healthy adults, the level of pneumo-
coccal antibodies induced by the polysaccharide vac-
cine declines within few years after vaccination [32].

The high incidence of pneumococcal disease among
small children emphasizes the importance of con-
sidering the introduction of the new 7-valent con-
jugated vaccine in Norway. Our data showed that
the seven most prevalent serotypes in Norway (1, 4, 9,
14, 7, 6 and 23) represent more than 70% of the
cases in all age groups. Our serotype distribution was
quite similar to that reported from other European
countries [15, 17, 22, 24, 31]. The 7-valent vaccine
could cover 72-7% (taking into consideration the
cross reaction with serotype 6A) of the cases among
children age 0-5 years and 52-2% of the cases in all
age groups. This relatively low coverage is in par-
ticular a result of the lack of types 1 and 7F in the
7-valent conjugated vaccine. The serotype distri-
butions differ geographically. Thus, the 7-valent vac-
cine covers the seven most common types in the
United States, Canada and Oceania, six of the most
common types in Europe, five of the most common
types in Latin America, but only four of the most
common types in Africa and Asia [19]. A conjugated
vaccine including additional serotypes would be of
great potential value. The 11-valent conjugated vac-
cine, now undergoing clinical trials, would have
covered 85-9 % of the cases among small children (0-2
years of age) and 85-5% of all the Norwegian cases.
This means that the 11-valent vaccine would probably
be very valuable as a replacement for the 23-valent
vaccine. A conjugated vaccine will naturally be much
more expensive than the polysaccharide vaccine. In
Norway so far, the 7-valent conjugated vaccine is only
recommended for children with underlying conditions
that put them at increased risk of pneumococcal
disease, but new immunization guidelines are about
to be developed.

Reduced susceptibility to antimicrobial agents in
S. pneumoniae is considered a significant problem
worldwide [33]. Serotypes 23F, 19F, 6B and 14 have
been recognized as the most prevalent resistant types.
Non-systemic strains from the upper respiratory tract,
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sinuses and middle ear, and especially strains from
young patients less than 15 years old, have a higher
frequency of antimicrobial resistance [34, 35]. Con-
jugated vaccines have shown a capability to reduce
the carriage of resistant strains circulating in a popu-
lation by reducing carriage of bacteria with vaccine
serotypes [5]. Norway has a very low frequency of
resistant strains [11], probably a result of a relatively
restrictive use of antibiotics [36]. Resistant clones
circulating in Europe are also seen in Norway, but
normally in our setting they only appear as single
clinical incidents [37]. Although our study shows
no evidence for an increase in the number of resistant
pneumococcal strains in Norway, a broader use of
conjugated vaccines might be a useful tool to prevent
such a development.

In conclusion, our data show a stable incidence of
systemic pneumococcal disease in Norway during the
period from 1995 to 2001. The occurrence of resistant
strains recovered from Norwegian patients has been
low, both for benzylpenicillin and other commonly
used antimicrobials. The 7-valent conjugated vaccine
could have a significant impact on the systemic
pneumococcal disease incidence among Norwegian
children, but will cover only 72-7 % of the cases. Thus,
a conjugated vaccine with broader covering of sero-
types would be of value. Continuous monitoring of
the pneumococcal disease situation, both regarding
serotypes and resistance is essential to provide data to
inform public health strategy decisions.
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