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Background. Streptococcus pneumoniae is a major cause of morbidity and mortality worldwide. The role of
the different capsular and clonal types in invasive disease severity remains to be defined.

Methods. Disease severity and disease type were correlated to age, underlying disease, capsular serotype, and
clonal type of the causative agent for 494 adult patients with invasive pneumococcal disease.

Results. Pneumococcal isolates of serotypes 1 and 7F were genetically homogenous, had the highest potential
to infect previously healthy individuals, and were not causing deaths. Also, type 1 isolates were only found among
younger adults, whereas other serotypes were mainly found among elderly persons (e.g., type 23F). Some serotypes
and/or clones were more prone to cause more-severe disease, as observed by high APACHE II scores calculated
at admission, and were also associated with a high mortality (e.g., clones of type 3 and 11A). We found no evidence
of an impact of penicillin resistance on disease severity and disease type.

Conclusions. We suggest that clones with capsular types 1 and 7F, which are known to have a high invasive
disease potential, behave as primary pathogens, whereas clones with other capsular types with a lower relative risk
of causing invasive disease are more opportunistic, primarily affecting patients with underlying disease. Disease
caused by the latter group, however, was more severe, even in previously healthy individuals.

Streptococcus pneumoniae is a major contributor to

morbidity and mortality worldwide [1–3]. It causes dis-

eases ranging from mild respiratory tract infections to

more-severe diseases, such as pneumonia, septicemia,

and meningitis, and sometimes it leads to a fatal out-

come. Despite being a devastating pathogen, it harm-

lessly colonizes the nasopharynx of up to 60% of

healthy children attending day-care centers [4–5]. The

major virulence factor has been suggested to be the

capsular polysaccharide, permitting the bacteria to re-

sist phagocytosis [6–7], and opsonizing antibodies to
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capsular polysaccharide are protective against invasive

disease and also diminish colonization. Pneumococci

can be divided into at least 90 serotypes, depending on

the capsular structure. The serotype distribution among

invasive pneumococcal isolates differs by geographic

area and time period studied [8]. Recent epidemiolog-

ical studies comparing the distribution of invasive iso-

lates with carriage isolates have shown that the potential

for pneumococci to cause invasive disease differs by

serotype [9–10]. This conclusion was strengthened in

a meta analysis conducted by Brueggeman et al. [11],

which comprises 7 studies from different countries that

calculated ORs for different serotypes/serogroups caus-

ing invasive disease. Certain serotypes, such as types 1

and 7F, are mainly observed to cause invasive disease

and are rarely observed among carriers, whereas other

serotypes are predominately observed to cause carriage

(such as types 19F and 23F).

We have previously described an association between
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Table 1. Severity of disease, as measured by APACHE II scores 111, mortality, and prev-
alence of pneumonia and meningitis, by serotype.

Serotype
No. (%) of

isolates

Isolates from
patients with
an APACHE II
score 111, %

(95% CI)
Case-fatality rate

(95% CI)

Isolates
obtained from
patients with
meningitis, %

Isolates
obtained from
patients with

pneumonia, %

1 29 (6) 21 (8–40) 0 (0–12) 3 97
3 38 (8) 63 (46–78) 32 (18–49) 18 92
4 31 (6) 35 (19–55) 10 (2–26) 6 81
6A 12 (2) 67 (35–90) 33 (10–65) 17 75
6B 21 (4) 76 (53–92) 19 (5–42) 10 80a

7F 34 (7) 26 (13–44) 0 (0–10) 3 91a

8 14 (3) 43 (18–71) 7 (0–34) 14 77a

9V 49 (10) 40b (25–54) 10 (3–22) 6 89a

11A 12 (2) 92 (62–100) 25 (6–57) 0 73a

14 72 (15) 62b (49–72) 10 (4–19) 11 93a

18C 15 (3) 47 (21–73) 7 (0–32) 20 60
19A 19 (4) 58 (34–80) 11 (1–33) 5 84
19F 21 (4) 71 (48–89) 29 (11–52) 10 76
22F 15 (3) 60 (32–84) 13 (2–41) 20 73
23F 40 (8) 48 (32–64) 10 (3–24) 10 73
Other 72 (15) 57b (42–66) 18 (10–29) 12c 73a

All 494 (100) 52b (47–56) 14 (11–17) 10d 83a

NOTE. for the percentage of isolates obtained from patients with an APACHE II score of 111;P ! .001
for the percentage of isolates obtained from patients with meningitis; for the percentage ofP p .45 P p .009

isolates obtained from patients with pneumonia; and there was no convergence with logistic regression for
the case-fatality rate.

a The prevalence of pneumonia was calculated on the basis of the following data: 20 of 21 cases among
patients with type 6B isolates; 33 of 34 cases among patients with type 7F isolates; 13 of 14 cases among
patients with type 8 isolates; 47 of 49 cases among patients with type 9V isolates; 11 of 12 cases among
patients with type 11A isolates; 71 of 72 cases among patients with type 14 isolates; 26 of 72 cases among
patients with isolates of other serotypes; and 436 of 494 total cases.

b Calculations regarding APACHE II scores were made on the basis of 47 of 49 isolates for type 9V, 71 of
72 isolates for type 14, 68 of 72 isolates for other serotypes, and 487 of 494 isolates for overall values.

c Data were based on 69 of 72 isolates.
d Data regarding total values were based on 491 of 494 isolates.

capsular serotype and mortality [12] and found that infections

caused by serotypes 3, 6B, and 19F were associated with a higher

mortality (25%), compared with the mortality associated with

infections caused by serotypes 1 and 7F (0%). Recently, we

have shown [13] in animal models (mice) that the capsular

type is important for virulence and that other bacterial factors,

as well as host factors, are important for colonization, inva-

siveness, and severity of disease. In the present study, the se-

verity and type of disease for 494 adult patients with invasive

pneumococcal disease (IPD) were correlated to age, underlying

diseases, capsular serotype, and clonal type of the microbe.

MATERIAL AND METHODS

Clinical Data and Pneumococcal Isolates

Pneumococcal isolates were collected during 2 prospective clin-

ical studies of IPD in adult patients. The first clinical study was

performed during 1993–1995, during which time hospitals in

5 countries (Canada, the United Kingdom, Spain, Sweden, and

the United States) participated [12, 14]. All adult patients (117

years old) with pneumococcal bacteremia who had not been

treated in a hospital during the 30 days before hospitalization

were eligible. A total of 460 patients were included during the

2 study years, and 354 isolates were available for further char-

acterization, because 106 isolates died or could not be retrieved.

Treatment routines and clinical parameters were recorded [14].

The second clinical study was performed in the Stockholm

area during 1999–2000. One hundred two adult patients (117

years of age) with IPD who were admitted to the Department

of Infectious Diseases (Karolinska, Sweden) and Danderyd

Hospitals (Stockholm, Sweden) and who had not been treated

in a hospital within 30 days before the present hospitalization,

were included [15]. In addition, we retrospectively included 38
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Figure 1. Box plots for age for 494 patients, according to serotype. Box length indicates interquartile ranges; box width is proportional to the
square root of the number of patients. Circles, outlier values; thick horizontal lines, median values; whiskers, range of values within 1.5 interquartile
range.

adult patients with IPD who were treated during the same time

period in other departments of the Karolinska hospital. A total

of 140 patients were included, and all isolates were available.

Severity of Disease

APACHE II scores were used to estimate severity of disease at

the time that patients were admitted to the hospital. A higher

score indicated more-severe disease. The APACHE II scores

were divided into 3 strata (0–11, 12–24, and 124) for corre-

lations to serotype and clonality [14–17].

All strains were serotyped at the Swedish Institute for In-

fectious Disease Control (Solna, Sweden) by gel diffusion, using

46 type- or group-specific typing serum samples [18] obtained

from the World Health Organization (WHO) Collaborating

Center for Reference and Research on Pneumococci at Statens

Seruminstitut (Copenhagen, Denmark). Isolates that could not

be typed or that belonged to a group that included several types

were examined by capsular reaction testing (Quellung test) and/

or gel diffusion with type-specific antisera [19, 20] obtained

from the WHO Collaborating Center.

Drug Susceptibility Testing

All isolates were tested for drug susceptibility using an agar

dilution method, as described elsewhere [21]. Serotyping of the

isolates was performed by gel diffusion using 46 type or group

serum samples obtained from the WHO Collaborating Center

for Reference and Research on Pneumococci at the Statens

Seruminstitut (Copenhagen, Denmark). All pneumococci be-

longing to a group that included 11 type were examined by

the capsular reaction test with type-specific sera.

Molecular Typing Methods

Three molecular typing methods were used for characterizing

the clinical isolates: Box fingerprinting, PFGE, and multilocus
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Table 2. Underlying disease among patients with invasive pneumococcal disease, by serotype.

Serotype

Patients with underlying disease, %

Anya Cardiacb Lungc Renald Livere Cancerf
HIV

infectiong Immunodeficiencyh
Alcohol
abusei Otherj

1 28 17 7 0 0 3 0 0 0 10
3 68 37 26 0 8 16 3 0 11 13
4 48 19 23 6 3 3 0 0 7k 16
6A 83 25 25 0 8 25 8 17 8 17
6B 71 19 14 0 5 33 14 14 0 19
7F 50 18 21 0 0 0 6 0 15 15
8 71 14 29 7 7 14 0 14 14 14
9V 67 33 12 0 4 22 4 10 14 18
11A 100 50 33 8 33 33 17 25 8 33
14 78 43 14 1 8 11 6 10 17 25
18Cl 73 27l 36l 9l 0l 18l 9l 27l 9l 27l

19A 84 47 26 5 11 21 5 0 11 32
19Fm 79 16m 26m 16m 21m 32m 16m 16m 11m 16m

22Fn 75 50n 33n 0n 0n 25n 0n 8n 8n 0n

23Fo 76 50o 34o 0o 11o 16o 5o 11o 11o 26o

a P ! .001
b Defined as chronic heart condition (arteriosclerotic or hypertensive heart disease with or without heart failure as defined by the New York

Heart Association classification of cardiovascular disease) ( ).P p .008
c Defined as asthma or chronic obstructive pulmonary disease ( ).P p .12
d Defined as regular medical control for renal failure (with or without dialysis) ( ).P p .05
e Defined as liver disease (with clinical diagnosis or biopsy verification, with or without liver failure) ( ).P p .03
f With or without active treatment ( ).P p .002
g Recorded when known ( ).P p .27
h Defined as autoimmune diseases (other than HIV infection) or receipt of high-dose steroid therapy ( ).P ! .001
i Defined as active alcoholism ( ).P p .39
j Defined as receipt of regular treatment for diabetes mellitus, neurological disorders, and other chronic disorders.
k Based on 30 of 31 isolates.
l Data for this serotype are based on 11 of 15 isolates.
m Data for this serotype are based on 19 of 21 isolates.
n Data for this serotype are based on 12 of 15 isolates.
o Data for this serotype are based on 38 of 40 isolates.

sequence typing (MLST). The Box fingerprinting method and

PFGE have been shown to have approximately the same dis-

criminatory power [22]. Pneumococcal isolates belonging to

the major serotypes (1, 3, 4, 6A, 6B, 7F, 9V, 11A, 14, 19F, and

23F) were subjected to molecular typing with Box fingerprint-

ing and/or PFGE. Representatives of the clones identified were

further characterized with MLST. A total of 173 isolates were

analyzed using Box fingerprinting, 247 isolates were analyzed

using PFGE, and 105 isolates were analyzed with MLST.

Box Fingerprinting

Box patterning was performed, as described by Hermans et al.

[22]. Isolates with a banding pattern of 190% similarity were

defined as being closely related and of possible clonal origin.

PFGE. The PFGE method was adapted from the procedure

described by Hermans et al. [22]. Gels were analyzed using the

software BioNumerics, version 2.5 (Applied Math), with the

Jaccard coefficient and the unweighted pair group method with

arithmetic mean (UPGMA) dendrogram type. The optimiza-

tion setting was 1.75% with a position tolerance of 2.25%. The

clones were defined using the criteria described by Tenover et

al. [23] (i.e., isolates that differed by �3 bands were considered

to be closely related).

MLST. A total of 105 isolates selected on the basis of being

different according to PFGE and Box fingerprinting were an-

alyzed using MLST. This method was adapted from the pro-

cedure described by Enright et al. [24]. Chromosomal DNA

obtained from pneumococcal isolates were subjected to se-

quencing of 7 different house-keeping genes (aroE, gdh, gki,

recP, spi, xpt, and ddl) using an Applied Biosystems Prism 3700

automated sequencer (PE Applied Biosystems). The sequences

obtained were submitted to the online MLST database [25],

thereby assigning alleles at each locus and a sequence type.

Invasive Disease Potential among Serotypes

Brueggeman et al. [11] have performed a meta analysis of 7

studies from different countries to calculate the ORs for dif-

ferent serogroups/serotypes causing invasive disease. In this

study, serotype 14 was chosen as the reference and set to 1.

Serogroups/serotypes 1 and 7 had ORs 11, whereas serogroups/
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Figure 2. Case-fatality rate and APACHE II scores among previously healthy patients, by major serotype. APACHE II scores for patients infected
with type 9V were calculated with data for 15 of 16 patients.

Table 3. Serotypes, case-fatality rates, and underlying disease
among patients with invasive pneumococcal disease, by invasive
disease potential.

Invasive
disease
potential Serotypes

Proportion (%)
of cases with

fatality

Proportion (%)
of patients with

underlying
disease

High 1, 7F 0/63 (0) 27/63 (43)
Medium 4, 9V, 14, 18C 16/167 (10) 111/163 (68)
Low 3, 6A, 6B, 8, 19F, 23F 31/146 (19) 106/142 (75)

Total … 47/376 (13) 244/368 (66)

NOTE. Invasive disease potential was determined according to the find-
ings of Brueggeman et al. [11]. All data were not available for all patients.

types 4, 18, and 9, in descending order, had ORs !1 but greater

than those of the third group, including serogroups/serotypes

8, 19, 6, 23, and 3. In the present study, we used these results

to divide the serotypes into 3 different groups with different

invasive disease potentials (high, medium, and low).

Statistical Analysis

Significant differences between the serotypes were determined

by performing an analysis of variance (ANOVA) from fitting

a logistic regression for the dichotomous variables, whereas an

ANOVA from a simple linear model was used for age. In ad-

dition, residual analysis was conducted to verify the assump-

tions of the linear models. The confidence intervals for the

proportion of patients were calculated with the exact binomial

distribution [26]. The association between 2 categorical vari-

ables was tested with Fisher’s exact test, and, in the analysis of

invasive disease potential, the trend test for proportions was

used. The trend test was calculated by assuming a simple linear

model, and the goodness-of-fit of the linearity was evaluated

by comparing the x2 statistics obtained from a test for inde-

pendence with the statistic obtained from the trend test [27].

All analyses were carried out in the statistical software R, version

2.1.1 [28], and the significance level was set at .05.

RESULTS

Disease severity and disease type differ by serotype. The 15

most common serotypes among the 494 patients with IPD

represented 85% of the isolates. Serotype 14 was the most abun-

dant (15% of isolates), followed in descending order by types

9V (10%), 23F (8%), 3 (8%), 7F (7%), 4 (6%), and 1 (6%)

(table 1). Severity of disease differed by serotype ( )P ! .001

(table 1). On admission to the hospital, patients infected with

types 1, 4, or 7F had less-severe disease, with APACHE II scores

111, in only 21%–35% of cases, compared with patients in-

fected with type 11A or 19F, among whom as many as 92%

and 71% of the patients, respectively, had APACHE II scores

111 (table 1). Furthermore, nobody died from infection with

pneumococci belonging to serotypes 1 and 7F, whereas the case-

fatality rates of patients infected with serotypes 6B, 11A, 19F,

3, and 6A, in ascending order, ranged from 19%–33%.

Forty-nine (10%) of the 491 pneumococcal strains were iso-

lated from CSF samples (sources of 3 strains were unknown),

whereas the remaining 442 isolates were isolated from blood

samples only. Most of the isolates obtained from patients with

meningitis belonged to the 14 most common serotypes in the

study. Pneumonia was found in 83% of all patients. Types 1,

14, 3, and 7F were usually associated with pneumonia (190%

of isolates) (table 1), and a significant difference in prevalence

of pneumonia was found between patients infected with dif-

ferent serotypes ( ).P p .009
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Figure 3. Trend analysis according to invasive disease potential. P values correspond to those obtained in the trend test for proportions, except
those for heart disease, which resulted from the Fisher’s exact test (nonsignificant trend). H, high invasive disease potential; M, medium invasive
disease potential; L, low invasive disease potential (see Material and Methods).

Serotype varies by age and the presence of underlying

disease. Fifty percent of patients were 164 years of age (figure

1), and there was a correlation between serotype and age

( ). Invasive disease caused by serotype 1 was found onlyP ! .001

among patients !65 years old, whereas serotype 23F was mainly

found in patients 165 years old (78%) (figure 1).

The percentage of patients with underlying disease differed

by serotype ( ), ranging from 31%–53% among patientsP ! .001

infected with serotypes 1, 4, and 7F, to 67%–100% among

patients infected with other serotypes (table 2). None of the

patients infected with type 11A were previously healthy.

Chronic heart and lung diseases and cancer were the most

common underlying diseases and were found in 32%, 20%,

and 16% of patients, respectively. Twenty-three (5%) of 435

patients were HIV infected. Significant differences in serotype

distribution were found among isolates obtained from patients

wth cardiac disease ( ), liver diseases ( ), cancerP p .008 P p .03

( ), and immunodeficiencies ( ) (table 2).P p .002 P ! .001

Disease severity in previously healthy individuals. Among

previously healthy individuals, we found that the majority of

patients infected with serotypes 3, 6A, 6B, 19A, and 19F had

APACHE II scores 111, whereas the majority of patients in-

fected with types 1, 4, and 7F had low scores. Serotypes 3 and

6B were associated with the highest mortality (figure 2), whereas
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Table 4. Major pneumococcal clones found by means of molecular typing and their association with clinical
parameters.

Sequence type Clone Serotype
No. of

isolates

Isolates
obtained from
patients with

underlying
disease, %

Percentage of
patients, by

APACHE II score
Case

fatality
rate!12 12–24 124

306 STO 1-A 1 17 24 82 18 0 0
227 STO 1-B 1 8 38 63 38 0 0
180 STO 3-A 3 21 67 33 67 0 43
260 STO 3-B 3 9 67 33 44 22 22
232 STO 3-C 3 3 33 67 33 0 0
205 STO 4-A 4 24 38 67 33 0 8
247 STO 4-B 4 4 75 75 25 0 25
1378 STO 6A-A 6A 4 100 25 50 25 25
138 STO 6B-A 6B 7 57 14 86 0 29
176 STO 6B-B 6B 6 83 17 83 0 0
191 STO 7F-A 7F 34 53 74 24 3 0
53 STO 8-A 8 10 70 50 50 0 10
156/162/838/1184 STO 9V-A 9V/14/19F/24A 54 70 56a 42a 2a 11
62 STO 11A-A 11A 12 100 8 83 8 25
124 STO 14-A 14 41 76 37 49 15 15
13 STO 14-B 14 4 75 50 50 0 0
9 STO 14-C 14 5 60 50b 50b 0 0
36 STO 23F-A 23F 8 75 50 50 0 13
977 STO 23F-B 23F 5 100 0 100 0 0
440 STO 23F-C 23F 5 100c 40 60 0 0
439 STO 23F-D 23F 3 50d 67 33 0 33
33 STO 23F-E 23F 3 100 67 33 0 0
81 STO 23F-F 23F 5 80 40 60 0 20
37 STO 23F-G 23F 3 100 100 0 0 33

NOTE. Only clones with 12 isolates are included.
a Data are based on 52 of 54 isolates.
b Data are based on 4 of 5 isolates.
c Calculated on the basis of 4 of 5 isolates.
d Calculated on the basis of 2 of 3 isolates.

only 1 of the previously healthy patients infected with serotypes

1, 4, and 7F died.

Serotypes/serogroups with elevated ORs for causing invasive

disease behave as primary pathogens, whereas those with a

low risk for invasive disease behave as opportunistic

pathogens. We divided the 15 most common serotypes into

3 groups with different invasive disease potentials, according

to criteria used by Brueggeman et al. [11]. Types 1 and 7F

comprised the first group, which had a high invasive disease

potential. Types 4, 9V, 14, and 18C comprised the middle group,

and types 3, 6A, 6B, 8, 19F, and 23F comprised the least invasive

group [11]. A low percentage of patients infected with serotypes

belonging to the group with the highest invasive disease po-

tential had an underlying disease (43%; in these patients, the

strains behave like primary pathogens), compared with per-

centages of patients in the other 2 groups, and nobody died

from infection (table 3). In contrast, patients infected with the

least invasive group had a high percentage of underlying disease

(75%; in these patients, the strains behave like opportunistic

pathogens) and experienced a high mortality rate (19%) (table

3). Trend analysis for the 3 groups with different invasive disease

potentials showed significance with respect to case-fatality rate,

pneumonia, meningitis, and underlying diseases (figure 3).

Clonal characteristics of serotypes behaving as primary

pathogens and of serotypes behaving as opportunistic

pathogens. By using molecular methods, Box fingerprinting,

PFGE, and MLST to study genetic relationships, we found that

isolates of serotypes with a high invasive disease potential (i.e.,

isolates of types 1 and 7F), were genetically highly related,

whereas isolates belonging to serotypes with less invasive po-

tentials (i.e., types 19F and 23F) were much more diverse. We

found no clones of type 19F by means of PFGE that included

12 isolates (table 4).

Both clones of serotype 1 (determined by PFGE) were ge-

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/42/4/451/381140 by guest on 21 August 2022



458 • CID 2006:42 (15 February) • Sjöström et al.

netically related, because they belonged to the same clonal clus-

ter (differing by only 1 allele), according to MLST. Most often,

they caused a mild disease with low APACHE II scores and

caused no fatalities, even though there was a tendency for in-

fected patients to acquire more-severe disease with clone STO

1-B (table 4).

Although type 11A behaved as an opportunistic pathogen

(because all infected patients had an underlying disease) all

isolates of type 11A belonged to the same clone as determined

by PFGE and MLST. In contrast, isolates of another oppor-

tunistic serotype, type 23F, were genetically highly diverse, with

only a few patients being infected by each clone. Differences,

albeit not significant, were observed between the clones with

respect to clinical outcome, even though a majority of patients

had an underlying disease.

The most common clone observed in the study by means

of PFGE, STO 9V-A, comprised 54 isolates belonging to 4

different serotypes (9V, 14, 19F, and 24A) (table 4) and, there-

fore, represented a highly successful clone that has undergone

a number of different capsular switches. The majority of isolates

were of type 9V ( ) and included both penicillin-sus-n p 45

ceptible and nonsusceptible isolates. MLST confirmed that all

of the isolates belonged to the same clonal cluster, differing in

only 1 and the same allele. A high percentage (70%) of patients

infected with this clone had an underlying disease, suggesting

that this clone acts primarily as an opportunistic pathogen.

However, we noticed that 3 (75%) of 4 patients infected with

the STO9V-A clone of type 14, 1 (25%) of 4 patients infected

with type 19F, and 23 (40%) of 45 patients infected with type

9V had no underlying disease. Thus, this suggests that there

may be differences in the potential to cause inasive disease in

previously healthy individuals within a single clone.

Penicillin resistance has no major impact on the outcome

of IPD. In our study, 32 (6%) of 494 patients had pneu-

mococci with a reduced susceptibility to penicillin. There were

no significant differences in case-fatality rate (13% died) or in

underlying disease when patients infected with clones of pneu-

mococci with a reduced susceptibility to penicillin or clones

with other resistant traits were compared with patients infected

with susceptible clones belonging to the same serotypes (data

not shown). None of the serotype 1 and 7F isolates had any

resistance traits.

DISCUSSION

In this article, we demonstrate that pneumococcal clones of

serotypes 1 and 7F, which were previously shown to have a

high risk of causing invasive disease, primarily infect previously

healthy individuals and, therefore, behave as “primary patho-

gens.” Nevertheless, most of these patients did not have a severe

invasive disease, and there were no deaths. This was in sharp

contrast to many other clones belonging to serotypes with a

lower potential for causing invasive disease. In the majority of

cases, infections with such clones behaved more like “oppor-

tunistic pathogens” causing disease in patients with underlying

disease, and were associated with more-severe disease and sig-

nificant mortality. Also, when comparing invasive diseases in

previously healthy individuals, trend analysis of the 3 groups

with different invasive disease potentials demonstrated statis-

tical significance with respect to case-fatality rate and APACHE

II scores (data not shown). Therefore, after we eliminated the

bias of underlying disease, clones of serotypes 1 and 7F were

observed to cause milder diseases than clones belonging to the

less invasive groups. We have recently infected mice with several

of these clones and found that clones belonging to the latter

groups caused a robust proinflammatory cytokine response in

serum after intraperitoneal challenge. This was not the case for

serotype 1 and 7F clones [12]. Thus, it appears that primary

and opportunistic S. pneumoniae isolates may differ from one

another in their ability to activate innate immune responses.

Such responses are required for bacterial clearance but may also

contribute to disease severity once invasive disease has been

established.

To prevent IPD and less-severe diseases caused by pneu-

mococci, vaccines based on the capsular polysaccharide have

been used for decades. A recently licensed 7-valent conjugated

vaccine includes only a limited number of different capsular

polysaccharides, and the potential coverage rate differs by geo-

graphic area and time period, because fluctuations in the se-

rotype distribution have been observed [8, 29, 30]. The present

7-valent vaccine does not include the highly clonal primary

pathogens, serotype 1 and 7F. However, in view of our findings,

this may have an impact mainly on morbidity and, to a lesser

extent, on mortality associated with IPD among adults. Sero-

type 11A is another example of a type not included in the 7-

valent conjugated vaccine. In this study, 11A was causing in-

vasive disease only in patients with underlying disease. This

serotype is relatively rare among carriers, but the frequency of

this serotype could possibly increase in vaccinated groups. In-

terestingly, infections caused by this strictly opportunistic se-

rotype were only represented by a single clone. This was in

contrast to many of the other more opportunistic serotypes

(i.e., 19F and 23F) that were represented by several clonal types

among the patients.

Because of the limited number of patients infected with a

given clonal type, we could not firmly resolve whether varia-

tions in disease severity and ability to cause invasive disease in

previously healthy individuals should be attributed to the cap-

sular type, to the clonal type, or to both. The largest clonal

cluster in the study was STO 9V-A, including both penicillin-

susceptible and resistant isolates. Even though the number of

isolates analyzed was small, isolates belonging to STO9V-A with

serotype 14 appeared to be more prone to infect previously

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/42/4/451/381140 by guest on 21 August 2022



Clonal and Capsular Type Decides Pathogenicity • CID 2006:42 (15 February) • 459

healthy individuals than were isolates with serotype 19F, which

is in agreement with the elevated OR of the former serotype

for causing invasive disease [11]. However, for any given se-

rotype, there were also differences with respect to degree of

underlying disease and disease severity, suggesting that prop-

erties other than capsular type may affect these parameters. A

number of pathogenicity islands have recently been described

for S. pneumoniae [31]. The presence of such islands within

different clonal types and different serotypes is currently being

determined in our laboratory, and the result should provide

valuable new information regarding the genetic properties of

pneumococci that are important for invasive disease severity.

Acknowledgment

We thank Christina Johansson, Ingrid Andersson, and Gunnel Moller-
berg, for providing excellent technical assistance, and Staffan Normark, for
providing excellent advice and discussions. We also thank the clinicians
and laboratories for collecting the strains.

Financial support. Pneumococcal Resistance, Epidemicity, and Viru-
lence–an International Study (PREVIS), the Swedish Medical Research
Council, Svenska Lakaresallskapet, KI-fonder, and the Magnus Bergvall
foundation.

Potential conflicts of interest. All authors: no conflicts.

References

1. Klein JO. Otitis media. Clin Infect Dis 1994; 19:823–33.
2. Bruyn GAW, van Furth R. Pneumococcal polysaccharide vaccines: in-

dications, efficacy and recommendations. Eur J Clin Microbiol Infect
Dis 1991; 10:897–910.

3. Ryan MW, Antonelli PJ. Pneumococcal antibiotic resistance and rates
of meningitis in children. Laryngoscope 2000; 110:961–4.

4. Henriques Normark B, Christensson B, Sandgren A, et al. Clonal anal-
ysis of Streptococcus pneumoniae non-susceptible to penicillin at day-
care centers with index cases, in a region with low incidence of resis-
tance: emergence of an invasive type 35B clone among carriers. Microb
Drug Resist 2004; 9:337–44.

5. Nunes S, Sa-Leao R, Carrico J, et al. Trends in drug resistance, serotypes,
and molecular types of Streptococcus pneumoniae colonizing preschool-
age children attending day care centers in Lisbon, Portugal: a summary
of 4 years of annual surveillance. J Clin Microbiol 2005; 43:1285–93.

6. Wood WB, Smith MR. The inhibition of surface phagocytosis by the
capsular “slime layer” of pneumococcus type III. J Exp Med 1949; 90:
85–96.

7. Lindberg AA. Glycoprotein conjugate vaccines. Vaccine 1999; 17(Suppl
2):S28–36.

8. Henriques Normark B, M Kalin, A Ortqvist, et al. Dynamics of pen-
icillin-susceptible clones in invasive pneumococcal disease. J Infect Dis
2001; 184:861–9.

9. Brueggemann AB, Griffiths DT, Meats E, Peto T, Crook DW, Spratt
BG. Clonal relationships between invasive and carriage Streptococcus
pneumoniae and serotype- and clone-specific differences in invasive
disease potential. J Infect Dis 2003; 187:1424–32.

10. Sandgren A, Sjostrom K, Olsson-Liljequist B, et al. Effect of clonal and
serotype-specific properties on the invasive capacity of Streptococcus
pneumoniae. J Infect Dis 2004; 189:785–96.

11. Brueggemann AB, Peto TE, Crook DW, Butler JC, Kristinsson KG,

Spratt BG. Temporal and geographic stability of the serogroup-specific
invasive disease potential of Streptococcus pneumoniae in children. J
Infect Dis 2004; 190:1203–11.

12. Henriques B, Kalin M, Ortqvist A, et al. Molecular epidemiology of
Streptococcus pneumoniae causing invasive disease in 5 countries. J In-
fect Dis 2000; 182:833–9.

13. Sandgren A, Albiger B, Orihuela C, Tuomanen E, Normark S, Hen-
riques-Normark B. Virulence in mice of pneumococcal clonal types
with known invasive disease potential in man. J Infect Dis 2005; 192:
791–800.

14. Kalin MA, Ortqvist M, Almela E, et al. Prospective study of prognostic
factors in community-acquired bacteremic pneumococcal disease in 5
countries. J Infect Dis 2000; 182:840–7.

15. Yu VL, Chiou CC, Feldman C, et al. An international prospective study
of pneumococcal bacteremia: correlation with in vitro resistance, an-
tibiotics administered, and clinical outcome. International Pneumo-
coccal Study Group. Clin Infect Dis 2003; 37:230–7.

16. Watanakunakorn C, Bailey TA. Adult bacteremic pneumococcal pneu-
monia in a community teaching hospital, 1992–1996: a detailed analysis
of 108 cases. Arch Intern Med 1997; 157:1965–71.

17. Olaechea PM, Quintana JM, Gallardo MS, Insausti J, Maravi E, Alvarez
B. A predictive model for the treatment approach to community-
acquired pneumonia in patients needing ICU admission. Intensive Care
Med 1996; 22:1294–300.

18. Halbert SP, Swick L, Sonn C. The use of precipitin analysis in agar for
the study of human streptococcal infections. II. Ouchterlony and Oak-
ley technics. J Exp Med 1955; 101:557–76.

19. Lund E, Henrichsen J. Laboratory diagnosis, serology and epidemiology
of Streptococcus pneumoniae. In: Bergan T, Norris JR, eds. Methods in
microbiology. Vol 12. Academic Press: New York, 1978:241–62.

20. Henrichsen J. Six newly recognized types of Streptococcus pneumoniae.
J Clin Microbiol 1995; 33:2759–62.

21. Olsson-Liljeqvist B, Larsson P, Walder M, Miorner H. Antimicrobial
susceptibility testing in Sweden. III. Methodology for susceptibility
testing. Scand J Infect Dis Suppl 1997; 105:13–23.

22. Hermans PW, Sluijter M, Hoogenboezem T, Heersma H, van Belkum
A, de Groot R. Comparative study of five different DNA fingerprint
techniques for molecular typing of Streptococcus pneumoniae strains. J
Clin Microbiol 1995; 33:1606–12.

23. Tenover FC, Arbeit RD, Goering RV, et al. Interpreting chromosomal
DNA restriction patterns produced by pulsed-field gel electrophoresis:
criteria for bacterial strain typing. J Clin Microbiol 1995; 33:2233–9.

24. Enright MC, Spratt BG. A multilocus sequence typing scheme for
Streptococcus pneumoniae: identification of clones associated with se-
rious invasive disease. Microbiology 1998; 144:3049–60.

25. Multi Locus Sequence Typing. Available at: http://www.mlst.net. Ac-
cessed on 6 December 2005.

26. Conover WJ. Practical nonparametric statistics. New York: John Wiley
& Sons, 1971.

27. Altman D. Practical statistics for medical research. Boca Raton: Chap-
man & Hall/CRC, 1991.

28. R Development Core Team, R. “R: A language and environment for
statistical computing.” Vienna, Austria: Foundation for Statistical Com-
puting, 2005.

29. Normark BH, Ortqvist BA, Kalin M, et al. Changes in serotype dis-
tribution may hamper efficacy of pneumococcal conjugate vaccines in
children. Scand J Inf Dis 2001; 33:848–50.

30. Hausdorff WP, Bryant J, Paradiso P, Siber G. Which pneumococcal
serogroups casue the most invasive disease: implications for conjugate
vaccine formulation and use, part I. Clin Infect Dis 2000; 30:100–21.

31. Hava DL, Camilli A. Large-scale identification of serotype 4 Streptococcus
pneumoniae virulence factors. Mol Microbiol 2002; 45:1389–406.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/42/4/451/381140 by guest on 21 August 2022


