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A cross-sectional study of nasopharyngeal colonization with Streptococcus pneumoniae was performed among 573
children attending 29 day-care centers (DCCs) in Norway prior to the start of mass vaccination with the heptavalent
pneumococcal conjugate vaccine (PCV-7). A sensitive sampling method was employed, including transport in an
enrichment broth and serotyping of pneumococci directly from the broth, in addition to traditional single-colony
isolation from blood agar plates. The prevalence of carriage was high, peaking at 88.7% in 2-year-olds. More than
one serotype was isolated from 12.7% of the carriers. Of 509 isolates obtained, 227 (44.6%) belonged to the PCV-7
serotypes. Penicillin nonsusceptibility was rare (1.8% of the isolates). Nonsusceptibility to erythromycin (5.9%),
clindamycin (2.0%), and tetracycline (5.5%) was associated with PCV-7 serotypes (P < 0.001). Multilocus sequence
typing was performed on the whole strain collection, revealing 102 sequence types (STs), of which 31 (30.4%) were
novel. Eleven isolates (2.2%) belonged to the England'*-9 clone, and 19 isolates (3.7%) belonged to, or were
single-locus variants of, the Portugal’®*-21 clone. The pneumococcal populations within the DCCs were composed
of a majority of isolates with STs shared between the DCCs and a minority of isolates with STs unique for each DCC.
The highest numbers of different STs, including novel STs, were found within the most frequent serotypes. Our
study indicates that carriage of S. pneumoniae is highly prevalent among children in Norwegian DCCs, with a

genetically diverse pneumococcal population consisting of unique microepidemic DCC populations.

Streptococcus pneumoniae (the pneumococcus) is a commen-
sal bacterium in the human nasopharynx and a pathogen caus-
ing a wide spectrum of diseases, ranging from mild respiratory
tract infections to severe invasive disease. Colonization pre-
cedes pneumococcal disease, and colonized individuals serve
as a reservoir for horizontal spread of the bacterium in the
community (3, 11, 18). The prevalence of asymptomatic car-
riage of S. pneumoniae increases during the first 2 years of life
and then levels off; peak prevalences ranging from 43% to 70%
have been reported in healthy children between 1 and 3 years
of age in Western Europe (1, 5, 25, 26, 46).

The pneumococcus is encapsulated in a coat of polysaccha-
ride, which gives rise to at least 90 antigenically different se-
rotypes (20). The distribution and prevalence of serotypes dif-
fer significantly among isolates from asymptomatic carriers
versus those from individuals with invasive pneumococcal dis-
ease (IPD); while some serotypes are found frequently in both
conditions, others are rarely isolated from either carriage or
invasive disease (19). These differences are believed to reflect
in part the variable invasive potential of the serotypes (7, 39).

The emergence of antimicrobial resistance among pneumo-
cocci is a serious concern. By use of molecular typing methods,
such as multilocus sequence typing (MLST), it is evident that
antimicrobial-resistant pneumococci worldwide are dominated
by a small number of clones (32). Currently, 26 internationally
spread antibiotic-resistant clones have been described by the
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Pneumococcal Molecular Epidemiology Network (PMEN).
These are named according to the country where they were
first identified, the first serotype described, and a sequential
PMEN number. Accordingly, the Portugal'*F-21 clone was first
identified in Portugal as a serotype 19F pneumococcus and is
clone 21 in the PMEN system.

In Norway, reduced susceptibility to penicillin is rare, with
98.1% of all isolates from blood cultures being susceptible in
2006. However, resistance to erythromycin in systemic pneumo-
coccal isolates has increased from 2.7% in 2002 to 12.4% in 2006
(33). This rapid increase in erythromycin resistance was found to
be caused mainly by the spread of the England'*-9 clone, carrying
the mef(A) gene (29, 44).

A heptavalent conjugated pneumococcal vaccine (PCV-7)
was licensed in the United States in 2000. This vaccine offers
good protection against IPD caused by the included serotypes,
i.e., serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F (2), and a
reduction of nasopharyngeal carriage of these serotypes fol-
lowing vaccination has been demonstrated (10, 31). Thus, mass
vaccination of children has resulted in a herd effect, as dem-
onstrated by a reduced incidence of [IPD among older adults in
the United States (28). In addition, as the majority of the
resistant PMEN clones have serotypes represented in PCV-7,
vaccination is potentially an effective way to control the spread
of resistant clones (45). However, the reduction of vaccine
serotypes in asymptomatic carriage and IPD has, to some ex-
tent, been countered by replacement with nonvaccine sero-
types (23, 42), requiring an improved surveillance program
when PCV-7 is introduced in a population.

PCV-7 was introduced in the Norwegian childhood vaccina-
tion program in July 2006. Immunizations are administered on
a three-dose schedule, with doses given at 3, 5, and 12 months
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of age. Because the vaccine was originally licensed for a four-
dose regimen, the expected effects of the vaccination program
in Norway, with respect to both carriage and IPD, might differ
from those found in clinical trials and experiences from, e.g.,
the United States. As a consequence, surveillance of pneumo-
cocci in both carriage and disease in Norway is particularly
important.

Knowledge on asymptomatic carriage of pneumococci among
children attending day-care centers (DCCs) in Norway is limited.
In a study performed in 2003 that included 94 children, a peak
prevalence of carriage of 70% was found among children 2 years
of age. Low levels of antimicrobial nonsusceptibility were re-
vealed, with none of the isolates belonging to the PMEN clones
(43). To be able to evaluate the impact of the introduction of
PCV-7 in the Norwegian vaccination program, we performed a
cross-sectional study to describe nasopharyngeal carriage among
children attending DCCs before mass vaccination with PCV-7.
The isolated pneumococci were characterized by serotyping, an-
timicrobial susceptibility testing, and MLST. We also evaluated
factors associated with an increased risk of asymptomatic car-
riage.

MATERIALS AND METHODS

Study population. In suburban areas around Oslo, the capital of Norway,
children and parents/guardians in 29 DCCs were invited to participate in the
present study. DCCs are generally available to the population in the area, and
the majority of children attend DCCs from 1 year of age; 80.4% of 1- to
5-year-olds in Norway and 85 to 90% of 1- to 5-year-olds in the study area attend
DCCs (Statistics Norway, 2006 [http://www.ssb.no]). All the parents/guardians
were informed about the study by leaflets, letters, and information meetings, and
written consent was obtained from all who agreed to participate. A questionnaire
with data on household size, ages of family members, parents’ smoking habits,
breast feeding, and use of antibiotics by the child during the last 3 months was
filled out according to the information reported by the parents.

The study was approved by the Regional Committee for Medical Research
Ethics, Southern Norway.

Sample collection. Transnasal nasopharyngeal samples were collected at the
DCCs between 13 September and 7 November 2006. Sampling was performed by
three medical doctors; 95% of samples were taken by one of them. With the
participant’s head slightly tipped backwards and the tip of the nose gently lifted,
a flexible wire shaft with a rayon bud (Medical Wire & Equipment, Wiltshire,
United Kingdom) was inserted through a nostril, parallel to the floor of the nasal
cavity, until meeting slight resistance at the posterior pharyngeal wall, about
one-half to two-thirds of the distance from the nostril to the ear lobe. The swab
was rotated, and preferably kept in place for 5 seconds, before removal. It was
then inserted into a tube containing 3 ml of serum broth from beef infusion,
which was enriched with 5% horse serum and 3.3% defibrinated horse blood
(Statens Serum Institut, Copenhagen, Denmark). The swabs were transported to
the laboratory and further processed within 3 to 4 h.

Bacterial identification and serotyping. All swabs were plated onto a nonse-
lective chocolate agar and Columbia horse blood agar containing 5.0 pg/ml
gentamicin and reinserted into their respective enrichment broth used for trans-
port. Agar plates and enrichment broths were incubated overnight at 35°C in air
with 5% CO,. The presence of pneumococci was detected by direct serotyping of
all enrichment cultures, as described by Kaltoft (26), using a commercial kit for
latex agglutination (Pneumotest-Latex kit; Statens Serum Institut, Copenhagen,
Denmark). The agglutination kit contains latex particles coated with rabbit
antibodies reacting with specific pneumococcal capsular polysaccharide, and
identification of pneumococcal serogroups/serotypes follows a checkerboard sys-
tem after agglutination in 14 pool suspensions. Growth on the selective blood
agar was examined for alpha-hemolytic colonies with typical pneumococcal mor-
phology to confirm the findings from the broths. If more serogroups/serotypes
were identified in the enrichment culture, up to 16 colonies were passaged in the
attempt to identify the different strains. Pneumococci were further identified by
testing for optochin sensitivity (BBL Taxo Discs; BD, NJ). The serotype was
determined by the capsular reaction test (Quellung reaction) using specific an-
tisera (Statens Serum Institut, Copenhagen, Denmark). In cases of positive
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agglutination of the enrichment culture but no growth on the selective blood
agar, a new droplet of the enrichment broth was plated on blood agar and
incubated overnight for isolation of S. pneumoniae colonies. Isolates were stored
at —80°C.

Antimicrobial susceptibility testing. For all identified isolates, antimicrobial
susceptibility testing was performed by determination of the MIC using Etest
(AB Biodisk, Solna, Sweden). Using the breakpoints from the Clinical and
Laboratory Standards Institute (9), susceptibilities to penicillin G, cefotaxime,
ceftriaxone, erythromycin, clindamycin, tetracycline, trimethoprim-sulfamethox-
azole, and chloramphenicol were determined.

Genotyping. Genomic DNA was isolated by boiling a 1-pl loopful of bacteria
in 100 pl Tris-EDTA buffer for 10 min. After centrifugation at 13,000 rpm for 5
min, the supernatants were stored at —20°C. MLST was performed as described
elsewhere (12). The sequence types (STs) were obtained by using the MLST
database (http:/www.mlst.net). Novel alleles and STs were submitted to the
curator of the database and assigned designations. Clonal relationships in the
strain collection were visualized using eBURST (http://eburst.mlst.net) (13).
Groups of isolates sharing six of seven alleles were assigned to clonal groups
(CGs).

Statistical analyses. Analyses by the chi-square test, Fisher’s exact test, and
Student’s ¢ test were performed in SPSS 14.0 for Windows and GraphPad Prism
5.01. P values of <0.05 were considered significant. The genetic diversity in the
total population and within each DCC was calculated using Simpson’s index of
diversity (D), a measure of the probability that two random and independent
samples from a population will belong to the same group (41). Simpson’s index
of diversity is defined as 1 — X\, where N = X[n;(n; — 1)]/N(N — 1), n; is the
number of isolates with the ith ST in the population, and N is the number of
isolates in the population.

RESULTS

Study population. Of the 1,539 children attending the 29
DCCs, 611 (39.7%) volunteered to participate. Thirty-eight
children had already received one or more doses of PCV-7.
Although samples from all 611 children were obtained and
analyzed, only the results for the 573 unvaccinated children
were included in the analyses. The characteristics of these 573
children are shown in Table 1. The median age of the partic-
ipating children was 46 months (range, 10 to 69 months); 260
(45.4%) were girls. Forty-nine children (8.6%) had received
antibiotics within the last 3 months, as reported by the parents.

Prevalence of carriage and multiple colonization. A total of
509 pneumococcal isolates were obtained from 449 (78.4%) of
the 573 children. More than one strain were found in 57 chil-
dren (9.9%), of which 54 (94.7%) were colonized by two strains
and 3 (5.3%) were colonized by three strains. Thirty isolates
(5.9%) were identified after positive broth agglutination and
subsequent replating of the serum broth. Direct agglutination
further indicated single-strain carriage in three children and
the presence of additional strains in 19 carriers from whom one
isolate had been recovered; these strains could not be grown,
however, and were consequently not included in further anal-
yses. Two pneumococcal isolates not identified by agglutina-
tion (serotypes 6B and 19F) were found during susceptibility
testing due to growth within the inhibition zone; the least
susceptible colonies were found to be of a different serotype
than the more susceptible colonies.

Serotype distribution. Among the 509 isolated pneumo-
cocci, 30 different serotypes were identified (Fig. 1), and 24
isolates (4.7%) were nontypeable (NT). Four serotypes, i.e.,
6A, 6B, 19F, and 23F, dominated the serotype distribution by
constituting 221 (43.4%) of the 509 isolates, each accounting
for more than 10% of the total number of isolates. The PCV-7
serotypes, i.e., serotypes 4, 6B, 7F, 14, 18C, 19F, and 23F,
constituted 227 (44.6%) of the isolates.
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TABLE 1. Characteristics of the study participants

Characteristic No. (%)

Age (mo)

24-35..
36-47..
48-59..

313 (54.6)
260 (45.4)

465 (81.2)
108 (18.8)

110 (19.2)
463 (80.8)

520 (90.8)
53(9.2)

524 (91.4)
49 (8.6)

Risk factor analysis. The children colonized with pneumo-
coccli, either of any serotype or of the PCV-7 serotypes, were
significantly younger than noncolonized children (P < 0.001,
Student’s ¢ test). A peak prevalence of asymptomatic carriage
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of 88.7% was found among children aged 2 to 3 years (24 to 35
months) (Table 2). No significant associations with coloniza-
tion were found for household size, number of siblings, expo-
sure to passive smoking at home, recent upper respiratory tract
infection (RTI), or recent use of antibiotics (Table 2). The
duration of breast feeding was not significantly associated with
colonization (P = 0.33, Student’s ¢ test).

Antimicrobial susceptibility. Reduced susceptibility to one or
more antimicrobials was found in 105 isolates (20.6%), of which
46 (43.8%) belonged to PCV-7 serotypes (Table 3). Nine iso-
lates(1.8%) were nonsusceptible to penicillin; one of these was
additionally nonsusceptible to cefotaxime and ceftriaxone. How-
ever, no isolates were fully resistant to B-lactams. Resistance to
erythromycin was found in 30 (5.9%) of the isolates; coresistance
to clindamycin was found in 10 isolates (2.0%). Twenty-four iso-
lates (4.7%) were resistant to tetracycline, and 4 isolates
(0.8%) were intermediately susceptible. Nonsusceptibility to
trimethoprim-sulfamethoxazole was found in 67 isolates (13.2%),
with 27 (5.3%) being fully resistant and 40 (7.9%) showing inter-
mediate susceptibility. While penicillin-nonsusceptible isolates
were evenly distributed among PCV-7 serotypes (n = 5) and
other serotypes (n = 4), resistance to erythromycin and tetracy-
cline was significantly associated with PCV-7 serotypes. Of the 30
erythromycin-resistant isolates, 26 isolates (86.7%) were identi-
fied among the 227 PCV-7 serotype isolates, while 4 isolates were
identified among the 282 non-PCV-7 serotypes (P < 0.001). Sim-
ilarly, 26 (91.7%) of the 28 tetracycline-nonsusceptible isolates
were identified among the PCV-7 serotype isolates, while 2 iso-
lates were identified among the non-PCV-7 serotypes (P <
0.001). In contrast, nonsusceptibility to trimethoprim-sulfame-
thoxazole was associated with non-PCV-7 serotypes; 57 (85.1%)
of 67 nonsusceptible isolates belonged to the non-PCV-7 sero-
types, compared to 10 isolates among the PCV-7 serotypes (P <
0.001). Trimethoprim-sulfamethoxazole-nonsusceptible isolates
were dominated by serogroup 15 and NT isolates, representing
19.4% and 17.9% of nonsusceptible isolates, respectively.

Genotypes. MLST was performed on all 509 isolates. Fif-
teen new alleles were identified and entered in the MLST
database. A total of 102 STs were identified, of which 31

No. of isolates

FIG. 1. Distribution of serotypes among 509 S. pneumoniae isolates recovered from children attending DCCs in Norway.
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TABLE 2. Risk factors for colonization with S. pneumoniae in 573 children attending DCCs in Norway
Children colonized with S. pneumoniae Children colonized with PCV-7 serotype
Variable
P value P value
No. (%) (chi-square test) No. (%) (chi-square test)
Age (mo)
<24 51(86.4) 0.004 29 (49.2) <0.001
24-35 102 (88.7) 58 (50.4)
36-47 102 (77.3) 46 (34.8)
48-59 120 (74.5) 55(34.2)
>60 74 (69.8) 27 (25.5)
Sex
Male 241 (77.0) NS¢ 121 (38.7) NS
Female 208 (80.0) 94 (36.2)
No. of siblings <6 yr old
0 220 (76.9) NS 89 (34.3) NS
1 217 (79.5) 111 (40.7)
>1 12 (85.7) 7 (50.0)
Passive smoking
No 371 (79.8) 0.086 183 (39.4) 0.089
Yes 78 (72.2) 33 (30.6)
RTI in past 3 mo
No 409 (78.7) NS 191 (36.7) NS
Yes 40 (75.5) 25 (47.2)
Antibiotic use in past 3 mo
No 415 (79.2) NS 196 (37.4) NS
Yes 34 (69.4) 20 (40.8)

4 NS, not significant.

(30.4%) were novel STs. A small number of STs accounted
for the majority of the isolates; 15 STs were recovered from
at least nine or more children, and these accounted for 264
(51.9%) of the isolates (Fig. 2). These were ST199, ST176,
ST36, ST162, ST180, ST62, ST138, ST1262, ST941, ST9,
ST1877, ST177, ST1714, ST1978, and ST440. The most fre-
quent ST, ST199, was identified in 40 (8.9%) of the 449
carriers. CGs consisting of groups of STs sharing alleles at
six of the seven loci analyzed, i.e., single-locus variants
(SLV), were assigned using eBURST. A total of 48 STs,
comprising 251 (49.3%) of the isolates, clustered into 16
CGs, while 54 STs differed from other STs in more than one
allele (singletons) (Fig. 3).

Genotype in relation to serotype. For most STs represented
by multiple isolates, only one serotype was identified. How-
ever, seven STs were associated with two or three serotypes. To
our knowledge, five genotype-serotype associations in our ma-

terial have not previously been reported: ST490 with serotype
6B, ST2068 with serotype 6A, ST1046 with serotype 34,
ST1011 with serotype 23F, and ST550 with NT. These isolates
were reserotyped in order to ensure that the serotype was
correct. Three of these new genotype-serotype associations
were found in children colonized by more than one strain: the
child with the ST490 serotype 6B strain was cocolonized by an
ST199 serotype 15C strain, the child with the ST1046 serotype
34 strain was cocolonized with an ST180 serotype 3 strain, and
the child with the ST1011 serotype 23F strain harbored in
addition both an ST2630 serotype 3 strain and an ST162 sero-
type 9V strain. Thus, the unusual genotype-serotype associa-
tions did not appear to result from genetic exchange between
the multiple isolates evidenced in these hosts. The number of
STs and the number of novel STs within a serotype increased
with the number of isolates assigned to the serotype, as shown
in Table 4.

TABLE 3. Antimicrobial susceptibilities of 509 S. pneumoniae isolates from children attending DCCs in Norway

No. (%) of isolates
Antimicrobial®

No. (%) of nonsusceptible isolates
belonging to a PCV-7 serotype

Susceptible Intermediate Resistant Intermediate Resistant
PEN 500 (98.2) 9(1.8) 5(55.6)
ERY 479 (94.1) 30(5.9) 26 (86.7)
CLI 499 (98.0) 10 (2.0) 9 (90)
TET 481 (94.5) 4(0.8) 24 (4.7) 4 (100) 22 (91.7)
SXT 442 (86.8) 40 (7.9) 27(5.3) 6 (15) 4(14.8)

¢ PEN, penicillin; ERY, erythromycin; CLI, clindamycin; TET, tetracycline; SXT, trimethoprim-sulfamethoxazole.
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FIG. 2. Distribution of STs among 509 S. pneumoniae isolates recovered from children attending DCCs in Norway. The following 15 STs, in
order of decreasing frequency, were represented by nine or more isolates: ST199, ST176, ST36, ST162, ST180, ST62, ST138, ST1262, ST941, ST9,

ST1877, ST177, ST1714, ST1978, and ST440.

Antimicrobial nonsusceptibility and genotypes. A total of 32
STs were identified among the nonsusceptible isolates, of
which 7 were novel STs (Table 5). Five STs belonged to one of
the 26 worldwide-spread resistant pneumococcal clones cur-

rently accepted by PMEN (i.e., England'*-9, Taiwan'?F-14,
Taiwan?*F-15, Portugal'*F-21, and Colombia®**-26), account-
ing for 26 (24.8%) of the 105 nonsusceptible isolates, and three
STs were SLVs of PMEN clones. However, in one of these
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TABLE 4. Genotypes in relation to serotypes of S. pneumoniae isolates recovered from children attending DCCs in Norway

No. of:
Serotype ST(s) (no. of isolates)
Isolates STs  Novel STs
PCV-7
4 ST205 (3) 3 1
6B ST138 (16), ST146 (3), ST176 (28), ST469 (1), ST490 (2), ST639 (1), ST2547 (1), ST2556 (1), 57 9 3
ST2720 (4)
9V ST162 (23) 24 1
14 ST9 (11), ST124 (6), ST2551 (1) 18 3 1
18C ST110 (4), ST113 (5), ST496 (8), ST2559 (1) 18 4 1
19F ST43 (1), ST177 (10), ST179 (8), ST236 (4), ST391 (3), ST420 (1), ST425 (1), ST462 (3), ST654 (1), 55 17 7
ST1173 (3), ST2439 (1), ST2550 (1), ST2581 (8), ST2620 (1), ST2621 (6), ST2631 (2), ST2731 (1)
23F ST36 (29), ST242 (2), ST338 (2), ST439 (1), ST440 (9), ST1011 (5), ST2558 (2), ST2624 (1) 51 8 2
Non-PCV-7
6A ST65 (1), ST176 (6), ST460 (4), ST490 (6), ST681 (2), ST1379 (3), ST1390 (1), ST1714 (10), 58 18 7
ST1978 (9), ST2068 (1), ST 2221 (4), ST2556(1), ST2557 (1), ST2579 (1), ST 2622 (1), ST2623
(1), ST2629 (1), ST2728 (5)
18A ST1232 (1) 1 1
19A ST199 (6), ST645 (2), ST2548 (1), ST2632 (1) 10 4 2
23A ST42 (2), ST439 (4), ST2560 (5) 11 3 1
1 ST306 (8) 8 1
3 ST180 (22), ST2630 (2) 24 2 1
7F ST191 (6) 6 1
8 STS3 (1), ST2582 (1) 2 2 1
10A ST97 (2), ST2068 (1) 3 2
11A ST62 (19), ST2549 (3), ST2625 (1), ST2649 (1) 24 4 3
15B ST199 (19), ST1262 (5), ST2344 (1), ST2577 (1), ST2729 (1) 27 5 2
15C ST199 (15), ST1262 (8) 23 2
16F ST30 (4) 4 1
21 ST193 (1), ST1877 (11) 12 2
22F ST433 (3) 3 1
24F ST72 (2) 2 1
31 ST444 (1), ST1601 (1) 2 2
33F ST100 (4), ST673 (3) 7 2
34 ST1046 (6) 6 1
35B ST198 (4), ST452 (4), ST2628 (1) 9 3 1
35F ST446 (5) 5 1
37 ST447 (4) 4 1
38 ST393 (8) 8 1
NT ST448 (2), ST449 (1), ST550 (1), ST941 (12), ST1054 (7), ST2552 (1) 24 6 1

PMEN STs, ST236, only one of four isolates were nonsuscep-
tible to antibiotics. The majority of STs unrelated to the
PMEN clones included isolates with monoresistance to tri-
methoprim-sulfamethoxazole. Thirteen STs (ST43, ST100,
ST113, ST176, ST193, ST440, ST460, ST941, ST1046, ST1262,
ST1978, ST2557, and ST2560), accounting for 51.4% of the
nonsusceptible isolates, were nonsusceptible solely to tri-
methoprim-sulfamethoxazole.

Resistance to erythromycin, clindamycin, and tetracycline
are often associated. Of the 45 isolates that were nonsuscep-
tible to one of these substances in this study, 29 (64.4%) be-
longed to two CGs: ST9, the England'*-9 clone with erythro-
mycin monoresistance, and CG177, including ST177 and
ST179 (the Portugal*®F-21 clone and an SLV), showing resis-
tance to tetracycline and tetracycline plus macrolides, respec-
tively.

The penicillin-nonsusceptible isolates were heterogeneous;
six different capsule phenotypes (6A, 18C, 19A, 19F, 23F, and
NT) and eight STs, including three novel STs, were identified.
Two STs belonged to the PMEN clones. The most extensive
drug resistance was found in a serotype 23F isolate, ST2624,
showing intermediate susceptibility to penicillin and resistance

to erythromycin, clindamycin, tetracycline, and trimethoprim-
sulfamethoxazole. The only isolate with nonsusceptibility to
penicillin and cephalosporins was a serotype 19A isolate of the
novel ST2632.

Multiple colonization. Among the isolates recovered from
the 57 children colonized by more than one strain, the most
prevalent types were 19F, 3, NT, 6A, 6B, 23F, 15C, and 9V,
with each of them represented by more than five isolates.
Three STs were identified more than five times in these carri-
ers, i.e., ST180, ST162, and ST199, representing 11, 6, and 6
isolates, respectively. No pattern of association between the
serotypes or STs of the isolates was discernible. Isolates of
different serotypes carried simultaneously in these 57 children
had =3 common alleles by MLST, indicating genetic unrelat-
edness. Serotype 3, however, was positively associated with
multiple carriage; of the 24 serotype 3 isolates identified, 13
were recovered from the 57 carriers of multiple serotypes,
while 11 were recovered from the 392 carriers of one serotype
(P < 0.001).

Distribution of genotypes in DCCs. Of the 102 STs, 51
(50%) were found in more than one DCC, accounting for 425
(83.5%) isolates, and 51 (50%) were restricted to one DCC,
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TABLE 5. Characteristics of 105 isolates of S. pneumoniae that are not susceptible to antibiotics

No. of nonsusceptible isolates/

ST Serotype total no. of isolates Antimicrobial nonsusceptibility” Clone
ST9 14 11/11 ERY England'*-9
ST43 19F 1/1 SXT
ST62 11A 3/19 ERY, SXT
ST100 33F 1/4 SXT
ST110 18C 1/4 PEN, ERY
ST113 18C 1/5 SXT
ST162 A% 1/23 ERY, SXT Spain’V-3 SLV
ST176 6B 1/34 SXT
ST177 19F 10/10 TET Portugal'’F-21
ST179 19F 8/8 ERY, CLI, TET Portugal'®F-21 SLV
ST193 21 171 SXT
ST199 19A 1/40 PEN, SXT
ST236 19F 1/4 PEN, ERY, TET, SXT Taiwan'’*-14
ST242 23F 2/2 ERY, TET, SXT Taiwan®F-15
ST338 23F 2/2 PEN Colombia®**-26
ST440 23F 2/9 SXT
ST460 6A 1/4 SXT
ST462 19F 3/3 TET
ST469 6B 171 ERY
ST490 6A 1/8 ERY, CLI, TET
ST550 NT 1/1 PEN, SXT
ST941 NT 12/12 SXT
ST1046 34 6/6 SXT
ST1262 15B/C 13/13 SXT
ST1978 6A 9/9 SXT
ST2550 19F 11 TET Portugal'’F-21 SLV
ST2557 6A 171 SXT
ST2560 23A 5/5 SXT
ST2577 15B 171 TET
ST2622 6A 1/1 PEN, TET
ST2624 23F 171 PEN, ERY, CLI, TET, SXT
ST2632 19A 1/1 PEN, CTX, CRO, SXT

¢ PEN, penicillin; CTX, cefotaxime; CRO, ceftriaxone; ERY, erythromycin; CLI, clindamycin; TET, tetracycline; SXT, trimethoprim-sulfamethoxazole.

accounting for 84 (16.5%) isolates. Of the 31 novel STs, 26
were restricted to only one DCC; 22 of these were recovered
from only one child. In 15 DCCs, the pneumococcal popula-
tion was dominated by one or two STs recovered from more
than four children (Table 6). Among these dominating ST,
five were frequently recovered overall in the study, while the
remaining nine STs, including two novel STs (ST2560 and
ST2581) were rarely or never found outside the DCC where
they dominated. The STs dominating a DCC represented up to
55.6% of the isolates (DCC VII).

The genotypic diversity of the total population of carriage
isolates was 0.973, as measured by Simpson’s index of diversity,
D. The genotypic diversity within DCCs ranged from 0.64 to
1.0, the latter indicating a population from a DCC in which
each single isolate had a different ST (Table 6).

DISCUSSION

In this study of pneumococcal carriage in children attending
DCCs in Norway, a high overall carriage rate of 78.4% was
found, with a peak prevalence of 88.7% in children 2 to 3 years
old. These frequencies are higher than previously described in
Norway, as well as in similar studies performed in other Scan-
dinavian countries or elsewhere in Western Europe (5, 43, 46).
This is probably due to the highly sensitive sampling method
used in this study, i.e., giving the bacteria optimal conditions in
an enrichment broth directly after sampling, allowing a short

interval before plating, and performing serotyping directly
from the incubated enrichment broth to identify multiple se-
rotypes. The use of serum broth as a sensitive method for
recovery of pneumococci has been described by Kaltoft (26).
Detection of capsular antigen after enrichment has been dem-
onstrated as a sensitive way to identify pneumococci in carriage
studies, yielding more than culture on agar plates alone and
with no further gain from adding gentamicin in the enrichment
broth (27). In the present study, the presence of pneumococci
was indicated by agglutination in 33 samples that were initially
culture negative on blood agar. In 30 of these samples, growth
was obtained after replating of the enrichment broth, increas-
ing the yield by 7.2%, from 419 to 449 positive samples. The
lack of recovery of strains from three antigen-positive samples
might be due to a small amount of bacteria in the sample,
autolysis of the pneumococci or overgrowth by other species.
Hence, transport in an enrichment broth, followed by incuba-
tion and serotyping directly from the broth, is a sensitive
method for isolation of pneumococci. However, the method is
suitable only when plating can be performed within a short
time interval after sample collection.

Longitudinal studies have demonstrated that children are
successively colonized with multiple strains of pneumococci
(18). However, identification of simultaneous carriage of mul-
tiple serotypes is laborious, and the yield varies according to
the method used (24). Serotyping of multiple colonies is time-
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TABLE 6. Genotypic diversity of S. pneumoniae in 29 DCCs in Norway

No. of:

ST(s) with >4 isolates Simpson’s index of

DCC . L
Children sampled Children colonized Isolates STs (no. of isolates) diversity”

I 31 24 24 9 199 (10) 0.81
II 30 24 25 11 36 (8) 0.88
111 19 15 15 8 176 (6) 0.84
v 30 23 25 10 62 (5), 199 (6) 0.89
v 30 18 20 10 1978 (8) 0.82
VI 20 13 16 8 439 (5) 0.88
VII 16 14 18 8 941 (10) 0.70
VIII 22 19 22 14 0.96
IX 11 9 9 8 0.97
X 10 9 11 7 179 (5) 0.82
XI 24 15 17 11 0.91
XII 28 22 29 13 162 (9) 0.89
XIII 17 15 17 10 162 (7) 0.84
XIV 18 18 22 8 393 (8) 0.83
XV 9 7 7 7 1.0
XVI 7 7 7 3 0.64
XVII 17 14 18 12 0.92
XVIII 22 22 29 18 2560 (5) 0.96
XIX 22 18 21 8 1046 (6) 0.87
XX 31 22 22 14 0.95
XXI 6 6 6 5 0.86
XXII 30 23 23 11 0.92
XXIII 23 15 16 11 0.95
XXIV 20 19 21 11 0.93
XXV 22 15 19 10 2581 (6) 0.87
XXVI 16 13 16 9 0.88
XXVII 12 8 8 5 0.92
XXVIII 14 12 14 6 9(5) 0.81
XXIX 16 10 11 7 0.87

@ Simpson’s index of diversity (D) = 1 — X[n,(n; — 1)J/N(N — 1), where n; is the number of isolates with the ith ST in the population and N is the number of isolates

in the population.

consuming, and if the second serotype constitutes 4 to 27% of
the population, 11 to 59 randomly picked CFU would have to
be subcultured and serotyped for identification of the two
serotypes (24). An immunoblot method designed to detect
multiple serotypes in carriage studies was used in a study in
Navajo and White Mountain Apache reservations. Multiple
serotypes were detected in 8.1% of positive samples (6, 34). In
a study of pneumococcal carriage in the Gambia, serotyping
was performed by latex agglutination, and multiple serotypes
were identified in 11.5% of positive samples (30). We per-
formed a serotype screening by latex agglutination on incu-
bated enrichment broths, followed by subcultivation of up to 16
colonies from blood agar to isolate multiple strains. By this
method, more than one serotype was recovered in 57 (12.7%)
of 449 positive specimens. Additional serotypes were indicated
in 19 positive specimens by broth agglutination, but these or-
ganisms were not identified on agar plates, possibly due to
small fractions of the pneumococcal populations being consti-
tuted by these strains. It is possible that additional pneumo-
coccal strains in a sample might be lost as a result of negative
agglutination. In fact, two isolates were identified as additional
strains as a result of differing inhibition zones on susceptibility
testing. No agglutination-negative samples showed growth on
blood agar, indicating that agglutination is highly sensitive.
Direct agglutination from an enrichment broth thus has the
advantage of being an easy and inexpensive method for iden-
tification of more than one pneumococcal strain per sample.
By this method, random colony selection can be limited to

samples where carriage of multiple serotypes is indicated by
agglutination.

Crowding of children in DCCs gives ample opportunities for
transmission of bacteria, and DCC attendance is considered a
strong risk factor for carriage of pneumococci (37). This high-
risk setting might in part explain the high prevalence of car-
riage found in this study. Nasopharyngeal sampling was per-
formed in the autumn, shortly after the summer holidays and
at the beginning of a new season in the DCCs with new chil-
dren attending. This might be a vulnerable time point for the
acquisition of pneumococci because of a disturbance of the
DCC epidemiological unit and good opportunities for ex-
change of bacteria between the children not yet immunologi-
cally adapted to this new environment. The prevalence of car-
riage was significantly associated with low age, as was
colonization with PCV-7 serotypes, an association that has
been documented by others (22, 37). Although RTIs and young
siblings have been identified as risk factors and use of antibi-
otics and breast feeding have been negatively associated with
carriage (14, 37), no statistically significant associations with
these risk factors were found in this study. This is not surpris-
ing, as the population studied is believed to be very homoge-
nous and considering the high prevalence of carriage, making
the identification of potential risk factors for carriage prob-
lematic.

The distribution of serotypes is consistent with results of
other studies of nasopharyngeal carriage, with serotypes 6B,
6A, 19F, and 23F being the most prevalent (4, 16, 25, 46). The
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proportion of PCV-7 serotypes among isolated pneumococci
was 45%. This proportion is consistent with results from The
Netherlands (42%) and from a previous study from Norway
(42%), although a higher PCV-7 coverage (64%) has been
reported in the United Kingdom (4, 25, 43). The potential
coverage of an 11-valent vaccine (including serotypes 1, 3, 5,
and 7F) would be only slightly higher (47.3%).

In our study, 8 isolates (1.6%) belonged to serotype 1. This
serotype is associated with epidemic outbreaks of pneumococ-
cal disease, though it is rarely recovered from asymptomatic
carriers (8). The prevalence of serotype 1 pneumococci in-
creased in Scandinavian countries during the 1990s and ac-
counted for 11.1% of cases of systemic pneumococcal disease
in children aged 0 to 5 years in Norway in 1995 to 2001, making
it the third most prevalent serotype causing invasive disease in
children (36). This increase was primarily due to the emer-
gence of one antibiotic-susceptible clone, ST306 (21), a clone
that seems to be genetically stable and that was found to be the
most prevalent serotype 1 clone in Europe in the past decade
(8). All serotype 1 pneumococci isolated in the present study
belonged to this ST. Serotype 1 pneumococci are rare in the
United States, and this serotype is not included in PCV-7.
Thus, the selective pressure caused by mass vaccination in
Norway might have implications for the future occurrence of
this serotype.

To our knowledge, this is the largest study of carriage in
which MLST has been performed on all isolates. The genotyp-
ing of 509 isolates showed that the pneumococcal population
was highly heterogeneous; 102 STs were identified, and the
most frequent contributed to fewer than 8% of the isolates. Of
the 15 clones most frequently recovered in this study, all have
previously been described in other countries, including 2 of the
26 worldwide-spread resistant pneumococcal clones currently
accepted by PMEN, England**-9 (ST9) and Portugal**F-21
(ST177). Nearly one-third of the STs were novel, the majority
of which were recovered from only one child. The proportion
of novel STs, and the variation of STs, was highest among the
most frequently recovered serotypes, i.e., 6A, 6B, 19F, and
23F. These serotypes are carried for longer time periods than
other serotypes (18), and they might have a greater opportu-
nity for horizontal transfer of genetic material, giving rise to
new STs. However, this could also be influenced by a sampling
bias, with the highest clonal diversity being found among the
most frequently recovered serotypes. The novel STs might
represent a Norwegian pneumococcal population. However, as
the majority of these novel clones were recovered from only a
few children each, they might be clones with a limited success
in transmission.

The antimicrobial susceptibility among pneumococci recov-
ered in Norway is favorable; the isolates are generally sensitive
to the drugs tested. Penicillin nonsusceptibility was found in a
small fraction of isolates, i.e., nine isolates (1.8%) belonging to
eight clones, of which four displayed PCV-7 serotypes. The
isolates that were nonsusceptible to macrolides and tetracy-
cline were more homogenous and were assigned to a few CGs
displaying PCV-7 serotypes. Thus, a reduction, or limited
spread, of these clones is expected after the introduction of the
conjugate vaccine in the Norwegian vaccination program.

The rapid increase in macrolide resistance observed in Nor-
way among IPD isolates from 2001 and onwards was attribut-
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able mainly to the England'*-9 clone, displaying low-level re-
sistance to erythromycin (44). However, from 2004, the
fraction of pneumococci with coresistance to erythromycin
and clindamycin, indicating a macrolide-lincosamine-strepto-
gramin B-type resistance, increased, and in 2006 this pheno-
type constituted 15% of erythromycin-nonsusceptible invasive
isolates in Norway (33). Among the pneumococci recovered in
this study, 10 (33%) of the erythromycin-nonsusceptible iso-
lates were coresistant to clindamycin. Of these, eight isolates
(80%) belonged to the Portugal'®F-21 CG. In addition, this
phenotype was found in one of the eight serotype 6A, ST490
isolates recovered in this study; a clone unrelated to the PMEN
clones and not previously associated with this resistance pat-
tern. The macrolide-lincosamine-streptogramin B phenotype
was also found in a novel ST (ST2624), represented by the
most extensively nonsusceptible isolate in this material, which
was intermediately susceptible to penicillin and resistant to
erythromycin, clindamycin, tetracycline, and trimethoprim-sul-
famethoxazole. CG177, consisting of Portugal'®*-21 and its
SLVs, constituted 19 (18.1%) of the nonsusceptible isolates in
this study. These isolates display serotype 19F, a serotype in-
cluded in PCV-7. However, this serotype has been associated
with vaccine failures (2), and in a community-randomized trial,
carriage of this serotype has actually been found to be higher
among children who had received four doses of PCV-7 than in
controls (34). The effects of a three-dose vaccination regimen
on the carriage and spread of these clones need to be followed
closely.

The clone most frequently isolated from the children was
ST199, displaying serotypes 15B, 15C, and 19A. Increasing
prevalences of IPD caused by the nonvaccine serotypes 19A,
15B, and 15C in the United States have been described in the
years following licensure of PCV-7 (17, 35). This replacement
of PCV-7 serotypes in IPD has occurred 3 to 4 years after
implementation of widespread vaccination and has been found
to be mainly due to an expansion of CG199, i.e., ST199 and
newly described SLVs (35). Although the invasiveness of this
clone is believed to be moderate (7), its high prevalence among
asymptomatic carriers in Norway, already before the introduc-
tion of PCV-7, raises concern that a similar replacement in
IPD might occur.

Multiple pneumococcal strains simultaneously carried by the
individual children were genetically unrelated to each other, as
shown by MLST. However, serotype 3 pneumococci were iso-
lated at a significantly higher frequency from carriers of mul-
tiple serotypes than from the total population, with ST180
being the most frequently identified ST from multiple carriage.
Serotype 3 has been found to be positively associated with
acute otitis media and acute conjuncitivitis (40), but with a low
potential for causing invasive disease (7). It is possible that the
capsule of serotype 3 is favorable for colonization of mucosal
surfaces, but the reason for its overrepresentation in cocolo-
nization with other pneumococci is unclear. The mucoid ap-
pearance of serotype 3 colonies might make them more dis-
cernible in a mixed population and might bias this observation.
However, it is possible that this particular serotype has a strong
genetic integrity and ability to survive in the competition with
other pneumococci for colonization of the nasopharyngeal
niche.

Pneumococci recovered within a single DCC were genotyp-
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ically less diverse than the total pneumococcal population, and
one or two dominating clones were identified in most DCCs.
The composition of pneumococcal populations within each
DCC consisted of the dominating clones, either predominantly
found in that DCC or recovered from several DCCs, and of
clones, often novel STs, unique for the DCC. In this way the
clonal distribution of pneumococci was unique for each DCC,
a pattern described as an autonomous epidemiological unit by
Sa-Leao et al. (38). The observed distribution of clones within
DCCs, as contrasted to the total population, is consistent with
the suggested model of the emergence of a neutral bacterial
population structure from overlapping microepidemics within
clustered host populations (15). However, longitudinal studies
of DCC populations are needed to evaluate the stability of the
DCC epidemiological unit, as a cross-sectional study will catch
only a glimpse of a probably highly dynamic interplay between
children and the pneumococci.

The high prevalence of pneumococcal carriage among chil-
dren in DCCs described in this study underlines the impor-
tance of this population as a reservoir for spread of the bac-
terium to the whole community. In addition, the high level of
DCC attendance among Norwegian children might augment
the importance of these epidemiological settings in the spread
of pneumococci. Consequently, the reduced colonization, and
the resulting herd immunity, is an advantage of conjugate
vaccination. To evaluate the effect of a three-dose PCV-7 im-
munization regimen on carriage and spread of susceptible and
nonsusceptible clones of S. pneumoniae, a follow-up study is
planned for 2008.
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