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Among 594 Streptococcus pneumoniae serotype 19A invasive pneumococcal disease (IPD) isolates collected from 1993 to 2011,
we identified 85 sequence types by multilocus sequence typing. CC320 was associated with multidrug resistance and reduced
susceptibility to penicillin and ceftriaxone and still predominated among declining serotype 19A IPD isolates following PCV13
introduction.

The epidemiology of Streptococcus pneumoniae is constantly
changing because of normal fluctuations and the selective

pressure caused by antibiotic and vaccine use. Serotype 19A,
which is not included in the seven-valent pneumococcal conju-
gate vaccine (PCV7), emerged as the most prevalent serotype in
several studies from the United States and was associated with
multidrug resistance (1–4). Pediatric invasive pneumococcal dis-
ease (IPD) caused by serotype 19A has been reported in European
and Asian countries (5–7). Serotype 19A has a propensity to cause
mastoiditis (2), and mastoiditis caused by serotype 19A infections
was more likely to require intraoperative mastoidectomy than
mastoiditis caused by non-19A infections (8). Serotype 19A was
also common among nasopharyngeal and noninvasive disease
isolates in some studies (9, 10).

The United States Pediatric Multicenter Pneumococcal Sur-
veillance Group has continuously identified patients and collected
isolates from all cases of IPD at eight children’s hospitals since
1993. The present study investigated all of the serotype 19A IPD
isolates obtained from 1993 to 2011, with a focus on disease pre-
sentation, genotypes as determined by multilocus sequence typing
(MLST), and antimicrobial susceptibility patterns. This study was
approved by the institutional review boards of all of the partici-
pating institutions. Patients with serotype 19A IPD were identified
from a surveillance database. DNA was isolated from the corre-
sponding isolates and MLST performed as described previously
(11). Sequence types (STs) were compared by using eBURST V3
(www.mlst.net). Susceptibilities to the antimicrobials penicillin
and ceftriaxone were determined by broth microdilution assay
and susceptibilities to clindamycin, erythromycin, and trim-
ethoprim-sulfamethoxazole (TMP-SMX) were determined by the
Kirby-Bauer test (12). Isolates were divided into four groups:
CC199, CC320, CC172, and other STs. Each ST group was com-
pared to all of the other ST groups by using STATA11 (StataCorp
LP, College Station, TX). Fisher’s exact test was employed for di-
chotomous variables, and the Kolmogorov-Smirnov test was used
to analyze continuous variables. Median penicillin and ceftriax-
one MICs were compared between groups by using a K sample
equality-of-medians test.

(These results were presented in part at the Infectious Diseases

Society of America Annual Meeting, Philadelphia, PA, October
2010, and at ID Week 2012, San Diego, CA.)

A total of 594 invasive serotype 19A isolates from patients with
completed case report forms from 1993 to 2011 were analyzed.
Patient demographics and the strain collection per study site are
presented in Table 1. From 1993 to 2005, fewer than 30 serotype
19A isolates were obtained per year, ranging from 6 to 26 isolates
annually (Fig. 1). A peak was reached in 2007, after which the
annual number of invasive serotype 19A isolates declined. A total
of 85 STs were identified, 55 of which were previously known.
Clonal clusters included CC156 (n � 13), CC172 (n � 41), CC199
(n � 233), CC230 (n � 19), CC320 (n � 239), and CC695 (n �
13) (Fig. 2). For subsequent comparisons, isolates were divided
into four major ST groups: CC199 (n � 233, 39.2%), CC320 (n �
239, 40.2%), CC172 (n � 41, 6.9%), and other STs (n � 81,
13.6%). CC199 isolates were observed throughout the study pe-
riod and predominated among serotype 19A isolates through
2005, similar to previous reports (4). The genotypic variation in-
creased over time, and in accordance with other studies, the in-
crease in serotype 19A was associated with the introduction of
multidrug-resistant ST320 and related isolates (1, 4, 13, 14). The
first isolates of CC320 were observed in 2002, and by 2006, 45% of
the serotype 19A isolates belonged to this cluster. The reason for
the introduction and expansion of this multidrug resistance geno-
type is unclear; it is likely that the introduction of PCV7 in com-
bination with antibiotic pressure contributed to the opportunity
for ST320 to emerge in the United States. In South Korea, multi-
resistant serotype 19AST320 emerged prior to the introduction of
PCV7, and antimicrobial drug use was thought to be the possible
cause of the increase (7). The potential genetic causes of the selec-
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tive advantage of serotype 19AST320 was investigated by Pillai et al.,
who compared the whole genome sequence of a multidrug resis-
tant serotype 19AST320 isolate to that of a multidrug-resistant se-
rotype 19FST320 isolate and found unique single-nucleotide poly-

morphisms related to serotype 19AST320; 61 of these were found
within antimicrobial resistance genes (14). Contrary to the expe-
rience of the United States and several other countries, Norway, a
country with a prevailing strict antibiotic prescription practice,
experienced a postvaccination increase of serotype 19A driven by
the expansion of CC199 isolates (15). Thus, it appears that antibi-
otic pressure may be the most important, but not the only, factor
in the successful establishment of serotype 19AST320 in many parts
of the world.

Differences in the distribution of STs among the eight chil-
dren’s hospitals in this study were observed. In particular, the
majority of the CC172 isolates, including a new single locus vari-
ant (SLV) of 172 (ST8197), was obtained from the Arkansas Chil-
dren’s Hospital (P � 0.0001). CC199 and CC320 isolates were
obtained from all of the centers and represented 22 to 59% and 18
to 55%, respectively, of the isolates obtained from the individual
centers (Table 1). Compared to all of the other isolates, CC320 was
associated with the Caucasian race (59.0 versus 33.2%, P �
0.0001). Patients with CC172 tended to be younger than patients
with other isolates, with a median age of 8.4 months (range, 0.32 to
121.2 months) compared to 15.4 months (range, 0 to 250.5
months) for all of the other isolates (Kolmogorov-Smirnov test,
P � 0.002).

TABLE 1 Patient and isolate details per clonal cluster group

Parameter All (n � 594) CC199 (n � 233) CC320 (n � 239) CC172 (n � 41) Other STs (n � 81) P value

Median age in mo (range) 15.0 (0–250.5)a 15.5 (0–250.5) 15.3 (0.2–186.7) 8.4 (0.32–121.2) 16.4 (0.23–218.5)a �0.002d

Race
Black 167 (28.4)h 66 (28.8) 47 (19.8) 26 (63.4) 28 (34.6)
Caucasian 259 (44.1) 81 (35.4) 141 (59.0) 11 (26.8) 26 (32.1) �0.0001e

Hispanic 96 (16.3) 56 (24.5) 26 (11.0) 1 (2.4) 13 (16.1)
Other/unknown 72 (12.1) 30 (11.4) 25 (9.7) 3 (7.3) 14 (17.3)

No. (%) of males 337 (57.0)c 138 (59.2) 123 (51.9)b 29(72.5)a 47/81 (58.0) 0.07

Diagnosis
Meningitis 58 (9.8) 25 (10.7) 21 (8.8) 3 (7.3) 9 (11.1)
Bacteremia 198 (33.3) 83 (35.6) 58 (24.3) 20 (48.8) 37 (45.7)
Pneumonia 214 (36.0) 86 (36.9) 88 (36.8) 14 (34.2) 26 (32.1)
Bone and joint infections 24 (4.0) 9 (3.9) 10 (4.2) 2 (4.9) 3 (3.7)
Mastoiditis 74 (12.5) 19 (8.2) 50 (20.9) 1 (2.4) 4 (4.9) �0.0001f

Cellulitis/abscess 17 (2.9) 7 (3.0) 9 (3.8) 1 (2.4) 0
Other 9 (1.5) 4 (1.7) 3 (1.3) 0 2 (2.5)

Center
Chicago 38 (6.4) 16/38 (42.1) 19/38 (50.0) 0 3/38 (7.9)
Columbus 98 (16.5) 30/98 (30.6) 54/98 (55.1) 0 14/98 (14.3)
Houston 182 (30.6) 83/182 (45.6) 71/182 (39.0) 3/182 (1.6) 25/182 (13.7)
Little Rock 90 (15.2) 20/90 (22.2) 32/90 (35.6) 32/90 (35.6) 6/90 (6.7) �0.0001g

Los Angeles 22 (3.7) 13/22(59.1) 4/22 (18.2) 1/22 (4.5) 4/22 (1.8)
Pittsburgh 69 (11.6) 19/69 (27.5) 33/69 (47.8) 4/69 (5.8) 16/69 (23.2)
San Diego 54 (9.1) 31/54 (57.4) 12/54 (22.2) 1/54 (1.9) 10/54 (18.5)
Winston-Salem 41 (6.9) 21/41 (51.2) 14/41 (34.1) 0 6/41 (14.6)

a One missing data point.
b Two missing data points.
c Three missing data points.
d Patients with CC172 isolates (8.4 [range, 0.32 to 121.2] months) versus patients with other isolates (15.4 [range, 0 to 250.5] months) (Kolmogorov-Smirnov test).
e Caucasian patients with CC320 isolates (141/239, 59.0%) versus other isolates (118/355, 33.2%) (Fisher’s exact test).
f Patients with mastoiditis caused by CC320 isolates (50/239, 20.9%) versus other isolates (24/355, 6.8%) (Fisher’s exact test).
g CC172 isolates obtained from patients from Arkansas Children’s Hospital, Little Rock (32/90, 35.6%), versus other patients (9/504, 1.8%) (Fisher’s exact test).
h Unless noted otherwise, all values are number (percentages) of patients.

FIG 1 Number of serotype 19A isolates per year for the period 1993 to 2011, in
total and for the most common clonal clusters. The introductions of pneumo-
coccal conjugate vaccines PCV7 and PCV13 are indicated.
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Disease presentations included pneumonia (n � 214), bacte-
remia (n � 198), mastoiditis (n � 74), meningitis (n � 58), bone
and joint infections (n � 24), and cellulitis/abscess (n � 17)
(Table 1). Nine other infections included peritonitis (n � 7), ven-
triculitis (n � 1), and necrotizing fasciitis (n � 1) (Table 1). Dis-
ease presentations were evenly distributed among the clonal clus-
ters, with the exception of mastoiditis, which was more commonly
associated with CC320 than with other STs (50/239 [20.9%] ver-
sus 24/355 [6.8%]; P � 0.0001). In fact, two-thirds of the mastoid-
itis cases were caused by CC320. Why ST320 has a propensity to
cause mastoiditis remains unknown.

In 2011, a total of 34 serotype 19A isolates were identified that
belonged to clonal clusters CC199 (2 ST199 and 2 ST667) and
CC320 (17 ST320, 4 ST1451, 1 ST2432 and 1 8205) and 6 other
groups (1 ST156, 1 CC172, 2 ST230, 1 ST276, 1 ST695, and 1
ST8446). Disease presentations included pneumonia (n � 15),
bacteremia (n � 7), meningitis (n � 6), peritonitis (n � 3), bone
and joint infections (n � 2), and mastoiditis (n � 1).

Antimicrobial susceptibility patterns differed between clonal

clusters (Table 2; see Fig. S1 and S2 in the supplemental material).
Thirty (51.7%) of 58 meningitis isolates had penicillin MICs of
�0.06 �g/ml, and 15 (25.9%) had ceftriaxone MICs of �0.5 �g/
ml, meeting the current CLSI criteria for antibiotic nonsuscepti-
bility. Among the serotype 19A isolates from 2011, the median
MIC of penicillin (range) was 1 �g/ml (0.008 to 2 �g/ml) and that
of ceftriaxone was 0.5 �g/ml (0.008 to 2 �g/ml).

When a K sample equality-of-medians test was used to com-
pare the distribution of MICs for each group to the median MIC
for all of the samples (1 �g/ml), significantly more isolates of
CC320 had MICs greater than the median than those of the other
clonal clusters (P � 0.0001). Furthermore, comparisons to all of
the other isolates showed CC320 isolates to have greater nonsus-
ceptibility to erythromycin (234/239 [97.9%] versus 99/354
[28.0%]; P � 0.0001), clindamycin (225/239 [94.1%] versus 17/
354 [4.8%]; P � 0.0001), and TMP-SMX (235/239 [98.3%] versus
205/354 [57.9%]; P � 0.0001).

Among the smaller clonal clusters observed, CC230 (ST230
and ST276) comprised 19 isolates from five of the participating

FIG 2 eBURST of 594 serotype 19A IPD isolates obtained from 1993 to 2011.

TABLE 2 Antimicrobial susceptibility per clonal cluster group

Antibiotic susceptibility All (n � 594) CC199 (n � 233) CC320 (n � 239) CC172 (n � 41) Other ST (n � 81)

Median MIC (range) of:
Penicillin 0.25 (0.008–8) 0.03 (0.008–4) 2 (0.008–8) 0.25 (0.008–0.5) 0.125 (0.008–4)
Ceftriaxone 0.125 (0.008–8)a 0.015 (0.008–1)a 1 (0.008–8) 0.06 (0.008–1) 0.06 (0.008–4)

No. (%) of isolates nonsusceptible to:
Erythromycin 333 (56.1)a 64 (27.6)a 234 (96.7) 4 (9.8) 31 (38.3)
Clindamycin 242 (40.1)a 3 (1.3)a 225 (94.1) 1 (2.4) 13 (16.0)
TMP/SMX 440 (74.7)a 121 (52.2)a 235 (98.3) 29 (70.7) 55 (67.9)

a One missing data point.
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hospitals, and approximately half of these isolates were obtained
since 2009 with 3 isolates from 2011. CC230 was not usually asso-
ciated with the increased MICs observed for CC320; one CC230
meningitis isolate was nonsusceptible to all five of the antibiotics
tested. ST230 has been associated with other serotypes (14, 24F,
and 23F) in addition to serotype 19A, while all of the ST276 iso-
lates in the MLST database uniformly have been of serotype 19A.
A French study reported ST276 as the emerging serotype 19A ST
since the introduction of PCV7, causing 70/95 invasive and non-
invasive infections (16). CC81 and CC156 include two STs previ-
ously associated with multidrug resistance, ST81 (PMEN1) and
ST156 (PMEN3), that have both been associated with several dif-
ferent serotypes in the past (17). We found isolates of CC81 and
CC156 to have reduced susceptibility to antibiotics (Table 2).

The increasing number of worldwide reports containing MLST
data provide insight into certain STs’ success in survival and
pathogenesis, regardless of capsule production. In our study, dis-
ease-causing serotype 19A isolates declined in number prior to the
introduction of PCV13, and this decline has continued. CC320
remains the dominant ST among serotype 19A isolates recovered
from children since the introduction of PCV13. Since it is too early
to predict the future serotype replacements and potential vaccine
escape serotypes after the introduction of PCV13, further surveil-
lance is necessary to determine the effectiveness of this new vac-
cine and whether capsule switches will allow genetically fit STs to
emerge as important causes of nonvaccine serotype IPD.
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