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This study aimed to compare the clonal distribution of common pneumococcal strains not included in the 7-valent pneumococ-
cal conjugate vaccine (PCV7) that were isolated from cases of acute otitis media (AOM) and invasive pneumococcal disease
(IPD) in two distinct ethnic populations in southern Israel during the decade (1999 to 2008) preceding PCV7 implementation.
Isolates recovered from Jewish and Bedouin children <5 years old were characterized by antibiotic resistance and molecular
epidemiology using pulsed-field gel electrophoresis and multilocus sequence typing. Of 5,236 AOM and 425 IPD isolates, 43%
and 57% were from Jewish and Bedouin children, respectively. PCV7 accounted for 54% and 45% of the AOM and IPD episodes,
respectively. Eleven major non-PCV7 serotypes (1, 3, 5, 6A, 7F, 12F, 15B/C, 19A, 21, 33F, and 35B) constituted 31% and 42% of
the AOM and IPD episodes, respectively. The clonal distributions of the 11 non-PCV7 serotypes and their antibiotic susceptibili-
ties were significantly different among the two ethnic populations in both the AOM and IPD groups. About half of the AOM and
IPD cases resulted from non-PCV7 pneumococci, even before PCV7 implementation. The significant differences between the
two ethnic populations suggest that lifestyle and microenvironment are major determinants in the clonal distribution of disease-
causing pneumococci. Post-PCV7 surveillance is important in understanding non-PCV7 clonal expansion in the two distinct
populations.

The 7-valent pneumococcal conjugate vaccine (PCV7) has had
a substantial impact on the prevention of pneumococcal dis-

ease in children, with indirect benefits extending to individuals
not in the targeted age group (6). Other benefits include reduc-
tions in disease caused by antibiotic-resistant strains and reduc-
tion in antibiotic use. However, the potential impact of conjugate
vaccines can be negatively influenced by the issue of serotype re-
placement, wherein serotypes not included in the vaccine are be-
ing increasingly implicated in pneumococcal disease (6). While
the evidence for serotype replacement in the nasopharynx after
PCV7 introduction is universal and beyond doubt, what remains
to be understood is its relationship to replacement disease (7).

While it is widely accepted that the capsular type is the key
determinant of the ability of pneumococci to cause disease (3, 4,
12, 29–31), the extent of the additional role of other determinants
has not yet been fully clarified. A single pneumococcal serotype
typically includes a number of genetically divergent clones (based
on a comparison of sequence types deposited at http://www.mlst
.net), presumably as a consequence of the occasional horizontal
transfer of the capsular biosynthetic genes into new lineages (3).
The relative importance of serotype and genotype in determining
the potential of the organism to cause infection is still debated.
Hence, a detailed characterization of the genetic background of
isolates will provide invaluable insights concerning the clonal
composition of non-PCV7 strains involved in replacement dis-
ease.

Sequential trends of non-PCV7 serotypes/clones causing infec-
tions before PCV7 introduction have rarely been documented.
PCV7 was introduced to the national immunization program in
Israel in July 2009. We have been collecting pneumococcal strains
from cases of acute otitis media (AOM) and invasive pneumococ-
cal disease (IPD) in children of �5 years of age since 1999 in a
prospective way. Since the population in southern Israel includes

two distinct ethnic groups, differing in their lifestyles, we aimed at
comparing the dynamics of the various non-PCV7 strains in the
two study populations. The main goal of this study was to com-
pare the clonal distributions of the major non-PCV7 serotypes,
isolated from AOM and IPD cases, between children in these two
populations during a decade preceding PCV7 implementation.
These data will help to reveal which trends occur even without
vaccination and to what extent.

MATERIALS AND METHODS
Setting. This prospective study was conducted in the Negev area in southern
Israel from January 1999 to December 2008. The study population in this area
consists of Jews with a lifestyle resembling that of developed populations and
Moslem Bedouins with standards of living resembling those of developing
populations (8). Contact between children of the two populations is rare.
Over 95% of the children in the area are born at the Soroka University Med-
ical Center (SUMC), where they also receive all emergency and inpatient
services. Over 60% of the children in the Negev region are medically insured
in the largest health plan in Israel, the General Health Insurance Plan. During
the study period, PCV7 had not yet been introduced in Israel, and �3% of the
population had participated in clinical trials with one of the experimental
pneumococcal conjugate vaccines.

Two groups of disease were studied based on the isolation site: (i) the
IPD group consisting of all children with positive blood or cerebrospinal
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fluid (CSF) S. pneumoniae culture; (ii) the AOM group consisting of all
children diagnosed with AOM with a positive pneumococcal middle ear
fluid (MEF) culture. Blood and CSF cultures were obtained in the emer-
gency department or the pediatric wards (no routine blood or CSF cul-
tures are collected in primary care clinics in Israel) and inoculated into
Bactec 9240 (Becton, Dickinson, Cockeysville, MD). Middle ear fluid cul-
tures were obtained either in the primary care clinics or at the SUMC,
either after tympanocentesis or following spontaneous drainage, and ap-
plied onto transport swabs (Transwab; Medical Wire and Equipment,
England). In the case of multiple IPD or AOM isolates from an individual,
a new episode was defined if �30 days had elapsed since the beginning of
a previous episode with the same serotype. If a different serotype was
determined, there was no limitation on the period of time between isola-
tions. Parents or legal guardians signed informed consent statements. The
study was approved by the SUMC ethics committee.

Bacteriology. Blood and CSF cultures were inoculated into Bactec
9240 and incubated at 35°C. Cultures were monitored with the Bactec
system twice daily on the first 2 days and then once daily on days 3, 5, and
7. Swabs obtained from AOM were inoculated onto Columbia agar with
5% sheep blood and 5.0 �g/ml gentamicin and incubated aerobically at
35°C for 48 h in a 5% enriched CO2 atmosphere. Identification, serotyp-
ing, and antimicrobial susceptibility testing to penicillin, erythromycin,
clindamycin, tetracycline, chloramphenicol, and sulfamethoxazole/tri-
methoprim (SXT) were performed as previously described (27). Isolates
with penicillin MICs of �0.1 �g/ml were defined as susceptible to peni-
cillin, and those with MICs of �0.1 �g/ml were considered nonsuscep-
tible. Isolates with resistance to three or more antibiotic classes were de-
fined as multidrug resistant.

Pulsed-field gel electrophoresis (PFGE). Chromosomal DNA frag-
ments generated by SmaI or ApaI digestion were prepared and analyzed as
described previously (27). For strains belonging to serotypes 6A and 12F,
ApaI digestion was done, too, to obtain better distinction among the var-
ious clones.

MLST. Pneumococcal isolates were unambiguously characterized by
multilocus sequence typing (MLST) as described by Enright and Spratt
(9). The sequences (alleles) at each locus were compared to those at the
MLST website (www.mlst.net) and were assigned allele numbers if they
corresponded to sequences already submitted to the pneumococcal MLST
database. The allelic profiles of isolates (the allele numbers at the seven
loci) were compared to those at the MLST website, and sequence types
(STs) were assigned.

Data analysis. Each isolate was counted only once per episode (epi-
sodes were separated by �30 days for the same serotype or by any interval
for different serotypes). Statistical analysis was done using SPSS, version
14.0, software for Windows (Chicago, IL). A chi-square test was used to
compare the distribution of serotypes and clones between the two ethnic
populations. A P value of �0.05 was considered significant.

RESULTS

A total of 5,718 S. pneumoniae isolates from the MEF and blood/
CSF of children of �5 years old during a 10-year period before the
introduction of PCV7 were available. The AOM group included
5,281 isolates (2,288 from Jewish children and 2,993 from Bed-
ouin children), of which 5,236 (99.1%) were available for serotyp-
ing. Non-PCV7 strains accounted for 2,427/5,236 (46.4%). The
proportion of these strains was higher among the Bedouin than
among the Jewish children, with 1,513/2,969 (50.1%) versus 914/
2,267 (40.3%) isolates, respectively (P � 0.001). The IPD group
included 437 strains consisting of 142 and 295 isolates from Jewish
and Bedouin children, respectively, of which 425 (97.3%) were
available for serotyping. Non-PCV7 strains accounted for 234/425
(55.1%), with 67/140 (47.9%) and 167/285 isolates (58.6%) from
Jewish and Bedouin children, respectively (P � 0.05).

In the present study, we analyzed 11 common non-PCV7 se-

rotypes, namely, 1, 3, 5, 6A, 7F, 12F, 15B/C, 19A, 21, 33F, and 35B,
of which six are included in PCV13. PCV13 was introduced to the
national immunization program in Israel in November 2010.
Theoretically, PCV13 could have prevented 78.2% (4,096/5,236
episodes) and 81.4% (346/425 episodes) of the total AOM and
IPD episodes, respectively, during the 10-year period (1999 to
2008) preceding PCV7 implementation in Israel.

Serotype and clonal distribution among AOM isolates. The
11 studied serotypes accounted for 31.0% (1,623/5,236) of the
AOM isolates available for serotyping and for 66.9% (1,623/2,427)
of the non-PCV7 isolates in the AOM group. Of the 1,623 AOM
isolates, 94.9% (1,540/1,623) originated from single subjects, and
only 5.1% (83/1,623) were from multiple episodes. Moreover,
only 1.3% (21/1,623) of the 11 non-PCV7 strains represented
multiple episodes per subject with the same serotype. Hence,
98.7% of the strains analyzed in the AOM group originated from
either a single episode per subject (94.9%) or multiple episodes
with different serotypes (3.7%). Due to the small proportion of
multiple episodes with the same serotypes, data analysis was based
on the number of isolates by each serotype.

The most common non-PCV7 serotype was 19A (514/5,236
isolates, 9.8%), followed by 6A (285/5,236, 5.4%), 3 (197/5,236,
3.8%), 5 (145/5,236, 2.8%), 15B/C (101/5,236, 1.9%), 1 (92/5,
236, 1.8%), 35B (82/5,236, 1.6%), 21 (71/5,236, 1.4%), 7F (54/
5,236, 1.0%), 33F (49/5,236, 0.9%), and 12F (33/5,236, 0.6%) (Ta-
ble 1). The distribution of these serotypes between the two study
populations was significantly different (P � 0.05), except for se-
rotypes 7F, 15B/C, and 19A. Additional analysis which took into
account only the first episode of each subject and thus excluded all

TABLE 1 Serotype distribution of AOM isolates among Jewish and
Bedouin children

Serotype by group and/
or ethnicity

No. of positive isolates (%) by groupb

Pc

Jewish
children
(n � 2,267)

Bedouin
children
(n � 2,969)

Total
(n � 5,236)

Studied serotypesa

1 29 (1.3) 63 (2.1) 92 (1.8) 0.022
3 100 (4.4) 97 (3.3) 197 (3.8) 0.031
5 43 (1.9) 102 (3.4) 145 (2.8) �0.001
6A 154 (6.8) 131 (4.4) 285 (5.4) �0.001
7F 24 (1.1) 30 (1.0) 54 (1.0) NS
12F 5 (0.2) 28 (0.9) 33 (0.6) �0.001
15B/C 35 (1.5) 66 (2.2) 101 (1.9) NS
19A 225 (9.9) 289 (9.7) 514 (9.8) NS
21 14 (0.6) 57 (1.9) 71 (1.4) �0.001
33F 9 (0.4) 40 (1.3) 49 (0.9) �0.001
35B 23 (1.0) 59 (2.0) 82 (1.6) 0.005
Total for group 661 (29.2) 962 (32.4) 1,623 (31.0) 0.012

Total for all non-PCV7
serotypes

914 (40.3) 1,513 (50.1) 2,427 (46.4) �0.001

Total for all PCV7
serotypes

1,353 (59.7) 1,456 (49.9) 2,809 (53.6) �0.001

Overall total 2,267 2,969 5,236
a The group consists of 11 non-PCV7 serotypes.
b Percentages are calculated with respect to the total number (n) in the group.
c The P value was calculated for each serotype relative to the total number of isolates for
each ethnic group. NS, not significant.
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multiple episodes gave the same results except for serotype 3,
where the P value changed from 0.03 to 0.19.

A total of 1,534/1,623 (94.5%) isolates of the 11 non-PCV7
serotypes were available for PFGE; 2 to 12 representative strains
from each PFGE cluster and all the strains with unique PFGE
patterns were further characterized by MLST (193/1,534 isolates,
12.6%). MLST yielded 81 STs (see Table S1 in the supplemental
material), comprising 55 known and 26 novel STs. The eight ma-
jor AOM STs (STs which constituted �1.0% of the total AOM
isolates) covered 67.9% (1,041/1,534 isolates) of the 11 non-PCV7
serotypes and 19.9% (1,041/5,236 isolates) of the total number of
AOM isolates in this study. Of the major clones, two were nonsus-
ceptible to penicillin (ST2927 [serotype 21] and ST1988), two
were nonsusceptible to penicillin and SXT (ST172 and ST2927
[serotype 19A]), one was nonsusceptible to penicillin and eryth-
romycin (ST473), and two were nonsusceptible to SXT (ST217
and ST289) (see Table S1). The distributions of the major STs
were significantly different among the two ethnic groups (P �
0.05) (Fig. 1A): five STs were more frequently isolated from Bed-

ouin children, and three STs were more frequently isolated from
Jewish children. Noteworthy is the fact that ST2927 and ST172
were associated with two different serotypes each (see Table S1):
ST2927 was associated with serotypes 19A and 21, and ST172 was
associated with serotypes 19A and 35B. However, while ST2927
was significantly more prevalent among Bedouin than among
Jewish children in both serotypes (P � 0.001), ST172 was more
frequent among Jewish children as a 19A strain and more frequent
among Bedouin children as a 35B strain (P � 0.001 for both sero-
types), suggesting that the distribution of ST172 among the two
ethnic groups is determined also by the capsular type.

The total number of clones per serotype varied from 3 to 20 but
was not proportional to the total number of isolates in each indi-
vidual serotype (see Table S1 in the supplemental material). For
example, serotype 5, with 141 isolates available for genotyping,
was represented by 1 major clone, ST289, covering 91% of sero-
type 5 isolates, and 3 minor clones, whereas serotype 15B/C, with
99 isolates available for genotyping, was represented by 12 minor
clones. This suggests that different serotypes vary in their abilities
to undergo genetic transformation, which may allow their adap-
tation to various ecological niches of the human host.

Serotype and clonal distribution among IPD isolates. The 11
studied serotypes accounted for 41.9% (178/425 isolates) of the
IPD isolates available for serotyping and 76.1% (178/234) of the
non-PCV7 isolates in the IPD group. Of the 178 IPD isolates,
99.4% (177/178) originated from single subjects, and only one
strain (1/178, 0.6%) came from a child who had two episodes with
different serotypes. Hence, analysis excluding the multiple-sero-
type episode had no effect on the distribution of the 11 common
non-PCV7 serotypes between the two study populations.

The most common non-PCV7 serotype in the IPD group was 1
(55/425 isolates, 12.9%), followed by 5 (40/425, 9.4%), 19A (31/
425, 7.3%), 6A (25/425, 5.9%), 12F (9/425, 2.1%), 15B/C (6/425,
1.4%), 35B (4/425, 0.9%), 33F (3/425, 0.7%), 3 and 7F (2/425,
0.5% each), and 21 (1/425, 0.2%) (Table 2). The distributions of
the various non-PCV7 serotypes among the two study popula-
tions were significantly different for four serotypes: serotypes 1
and 12F were isolated significantly more often from Bedouin chil-
dren, whereas serotypes 3 and 19A were isolated more often from
Jewish children (P � 0.05).

A total of 167/178 (93.8%) IPD isolates of the 11 non-PCV7
serotypes were available for PFGE, of which 42/167 (25.1%) were
further characterized by MLST. MLST yielded 30 STs (see Table S2
in the supplemental material): 25 clones shared identical STs with
the AOM clones in our collection, and only 5 STs were unique.
Noteworthy is the fact that 61.1% of the 11 non-PCV7 IPD isolates
were represented by only 3/30 STs carrying the three most preva-
lent serotypes, namely, ST217 with serotype 1, ST289 with sero-
type 5, and ST172 with serotype 19A. ST172 was also found in
three out of four isolates of serotype 35B.

Of the 30 STs in the IPD group, the seven major STs (STs
represented by isolates numbering�1.0% of the total IPD iso-
lates) covered 79.0% (132/167) of the 11 non-PCV7 serotypes
and 31.1% (132/425) of the total number of IPD isolates in this
study. The antibiotic resistance pattern of the clones in the IPD
group resembled that found in the AOM group. Three out of
the seven major STs in the IPD group showed resistance to
more than one antimicrobial agent: ST172, ST473, and ST989
(see Table S2). Figure 1B shows the distribution of the seven
major STs in the IPD group among the two ethnic groups. The

FIG 1 (A) Distribution of the major STs among Jewish (J) and Bedouin (B)
children in the AOM group. P values were calculated for each ST relative to the
total number of isolates in each ethnic group (Jewish children, 2,267; Bedouin
children, 2,969). (B) Distribution of the major STs among Jewish (J) and
Bedouin (B) children in the IPD group. P values were calculated from total
number of isolates in each ethnic group (Jewish children, 140; Bedouin chil-
dren, 285).
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prevalence of three out of these seven clones was significantly
different among the two study populations (P � 0.05)
(Fig. 1B): two STs were more frequently isolated from Jewish
children, and one ST was more frequently isolated from Bed-
ouin children. The distribution of the seven major STs in the
IPD group among Jewish and Bedouin children resembled that
found in the AOM group, except for ST289 of serotype 5 and
ST473 of serotype 6A (see Tables S1 and S2 in the supplemental
material). ST289 was more frequently isolated from the Bed-
ouin population in both the IPD and AOM groups but reached
significance only in the AOM group, whereas ST473 was more
frequently isolated from the Jewish children in both groups but
reached significance only in the AOM group.

DISCUSSION

Despite the success of PCV7 in reducing mucosal and invasive
disease, critical questions remain about the changing pneumococ-
cal reservoir. Efficacy studies have already demonstrated that the
use of the vaccine was associated with increased rates of AOM and
IPD caused by pneumococcal serotypes immunologically unre-
lated to the vaccine serotypes, which would suggest the involve-
ment of the replacement phenomenon (7, 10, 14, 16, 19, 21, 32).
Recent data from the United States, Europe, and Australia have
shown an increase in IPD caused by non-PCV7 serotypes in both
infants and adults (13, 14, 17, 21, 22, 25, 33). This increase was
observed mainly due to serotype 19A, which is characterized by its
antibiotic resistance profile (13, 21, 32). In addition, increased
rates of complicated pneumonia due to serotypes 1, 3, 5, 7F, and
19A in Europe and North America have been reported (5, 23).

However, these data are deficient since they derive only from cal-
culations of proportions of non-PCV7 serotypes after the intro-
duction of the vaccine, which caused a significant reduction in the
prevalence of vaccine-type strains. In order to determine the ex-
tent of replacement, data regarding secular trends of PCV7 and
non-PCV7 strains before PCV7 introduction have to be taken into
consideration. This study provides a baseline of a 10-year compre-
hensive database, which includes demographic and clinical infor-
mation of patients from two distinct pediatric populations and the
phenotypic and genotypic characteristics of their S. pneumoniae
strains isolated from AOM and IPD cases before the introduction
of PCV7.

Of the 93 S. pneumoniae serotypes, only 20 to 30 types are
associated with the great majority of human diseases. Hence, there
is an association between serotype and the potential of pneumo-
cocci to cause mucosal and invasive disease. Our data show that
non-PCV7 strains accounted for 46% and 55% of the AOM and
IPD episodes, respectively, even before the introduction of PCV7
to our region, and non-PCV13 strains accounted for 21.8% of the
AOM episodes and 18.6% of the IPD episodes. Of the non-PCV7
strains, we studied 11 serotypes which constituted 67% and 76%
of the AOM and IPD episodes, respectively. The incidence of these
serotypes differed in the AOM and IPD groups. Serotype 19A was
the most prevalent one in the AOM group, followed by 6A, 3, and
5, and these four serotypes accounted for 47% of the non-PCV7
isolates. However, serotypes 1 and 5 were the most prevalent ones
in the IPD group, followed by 19A and 6A, and these four sero-
types accounted for 65% of the non-PCV7 isolates. Previous sur-
veillance from the same study population during 2000 to 2004
(31) suggested that serotypes 3, 5, 1, 12F, and 19A have the highest
disease potential to cause AOM in patients being colonized. Sim-
ilarly, it was suggested that serotypes 1, 5, and 12F had the highest
disease potential for IPD. The increased proportions of serotypes
19A and 6A with high antibiotic resistance in the last years of the
study (data not shown) in both AOM and IPD cases, even before
the introduction of PCV7, suggests that this phenomenon can be
related to factors other than vaccination, such as excessive use of
antimicrobial agents (8, 26).

Significantly different distributions of non-PCV7 serotypes
among the two study populations were found in 8/11 and 4/11
serotypes from AOM and IPD isolates, respectively. The fact that
the different distributions between the two ethnic groups reached
significance in only four serotypes in the IPD group might be due
to the small number of isolates. Genotyping methods showed the
same trend. Previous studies from our group have already shown
the differential circulation of non-PCV7 clones among Jewish and
Bedouin children in AOM cases (8, 26, 28). The current study
expands this observation also to IPD cases. We suggest that this
phenomenon is due to the rare contacts of the two pediatric pop-
ulations.

Our data show that all seven major STs in the IPD group
were represented in the AOM group as well. Moreover, four of
these STs, namely, ST217 (serotype 1), ST289 (serotype 5),
ST473 (serotype 6A), and ST172 (serotypes 19A and 35B),
which carry the most prevalent invasive serotypes, were also
highly abundant in the AOM group. These four clones were
associated with invasive diseases in other studies. For example,
ST217 and ST289 were previously isolated from outbreaks of
meningitis and bacteremia in northern Ghana (18) and in Is-
rael (1). In the current study, we found that these two clones

TABLE 2 Serotype distribution of IPD isolates among Jewish and
Bedouin children

Serotype by group and/
or ethnicity

No. of positive isolates (%) by
groupb

Pc

Jewish
children
(n � 140)

Bedouin
children
(n � 285)

Total
(n � 425)

Studied serotypesa

1 7 (5.0) 48 (16.8) 55 (12.9) �0.001
3 2 (1.4) 0 (0.0) 2 (0.5) 0.043
5 11 (7.9) 29 (10.2) 40 (9.4) NS
6A 8 (5.7) 17 (6.0) 25 (5.9) NS
7F 1 (0.7) 1 (0.4) 2 (0.5) NS
12F 0 (0.0) 9 (3.2) 9 (2.1) 0.034
15B/C 3 (2.1) 3 (1.1) 6 (1.4) NS
19A 19 (13.6) 12 (4.2) 31 (7.3) �0.001
21 0 (0.0) 1 (0.4) 1 (0.2) NS
33F 1 (0.7) 2 (0.7) 3 (0.7) NS
35B 0 (0.0) 4 (1.4) 4 (0.9) NS
Total for group 52 (37.1) 126 (44.2) 178 (41.9) NS

Total for all non-PCV7
serotypes

67 (47.9) 167 (58.6) 234 (55.1) 0.036

Total for PCV7 serotypes 73 (52.1) 118 (41.4) 191 (44.9) 0.036

Overall total 140 285 425
a The group consists of 11 non-PCV7 serotypes.
b Percentages are calculated with respect to the total number (n) in the group.
c The P value was calculated for each serotype relative to the total number of isolates for
each ethnic group. NS, not significant.
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were susceptible to all antimicrobial agents tested. However,
ST5056, a single locus variant of ST289 isolated from cases of
AOM and IPD during 2001 and 2002, was multidrug resistant.
This clone disappeared after 2002. The two other prevalent
clones among the IPD isolates, ST473 and ST172, were penicil-
lin nonsusceptible; ST172 was also resistant to SXT, and ST473
was also resistant to erythromycin. These clones were also com-
mon in bacteremic patients from the United States, where each
clonal type shared more than one capsular type, i.e., ST473
carrying serotypes 6A, 6B, and 6C (2, 11) and ST172 carrying
serotypes 19A and 23F (2, 24).

The exact mechanisms that explain how some serotypes can go
beyond colonization to cause disease remain unclear. The capsule
is the major determinant of disease potential but not the only one
(12, 15, 20). The genetic background of the organism also plays a
critical role in dictating virulence. In the present study, two clonal
types were associated with two serotypes each: ST172 was the most
prevalent clone among serotype 19A and 35B AOM strains, and
ST2927 was the most prevalent clone among serotype 21 AOM
strains and the second most prevalent clone among serotype 19A
AOM isolates. These data suggest that the clonal type is an impor-
tant determinant in the disease potential of S. pneumoniae. Un-
derstanding the underlying genetic mechanisms of virulent geno-
types is a priority in the era of pneumococcal conjugate vaccines
(15).

Since the introduction of PCV7, the epidemiology of S. pneu-
moniae has been changing in many countries (33). It was postu-
lated that the disappearance of vaccine serotypes has promoted
the emergence of nonvaccine strains, reducing the benefits of vac-
cination. However, our data show that non-PCV7 strains were
frequently isolated in AOM and IPD cases even before the imple-
mentation of the vaccine. Hence, long-term surveillance of post-
PCV7 disease is crucial to determine the true effect of the vaccine
on the expansion of non-PCV7 strains.
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