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\ isolates in 2007 and 2008. /

WHAT’S KNOWN ON THIS SUBJECT: Invasive pneumococcal \
disease declined impressively in US children after the

introduction of the PCV7. Nonvaccine serotypes, especially 19A,

are now responsible for almost all invasive isolates.

WHAT THIS STUDY ADDS: The results of this study further
document and extend the most current information indicating
that 19A is responsible for almost 50% of the invasive isolates in
children. Multidrug resistance was noted in 30% of the 19A

@S

OBJECTIVE: The purpose of this study was to monitor the clinical and
microbiologic features of invasive infections caused by Streptococcus
pneumoniae among children before and after the introduction of the
7-valent pneumococcal conjugate vaccine (PCV7).

DESIGN: We conducted a 15-year prospective surveillance study of all
invasive pneumococcal infections in children. The sample included in-
fants and children at 8 children’s hospitals in the United States with
culture-proven invasive S pneumoniae infections.

RESULTS: Since the implementation of routine PCV7 immunization in
2000, invasive infections have decreased yearly from 2001 through
2004, to a nadir of 151 infections; the rate then increased from 2005
through 2008. Compared with the pre-PCV7 era, a greater proportion of
children with invasive pneumococcal infection had an underlying con-
dition in the post-PCV7 period. Compared with the total number of
annual admissions, the number of 19A isolates increased significantly
from 2001 to 2008 (P <<.00001). In 2007 and 2008, only 16 isolates (4%)
were vaccine serotypes; 19A accounted for 46% (168 of 369) of the
non-PCV7 serotypes. Thirty percent of the 19A isolates were multidrug
resistant. Serotypes 1, 3, and 7F accounted for 22% of the non-PCV7
serotypes. Among children with invasive pneumococcal infections, the
likelihood of a 19A serotype increased with the number of preceding
PCVT7 doses.

CONCLUSIONS: Since 2005, the number of invasive pneumococcal in-
fections in children has increased at 8 children’s hospitals, primarily
as a result of serotype 19A isolates, one third of which were resistant
to multiple antibiotics in 2007 and 2008. Continued surveillance is nec-
essary to detect emerging serotypes after the planned introduction of
13-valent or other pneumococcal vaccines. Pediatrics 2010;125:429—
436
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Since the introduction of the 7-valent
pneumococcal  conjugate  vaccine
(PGVT), invasive infections caused by
Streptococcus pneumoniae have de-
clined in children in the United
States.'* The Genters for Disease Con-
trol and Prevention (CDC) reported a
77% reduction in rates of invasive
pneumococcal disease among chil-
dren <5 years of age when comparing
the pre-PCV7 years 1998-1999 to the
post-PCV7 year 2005 in their 8-state Ac-
tive Bacterial Core surveillance sys-
tem.® However, the CDC and several
groups have found that the number of
pneumococcal infections caused by
serotypes not found in the PCV7, pri-
marily serotype 19A, is increasing.5-'2
In addition, multidrug antibiotic resis-
tance among the 19A serotype isolates,
related to several different clonal types,
has become a major issue.81011.13

Investigators from 8 children’s hospi-
tals have conducted prospective sur-
veillance of invasive pneumococcal in-
fections among children seen at their
hospitals since September 1993. In this
report, surveillance results for the full
years 1994—-2008 are described.

METHODS

The US Pediatric Multicenter Pneumo-
coccal Surveillance Group consists of
investigators from 8 children’s hospi-
tals who have been prospectively iden-
tifying children treated as inpatients
or outpatients at their centers for in-
vasive infections caused by S pneu-
moniae beginning in September 19933
The dates of surveillance for this re-
port include the period January 1,
1994, through December 31, 2008. The
study was approved and informed con-
sent was waived by the institutional re-
view boards of each of the participat-
ing hospitals.

Systemic infections were documented
by positive culture results from a nor-
mally sterile site (blood, cerebrospinal
fluid, pleural fluid, synovial fluid, peri-
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FIGURE 1

Number of invasive pneumococcal infections (y-axis) in children among 8 children’s hospitals accord-
ing to study years (x-axis) from 1994 to 2008. PCV7 was introduced in 2000.

toneal fluid, etc). The diagnosis of
pneumococcal pneumonia required a
chest radiograph showing pulmonary
infiltrates, in addition to a positive cul-
ture result from blood, pleural fluid, or
the lung. Mastoiditis was also consid-
ered an invasive infection, for which
isolates were obtained from either
middle-ear fluid or mastoid bone. The
approach to obtaining blood cultures
from febrile children without a focus
was not uniform among the 8 chil-
dren’s hospitals. Demographic and
clinical information was collected ret-
rospectively and recorded on a stan-
dard case report form for each epi-
sode of infection. After licensure of
PCV7 in February 2000, documentation
of administration of PCV7 was sought
through the medical charts or by con-
tacting the patient’s physician. The
number of annual admissions for each
of the 8 hospitals was obtained for the
years 2001-2008.

The database was maintained in a cen-
tral office (Baylor College of Medicine).
All pneumococcal isolates were identi-
fied inthe microbiology laboratories of
each hospital by standard methods
and sent to a central laboratory (Infec-
tious Disease Research Laboratory,
Texas Children’s Hospital, Houston,
TX). Antimicrobial susceptibility test-
ing for penicillin and ceftriaxone was

performed by standard microbroth
dilution with Mueller-Hinton media
supplemented with 3% lysed horse
blood. Susceptibilities for erythromy-
cin, clindamycin, and trimethoprim-
sulfamethoxazole were determined by
standard disk-diffusion testing. Sus-
ceptibility categories were “suscepti-
ble,” “intermediate,” or “resistant,” as
defined by the 2009 Clinical and Labo-
ratory Standards Institute (CLSI).™ Iso-
lates were serotyped or serogrouped
by the capsular swelling method by us-
ing commercially available antisera
(Statens Seruminstitut [Copenhagen,
Denmark]; Daco, Inc [Carpinteria,
CAl).™ Isolates were not available for
serotyping in 197 of the 4790 cases
over the period of the study.

Dichotomous variables were analyzed
by using the x2 test, x? test for trend,
orlog-likelihood ratio test. True Epistat
(Epistat 2, Services [Richardson, TX])
was the statistical program used.

RESULTS

Afterthe introduction of PCV7 in spring
of 2000, the number of invasive infec-
tions decreased yearly, from an aver-
age of 426 cases per year for the pre-
PCV7 period (1994-2000) to a low of
151 cases in 2004 (Fig 1). This repre-
sented a 65% decline in cases in all age
groups by 2004 compared with the av-
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FIGURE 2
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Age distribution of children with invasive pneumococcal infections among 8 children’s hospitals

according to study year from 1999 to 2008.

erage of the 7 years immediately pre-
ceding the introduction of PCV7. The
decline among children in the 1-year-
old age group was striking (Fig 2).
However, the overall number of cases
increased from 2005 through 2008, in
which 204 cases occurred (Fig 1).
Thus, the number of cases in 2007 and
2008 increased 35% compared with
the number in 2004, whereas the num-
ber of admissions to all 8 hospitals in-
creased 9% (96 472—105367). After
2004, cases increased in all age
groups except for children >10 years
old (Fig 2). Increases after 2004 were
seen at each of the 8 children’s hospi-
tals (see Fig 8, which is published
as supporting information at www.
pediatrics.org/content/full/125/3/429).

The increase in cases after 2004 re-
sulted from a rise in nonvaccine cases,
primarily serotype 19A (Fig 3). For 2007

200

and 2008 combined, only 16 (4.2%) of
385 available isolates were vaccine se-
rotype (Table 1). Among the children
represented by these 16 isolates, 8 re-
ceived no PCV7 doses, 2 received 1 or 2
doses, 3 received 3 doses, 2 received 4
doses, and 1 had an unknown number
of doses. Five patients had no underly-
ing conditions, 5 had a malignancy, 2
had asthma, and 4 had a variety of un-
derlying conditions.

For the 19A serotype, there were 18
isolates in 2001; by 2006—-2008, there
were >80 isolates per year. From 2001
through 2008, the annual number of
19A isolates increased significantly
(P < .001) compared with the total
number of annual hospital admissions
among the 8 children’s hospitals (Fig
3). 0fthe nonvaccine types, in 2007 and
2008, serotype 19A accounted for 168
(46%) of 369 isolates. Other relatively
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FIGURE 3

Number of invasive pneumococcal isolates (y-axis) that were vaccine serotype, nonvaccine serotype,
or 19A in children from 8 children’s hospitals according to study year from 2001 to 2008. The total
annual admissions among the 8 children’s hospitals were 91 950 in 2001, 94 055 in 2002, 95 809 in
2003, 96 472 in 2004, 99 008 in 2005, 101 116 in 2006, 103 524 in 2007, and 105 367 in 2008.
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common or increasing non-PCV7 sero-
types in 2007 and 2008 included 7F, 3,
and 1, and serogroups 15, 22, 23 (not P),
and 33. Serotype 19F was the most com-
mon of the PCV7 serotypes over these 2
years, accounting for 8 of 16 isolates.

Sites of Infection

The proportion of cases that involved
pneumococcal bacteremia without a
source decreased from 56% (1658 of
2987) of cases before the PCV7 to 42%
(621 of 1490) afterthe PCV7 (P<<.001).In
contrast, pneumonia accounted for an
increasing proportion of cases after the
PCV7 (28% [419 of 1490]) versus before
the PCV7 (20% [606 of 29871; P < .001).
Bacterial meningitis accounted for a rel-
atively stable proportion throughout the
years (11%—17%; see Fig 9, which is pub-
lished as supporting information at
www.pediatrics.org/content/full/125/3/
429).

When focusing on sites of infection for
nonvaccine isolates after 2000, pneu-
monia accounted for more than 80%
(47 of 58) of cases for serotype 1 and
93% (45 of 85) of cases for serotype 3
(Fig 4). For 19A isolates, 33% (135 of
415) of cases were pneumonia. Menin-
gitis accounted for 20% (55 of 282) of
the infections caused by the combined
serotypes 6A, 7F, 22, and serogroups
15 and 33, which was twice the propor-
tion for the other more common non-
vaccine serotypes.

Underlying Conditions

In the pre-PCV7 years, an underlying
condition was noted in an average of
30% of children each year (range:
28%—36%). This percentage has in-
creased since 2000, reaching >41% of
patients in 2006. The types and relative
frequencies of underlying conditions
for the pre- and post-PCV7 years are
shown in Table 2. Of the children with
underlying diseases, the proportion
that had malignancies increased 44%
for the post-PCV7 years (127 of 552
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TAELE 1 Number of Isolates per Serotype and Year of Study

Serotype 2003 2004 2005 2006 2007 2008 Total %
1 9 3 12 11 9 3 47 46
3 1 5 10 10 14 1 61 5.9
4a 2 1 0 1 1 1 6 0.6
5 3 5 0 1 0 10 1.0
6A 3 4 8 7 2 0 24 23
6B 5 4 4 4 1 1 19 1.8
7F 2 6 7 10 15 29 69 6.7
7C 0 0 0 0 0 2 2 0.2
8 0 0 0 0 1 2 3 0.3
gva 3 1 2 1 1 1 9 0.9
9N 1 0 1 0 1 1 4 04
10 3 1 1 2 3 2 12 12
1 2 3 ) 0 4 2 16 16
12 2 2 6 2 3 2 17 1.7
13 2 1 0 1 0 0 4 04
142 6 2 2 2 0 1 13 1.3
Group 15 15 5 14 4 9 12 58 5.6
16 2 2 0 0 0 1 5 0.5
17 0 0 0 0 1 1 2 0.2
18C2 3 0 2 0 0 0 5 0.5
18 not C 1 0 1 0 0 0 2 0.2
19Fa 14 17 6 4 5 3 49 4.8
19A 26 46 55 82 86 82 377 36.6
21 0 1 0 1 0 2 4 04
22 B 8 6 5 5 5 34 3.3
23F2 3 4 3 2 0 1 13 1.3
23 not F 2 6 5 7 7 10 37 3.6
24 0 0 1 0 1 0 2 0.2
31 4 0 0 0 0 1 5 0.5
33 7 6 9 8 5 4 39 3.8
34 0 1 1 1 2 0 5 0.5
35 1 3 1 0 0 0 5 0.5
38 0 0 0 0 3 2 5 0.5
Pool G 2 4 6 3 2 8 25 24
NT 7 4 7 10 6 7 41 4.0
Totals 146 145 176 177 188 197 1029 100
a Serotypes in the PCV7.
90%

OBacteremia
80% @ Meningitis ||

EPneumonia
70% ©Other _

60%
50%
40%
30%
20%
10%
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FIGURE 4
Site of infection related to serotype of invasive pneumococcal isolates from children at 8 children’s
hospitals: PCV7 serotypes and non-PCV7 serotypes from 2001 to 2008.

4 6B v 14 18C 19F 23F 1 3 6A 7F 15 19A 22 33

[23%]) versus the pre-PCV7 years (144 years 2001—2008 (Table 6, which is
of 893 [16%]; P << .001). published as supporting information
For children with or without underly- at  www.pediatrics.org/content/full/
ing conditions, the distribution of sero- 125/3/429). Serotypes 19A (P = .002)

types was generally similar over the and 3 (P < .001) and serogroup 33

432 KAPLAN et al

TABLE 2 Most Common Underlying Conditions
in Children With Invasive
Pneumococcal Infections: 1994-2000
Versus 2001-2008

1994-2000, 2001-2008,

Underlying Condition

n (%) n (%)
Malignancies 144 (16) 127 (23)
Central nervous system 143 (16) 63 (11)
Cardiovascular 115 (13) 49 (9)
HIV 80 (9) 18 (3)
Hemoglobinopathy 72 (8) 26 (5)
Renal 71(8) 36 (7)
Other 268 233
Total 893 552

(P=.005) accounted for a greater pro-
portion of isolates among the children
without underlying conditions com-
pared with children who had an under-
lying condition, whereas the opposite
was true for serotype 6A (P = .001)
and serogroup 15 (P = .004).

Antibiotic Susceptibilities

Rates of resistance to erythromycin
declined and clindamycin resistance
rates were stable until 2004 when the
rates for both began to increase, pri-
marily because of the increase in sero-
type 19A isolates (Fig 5). Because the
CLSI interpretive break points for pen-
icillin susceptibility changed in 2008,
the distribution of minimal inhibitory
concentrations (MICs) for penicillin
and ceftriaxone for the 2007 and 2008
isolates are shown in Figs 6 and 7
rather than the proportions that were
susceptible, intermediate, or resis-
tant. The MICs for both these antibiot-
ics are higher for serotype 19A isolates
compared with the non-19A isolates.
Among the 19A isolates, the MICg,, the
median penicillin MIC, and the mode pen-
icillin MICs were 4, 2, and 4 ug/mL, re-
spectively. In contrast, among the non—
serotype 19A isolates, the MICg, was 0.25
mg/mL, and the median and mode MICs
were both 001 wg/mL. Similarly for
ceftriaxone, among the non—serotype 19
Aisolates, the MICqy was 0.5 ug/mL, and
the median and mode MIC were both
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60% cin, clindamycin, or trimethoprim-
o Clindamycin

@ Erythromycin sulfamethoxazole (P < .001 for each;
Table 3). In addition, 54% of the sero-
type 19A isolates (91 of 168) were non-
susceptible to erythromycin, clindamycin,
and trimethoprim-sulfamethoxazole. Of
these 91 isolates, 39 had a penicillin
MIC of 2 ug/mL, 48 had a penicillin MIC
| . i B L D W : of 4 ug/mL, 3 had a penicillin MIC of 8

2000 2001 2003 2004 2005 2006 2007 2008 pdg/mL, and 1 had a penicillin MIC of

E'GURtE_-‘i ot ible (intermediate lus resistant) foclindamyoin and erythromy 0.06 wg/mL. For these 91 isolates, the
roportion ot i1solates nonsusceptible (iIntermediate plus resistan 0 clindamycin ana er romycin . . . .
distribution of ceftriaxone MICs was 1

among invasive pneumococcal isolates from children at 8 children’s hospitals from 2001 to 2008.
for0.03 wg/mL, 72 for 1.0 wg/mL, 13 for

2.0 wg/mL, 3 for 4 wug/mL, and 2 for 8
wg/mL. Thus, 30% (51 of 168) of the

i

180 i 019A serotype 19A isolates were multidrug
160 T mNon-19A || resistant in 2007 and 2008.
140
fg PCV7 Doses and Invasive
120 Eg! Pneumococcal Infection
100 —

For each of the years from 2004 to
2008, the number of PCV7 doses chil-
dren had received before their episode
of invasive pneumococcal infection
was significantly associated with the
likelihood that their isolate was a sero-

. ' i U N type 19A (Table 4). To determine if this
0.008 0.015 0.03 0.06 0.125 025 05 1.0 20 4.0 80 .
association was related to age, we

e

FIGURE 6 .
The number of invasive pneumococcal isolates per penicillin MIC for isolates recovered from children  found that for children <5 years old,
at 8 children’s hospitals in 2007 and 2008: 19A versus non-19A isolates. there was no significant association
between age in years and proportion
180 of isolates that were serotype 19A, ex-
] O19A cept for 2005, in which the proportion
160 BNon-19A]| of 19A isolates decreased with age
|
140 (Table 5).
120
! DISCUSSION
100+ |
| After the introduction of the 7-valent
801 ‘ pneumococcal conjugate vaccine in
60 - ! the United States, a number of investi-
401 gators reported marked declines in in-
| vasive pneumococcal infection in chil-
20 - | | .
| I _ dren as well as in people of other age
- - ; T i i 1-5
0.008 0.015 0.03 006 0125 025 05 1.0 20 4.0 8.0 groups whg yvere not 'mmP“'Zed-
FIGURE 7 However, within a very short time after
The number of invasive pneumococcal isolates per ceftriaxone MIC for isolates recovered from the introduction of the PCV7, disease
children at 8 children’s hospitals in 2007 and 2008: 19A versus non-19A isolates. caused by nonvaccine serotypes, espe-

cially serotype 19A, emerged as a
0.015 wg/mL, whereas forthe 19Aisolates, In 2007 and 2008, serotype 19Aisolates growing concern. The results of our
the MICq, and mode MICs were 1.0 wg/mL, were significantly more resistant study confirm and extend the degree to

and the median MIC was 0.06 pg/mL. than non-19A isolates to erythromy- which serotype 19A has caused inva-
PEDIATRICS Volume 125, Number 3, March 2010 . 433
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TABLE 3 Selected Antimicrobial Susceptibilities for Serotype 19A or Non-19A Isolates From Invasive
Infections Among Children at 8 Children’s Hospitals: 2007 and 2008

Serotype Erythromycin, %2 Clindamycin, %2 TMP-SMX, %2
S | R S | R S | R
19A (N = 168) 32 2 66 44 0 56 18 5 77
Non-19A (N = 219) 84 4 12 94 1 5 81 2 17

TMP-SMX indicates trimethoprim-sulfamethoxazole; S, susceptible; |, intermediate; R, resistant.
a p<.001 for distribution of susceptibilities for serotype 19A versus non-19A isolates.

TABLE 4 Yearly Trends for Serotype of Invasive Pneumococcal Isolates and Number of PCV7 Doses
Preceding the Infection for Children at 8 Children’s Hospitals: 2003—2008

Doses 2003 2004 2005 2006 2007 2008
19A  Other 19A  Other 19A  Other 19A  Other 19A  Other 19A  Other

0 12 71 14 54 19 62 19 37 1 33 13 45
1 0 12 4 8 1 13 7 6 9 12 6 21
2 3 10 7 1 8 12 7 10 13 6 6 10
3 7 8 15 14 16 11 20 19 20 21 24 13
4 1 7 3 5 10 13 26 16 30 24 31 23
P 062 .004 .001 .008 .004 <.001

a x?for trend for each year. Data for PCV7 doses were available for 82%, 89%, 93%, 89%, 86%, and 92% of the cases for
the years 2003, 2004, 2005, 2006, 2007, and 2008, respectively. If the number of PCV7 doses was unknown for a child,

the case was not included in this analysis.

TABLE 5 Yearly Trends for Serotype of Invasive Pneumococcal Isolates and Age of Patient for
Children at 8 Children’s Hospitals: 2003—2008

Age 2003 2004 2005 2008 2007 2008
19A  Other 19A  Other 19A  Other 19A Other 19A Other 19A  Other

0-12mo 7 30 15 23 22 24 27 19 22 27 25 30
1y 8 16 11 24 11 17 19 17 20 15 29 17
2y 3 12 11 8 7 14 11 10 15 8 9 8
3y 2 13 2 5 2 11 9 6 13 6 6 11
4y 2 7 3 8 6 6 2 7 3 6 1 7
5y 0 13 1 8 2 11 5 9 8 6 8 3
P 138 37 05 07 59 57
a x? for trend for each year.
sive infections in children over the 8 dia and its complications such as

years since PCV7 has been adminis-
tered routinely.>'2 From 2001 to 2008,
the annual number of serotype 19Aiso-
lates increased significantly among
children with invasive pneumococcal
infections at our 8 children’s hospitals.
In 2007 and 2008, >95% of the avail-
ableisolates causing invasive pneumo-
coccal infections among these chil-
dren were nonvaccine serotypes; 46%
of the nonvaccine serotype isolates
were 19A. Currently, serotype 19A is
the most common serotype for inva-
sive disease in children. Serotype 19A
also has become an important pneu-
mococcal isolate causing otitis me-
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mastoiditis.'81”

The proportion of invasive pneumococ-
cal cases that were bacteremia alone
declined but increased for pneumonia
after the availability of PCV7 compared
with cases before PCV7 use. Several
studies have shown that in the post-
PCV7 era, pneumococcal bacteremia
has not been commonly detected in
young children who have fever without
a focus.’®2" In contrast, the frequency
of complicated pneumonias caused by
non-PCV7 serotypes has increased in
some areas of the United States.?2

Serotypes 1,3, and 7F also were impor-
tant nonvaccine serotypes in our study

and collectively accounted for 21% of
the nonvaccine serotype isolates in
2007 and 2008. The numbers of iso-
lates each year for serotypes 1 and 3
have been stable, whereas the 7F iso-
lates seem to be on the rise. The
majority of the infections caused by
serotypes 1 and 3 isolates were pneu-
monia; ~30% of 19A and 7F isolates
were associated with pneumonia. Se-
rotype 19A also had a unique associa-
tion with acute mastoiditis in 1 study."”
Other notable serotypes or sero-
groups after 2001 were 6A, 15, 22, and
33.

As the number of children who have
received PCV7 has increased and with
a subsequent decline in invasive infec-
tions, the proportion of children with
an underlying condition among chil-
dren who have invasive pneumococcal
infections has increased. Although the
average yearly number of children
with invasive pneumococcal infection
and an underlying condition has de-
creased from 128 in the 7-year pre-
PCV7 period compared with 69 over
the 8 years after the PCV7, the underly-
ing condition of malignancy was re-
duced the least relative to the other
conditions. Perhaps the immunosup-
pression associated with malignan-
cies is greater than that for the other
underlying conditions. The serotype
distribution was somewhat different
for children with or without an under-
lying condition.

We chose to present the MICs for pen-
icillin and ceftriaxone for 2007 and
2008 because these data really demon-
strated the differences between sero-
type 19A and non-19A serotypes for
these antibiotics. The use of the 2009
CLSl interpretive break points for sus-
ceptible, intermediate, and resistant
to compare the penicillin and ceftriax-
one susceptibilities blunts these dif-
ferences substantially, considering
the 2008 modifications for penicillin in-
terpretive break points for nonmenin-
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geal isolates, which increased the MIC
considered intermediate or resistant
for penicillin.’* Nevertheless, 34% of
the serotype 19A isolates in 2007 and
2008 combined would still be catego-
rized as intermediate or resistant to
penicillin. How this might relate to
treatment failures associated with
penicillin therapy is unclear and can-
not be determined from our study.
Penicillin alone is rarely administered
empirically for pneumonia in our hos-
pitals. In a multicenter study, pneumo-
coccal pneumonia in children caused
by isolates with penicillin MICs up to 4
ng/mL was treated successfully with
intravenous penicillin or ampicillin.2
In our study, serotype 19Aisolates also
were much more likely than the
non—serotype 19A isolates to be resis-
tant to erythromycin, trimethoprim-
sulfamethoxazole, or clindamycin and
to be resistant to =3 classes of antibi-
otics. Our results further extend the re-
ports of several groups that have
noted multidrug resistance for the se-
rotype 19A isolates, related in part to
expansion of the multidrug-resistant
320 clonal complex."¥2¢ For some
patients with invasive infection, such
as pneumonia or pleural empyema
caused by a multidrug-resistant sero-
type 19A isolate, linezolid or perhaps a
newer quinolone might be the only oral
agents available for completing ther-
apy. Intravenous therapy with ceftriax-
one and cefotaxime remains an appro-
priate treatment option for such
patients as well.

Moore et al'® and Hicks et al'? have pro-
posed that multiple factors are likely
to explain why 19A has emerged as the
most common serotype after the intro-
duction of the PCV7 and stated that
there are insufficient data to implicate
PCV7 as the only or even the most im-
portant factor in the emergence of
non-PCV7 serotypes. Capsular switch-
ing and antibiotic use are other impor-
tant factors that contribute to the in-
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creased incidence of 19A isolates,
which are often multidrug resistant.?
The increase in the frequency of 19A
isolates may also be related to the nat-
ural secular changes in serotype fre-
quencies, as has been seen in South
Korea, where in 1 hospital, before any
PCV7 use, 19A isolates increased from
0 of 40 invasive pneumococcal isolates
from 1991-1994 to 7 of 39 (18%) from
2001-2003.%8

In our study, for the children who had
an invasive pneumococcal infection,
the number of PCV7 doses received be-
fore they developed that invasive pneu-
mococcal infection correlated with
having a serotype 19A isolated over
each of the years from 2004 to 2008.
These findings would support that in
the United States, emergence of sero-
type 19A as the most common pneumo-
coccal serotype causing invasive infec-
tions in children is related, at least in
part, to the routine administration of
PCVT to infants and children. As more
doses of PVC7 are administered, it is
possible that there is a greater decline
in carriage of vaccine serotypes, as
seenin a study fromthe Netherlands in
which 2 doses given at 2 and 4 months
and 3 doses of PGV7 given at 2, 4, and
11 months were compared.?” Nonvac-
cine serotype carriage was increased
slightly at 24 months of age for chil-
dren in the 3-dose group (43%) com-
pared with those in the 2-dose group
(40%), although this difference was
nonsignificant. Compared with control
children not receiving PCV7, 19A was
the only serotype that was significantly
increased in frequency of carriage for
either the 2- or 3-dose regimens. So, it
is possible that 19A nasopharyngeal
carriage increases as more PCV7
doses are administered. This might re-
sult in a greater proportion of invasive
isolates being 19A in children as the
number of PVC7 doses increases
among those children with invasive
disease. Clearly, 19A has a greater abil-
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ity to cause invasive disease than
other non-PCV7 serotypes for reasons
that are yet to be determined.

Our study was limited in that it was
case based and not population based.
However, the annual number of 19A
isolates increased significantly over
the years 2001-2008 compared with
the total number of annual admissions
for the 8 children’s hospitals in this
study over the same period. In addi-
tion, the combined annual admissions
to our 8 children’s hospitals increased
9% in 2008 compared with a 35% in-
crease in invasive cases in these same
years. Our study was also limited to
only children’s hospitals, so the popu-
lation of children studied may be bi-
ased compared with all children with
invasive infection. All information re-
garding receipt of the PCV7 may not
have been ascertained; information re-
garding previous antibiotic adminis-
tration was not collected. Further-
more, 4% of isolates were not available
for typing.

CONCLUSIONS

In addition to the 7 serotypes in the
current PCV7, serotypes 1, 3, 5, 6A, 7F,
and 19A are included in a 13-valent
pneumococcal conjugate vaccine un-
der development.28 For 2007 and 2008,
these 6 additional serotypes ac-
counted for 252 (68%) of 369 isolates
that were non-PCV7 serotypes. Pre-
sumably, the 13-valent pneumococcal
conjugate vaccine should be associ-
ated with an additional reduction in in-
vasive pneumococcal infections in chil-
dren, but continued surveillance will
be required to document the impact of
the expanded pneumococcal conju-
gate vaccine and to detect the emer-
gence of new serotypes.
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