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We conducted a study to examine the clonal distribution of invasive serotype 1 and 5 isolates as represen-
tatives of serotypes that are rarely carried by healthy individuals compared to that of invasive serotype 6B and
23F isolates as representatives of serotypes often carried by young children for prolonged periods. All invasive
serotype 1, 5, 6B, and 23F isolates recovered from blood cultures during January 1995 to May 1999 were
analyzed; these included 66 serotype 1, 30 serotype 5, 11 serotype 6B, and 15 serotype 23F isolates. One
hundred thirty-three nasopharyngeal (NP) isolates of the indicated four serotypes from healthy children were
also studied. The strains were characterized using serotyping, antimicrobial susceptibility testing, and pulsed-
field gel electrophoresis profiling. We found that both invasive and NP serotype 1 and 5 isolates were
susceptible to penicillin and that each serotype showed only one clonal type. In contrast, serotype 6B and 23F
strains showed different phenotypic characteristics as well as multiple clonal types; 10 clones were identified
among 6B isolates, and 11 clones were identified among 23F isolates.

Infections due to Streptococcus pneumoniae continue to
cause significant morbidity and mortality in children (14).
More than 90 pneumococcal types have been identified on the
basis of differences in their structures and the antigenicities of
their capsular polysaccharides (8). The levels of virulence of S.
pneumoniae strains differ between serogroups and types, with
serogroups 1, 2, 3, 5, 7, 14, 16, 25, 28, 36, 43, 46, and 47 being
more virulent and more likely to cause invasive disease than
serogroups 6, 18, 19, and 23, which are recovered frequently
from healthy carriers (15, 17).

The frequencies of disease-causing types have been shown to
differ according to geographic region (12). The serotype dis-
tribution for children in developing countries tends to be
somewhat different than in developed countries. Serotypes 1
and 5 are important types in developing countries and less so
in developed settings. These two serotypes are the dominant
cause of disease in southern Israel (N. Porat, R. Trefler, and R.
Dagan, Abstr. Second Int. Symp. Pneumococci Pneumococcal
Dis., abstr. P-12, 2000), South America (15, 18, 20), Africa (3),
and India (11). However, other serotypes (6B, 14, 19F, and
23F) are common causes of invasive diseases in all settings and
these types are also most frequently associated with drug re-
sistance.

In the last decade the two most common capsular types
among pediatric invasive isolates in southern Israel were 1
(23%) and 5 (10%); these two serotypes were rare among
asymptomatic carriers. Other serotypes, like 6B and 23F,
highly prevalent in the nasopharyngeal (NP) flora of healthy
children, were less frequently associated with invasive disease:
4 and 3% of 6B and 23F isolates, respectively, were associated

with invasive disease during 1989 to 1999 (6; Porat et al., Abstr.
Second Int. Symp. Pneumococci Pneumococcal Dis., 2000).

New subtyping methods using DNA fingerprint profiles pro-
vide additional discriminatory power compared with that of
serotyping alone. These methods are extremely important in
cases where phenotypic characteristics are insufficient to show
the relatedness among strains, e.g., strains carrying the same
capsular type and antimicrobial resistance pattern. In this
study we applied one of the genotyping methods, namely,
pulsed-field gel electrophoresis (PFGE), to look at the clonal
distribution of strains carrying capsular types 1, 5, 6B, and 23F.
Our goal was to see the clonal diversity of serotypes that are
frequently found among invasive isolates and to compare it
with that of serotypes that are less common among invasive
strains but often carried by young children for prolonged pe-
riods. The basic hypothesis was that invasive serotypes that are
not carried in the nasopharynx for prolonged periods will be
represented by a more homogenous population due to their
lower chance of interacting with other organisms and/or being
exposed to antibiotic pressure, resulting in genetic transforma-
tion.

MATERIALS AND METHODS

Bacterial isolates. The 255 isolates included in this study were recovered from
children living in southern Israel, aged 0 to 12 years. The study population in this
area consisted of Jewish children with a lifestyle resembling that of developed
populations and Moslem Bedouin children with much lower standards of living,
representing that of developing populations. All isolates of serotypes 1, 5, 6B,
and 23F recovered from blood cultures of children aged 0 to 12 years during
January 1995 through May 1999 at the Soroka University Medical Center were
analyzed. These included 66 serotype 1, 30 serotype 5, 11 serotype 6B, and 15
serotype 23F isolates (total of 122 isolates). In cases of strains with identical
PFGE patterns originating from an outbreak (5) or where several cultures were
taken from the same child during the course of the disease episode, resulting in
genetically identical strains, only one isolate per child was included in the study.
The 133 NP isolates included all serotype 1 and 5 strains isolated during the
above-indicated time period and organisms of serotypes 6B and 23F which were
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chosen randomly from a collection of 4,600 strains recovered from pediatric
healthy carriers in southern Israel. Only 13 serotype 1 and 15 serotype 5 epide-
miologically unrelated isolates from healthy carriers were found. The 53 6B
isolates and 52 23F isolates were randomly chosen from a total of 205 6B and 444
23F isolates (Table 1). In cases where an epidemiological linkage was detected
among strains with identical PFGE patterns, only one representative isolate was
included in the study. This exclusion criterion refers to (i) strains originating
from the same day care center during a period of 6 months or less and (ii)
repeated cultures obtained from the same child during a 6-month period or less.

Isolates were confirmed as S. pneumoniae by inhibition with optochin and by
a positive slide agglutination test (Phadebact; Pharmacia Diagnostics, Uppsala,
Sweden). One S. pneumoniae colony per culture was subcultured, harvested, and
kept frozen at 270°C for further testing.

Antibiotic susceptibility testing. Testing of isolate susceptibility to penicillin,
erythromycin, tetracycline, chloramphenicol, and trimethoprim-sulfamethox-
azole (SXT) was performed by the disk diffusion method of Bauer and Kirby
according to NCCLS recommendations (13). Isolates exhibiting an inhibition
zone with a radius of #19 mm around a 1-mg-oxacillin disk were further tested
for susceptibility to penicillin by means of the E-Test (AB Biodisk, Solna, Swe-

den) according to the manufacturer’s instructions (10). Antibiotic susceptibility
testing was carried out on all the isolates described in Table 1.

Serogrouping and serotyping. Serogrouping and serotyping of S. pneumoniae
was done by means of the quellung reaction using antisera provided by the
Statens Serum Institute of Copenhagen, Denmark (1).

PFGE. Chromosomal DNA fragments, generated by SmaI digestion, were
prepared and analyzed as described elsewhere (16). A contour-clamped homo-
geneous electric field DRIII apparatus (Bio-Rad Laboratories, Richmond, Cal-
if.) was used for running the gels. Running conditions were 23 h at 11.3°C at 200
V ramped with an initial forward time of 5 s and a final forward time of 35 s. Gels
were stained with ethidium bromide and photographed. Interpretation of strain
relatedness on the basis of PFGE pattern was according to current consensus
(19).

RESULTS

Distribution of types. Table 1 shows the yearly distribution
of the strains and their partitioning among Jewish and Bedouin

TABLE 1. Survey of S. pneumoniae organisms isolated from children in southern Israel during January 1995 to May 1999

Type of isolates and
characteristic

Yr of
isolation

No. (%) of isolates of serotype:

1
(n 5 79)

5
(n 5 45)

6B
(n 5 64)

23F
(n 5 67)

NP 1995 1 (7.7) 1 (6.7) 9 (17) 4 (7.7)
1996 0 (0) 1 (6.7) 8 (15.1) 3 (5.8)
1997 5 (38.5) 5 (33.3) 10 (18.9) 8 (15.4)
1998 7 (53.9) 4 (26.7) 22 (41.5) 30 (57.7)
1999 0 (0) 4 (26.7) 4 (7.6) 7 (13.5)

Total by serotype 13 (100) 15 (100) 53 (100) 52 (100)

Total by ethnic group
Jewish 7 (53.9) 9 (60) 26 (49.1) 37 (71.2)
Bedouin 6 (46.2) 6 (40) 27 (50.9) 15 (28.9)

Blood or CSF 1995 17 (25.8) 3 (10) 4 (36.4) 3 (20.0)
1996 6 (9.1) 3 (10) 2 (18.2) 3 (20.0)
1997 19 (28.8) 11 (36.7) 2 (18.2) 3 (20.0)
1998 20 (30.3) 8 (26.7) 2 (18.2) 5 (33.3)
1999 4 (6.1) 5 (16.7) 1 (9.1) 1 (6.7)

Total by serotype 66 (100) 30 (100) 11 (100) 15 (100.0)

Total by ethnic group
Jewish 12 (18.2) 10 (33.3) 6 (54.6) 8 (53.3)
Bedouin 54 (81.8) 20 (66.7) 5 (45.5) 7 (46.7)

TABLE 2. Resistance pattern of S. pneumoniae to antimicrobial agentsa

Antimicrobial agent

No. (%) of resistant isolates of serotype:

6B 23F

NP
(n 5 53)

Blood or CSF
(n 5 11)

Total
(n 5 64)

NP
(n 5 52)

Blood or CSF
(n 5 15)

Total
(n 5 67)

Penicillin 30 (57) 3 (27) 33 (52) 48 (92) 12 (80) 60 (90)
SXT 30 (57) 3 (27) 33 (52) 46 (88) 12 (80) 58 (87)
Erythromycin 32 (60) 3 (27) 35 (55) 6 (12) 0 6 (9)
Clindamycin 30 (57) 4 (36) 34 (53) 5 (10) 0 5 (7)
Tetracycline 33 (62) 4 (36) 37 (58) 5 (10) 0 5 (7)
Chloramphenicol 15 (28) 0 15 (23) 5 (10) 0 5 (7)
$3 different agents 32 (60) 4 (36) 36 (56) 13 (25) 1 (7) 14 (21)

a All 79 serotype 1 isolates and 45 serotype 5 isolates were susceptible to penicillin, erythromycin, clindamycin, tetracycline, and chloramphenicol; 52% of serotype
1 isolates and 36% of serotype 5 isolates were not susceptible to SXT.
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children. A total of 255 S. pneumoniae strains were analyzed,
133 of which were from healthy carriers and 122 of which were
from children with invasive disease. The 122 invasive strains
included all serotype 1, 5, 6B, and 23F organisms that were
cultured at the Soroka University Medical Center in southern
Israel during January 1995 to May 1999. The 133 NP isolates
included all 13 (0.28%) serotype 1 isolates, all 15 (0.33%)
serotype 5 isolates, and 53 6B isolates and 52 23F isolates that
were randomly chosen from our collection.

As can be seen in Table 1, the distribution of invasive S.
pneumoniae strains carrying serotypes 1 and 5 differed signif-
icantly between Jews and Bedouins (P 5 0.002); 81.8% of the
invasive type 1 isolates and 66.7% of the invasive type 5 isolates
were found in the Bedouin population, whereas no significant

difference was found for the invasive isolates of serotypes 6B
and 23F.

Antimicrobial susceptibility. Table 2 summarizes the sus-
ceptibility testing results for the six antimicrobial agents eval-
uated in this study. All the strains carrying capsular serotype 1
or 5 were susceptible to penicillin, erythromycin, clindamycin,
tetracycline, and chloramphenicol; 52% of serotype 1 isolates
and 36% of serotype 5 isolates were not susceptible to SXT.
Isolates carrying serotypes 6B and 23F presented a completely
different resistance pattern. Of 64 isolates with serotype 6B, 33
(52%) were not susceptible to penicillin and 36 (56%) were not
susceptible to three or more different antimicrobial agents.
Among the 67 serotype 23F isolates, 60 (90%) were not sus-

FIG. 1. PFGE patterns generated by SmaI digestion of S. pneu-
moniae serotype 1 isolates recovered from children in Southern Israel
during 1994 to 1999. Lanes 1 and 30 contain a lambda ladder; lanes 2
and 29 contain a reference strain, R6, used as a molecular weight
marker. Numbers on the left show molecular sizes in kilobases. Lanes
3, 14, 15, and 19 to 21 contain NP isolates; lanes 4 to 13, 16, 17, and 22
to 28 contain blood isolates; lane 18 contains a CSF isolate.

FIG. 2. PFGE patterns generated by SmaI digestion of S. pneu-
moniae serotype 5 isolates recovered from children in Southern Israel
during 1994 to 1999. Lanes 1 and 30 contain a lambda ladder; lanes 2
and 29 contain a reference strain, R6, used as a molecular weight
marker. Numbers on the left show molecular sizes in kilobases. Lanes
3, 7, 11, 12, 18, 19, and 24 contain NP isolates; lanes 4 to 6, 8 to 10, 13
to 17, 20 to 23, and 25 to 27 contain blood isolates; lane 28 contains a
CSF isolate.

FIG. 3. PFGE patterns generated by SmaI digestion of S. pneu-
moniae serotype 6B isolates recovered from children in Southern Israel
during 1994 to 1999. Lanes 1 and 30 contain a lambda ladder; lane 2
contains a reference strain, R6, used as a molecular weight marker.
Numbers on the left show molecular sizes in kilobases. Lanes 5 to 9, 12
to 13, 15 to 23, 25, and 27 to 29 contain NP isolates; lanes 3, 4, 10, 11,
14, 24, and 26 contain blood isolates.

FIG. 4. PFGE patterns generated by SmaI digestion of S. pneu-
moniae serotype 23F isolates recovered from children in Southern
Israel during 1994 to 1999. Lanes 1 and 30 contain a lambda ladder;
lanes 2 and 29 contain a reference strain, R6, used as a molecular
weight marker. Numbers on the left show molecular sizes in kilobases.
Lanes 5, 7, 10 to 16, 18 to 21, and 23 to 28 contain NP isolates; lanes
3, 4, 6, 8, 17, and 22 contain blood isolates; lane 9 contains a CSF
isolate.
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ceptible to penicillin and 14 (21%) were not susceptible to
three or more different antimicrobial agents. Different resis-
tance rates were also noticed for organisms isolated from the
nasopharynx compared to those isolated from blood or cere-
brospinal fluid (CSF).

Molecular typing. Analysis by PFGE provided data on the
variability of the genetic background for each serotype. All
type 1 isolates, both invasive and NP, belonged to the same
clonal type (Fig. 1); three PFGE patterns differing from each
other by no more than five bands represented 86% of all type
1 isolates and 92% of the invasive isolates. Type 5 isolates also
shared one clonal type (Fig. 2), with 62% of the isolates show-
ing indistinguishable PFGE patterns and the rest distributed
into eight closely related profiles. The PFGE pattern of sero-
type 5 isolates studied here resembles that of the serotype 5
“Colombian clone” (18).

In contrast to serotypes 1 and 5, pneumococci of capsular
type 6B (Fig. 3) and 23F (Fig. 4) showed a large diversity in
their phenotypic and genotypic characteristics: six clonal types
(arbitrarily named 6B-1 to 6B-6) were identified among the 11
invasive serotype 6B isolates; all of them plus four additional

PFGE patterns (6B-7 to 6B-10) were present among the 53
serotype 6B NP isolates (Fig. 5). Clone 6B-4 resembled the
“Icelandic 6B clone” (16). Multiple clonal types were also
found among the 23F isolates (Fig. 4); three clonal types were
found among the 15 invasive isolates (23F-1 to 23F-3), and
eight types (23F-1 to 23F-8) were found among the 52 NP
isolates (Fig. 5). For all capsular types examined here, the
clones found among invasive isolates were also detected
among the organisms recovered from the NP samples.

DISCUSSION

There is no doubt that NP carriage plays a crucial role in
S. pneumoniae epidemiology and disease (4; P. Yagupsky,
N. Peled, and R. Dagan, Abstr. 36th Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. C-48, 1996). From this site the
pneumococcus may spread to adjacent mucosal surfaces to
cause mucosal infections, such as otitis and pneumonia, or
invade the bloodstream and cause systemic infections, such as
bacteremia and meningitis. However, the frequency with which
certain serotypes cause an invasive disease is not necessarily

FIG. 5. Clonal distribution of NP and invasive (blood or CSF) S. pneumoniae isolates carrying serotypes 1, 5, 6B, and 23F recovered from
children in Southern Israel during 1994 to 1999. The numbers in the keys attached to the figures of serotypes 6B and 23F refer to the clonal types
shown in Fig. 3 and 4. The numbers in the bar graphs are percentages.
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reflected in their prevalence as serotypes carried in the naso-
pharynx.

The two most common capsular types among pediatric in-
vasive isolates in southern Israel in the last 10 years were 1
(23%) and 5 (10%) and were most frequently associated with
low-socioeconomic-level, overcrowded populations like that of
the Bedouins and with outbreaks (5). These serotypes were
infrequently detected among healthy carriers. In contrast, se-
rotypes 6B and 23F were the most common serotypes found in
the nasopharynx as part of the normal flora but were rare in
invasive diseases.

These two groups of serotypes differed markedly in their
resistance patterns. Organisms of the two invasive serotypes
with capsular types 1 and 5 presented similar resistance pat-
terns and were susceptible to all antimicrobial agents tested
(penicillin, erythromycin, tetracycline, and chloramphenicol)
except SXT. However, most of the strains belonging to sero-
types 6B and 23F were not susceptible to penicillin, showing
considerable heterogeneity in their resistance pattern to other
antimicrobial agents as well. While none of the invasive sero-
types were resistant to more than one antimicrobial agent, high
percentages of the strains belonging to the carried serotypes
were multidrug resistant: 56% of serotype 6B and 21% of
serotype 23F.

The homogeneity of the invasive strains belonging to sero-
types 1 and 5 compared with the diversity of 6B and 23F was
further examined by looking at the genetic background of the
strains. Organisms of the two invasive serotypes, 1 and 5, ap-
peared to be genetically related, with each one of them having
a single clonal origin despite their being collected during a long
period of time (5.5 years). In contrast, pneumococci of capsu-
lar types 6B and 23F were represented by multiple clonal types:
10 for type 6B and 8 for 23F. For all capsular types examined
here, the same clones were detected both in the nasopharynx
and in blood or CSF.

Previous reports have documented genetic diversity to be
higher among penicillin-susceptible than among non-penicil-
lin-susceptible S. pneumoniae strains (7, 20, 21). Increasing
penicillin MICs for organisms was associated with decreasing
genetic variability, fewer serotypes, and a higher probability of
multidrug resistance. While the exact mechanism of this rela-
tionship is not clear, one could hypothesize that resistance to
antimicrobial agents provides an advantage which supports the
survival of the organism in the normal flora. This postulate was
further validated by the extensive international spread of a
relatively few multidrug-resistant clones such as the serotype
23F “Spanish/USA” clone and the serotype 14/9V “French/
Spanish” clone (9).

In this study we describe two penicillin-susceptible invasive
clones which tend to persist in our region for a long period of
time without undergoing a major genetic transformation.
These serotypes are rarely found in the nasopharynxes of chil-
dren and thus have fewer chances of exchanging genetic ma-
terial with the environment and fewer chances of being ex-
posed to antibiotic pressure. We speculate that the poor
adaptation of these serotypes to mucosal surfaces is one of the
factors controlling their low tendency to acquire genes from
other NP bacterial inhabitants, resulting in DNA homogeneity.
The other less pathogenic serotypes might be more prone to
long-term colonization and thus more inclined to multiple an-

tibiotic exposure. Preliminary laboratory investigations of
pneumococcal infection in a mouse model carried out by
Azoulay-Dupuis et al. (2) have suggested a complex relation-
ship among capsular type, penicillin susceptibility, and viru-
lence. Based on our data, the capsular type seems to be the
dominant factor in the virulence of S. pneumoniae and in its
tendency to acquire resistance genes. Further studies of the
polysaccharide compositions of the invasive versus noninvasive
serotypes may shed some light on the adhesion mechanism of
S. pneumoniae to epithelial cells and its role in colonization.
Moreover, characteristics associated with the clonality of sero-
types 1 and 5 may represent an advantage for invasiveness,
from a knowledge of which one can study the genetic mecha-
nism involved in S. pneumoniae pathogenicity.
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