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Pneumococcal colonization was studied in 19 children monitored from birth through the age of 2 years. For
this purpose, pneumococcal isolates were characterized by capsular typing, restriction fragment end labeling
(RFEL), and penicillin-binding protein (PBP) genotyping. Fifty-eight isolates were collected and were found to
belong to 10 capsular types, 31 RFEL types, and 7 PBP genotypes. Thirty-nine percent of the isolates had re-
duced susceptibility to penicillin. All seven highly resistant strains (MICs, >1 mg/ml) were identical to the pan-
demic clone 23F. Children were culture positive between one and eight times at 13 scheduled visits. Although
the infants were frequently recolonized with different strains, colonization with one particular strain often per-
sisted for several months. Isolation of a previously detected capsular type was common, and the chromosomal
homogeneity tended to be high when it occurred. Horizontal transfer of capsular genes between strains of dif-
ferent RFEL types was demonstrated in one child. The ecological advantage of transfer of capsular genes is un-
clear unless survival of the organism on a mucosal surface may be linked to immunoprotective pressure against
particular capsular types.

Streptococcus pneumoniae (pneumococcus) is a major cause
of invasive disease such as meningitis, bacteremia, and pneu-
monia, as well as noninvasive disease like acute otitis media
and sinusitis (3). In young children, the pneumococcus is often
part of the normal nasopharyngeal flora. Especially during the
first 2 years of life, children are colonized with novel strains of
pneumococci. Children colonized with S. pneumoniae in the
nasopharynx develop acute otitis media more often than chil-
dren who are not colonized (9, 14, 25).

The increasing rate of antibiotic resistance in S. pneumoniae
complicates the elimination of pneumococcal strains from the
middle ear and strongly supports the application of new vac-
cine strategies. Conjugate capsular vaccines contain a limited
number of capsular serotypes, linked to a carrier protein (2, 5).
Although the results of early trials with these vaccines look
promising, care should be taken since several investigators have
observed horizontal transfer of capsular genes (1, 11, 12). Hor-
izontal transfer of capsular genes may interfere with vaccina-
tion programs in the long run if (antibiotic-resistant) strains
with a vaccine-type capsule switch to nonvaccine capsular types.

The present report describes the longitudinal changes in
pneumococcal colonization of the nasopharynx in a cohort of
children monitored from birth through 2 years of age. Pneu-
mococcal isolates were characterized by capsular typing, re-
striction fragment end labeling (RFEL), BOX PCR typing,
antibiotic susceptibility testing, and penicillin-binding protein
(PBP) genotyping.

MATERIALS AND METHODS

Nineteen children were enrolled in their first month of life without regard to
sex, race, or social status. Informed consent was obtained from all parents at the
time of entry into the study. Children were excluded if they were born prema-

turely or had significant congenital anomalies, especially those involving the face
and head.

Children were examined at monthly intervals for the first 6 months and at 8,
10, 12, 15, 18, 21, and 24 months. At the initial examination and at each subse-
quent examination, the nutritional history was obtained. At the end of the period
of observation, information concerning siblings in the household and attendance
at day care was registered. Ear examinations by pneumatic otoscopy were per-
formed at each scheduled visit to determine the presence of acute otitis media.
Tympanometry was performed for all subjects older than 6 months. Interim
histories were also obtained to determine episodes of acute otitis media that may
have occurred between scheduled visits and to determine the antibiotics which
had been used.

Nasopharyngeal swab specimens for culture were obtained at each scheduled
visit, as described before (9). S. pneumoniae was identified by colonial morphol-
ogy, Gram staining, bile solubility, and optochin susceptibility (18). From each
primary culture, one colony was picked for further analysis. Serotyping was
performed on the basis of capsular swelling by using commercial antisera (8).

Susceptibilities to penicillin, trimethoprim-sulfamethoxazole, doxycycline, eryth-
romycin, rifampin, vancomycin, and ciprofloxacin were tested by the agar dilu-
tion method as described before (12). Breakpoints for intermediate or high-level
resistance were used according to the guidelines of the National Committee for
Clinical Laboratory Standards for susceptibility testing (19).

RFEL was performed as described previously (13, 24). In short, cetyltrimeth-
ylammonium bromide-purified pneumococcal DNA was digested with EcoRI
and was radioactively labeled with [a-32P]dATP at 72°C with DNA polymerase
(Goldstar; Eurogentec, Seraing, Belgium). The DNA restriction fragments were
denatured and separated electrophoretically on a 6% polyacrylamide gel con-
taining 8 M urea for 4 h at 100 W. The gel was transferred onto filter paper
(Whatman 3MM), vacuum dried, and exposed to ECL hyperfilm (Amersham) at
room temperature for various lengths of time. RFEL patterns were analyzed with
Gelcompar software, version 4 (Applied Maths, Kortrijk, Belgium). DNA frag-
ments in the molecular size range of 160 to 400 bp were scanned with an Image
Master DTS scanner (Pharmacia Biotech, Uppsala, Sweden). The patterns were
normalized with the pneumococcus-specific bands present in the RFEL banding
patterns of all strains. Comparison of the patterns was performed by the un-
weighted pair group method with arithmetic averages and by using the Jaccard
similarity coefficient applied to peaks. The software package was used according
to the instructions of the manufacturer. A tolerance of 1.5% in band positions
was applied during comparison of the patterns. DNA types were arbitrarily de-
fined, being identical when RFEL patterns showed homologies of greater than
95%.

BOX PCR genotyping was carried out as described before (23). Briefly, 50 ng
of pneumococcal DNA was amplified by PCR (40 cycles of 1 min at 94°C, 1 min
at 55°C, and 1 min at 74°C) with primer BOX-A, which is based on the primary
structure of the BOX repeat motif (16). The amplified products were separated
on a 1.5% agarose gel. The gels were stained with ethidium bromide, after which
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the banding patterns were evaluated visually. Strains with BOX PCR patterns
showing one band difference were defined as having nonidentical genotypes.

PBP genes 1A, 2B, and 2X were characterized by restriction fragment length
polymorphism analysis. The genes were amplified by PCR as described previ-
ously (4, 6, 17). Briefly, 10 ng of pneumococcal DNA was used to amplify each
of the PBP genes. The amplification products (5 ml) were digested with the
restriction endonuclease HinfI and were separated electrophoretically in 2.5%
agarose gels. The gels were stained with ethidium bromide and were photo-
graphed with a Polaroid MP4 Landcamera and Polaroid 667 film. The different
PBP genotypes are represented by a three-digit code (i.e., 7-5-1), which refers to
the restriction fragment length polymorphism patterns of PBP genes 1a (7), 2b
(5), and 2x (1), respectively.

RESULTS

As part of a large cohort study, children were monitored
from birth to determine the frequency of acute otitis media
during their first 2 years of life. Nasopharyngeal swab speci-
mens for culture were collected at regularly scheduled visits at
1 to 6, 8, 10, 12, 15, 18, 21, and 24 months. Nineteen children
who completed all 13 scheduled visits and from whom S. pneu-
moniae was grown from nasopharyngeal swab specimens on
one or more occasions were included in this study.

Table 1 displays the demographic characteristics of the chil-
dren. All children were Caucasian. There were 12 females and
7 males. Ten of the children were formula fed and 9 were
breast-fed. The vast majority (n 5 15) had siblings. Eleven
were in day care by 2 years of age, whereas eight were not. The
number of episodes of acute otitis media varied from 0 to 6,
and the median number was 3. The number of times that
children were culture positive with S. pneumoniae varied from
one to eight, and the median number was three.

All 58 pneumococcal isolates were subjected to capsular
typing, RFEL typing, BOX PCR typing, antibiotic susceptibil-
ity testing, and PBP genotyping. The phenotypic and genotypic
characteristics of the pneumococcal strains carried by each
individual are summarized in Table 2.

Nine capsular groups, groups 1, 6, 11, 14, 15, 16, 18, 19, and
23, were identified. Type 6 was most common. Strains of this

type were observed 20 times and were isolated from 11 chil-
dren. One strain recognized by commercial pool G could not
be typed in further detail.

RFEL typing of 56 pneumococcal strains displayed 31 dis-
tinct RFEL types. The genetic relatedness of the strains on the
basis of RFEL analysis is depicted in Fig. 1. Twenty RFEL
types were unique because they occurred in the population
only once. Eleven types occurred two or more times (RFEL
clusters). RFEL type 15 was the most dominant RFEL type
because it was observed seven times among four children (Ta-
ble 2). Strains of RFEL type 23 were isolated three times and
and were isolated from three children. RFEL type 1 was iso-
lated from two children. From child 3.T, a strain of this type
was isolated once and from child 19.P a strain of this type was
isolated three times. The three RFEL type 1 isolates from child
19.P (isolates 19.P-1, 19.P-2, and 19.P-6) had identical BOX
PCR types (data not shown), as well as identical PBP types
(Table 2). However, strain 19.P-1 and 19.P-2 belonged to cap-
sular type 6, whereas strain 19.P-6 belonged to serotype 23.
The RFEL type 15 strains 19.P-4 and 19.P-5, which were both
isolated prior to the isolation of strain 19.P-6, also had capsular
type 23. These data suggest that the genes encoding capsular
type 23 were transferred within child 19.P from the RFEL type
15 strain to the RFEL type 1 strain (Table 2). Strains of RFEL
type 56 were also isolated from two children. Three of these
strains isolated from child 13.K were capsular type 23 and had
identical PBP types (7-5-1). The RFEL type 56 strain isolated
from child 15.K also had this PBP type. However, this strain
had a different capsular type (serogroup 6).

In this study, pneumococcal strains were cultured from the
nasopharyngeal swab specimens from 13 children on two or
more occasions. For 8 of 13 children, a single strain with the
same RFEL type was repeatedly isolated over time, indicating
persistent colonization. For the isolates from six children, the
isolates were confirmed to be identical by BOX PCR typing.
For the isolates from two individuals, the BOX PCR types of
strains with identical RFEL types were different, albeit strongly
related (types 9B-1 and 9B-2 and types 17W-1 and 17W-2; data
not shown).

Antibiotic susceptibility tests showed that for 33 of 54 (61%)
strains tested penicillin MICs were ,0.1 mg/ml. Twenty-one
strains displayed reduced susceptibility to penicillin: 7 strains
were highly resistant (MICs, .1 mg/ml) and 14 strains were in-
termediately resistant (0.1 mg/ml # MICs # 1 mg/ml). Eigh-
teen strains (33%) were resistant to trimethoprim-sulfame-
thoxazole (MICs, $4 mg/ml), whereas eight strains (15%) were
resistant to doxycycline (MICs, $4 mg/ml). Resistance to two
or more antibiotics was observed among 17 strains (31%).
Within the group of penicillin-resistant isolates (n 5 21), 76
and 38% of the strains were coresistant to trimethoprim-sul-
famethoxazole and doxycycline, respectively. All pneumococ-
cal isolates were susceptible to rifampin, vancomycin, and cip-
rofloxacin.

PBP genotyping of 55 pneumococcal strains revealed 10 dis-
tinct PBP genotypes. PBP types 2-2-3 (n 5 15), 2-2-2 (n 5 11),
and 2-2-71 (n 5 8) occurred most frequently. Except for strain
15.K-2 (penicillin MIC, 0.5 mg/ml), these genotypes exclusively
represent the penicillin-susceptible phenotype. Penicillin resis-
tance occurred among isolates with seven distinct PBP types.
The seven highly penicillin-resistant isolates of RFEL type 15
invariably had the most frequent type, type 1-1-1. The other six
penicillin-resistant PBP types were linked to strains with an
intermediate-resistant phenotype. Comparison of the RFEL
patterns with those of a collection of 205 international peni-
cillin-resistant pneumococcal strains from 15 countries and
with 84 distinct RFEL types (11) showed greater than 95%

TABLE 1. Demographic characteristics of study population
according to increasing number of nasopharyngeal

swab cultures positive for S. pneumoniaea

Subject Sex Nutrition Siblings Day
care

AOM (no. of
episodes)

Colonization
(no. of positive

samples)b

1.R F F Y N 1 1
2.B F B Y N 0 1
3.T M B N Y 0 1
4.B M B Y Y 3 1
5.G M B Y N 4 1
6.L F B Y N 0 2
7.S M F Y Y 3 2
8.S M B Y N 5 2
9.B F B N N 0 3
10.M F B Y N 2 3
11.R F F Y Y 3 3
12.K F F Y Y 4 3
13.K F F Y N 6 4
14.S M F Y Y 6 4
15.K F B Y N 2 5
16.P F F Y Y 3 5
17.W M F N N 4 5
18.B F F Y N 5 5
19.P F F N Y 5 8

a All individuals were Caucasian. Abbreviations: F, female; M, male; F, for-
mula; B, breast; Y, yes; N, no; AOM, acute otitis media.

b The results represent the number of samples positive by culture (a total of 13
samples were obtained from each child).
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homology between the seven RFEL type 15 strains and the
RFEL patterns harbored by the multiple drug-resistant pan-
demic clone 23F. The PBP type of this international clone 23F
and the RFEL type 15 isolates from the children were invari-
ably of type 1-1-1. The strains of RFEL type 56 displayed 100%
homology with a strain isolated in Spain. However, the capsu-
lar type and PBP type of the Spanish isolate did not match
those of the strains isolated from the children. The RFEL types
of all other penicillin-resistant colonization isolates described
in this study displayed less than 95% homology with any of the
84 RFEL types present in the international collection (data not
shown).

DISCUSSION

Children acquire S. pneumoniae as part of their normal flora
early in life. In the first year of life, the prevalence rate is
approximately 20%. Cumulative acquisition rates exceed 50%
by 1 year of age (9). In many studies, nasopharyngeal coloni-
zation rates in young children are described, but children are
rarely monitored for a prolonged period of time. As a part of
a large cohort study, the present study monitored the nasopha-
ryngeal carriage of S. pneumoniae in 19 children from birth
through age 2 years. In this period, nasopharyngeal swab spec-
imens for culture were taken 13 times. An earlier study dem-
onstrated a positive correlation between the frequency of col-
onization and the number of acute otitis media events (9). In
addition, this study further demonstrated that the number of
acute otitis media events was significantly higher in the group
of formula-fed children (7).

Gray and coworkers (10) demonstrated the dynamic state of
nasopharyngeal colonization in children by using capsular typ-
ing to monitor longitudinal changes in young children. How-
ever, genetically different pneumococcal strains can have the
same capsular type (13), suggesting that children carrying a par-
ticular serotype for a longer period may be colonized or recol-
onized with different strains. This feature was clearly observed
in the present study. Strains of different RFEL types but iden-
tical serotypes were isolated from 5 of 19 individuals. There-
fore, genetic typing methods should be used to supplement
capsular typing in epidemiological studies.

The pneumococcal isolates in this study were characterized
by four different methods of typing. RFEL typing was used to
discriminate between genotypes. Although BOX PCR typing
has a higher discriminatory power (23), RFEL typing was pre-
ferred as the major typing method because the data obtained
by that method are easier to analyze by computer analysis (13).

TABLE 2. Phenotypic and genotypic characterization
of pneumococcal strains

Subject and
isolatea

Sero-
group

Type by RFEL
analysis

Type by PBP
genotyping

MIC of peni-
cillin (mg/ml)

Resistance
patternb

1.R, 1 6 23 2-2-71 ,0.1 Susc

2.B, 1 6 22 2-2-2 ,0.1 Susc

3.T, 1 6 1 2-2-2 ,0.1 Susc

4.B, 1 6 23 2-2-71 ,0.1 Susc

5.G, 1 23 15c 1-1-1 2.0 PCD

6.L, 1 19 19 2-2-71 ,0.1 Susc

7.S
1 6 7 2-2-2 ,0.1 Susc
2 6 5 2-2-2 ,0.1 Susc

8.S
1 16 10 2-2-3 Ud U
2 19 85c 2-2-46 0.125 PC

9.B
1 18 30 2-2-71 ,0.1 Susc
2 18 30 2-2-71 ,0.1 Susc
3 18 U 2-2-71 ,0.1 Susc

10.M
1 6 25 2-2-45 ,0.1 C
2 6 U U U Susc

11.R
1 6 23 2-2-71 ,0.1 Susc
2 6 24 U ,0.1 Susc
3 Ge 9 2-2-71 U U

12.K
1 11 13 2-2-3 ,0.1 Susc
2 23 14 2-2-2 ,0.1 Susc
3 23 14 2-2-2 ,0.1 Susc
4 23 14 2-2-2 ,0.1 Susc

13.K
1 23 56c 7-5-1 1.0 PC
2 6 91c 2-2-3 ,0.1 Susc
3 23 56c 7-5-1 0.5 PC
4 23 56c 7-5-1 0.5 PC

14.S
1 14 2 U ,0.1 Susc
2 19 90c 2-2-12 0.125 P
3 23 15c 1-1-1 2.0 PCD
4 23 15c 1-1-1 2.0 PCD

15.K
1 6 4 2-2-3 ,0.1 Susc
2 6 91c 2-2-3 0.5 PD
3 6 56c 7-5-1 0.5 PC
4 23 15c 1-1-1 2.0 PCD
5 23 15c 1-1-1 2.0 PCD

16.P
1 1 31 2-2-3 ,0.1 Susc
2 1 31 2-2-3 ,0.1 Susc
3 1 31 2-2-3 ,0.1 Susc
4 15 8 2-2-3 ,0.1 Susc
5 11 13 2-2-3 ,0.1 Susc

17.W
1 19 27 2-2-3 ,0.1 Susc
2 19 27 2-2-3 ,0.1 Susc
3 6 89c 1-16-47 0.5 PC
4 6 89c 1-16-47 0.5 PC
5 6 89c 1-16-47 0.5 PC

18.B
1 14 87c 2-15-44 0.125 P
2 14 87c 2-15-44 0.125 P
3 14 88c 2-15-44 0.125 P
4 19 86c 4-2-46 0.25 PC
5 19 32 2-2-2 U U

Continued

TABLE 2—Continued

Subject and
isolatea

Sero-
group

Type by RFEL
analysis

Type by PBP
genotyping

MIC of peni-
cillin (mg/ml)

Resistance
patternb

19.P
1 6 1 2-2-2 ,0.1 Susc
2 6 1 2-2-2 ,0.1 Susc
3 14 20 2-2-3 ,0.1 Susc
4 23 15c 1-1-1 2.0 PCD
5 23 15c 1-1-1 2.0 PCD
6 23 1 2-2-2 ,0.1 Susc
7 6 17 2-2-3 ,0.1 Susc
8 19 22 2-2-3 ,0.1 C

a Isolates are ordered in chronological order.
b P, penicillin; C, trimethoprim-sulfamethoxazole (co-trimoxazole); D, doxy-

cycline; susc, susceptible to all antibiotics tested.
c RFEL numbering of the penicillin-resistant strains is in concordance with the

numbering used by Hermans et al. (11).
d U, unknown.
e Commercial pool G.
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BOX PCR genotyping was used to confirm the results for
strains with identical RFEL types.

Among the 58 strains tested, serogroup 6 was encountered
most frequently (34%). The high prevalence of serogroup 6
isolates among the group of young children studied is presum-
ably the result of the poor immune response to capsular poly-
saccharide type 6 among children under the age of 2 years (15).

Eleven children were colonized with different types of pneu-
mococcal strains. Repeated isolation of an identical RFEL
type was observed for nine children. In all cases, the persistent
colonization was confirmed by BOX PCR typing.

For child 19.P, from whom S. pneumoniae was isolated on
eight occasions, the first two isolates and the sixth isolate dis-
played identical RFEL types, BOX PCR types, and PBP types.
However, the first two isolates were capsular type 6, whereas
the sixth isolate belonged to serogroup 23. Between the two
periods of isolation of this particular strain, a strain of sero-
group 23 resistant to multiple drugs was isolated from this child
twice. This observation strongly suggests that the transfer of

capsular genes occurred between these strains in child 19.P.
The rationale behind this capsule switch, which took place
from an antibiotic-resistant strain to an antibiotic-susceptible
strain, is unclear. It is difficult to explain why a strain of sero-
group 6 switches to serogroup 23. In this child, immune pres-
sure to capsular type 6 is unlikely to have been the trigger for
the capsular switch, since another pneumococcal strain of se-
rogroup 6 was isolated at a later stage of the study. A plausible
explanation for this event can be that the RFEL type 1 strain
had become more virulent due to the acquisition of the type
23F capsule. Experiments with animals, in which mice are
challenged intranasally with both versions of the RFEL type
1 strains, can assist with an investigation of this hypothesis.

RFEL type 56 was observed among two children. This type
was isolated three times from child 13.K, and all isolates be-
longed to serogroup 23. Only one strain of RFEL type 56 was
isolated from child 15.K. In contrast to the RFEL type 56
isolates from child 13.K, this isolate was of capsular type 6.
These data suggest that horizontal transfer of capsular genes to

FIG. 1. Dendrogram of the RFEL banding patterns of 56 pneumococcal isolates from the nasopharynges of the children in the study. Subject (S), serogroup (SG),
RFEL type (RFEL), PBP type (PBP), and resistance profile (R) are presented. The arbitrary cutoff value for identical RFEL types is 95%. RFEL numbering of
penicillin-resistant strains (*) is in concordance with the numbering used by Hermans et al. (11). Since all RFEL type 15 strains (homology, .93%) demonstrated .95%
homology with the pandemic clone 23F, they have identical RFEL codes. P, penicillin; C, co-trimoxazole; D, doxycycline; s, susceptible to all antibiotics tested; U,
unknown.
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RFEL type 56 strains had occurred within this RFEL type
during evolution.

Comparison of the RFEL patterns with those of 205 peni-
cillin-resistant strains isolated in 15 countries and comprising
84 RFEL types (11) revealed 100% homology between the
predominant RFEL type 15 and the previously described pan-
demic clone of serotype 23F (13, 17). Further analysis of the
comparison with the 205 strains showed that the RFEL type 56
strains were identical to a strain isolated in Spain. However,
the Spanish strain displayed a different serotype and a different
PBP type, suggesting that multiple recombination events have
taken place during the evolution of this RFEL type.

Resistance to antibiotics is frequently observed in isolates
recovered from patients with acute otitis media and isolates
from the nasopharynges. Rates of penicillin resistance ranging
from 20 to 40% or higher have been described (20, 21). Thirty-
nine percent of the pneumococcal isolates in this study had
reduced susceptibility to penicillin. Most of the penicillin-re-
sistant strains were resistant to trimethoprim-sulfamethoxazole
(76%) or doxycycline (38%), or both drugs. This is in concor-
dance with the results of other studies that have also found
high rates of coresistance among S. pneumoniae isolates (11,
12). The high percentage of coresistance to penicillin and tri-
methoprim-sulfamethoxazole suggests that the cotransfer of
penicillin resistance genes and trimethoprim resistance genes
frequently occurs.

PBP genotyping demonstrated that the predominant PBP
type among the penicillin-resistant strains was 1-1-1. This PBP
type was uniquely associated with the highly penicillin-resistant
and multiple drug-resistant strains of RFEL type 15, which were
observed among four children. As described previously (13),
this PBP genotype is highly prevalent among penicillin-resis-
tant pneumococci and is predominantly observed in strains of
the pandemic clones 23F and 9V. Four intermediately resistant
isolates recovered from two children were PBP type 7-5-1.
Strains of RFEL types 87 and 88 that were isolated from child
18.B both harbored PBP type 2-15-44, the PBP gene of which
codes for an intermediate level of penicillin resistance. Al-
though RFEL types 87 and 88 had only 85% homology, the
BOX PCR types of the strains of these RFEL types were
identical, indicating that these strains are genetically highly re-
lated. Penicillin-susceptible strains were invariably of PBP
types 2-2-2, 2-2-3, and 2-2-71. Only one strain, a PBP type 2-2-3
strain, was intermediately resistant to penicillin (MIC, 0.5 ml/
ml). This is the first pneumococcal strain among more than 100
genetically heterogeneous strains of PBP type 2-2-3 which is
not susceptible to penicillin (22). Since this penicillin-resistant
phenotype was not detected by PBP genotyping, we presume
that a restricted number of point mutations in one of the PBP
genes is responsible for the decrease in penicillin susceptibility
in this particular strain. DNA sequencing of the PBP genes
should reveal these mutations.

Since only one colony from each primary culture was used
for analysis, we cannot be certain whether children were col-
onized with multiple different cocolonizing strains. To detect
cocolonizing strains, one should pick various colonies from the
primary culture of the nasopharyngeal swab specimen. In this
way, the changes in nasopharyngeal colonization and events
such as horizontal transfer of capsular genes and PBP genes
can be studied in greater detail. Such a study is being under-
taken in our laboratory.

Considering the capsular types that are to be included in the
new conjugate vaccines (2, 5), serogroups 6, 14, 19, and 23
accounted for 81% of the pneumococcal isolates in the present
study. The use of these conjugate vaccines might lead to an
increasing prevalence of capsular types that are not included in

these vaccines either by reinfection or by in vivo horizontal
transfer of capsular genes. Although the capsular transfer ob-
served in child 19.P occurred between two types covered by the
vaccine, frequent horizontal transfer of capsular genes within
individuals of the target group remains a potential threat for
vaccination strategies in the future (11). In order to investigate
the relevance of these observations, large-scale molecular ep-
idemiological follow-up studies need to be performed with
individuals who will receive the new conjugate vaccines in the
near future.
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