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A RAPID INCREASE IN THE PRES-
ence of pneumococcal sero-
type 19A strains that are
often multiresistant to anti-

biotics has been observed over the last
decade.1-3 In the United States, sero-
type 19A is now the leading causative
pneumococcal serotype of invasive1,4,5

and respiratory pneumococcal dis-
ease6,7 and the most frequently ob-
served serotype in nasopharyngeal car-
riage.8 In the United States and other
countries, the increase in serotype 19A
disease was associated in time with the
widespread implementation of hepta-
valent pneumococcal conjugate vacci-
nation (PCV-7) in routine infant im-
munization programs. The role of
PCV-7 in the increase in serotype 19A
is however debatable because in-
creases in other countries without
PCV-7 implementation have also been
reported.9,10

Because increases are often sero-
type 19A strains resistant to antibiotic
agents and found in countries with high
antibiotic prescription and resistance
rates,3,11 antibiotic pressure is thought

to be an important selection factor.10

Furthermore, when studied over long
periods, significant fluctuations in se-
roepidemiology have been shown in dif-
ferent populations such as those in Den-
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Context The rapid increase in multiresistant serotype 19A as a cause of invasive and res-
piratorypneumococcaldiseasehasbeenassociated in timewith thewidespread implemen-
tation of 7-valent pneumococcal conjugate vaccination (PCV-7) in several countries. Be-
cause spontaneous fluctuations in time and antibiotic selective pressure may have induced
this serotype 19A increase, controlled studies are needed to assess the role of PCV-7.

Objective Toexamine theassociationofPCV-7vaccinationandnasopharyngeal acqui-
sition of serotype 19A pneumococci, their clonal distribution, and antibiotic susceptibility.

Design, Setting, and Patients Post hoc per-protocol completer’s analysis as part
of a randomized controlled trial of nasopharyngeal Streptococcus pneumoniae car-
riage enrolling 1003 healthy newborns with follow-up to the age of 24 months in the
Netherlands, which has low antibiotic resistance rates. The study was conducted be-
fore widespread PCV-7 implementation in infants, between July 7, 2005, and Febru-
ary 14, 2008. Nasopharyngeal swabs were obtained at the age of 6 weeks and at 6,
12, 18, and 24 months.

Intervention Infants were randomly assigned to receive 2 doses of PCV-7 at 2 and
4 months; 2�1 doses of PCV-7 at 2, 4, and 11 months; or no dosage (unvaccinated
control group).

Main Outcome Measure Cumulative proportion of children with nasopharyn-
geal acquisition of a new serotype 19A strain from 6 through 24 months of age.

Results Nine hundred forty-eight children completed the study. Fifty-four nasopha-
ryngeal serotype 19A carriage isolates from 318 in the 2-dose group, 66 isolates from
327 in the 2�1-dose group, and 33 isolates from 303 in the unvaccinated were col-
lected from 6 weeks through 24 months. The cumulative proportion who tested positive
for new nasopharyngeal serotype 19A acquisition from 6 through 24 months of age was
significantly higher in those having received the 2�1-dose PCV-7 schedule (16.2%; 95%
confidence interval [CI], 12.6%-20.6%) vs those who were unvaccinated (9.2%; 95%
CI, 6.5%-13.0%; relative risk [RR], 1.75; 95% CI, 1.14-2.70) but not after a 2-dose sched-
ule (13.2%; 95% CI, 9.9%-17.4%; RR, 1.43; 95% CI, 0.91-2.25). There were 28 dif-
ferent sequence types identified, including 6 new types. The proportion of children with
new 19A acquisition who had used antibiotics in the last 6 months (18.7%) did not differ
among groups. Five isolates were penicillin-intermediate susceptible and another 3 were
nonsusceptible to erythromycin and azithromycin, all in the vaccine groups.

Conclusion A 2�1-dose PCV-7 schedule was associated with an increase in sero-
type 19A nasopharyngeal acquisition compared with unvaccinated controls.

Trial Registration clinicaltrials.gov Identifier: NCT00189020
JAMA. 2010;304(10):1099-1106 www.jama.com
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mark and Spain before the introduction
of PCV-7.12,13

Because all data on the expansion of
serotype 19A have been obtained from
uncontrolled observational studies, the
role of PCV-7 cannot be discrimi-
nated from other factors such as anti-
biotic selection pressure or natural fluc-
tuations in time. Data from randomized
controlled trials are crucial for assess-
ing PCV-7’s true contribution. A large
randomized trial on the effect of PCV-7
on pneumococcal carriage was per-
formed in the Netherlands before wide-
spread introduction of PCV-7 in the na-
tional immunization program.1 4

Antibiotic prescription rates in pri-
mary care and antibiotic resistance rates
are relatively low in the Netherlands
compared with regions like southern
Europe.15 We performed a post hoc
analysis to investigate the association
between PCV-7 vaccination and naso-
pharyngeal acquisition of serotype 19A
pneumococci in the first 2 years of life,
their clonal distribution, and their an-
tibiotic susceptibility.

METHODS
Study Design and Population

This was a post hoc analysis from a ran-
domized controlled trial in the Western
region of the Netherlands studying the
effect of reduced-dose PCV-7 schedules
on pneumococcal nasopharyngeal car-
riage.EnrollmentstartedonJuly7,2005,
andwascompletedonFebruary9,2006,
before the introduction of PCV-7 in the
Dutch national immunization program.
Follow-upendedFebruary14,2008.The
trial’smethodswerepreviouslydescribed
andresultshavebeenpublishedforpneu-
mococcal carriage efficacy.14 In brief, af-
ter obtaining written informed consent
from both parents or guardians, partici-
pantswere randomlyassigned to receive
(1) PCV-7 at the age of 2 and 4 months
(2-dosegroup), (2)PCV-7at2,4,and11
months (2�1-dose group), or (3) no
PCV-7 (unvaccinated control group;
FIGURE 1). Parents were aware of the
child’s vaccination schedule.

Deep nasopharyngeal swabs were
taken transnasally at age 6 weeks and
age 6, 12, 18, and 24 months with a

flexible, sterile, dry cotton-wool swab
(Transwab Pernasal Plain, Medical Wire
& Equipment Co, Ltd, Corsham, Wilt-
shire, England) by nurses trained in
World Health Organization standard
procedures.16 Transport, isolation, and
identification of pneumococci were done
by standard methods as previously de-
scribed.14 Briefly, identification of Strep-
tococcus pneumoniae was based on colony
morphology and conventional meth-
ods of determination (optochin suscep-
tibility and bile solubility assays). One
S pneumoniae colony per plate was then
subcultured, harvested, and kept fro-
zen at −70°C for further testing. Pneu-
mococcal serotyping was performed by
the capsular swelling method (Quellung
reaction) using type-specific antisera
from the Statens Seruminstitut (Copen-
hagen, Denmark).

At each visit, a questionnaire was ob-
tained from the parents, including ques-
tions on antibiotic use in the preceding
period. All parent-reported antibiotic use
was verified with physician’s records or
correspondence, if available.

An acknowledged national ethics
committee from the Netherlands, Stich-
ting Therapeutische Evaluatie Genees-
middelen, approved the study protocol.

The PCV-7 was introduced in the
Dutch national immunization pro-
gram for all infants born after March 31,
2006, without a catch-up campaign.17

In the 2007-2008 period, the antibi-
otic resistance rates of nasopharyn-
geal S pneumoniae isolates obtained
from Dutch newborns to children aged
4 years who were in day care was 0%
for amoxicillin, 0.5% for penicillin, and
8% for clarithromycin.18

Selection of Isolates

Persistent carriage of a specific pneu-
mococcal strain in a single child would
inflate the frequency of that strain rela-
tive to other strains in the population.
Therefore, we performed cumulative ac-
quisition analyses including only the
first swab that tested positive for sero-
type 19A per child. For the sequence
type and clonal complex distribution
analyses, all newly acquired serotype
19A strains were included.19

Multilocus Sequence Typing Analysis
Serotype identification is based on the
capsule polysaccharide structure, but be-
cause genes encoding proteins in-
volved in capsule biosynthesis may ex-
change between pneumococci, it does
not describe genetic relatedness. Multi-
locus sequence typing (MLST) was per-
formed to evaluate the genetic related-
ness of the serotype 19A isolates and to
investigate potential preferential out-
growth of particular strains. Groups of
related genotypes or clonal complexes
may differ in transmission, coloniza-
tion, or virulence potential. Multilocus
sequence typing was performed at the
Netherlands Reference Laboratory for
Bacterial Meningitis.20 The assignment of
alleles and sequence types was per-
formed by the software available from the
Multi Locus Sequence Typing Web site’s
pneumococcal page (http://www.mlst
.net). Allelic combinations not already
in the database were submitted and as-
signed new sequence type numbers. To
identify clonal complexes, isolates were
grouped with all isolates present in the
S pneumoniae database using the eBURST
algorithm (http://eburst.mlst.net) with
the software provided by the Multi Lo-
cus Sequence Typing Web site.21 Clonal
complexes consisted of sequence types
that shared 6 of 7 alleles with at least 1
other sequence type in the complex and
named after the putative founder (ie, the
sequence type that has the greatest num-
ber of single-locus variants) of the group
or after the most frequent sequence type
of the group. Sequence types that did not
group with others in the database were
defined as singletons. Strains not asso-
ciated with serotype 19A were resero-
typed to confirm identity. Laboratory
personnel assessing pneumococcal car-
riage and performing the typing were un-
aware of treatment allocation.

Antimicrobial Susceptibility Testing

Susceptibility of S pneumoniae to peni-
cillin, erythromycin, and azithromycin
was determined by using the disk diffu-
sion method. Isolates exhibiting inhibi-
tion zones less than 20 mm with a 1-µg
oxacillin disk were further tested by Etest
(PDM Epsilometer, AB Biodisk, Solna,
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Sweden) for penicillin.22 Isolates exhib-
iting inhibition zones 28 mm or more
with an erythromycin 80-µg disk were
considered susceptible to erythromy-
cin, and those with an inhibition zone
of less than 26 mm as nonsusceptible.
Isolates with a penicillin minimum in-
hibitory concentration (MIC) of 0.06
µg/mL or less were considered penicil-
lin susceptible. Isolates with a penicil-
lin MIC of more than 0.06 µg/mL but 2.0
µg/mL or less were defined as penicillin-

intermediate susceptible, and those with
an MIC of more than 2.0 µg/mL were de-
fined as resistant in accordance with
European Committee on Antimicrobial
Testing and as defined for oral penicil-
lin by the Clinical and Laboratory Stan-
dards Institute because the treatment in
our study was mainly oral.23

Statistical Analysis

The sample size for the trial was calcu-
lated for the primary outcome measure,

vaccine serotype pneumococcal car-
riage, with the assumption of a vaccine
serotype carriage rate of 35% in chil-
dren in the second year of life based on
previous experience.24,25 The smallest
clinically significant detectable differ-
ence was estimated as a 33% relative re-
duction in vaccine serotype carriage
(25% vaccine serotype carriage rate) af-
ter a 2-dose schedule of PCV-7 com-
pared with the unvaccinated group, with
80% power at a 5% significance level.

Figure 1. Enrollment Flow Diagram

1507 Parents interested and newborns
assessed for eligibility

9782 Parents of newborns received
information leaflet

1005 Randomized

318 Included in completers’ per-protocol
analysis

18 Excluded
11 Had protocol violation
7 Had incomplete follow-up

10 Cumulative loss to follow-up

10 Missed home visitb 

2 Moved from study area
3 Loss of contact
5 Withdrawal of informed consent

4 Cumulative loss to follow-up

3 Missed home visitb 

3 Moved from study area
1 Loss of contact

3 Cumulative loss to follow-up

5 Missed home visitb 

1 Moved from study area
2 Loss of contact

333 Randomized to receive PCV-7
after completing study at 24 mo (unvaccinated)
323 Received vaccine as assigned
10 Did not receive vaccine as assigned

2 Randomized without signature of
both parents

8 Received dosages of PCV-7 during
study period
2 Received 1 dose before 24 mo

by mistake
5 Received 3 + 1 doses by parental

initiative
1 Received 2 doses in second year

of life by physician’s prescription

336 Randomized to receive PCV-7 at 2
and 4 mo
325 Received vaccine as assigned
11 Did not receive vaccine as assigned

7 Received a booster dose at 11 mo
2 Received a double dose at 2 or 4 mo
1 Received only 1 dose at 2 mo
1 Received 0 doses by parental

initiative

336 Randomized to receive PCV-7 at 2, 4,
and 11 mo
335 Received vaccine as assigned

1 Received extra primary dose at
age 3 mo

303 Included in completers’ per-protocol
analysis

30 Excluded
2 Had only 1 parental signature
8 Had protocol violation

20 Had incomplete follow-up

327 Included in completers’ per-protocol
analysis

9 Excluded
1 Had protocol violation
8 Had incomplete follow-up

502 Parents and children excluded
345 Refused to participate
104 Redundanta

53 Did not meet inclusion criteria 
34 Already immunized 
8 Family expected relocation
5 Family living outside study region
2 Parents had language barrier
2 Child participating in another trial
1 Family not reachable
1 Child had Down syndrome 

PCV-7 indicates 7-valent pneumococcal conjugate vaccine.
aParents of children interested in participating in the study were redundant because they were still in the information process of the study after enrollment target had
already been achieved and informed consent procedure was cancelled.
b Incidentally missed home visit during follow-up due to illness, holiday, or another reason.
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This resulted in a sample size of 330 in-
fants per group, including a 10% drop-
out rate.14

Because our hypothesis was etiologi-
cal and protocol violations and loss to
follow-upminimal,weperformedapost
hoccompleter’sper-protocolanalysis in-
cluding all children who completed the
follow-up and adhered to the allocated
vaccination schedule. However, an in-
tention-to-treat analysis was also per-
formed and compared with the com-
pleter’s per-protocol analysis. Missing
data was less than 1.5%. We did not cor-
rect formultiple testing.Adjustments for
multipletestingaremostlyusedwhenthe
assumptionis thatallnullhypothesesare
true simultaneously, and this is not true
fortheoutcomecomparisonsinthisstudy.

The main outcome measure was the
cumulative proportion of children with
nasopharyngeal acquisition of a new se-
rotype 19A clone from the age of 6
months (after finishing primary se-
ries) through 24 months of age and was
compared for both vaccine groups sepa-
rately to the PCV-7 unvaccinated con-
trol group. As secondary outcomes, we
investigated cumulative proportions of
serotype 19A acquisition at each inter-
mediate sampling point (6, 12, and 18
months) to evaluate differences over

time. Proportional differences in ac-
quisition between the treatment groups
and the unvaccinated group were ana-
lyzed by using the �2 test or a 2-sided
Fisher exact test, where appropriate.

Multinomial logistic regression analy-
sis was used toassess the influence of vac-
cination schedule on the risk of acqui-
sition of the most frequently isolated
sequence types. With more than 2 mu-
tually exclusive categories, a multino-
mial logistic regression model uses in-
formationcontained indifferenceswithin
categories, in differences between non-
reference categories, and in ordering
among categories. Five groups were in-
cluded in the model based on relative fre-
quencies of sequence types: 199, 3009,
3017, a group consisting of all other se-
quence types, and a reference group in-
cludingall childrenwithout serotype19A
acquisition.

P value �.05 was considered statisti-
cally significant. All P values are 2-sided.
Data were analyzed with SPSS version
17.0 (SPSS Inc, Chicago, Illinois) and
Episheet (October 6, 2002, version).

RESULTS
A total of 1005 children were enrolled
and randomly assigned to 1 of the 3
study groups; 2 children were ex-

cluded because 1 of the approval sig-
natures from the parents could not be
obtained. Of these 1003 children, 948
children completed the follow-up and
adhered to the assigned vaccination
schedule and were included in the
analyses (Figure 1). There were no dif-
ferences in baseline characteristics be-
tween the 3 study groups (TABLE).

Of all nonvaccine serotype carriage
isolates, serotype 19A was the second
most frequently identified after sero-
types 6A and 6C, which were indistin-
guishable at the time of the microbio-
logical analyses. The proportion of
serotype 19A carriage isolates of all non-
vaccine serotype carriage isolates col-
lected during the study period was 8.6%
(33 of 381) from the 303 participants
in the unvaccinated group, 10.8% (54
of 501) from the 318 in the 2-dose
group, and 12.2% (66 of 539) from 327
in the 2�1-dose group. Of all 948 chil-
dren, 12 children tested positive for 19A
carrying the same serotype 19A strain
at 2 consecutive sampling points with
a 6-month interval and 3 children at 3
consecutive sampling points over a pe-
riod of at least 12 months.

Nasopharyngeal Acquisition
of Serotype 19A

At baseline, when the participants were
6 weeks old and before they had re-
ceived any vaccination, 1% of those in
the unvaccinated group (3 of 303; 95%
confidence interval [CI], 0%-2.9%),
0.9% in the 2-dose group (3 of 318; 95%
CI, 0%-2.7%), and 0.3% in the 2�1-
dose group (1 of 327; 95% CI, 0%-
1.7%) tested positive for serotype 19A.
Among infants older than 6 months
who had finished the primary vaccine
series, 123 newly acquired 19A strains
were found. Forty-two isolates were
found in the 2-dose group, 53 in the
2�1-dose group, and 28 in the unvac-
cinated control group.

At 24 months and after having com-
pleted the vaccine series, the cumula-
tive proportion of participants with ac-
quisition of a new serotype 19A clone
in the 2 � 1-dose group was 16.2%
(95% CI, 12.6%-20.6%; 53 of 327; rela-
tive risk [RR], 1.75; 95% CI, 1.14-

Table. Characteristics of the Children at Time of Enrollment and During Follow-up

Group, No. (%) of Newborns

Unvaccinated
(n = 303)

2-Dose
(n = 318)

2 � 1-Dose
(n = 327)

Male sex 150 (50) 166 (52) 166 (51)

Gestational age, mean (SD), wk 39.7 (1.8) 39.8 (1.7) 39.8 (1.7)

Premature birth (gestational age �37 wk at birth) 18 (6) 20 (6) 21 (6)

At home delivery 83 (27) 99 (31) 91 (28)

Birth weight, mean (SD), g 3491 (522) 3480 (571) 3511 (546)

Partially breastfed first 6 wk 237 (78) 256 (80) 265 (81)

No. of siblings, median (IQR) 1 (0-1) 0 (0-1) 0 (0-1)

Day care attendancea

At 12 mo 180 (59) 200 (63) 200 (61)

At 24 mo 207 (68) 218 (69) 228 (70)

Use of oral or intravenous antibiotics during mo
before swab

At 12 mo 19 (6) 22 (7) 23 (7)

At 24 mo 10 (3) 18 (6) 11 (3)

Passive tobacco smoke exposure indoors
At 12 mo 20 (7) 25 (8) 19 (6)

At 24 mo 25 (8) 27 (9) 21 (6)
aDefined as more than 4 hours per week with at least 1 child from a different family.
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2.70) vs 9.2% (95% CI, 6.5%-13.0%; 28
of 303) in the unvaccinated control
group (FIGURE 2). The cumulative pro-
portion in the 2-dose group was also
higher than in the unvaccinated group
but did not reach statistical signifi-
cance (13.2%; 95% CI, 9.9%-17.4%; 42
of 318 children; RR, 1.43; 95% CI,
0.91-2.25).

At the intermediate follow-up points,
the cumulative proportion of children
with serotype 19A was significantly
higher at the age of 12 and 18 months
in both the 2-dose and 2 � 1-dose
groups than in the unvaccinated group
but not at 6 months (Figure 2). The re-
sults of the intention-to-treat analysis
were very similar (eTable1 available at
http://www.jama.com).

Clonal Distribution

Amongthe123newlyacquiredserotype
19A nasopharyngeal strains obtained
from all participants, 28 different se-
quence typeswere identified.The6new
types found in vaccinated children were
added to the multilocus sequence typ-
ing database. The 28 sequence types be-
longedto10clonalcomplexesand3were
singletons (FIGURE 3 and FIGURE 4).
Clonal complexes15,138,124, and177
arenamedafter a founder sequence type
not present among the isolates in this
study. Seventeen of the 42 newly ac-
quiredserotype19Aisolatesinthe2-dose

group and 19 of 53 in the 2�1-dose
group were different sequence types,
whereas 11 of the 28 sequence types in
the unvaccinated group were different
sequence types (Figure 3). Of the se-
quence types in vaccinated children, 17
were not observed in the unvaccinated
children; 4 sequence types were exclu-
sively observed among children in the
unvaccinated control group. The most
frequentlyacquiredsequencetypeswere
199, 3009, and 3017, which were pres-
ent in all groups (Figure 3).

A multinomial logistic regression
model showed a higher risk (but not sta-
tistically significant) of acquisition of se-
quence type 199 in 17 children from the
2�1-dose group than in 7 children in
theunvaccinatedgroup(odds ratio [OR],
2.29; 95% CI, 0.95-5.55). This was not
the case for the other main sequence
types: 3009 (OR, 1.18; 95% CI, 0.46-
3.00) and 3017 (OR, 0.94; 95% CI, 0.27-
3.27). Furthermore, the risk of acquir-
ing the remaining other sequence types
was higher in the 2-dose (n=21; OR,
2.77; 95% CI, 1.23-6.21) and in the
2�1-dose group (n=21; OR, 2.48; 95%
CI, 1.09-5.61) than in the unvaccinated
group (n = 8). Six isolates with se-
quence typesnotpreviouslydescribed for
serotype 19A were found, of which 2
were observed in the 2-dose group and
4 in the 2�1-dose group but none in the
unvaccinated group. Two of these iso-

lates were sequence type 179, which has
been associated only with vaccine sero-
type 19F according to the multilocus
sequence typing database and was also
present in our study in combination with
a serotype 19F capsule; 3 isolates were
sequence type 432, previously associ-
ated with nonvaccine serotype 21 only;
and 1 isolate was sequence type 3863,
previously only associated with nonva-
ccine serotype 15C.

Figure 2. Cumulative Proportions of
Children With New Acquisition of Serotype
19A After Finishing Primary Series of
7-Valent Pneumococcal Conjugate Vaccine
vs Unvaccinated Children
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Proportional differences in acquisition were analyzed by
�2 test or 2-sided Fisher exact test, where appropriate.
Acquisition of serotype 19A was statistically significant
for both treatment groups at 12 and 18 months (P�.05)
vs the unvaccinated group and at 24 months for those
in the 2�1-dose group vs the unvaccinated group.

Figure 3. Sequence Type Distribution for Newly Acquired Serotype 19A Strains in Children Between 6 and 24 Months of Age After a 2-Dose
or 2�1-Dose PCV-7 Schedule and in Unvaccinated Control Children
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Antibiotic Use and Resistance
In the total study population, 5.8%
(95% CI 5.1%-6.6%) had used antibi-
otics (mostly amoxicillin with or with-
out clavulanate) within the month pre-
ceding the nasopharyngeal sampling
and 17.8% (95% CI 16.6%-19.0%)
within the preceding 6 months (eTable
2 available at http://www.jama.com).
The proportion of children with newly
acquired serotype 19A after receiving
either oral or intravenous antibiotics
within the 6 months before swab speci-
men collection was 18.7% (95% CI,
12.8%-26.5%; 23 of 123) and did not
differ among the groups: 5 of the 28
children (17.8%) in the unvaccinated
group, 10 of 42 (23.8%) in the 2-dose
group, and 8 of 53 (15.1%) in the 2�1-
dose group. Of these 23 children, 18 re-
ceived broad-spectrum penicillin; 6,
macrolides; and 1, sulfonamides, with
1 prescription unknown. The remain-
ing 100 children had not used antibi-
otics within 6 months prior to the swab
collection. With respect to the 19A
strains, 5 (4.1%, 95% CI, 1.7%-9.2%)
of the 123 newly acquired serotype 19A-
isolates were penicillin-intermediate

susceptible (MIC �0.06 µg/mL), of
which 3 were found in the 2-dose
group, 2 in the 2�1-dose, and none in
the unvaccinated group. None of these
isolates was penicillin resistant (MIC
�2.0 µg/mL).Three isolates (2.4%, 95%
CI, 0.8%-6.9%) were nonsusceptible to
erythromycin and azithromycin and
were all found in the 2�1-dose group.

COMMENT
To the best of our knowledge, this is
the first study showing an association
between a 2�1-dose PCV-7 schedule
and nasopharyngeal acquisition of
serotype 19A in children in the first 2
years of life in a randomized con-
trolled study. This increase in sero-
type 19A nasopharyngeal acquisition
in vaccinated children was associated
with a diffuse proliferation of several
serotype 19A strains plus the appear-
ance of new strains. Furthermore, an
increase in sequence type 199 that
also predominated in unvaccinated
control infants was observed. Anti-
biotic resistance or antibiotic con-
sumption could not account for the
observed increase.

The debate about the role of PCV-7
in the increase in serotype 19A dis-
ease has been driven by observed in-
creases in serotype 19A disease follow-
ing PCV-7 implementation in several
countries, in particular countries with
high antibiotic use,3,26-28 but also over
time in countries before PCV-7 imple-
mentation.9,10 It is plausible that the ori-
gin of the expansion of serotype 19A
as observed in diverse populations and
settings is multifactorial. Several con-
tributing factors have been described,
such as the baseline prevalence of se-
rotype 19A. Indeed, serotype 19A was
already a frequent colonizer of the na-
sopharynx in unvaccinated children in
our study population,14 specifically in
the second year of life, and this sero-
type seems a likely transmissible sero-
type and an obvious candidate for na-
sopharyngeal serotype replacement.
Apparently, the reduction in coloniza-
tion of vaccine serotypes following
PCV-7 vaccination creates a vacant na-
sopharyngeal niche where other non-
vaccine serotypes, in particular cer-
tain 19A clones, may expand. The
increase in serotype 19A acquisition
particularly after administration of the
booster dose at 11 months coincides
with the previously reported substan-
tial decrease in vaccine serotype car-
riage at 18 months in the group that had
received a booster dose.14

Another possible explanation for why
serotype 19A, in particular, has emerged
may be found in the intrinsic biochemi-
cal properties of the pneumococcal cap-
sule. According to the model of Wein-
berger et al,29 strains expressing capsular
polysaccharides that are metabolically
less costly are likely to dominate in car-
riage. Serotype 19A has one of the meta-
bolicallycheapestpolysaccharides,which
would provide 19A pneumococci with
selective advantages during competi-
tion for an ecological niche. The abun-
dance of different 19A sequence types
identified in vaccinated children sup-
ports the capsule-dependent mecha-
nism of the 19A emergence.29

Serotypes and strains already pre-
dominating in the nasopharynx are sub-
ject to high antibiotic pressure in coun-

Figure 4. Clonal Complex Distribution for Newly Acquired Serotype 19A Strains in Children
Between 6 and 24 Months of Age After a 2-Dose or 2�1-Dose PCV-7 Schedule and in
Unvaccinated Control Children
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sequence type not present among the isolates in this study.
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tries with high antibiotic consumption
and hence are likely to become resis-
tant. In an environment with high use
of antibiotics, these strains then may
have a selective advantage for filling a
vacant niche in the nasopharynx, eg, as
a result of vaccine serotype elimina-
tion in the nasopharynx following
PCV-7. A recent study by Dagan and
coworkers10 illustrated the potential
promoting role of antibiotic use, espe-
cially azithromycin, in the increase of
multidrug–resistant serotype 19A
strains in otitis media independent of
PCV-7 vaccination. Together with the
shown disease potential of serotype 19A
for invasive and respiratory disease, this
may explain the increase in 19A dis-
ease, in particular resistant strains. In
our study, however, antibiotic use and
resistance was relatively low. Al-
though azithromycin use was some-
what higher among vaccinees in our
study than among children in the un-
vaccinated group, antibiotic use within
6 months of nasopharyngeal sampling
could not account for the observed in-
crease in 19A acquisition.

Several underlying mechanisms for
the increase in resistance have been sug-
gested: proliferation of 1 or more geno-
types; introduction of new clones into
the community; capsular-switch events,
in which clones previously identified
as other serotypes switch their poly-
saccharides to become 19A; and acqui-
sition of new resistance mechanisms.10

In the United States, most of the se-
rotype 19A disease is due to prolifera-
tion of preexisting sequence type 199
and a new multidrug–resistant strain
320.30-34 In our study, we also ob-
served an increase in 199 that was al-
ready a predominant sequence type in
unvaccinated control children. None of
the 33 newly acquired sequence type
199 isolates were nonsusceptible to
penicillin and therefore antibiotic pres-
sure as the driving force for this in-
crease in our study seems unlikely. Fur-
thermore, we observed the emergence
of several 19A strains of which some
were already present in children in the
unvaccinated group but others were
not. With respect to capsular-switch

events, the vaccine-to-nonvaccine se-
rotype switch is of concern in the PCV-7
era because it facilitates emergence of
vaccine escapees.35 We found 6 iso-
lates from 3 clones that had not been
previously associated with serotype
19A, all from PCV-7 vaccinated chil-
dren. Only 2 of these were sequence
types previously associated with vac-
cine serotype 19F, and this sequence
type was also present in several 19F iso-
lates in our study. Therefore, the ob-
served incongruence between se-
quence type and serotype could have
been the result of capsular switch un-
der vaccine pressure. Lipsitch et al36 also
reported limited evidence of capsular
switching in colonization under vac-
cine pressure.

Some limitations of our study need
to be recognized. First, these results are
derived from a post hoc analysis, and
we did not correct for multiple test-
ing; therefore, the data need to be in-
terpreted with caution. Second, al-
though pneumococcal disease is always
preceded by nasopharyngeal coloniza-
tion, colonization will not necessarily
progress to disease. However, the clonal
distribution as observed in our study
resembles that of serotype 19A inva-
sive isolates recovered from children
with invasive pneumococcal disease in
the Netherlands in the same period, il-
lustrating the disease potential of these
19A clones. Furthermore, several stud-
ies have shown the relatively high dis-
ease potential of serotype 19A com-
pared with other serotypes.37,38 Third,
we investigated the effect of reduced-
dose schedules and not the full 3�1-
schedule. This study may underesti-
mate the role of PCV-7 when given in
4 doses. Last, due to the 6-month sam-
pling intervals in our study, we may
have missed several carriage episodes.
Therefore, our figure of nasopharyn-
geal serotype 19A acquisition may be
underestimated.

Major strengths of this study are the
randomized controlled study setting in
an environment with a largely PCV-7
unvaccinated population with low an-
tibiotic pressure and low antibiotic re-
sistance rates. Furthermore, we gath-

ered information on preceding
antibiotic use and evaluated suscepti-
bility and were therefore able to inves-
tigate the role of antibiotic pressure at
the individual level.

In addition to the contributing role of
antibiotic selective pressure as previ-
ously described by others, we now have
demonstrated, to our knowledge for the
first time, the facilitating role of PCV-7
in nasopharyngeal acquisition of sero-
type 19A. In view of the proven disease
potential of serotype 19A for otitis me-
dia and invasive pneumococcal disease
and the observed association with anti-
biotic resistance, vaccines of broader
coverage including protection against se-
rotype 19A may further aid to pneumo-
coccal disease prevention. However, we
need to be aware that other serotypes
with similar characteristics and disease
potential may be the next in line to pro-
liferate and therefore pneumococcal sur-
veillance remains important after intro-
duction of expanded pneumococcal
conjugate vaccines.
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