
Abstract
Background: A pneumococcal polysaccharide vaccine (PPSV23) has been 
recommended for adults ≥65 years old since 1997 with vaccination rates ~65% in the past 
decade. A pneumococcal conjugate vaccine (PCV13) has been recommended for adults 
≥65 years old since 2014. This study evaluated the serotype distribution and susceptibility 
profiles of pneumococci causing infections in adult patients (≥18 years old) in the United 
States (US) between 2009 and 2015.

Methods: A total of 6,148 S. pneumoniae isolates originated from patients seen/
hospitalized in 91 US centers. Isolates were recovered primarily (81.3%) from respiratory 
tract specimens. Serotyping was performed by cpsB sequencing, multiplex PCR, and/or 
Quellung reaction. Serotype distribution was also analyzed by patient age group (18-49, 
50-64, and ≥65 years old). Susceptibility testing applied CLSI methods, and interpretation 
of MICs applied CLSI criteria.

Results: Overall, PCV13 serotypes comprised 38.6% of serotypes in 2009 and declined 
to 23.5% in 2015. A decline in PCV13 serotypes was observed in all 3 age groups 
(18-49, 50-64, and ≥65 years old), with the decline most pronounced in those ≥65 years 
old (19.9% difference vs 11.7% and 13.0%, respectively). Serotype 19A decreased 
from 17.5% to 6.6% with a similar decreasing trend in all age groups (8.6% to 12.7%). 
Decreasing trends were also noted for serotype 7F (from 4.3% to 1.2%), 6A (from 1.6% 
to 0.3%), and 6B (from 0.6% to 0.1%). Prevalence of serotype 3 and 19F remained 
unchanged over the study period. The proportion of non-vaccine serotypes increased 
during the study period overall and in each age group (from 36.8% to 48.9%). Among 
the non-vaccine serotypes, 35B (11.6%) was the most common serotype in 2015. Other 
prevalent non-vaccine serotypes in 2015 were 23B (6.7%), 23A (6.6%), and 15A/15F 
(4.7%). Serotypes unique to PPSV23 showed a slight increasing trend (from 22.9% to 
26.5%). Susceptibility rates for penicillin (from 85.8% to 96.1%), ceftriaxone (from 88.3% 
to 97.9%), amoxicillin-clavulanate (from 84.8% to 94.3%), and clindamycin (from 80.3% to 
87.0%) increased over time. 

Conclusion: PCV13 rates declined significantly over the study period. In contrast, the 
susceptibility rates for several antimicrobial agents increased. Non-vaccine and PPSV23 
serotypes increased in prevalence in the older US population. 

Introduction
• Streptococcus pneumoniae remains an important pathogen responsible for community-

acquired bacterial pneumonia (CABP), bacteremia, meningitis, and otitis media and 
continues to be a major cause of morbidity and mortality worldwide

• After introducing the 7-valent and 13-valent pneumococcal conjugate vaccines (PCV7, 
PCV13) in National Immunization Programs (NIPs) globally, invasive pneumococcal 
disease (IPD) and non-IPD incidences have declined among children <5 years of age

• Furthermore, the universal introduction of PCV13 for infant use has been associated with 
significant reductions in nasopharyngeal carriage of PCV13 serotypes and declines in 
pneumococcal infections (herd effects) in the older, non-vaccinated, population 

• Once NIPs are implemented, monitoring the impact and magnitude of its effect on IPD 
and non-IPD among children and adults is important, as well as monitorial antimicrobial 
resistance profiles

• This study was conducted to determine the prevalence and serotype distribution of 
S. pneumoniae clinical isolates recovered predominantly from non-sterile sites (mostly 
sputum or lower respiratory tract secretions) and associated with disease among adult 
patients (≥18 years of age) in the United States from 2009 through 2015

− Antimicrobial susceptibility profiles between periods were also analyzed

Materials and Methods
Clinical isolates

• 6,148 S. pneumoniae clinical isolates recovered from adult patients (≥18 years old) seen/
hospitalized in 91 US centers were included in this study
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• Isolates were collected primarily (78.4%; 4,823/6,148) from lower respiratory tract 
specimens and submitted to a central monitoring laboratory (JMI Laboratories, North 
Liberty, Iowa, USA), as part of the SENTRY Antimicrobial Surveillance Program

• Participating microbiology laboratories identified bacteria 

• The central monitoring laboratory confirmed bacterial identification by colony morphology 
and biochemical algorithms

• Isolates were subjected to a PCR assay for further identification when bacterial 
identification was questionable after using phenotypic methods or an untypeable serotyping 
result was obtained by the applied methodology

Antimicrobial susceptibility testing

• Isolates were tested for susceptibility by broth microdilution methods according to the 
recommendations of the Clinical and Laboratory Standards Institute (CLSI)

• MIC values were validated by concurrently testing quality control (QC) strain 
S. pneumoniae American Type Culture Collection (ATCC) 49619

• Inoculum density was monitored by colony counts to ensure an adequate number of cells 
for each testing event

• MIC interpretations were based on the CLSI breakpoint criteria

Pneumococcal serotyping

• Isolates were subjected to PCR assays to amplify the cpsB gene

• Amplicons were sequenced on both strands, and the nucleotide sequences were analyzed 
using the Lasergene software package (DNASTAR, Madison, Wisconsin, USA)

• Sequences were compared to others available via PubMed (http://www.ncbi.nlm.nih.gov 
/blast/)

• Due to sequence homology among certain serotypes, those showing nucleotide sequence 
similarity greater than 99% were grouped (eg, 9V/9A, 7F/7A, 11A/11D, 15A/15F, 22F/22A, 
15B/15C)

• All isolates determined to be serogroup 6 by sequencing analysis were subjected to 
multiplex PCR assays for confirmation and discrimination between 6A/6B and 6C/6D

• Isolates determined to be serogroup 6A/6B and 7F/7A were serotyped by the capsular 
swelling method using commercially available antisera according to manufacturer’s 
instructions (Statens Serum Institut, Copenhagen, Denmark) 

Results
• Overall, PCV7, PCV13-nonPCV7, and PCV13 serotypes comprised 4.1%, 24.9%, and 

29.0% of all isolates, respectively, with serotypes 19F (2.7%) predominating among PCV7-
type isolates and serotypes 19A (12.6%) and 3 (9.0%) prevailing among PCV13-type 
isolates (Table 1) 

• Rates for PCV7 serotypes remained stable (4.6%–5.2%) during 2009–2012, declined 
slightly in 2013–2015 (2.8%–3.8%; Table 1 and Figure 1)

• PCV13 (from 38.6% to 23.5%) and PCV13-nonPCV7 (from 33.3% to 20.3%) showed a 
consistent decreasing trend over the study period (Table 1 and Figure 1)

− Within PCV13, serotypes 19A, 7F, and 6A showed prevalence rates in 2013 lower than 
those observed in 2009

− Only serotype 3 showed a slight increase from 9.9% (2009) to 12.3% (2015; Table 1)

• The decline in PCV13 STs was observed in all 3 age groups (18-49, 50-64, and ≥65 years), 
with the decline most pronounced in those ≥65 years old (19.9% difference versus 11.7% 
and 13.0%, respectively; Table 2)

• Overall, a total of 26.4% and 42.2% of isolates consisted of PPSV23-nonPCV13 and 
nonvaccine serotypes, respectively (Table 1)

− A consistent upward trend (from 22.9% in 2009 to 29.6% in 2014, with a decrease to 
26.5% in 2015) was noted for PPSV23-nonPCV13, which was more evident within the 
50-64 age group (Tables 1 and 2; Figure 1)

• An increase from 36.8% in 2009 to 48.9% in 2015 for non-vaccine serotypes was observed 
over the study period (Table 1 and Figure 1), and this trend was present among patients 
from all age groups (Table 2)

− Among non-vaccine serotypes, 35B (11.6%) was the most common in 2015, followed by 
23B (6.7%), 23A (6.6%), 15A/15F (4.7%), and 6C/6D (3.2%)

− Serotype 6C/6D showed a decreased prevalence from 7.6% in 2009 to 3.2% in 2015, 
whereas 35B rates increased during the study period from 3.9% in 2009 to 11.6% in 
2015 (Table 1)

• Overall, susceptibility rates for penicillin (MIC, ≤2 µg/mL; +7.4%) and amoxicillin-clavulante 
(+7.2%) increased and erythromycin (-2.5%) susceptibility decreased slightly between the 
2009–2011 and 2013–2015 periods

− Other antimicrobial agents showed smaller increases in susceptibility or similar overall 
susceptibility rates between study periods (Table 3)
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Figure 1 Relative percentages of S. pneumoniae vaccine serotypes observed in the 
US adult population (≥18 years old) during 2009–2015

Conclusions
• PCV7 serotypes causing lower respiratory tract infections in adults have shown 

persistent rates (4.6–5.2%) during the first 4 years of the study, and rates finally 
declined further in 2013–2015 (2.8%–3.8%)

• The yearly prevalence of PCV13 serotypes showed signs of decline, which seemed to 
be led by decreasing rates of serotype 19A and 7F, whereas serotype 3 rates have not 
declined over the study period

• Clear trends for increased prevalence over time were documented for PPSV23-
nonPCV13 and especially for non-vaccine serotypes across all age groups

• Continued surveillance remains important for monitoring the impact of immunization 
programs in the US adult population
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Table 1 Distribution of serogroups/types of S. pneumoniae causing infections in the 
US adult population during 2009–2015
Serogroup/type

Number (%) of S. pneumoniae serogroups/types
2009 2010 2011 2012 2013 2014 2015 All years

PCV7 35 (5.2) 39 (4.7) 54 (4.7) 39 (4.6) 29 (2.8) 34 (3.8) 24 (3.2) 254 (4.1)
19F 19 (2.8) 24 (2.9) 34 (3.0) 27 (3.2) 17 (1.7) 26 (2.9) 22 (2.9) 169 (2.7)
9V/9A 5 (0.7) 0 (0.0) 7 (0.6) 2 (0.2) 4 (0.4) 1 (0.1) 0 (0.0) 19 (0.3)
6B 4 (0.6) 2 (0.2) 4 (0.3) 2 (0.2) 2 (0.2) 2 (0.2) 1 (0.1) 17 (0.3)
23F 3 (0.4) 4 (0.5) 3 (0.3) 3 (0.4) 2 (0.2) 1 (0.1) 0 (0.0) 16 (0.3)
4 0 (0.0) 3 (0.4) 5 (0.4) 1 (0.1) 4 (0.4) 2 (0.2) 1 (0.1) 16 (0.3)
18(18A/18B/18C/18F) 3 (0.4) 2 (0.2) 0 (0.0) 2 (0.2) 0 (0.0) 2 (0.2) 0 (0.0) 9 (0.1)
14 1 (0.1) 4 (0.5) 1 (0.1) 2 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 8 (0.1)

PCV13 258 (38.6) 282 (34.3) 387 (33.9) 238 (28.0) 252 (24.7) 189 (21.2) 176 (23.5) 1,782 (29.0)
PCV13 -PCV7 223 (33.3) 243 (29.5) 333 (29.1) 199 (23.4) 223 (21.8) 155 (17.4) 152 (20.3) 1,528 (24.9)

19A 117 (17.5) 123 (14.9) 196 (17.1) 108 (12.7) 116 (11.4) 68 (7.6) 49 (6.6) 777 (12.6)
3 66 (9.9) 70 (8.5) 100 (8.7) 69 (8.1) 84 (8.2) 73 (8.2) 92 (12.3) 554 (9.0)
7F 29 (4.3) 45 (5.5) 32 (2.8) 14 (1.6) 18 (1.8) 10 (1.1) 9 (1.2) 157 (2.6)
6A 11 (1.6) 5 (0.6) 4 (0.3) 8 (0.9) 4 (0.4) 2 (0.2) 2 (0.3) 36 (0.6)
1 0 (0.0) 0 (0.0) 1 (0.1) 0 (0.0) 1 (0.1) 2 (0.2) 0 (0.0) 4 (0.1)
5 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

PPSV23-nonPCV13 153 (22.9) 210 (25.5) 289 (25.3) 224 (26.3) 282 (27.6) 264 (29.6) 198 (26.5) 1,620 (26.4)
11A/11D 38 (5.7) 47 (5.7) 59 (5.2) 55 (6.5) 63 (6.2) 73 (8.2) 47 (6.3) 382 (6.2)
22A/22F 33 (4.9) 48 (5.8) 67 (5.9) 41 (4.8) 61 (6.0) 48 (5.4) 40 (5.3) 338 (5.5)
15B/15C 18 (2.7) 39 (4.7) 53 (4.6) 54 (6.3) 45 (4.4) 39 (4.4) 39 (5.2) 287 (4.7)
9N/9L 15 (2.2) 23 (2.8) 33 (2.9) 22 (2.6) 33 (3.2) 27 (3.0) 32 (4.3) 185 (3.0)
10A 15 (2.2) 8 (1.0) 22 (1.9) 11 (1.3) 24 (2.4) 17 (1.9) 17 (2.3) 114 (1.9)
33F/33A 10 (1.5) 10 (1.2) 20 (1.7) 13 (1.5) 28 (2.7) 27 (3.0) 1 (0.1) 109 (1.8)
17F 16 (2.4) 13 (1.6) 18 (1.6) 11 (1.3) 15 (1.5) 13 (1.5) 8 (1.1) 94 (1.5)
8 4 (0.6) 6 (0.7) 8 (0.7) 6 (0.7) 9 (0.9) 10 (1.1) 9 (1.2) 52 (0.8)
20 2 (0.3) 9 (1.1) 6 (0.5) 10 (1.2) 4 (0.4) 10 (1.1) 4 (0.5) 45 (0.7)
12F/12A/44/46 2 (0.3) 7 (0.9) 3 (0.3) 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.1) 14 (0.2)

Non-vaccine 246 (36.8) 317 (38.5) 444 (38.8) 370 (43.5) 456 (44.8) 394 (44.1) 366 (48.9) 2,593 (42.2)
35B 26 (3.9) 54 (6.6) 82 (7.2) 79 (9.3) 73 (7.1) 87 (9.7) 87 (11.6) 488 (7.9)
23A 38 (5.7) 37 (4.5) 64 (5.6) 50 (5.9) 86 (8.4) 64 (7.2) 49 (6.6) 388 (6.3)
6C/6D 51 (7.6) 53 (6.4) 77 (6.7) 63 (7.4) 52 (5.1) 46 (5.2) 24 (3.2) 366 (6.0)
15A/15F 35 (5.2) 45 (5.5) 50 (4.4) 36 (4.2) 55 (5.4) 38 (4.3) 35 (4.7) 294 (4.8)
23B 25 (3.7) 28 (3.4) 43 (3.8) 46 (5.4) 42 (4.1) 52 (5.8) 50 (6.7) 286 (4.7)
16F 18 (2.7) 28 (3.4) 22 (1.9) 16 (1.9) 31 (3.0) 29 (3.2) 16 (2.1) 160 (2.6)
31 17 (2.5) 19 (2.3) 31 (2.7) 22 (2.6) 26 (2.5) 18 (2.0) 13 (1.7) 146 (2.4)
35F/47F 10 (1.5) 11 (1.3) 16 (1.4) 9 (1.1) 17 (1.7) 16 (1.8) 0 (0.0) 79 (1.3)
7C/7B/40 9 (1.3) 12 (1.5) 12 (1.0) 8 (0.9) 11 (1.1) 7 (0.8) 15 (2.0) 74 (1.2)
34 7 (1.0) 17 (2.1) 17 (1.5) 14 (1.6) 14 (1.4) 0 (0.0) 4 (0.5) 73 (1.2)
21 3 (0.4) 2 (0.2) 9 (0.8) 9 (1.1) 23 (2.3) 11 (1.2) 11 (1.5) 68 (1.1)
38/25F/25A 1 (0.1) 3 (0.4) 13 (1.1) 6 (0.7) 10 (1.0) 3 (0.3) 5 (0.7) 41 (0.7)
13 3 (0.4) 4 (0.5) 3 (0.3) 8 (0.9) 2 (0.2) 3 (0.3) 1 (0.1) 24 (0.4)
Other 3 (0.4) 4 (0.5) 5 (0.4) 4 (0.5) 14 (1.4) 20 (2.2) 56 (7.5) 106 (1.7)

Untypeable 12 (1.8) 14 (1.7) 23 (2.0) 19 (2.2) 31 (3.0) 46 (5.2) 8 (1.1) 153 (2.5)

Table 2 Vaccine type distribution of noninvasive S. pneumoniae according to subject 
age group during 2009–2015 in the US

Age group Number (%) of vaccine-type by age group and year
year PCV7 PCV13 PPSV23-nonPCV13 Non-vaccine

18–49
2009 9 (4.2) 77 (36.0) 61 (28.5) 71 (33.2)
2010 9 (3.3) 91 (33.1) 72 (26.2) 109 (39.6)
2011 16 (4.2) 140 (36.9) 88 (23.2) 142 (37.5)
2012 14 (5.1) 78 (28.3) 70 (25.4) 121 (43.8)
2013 8 (2.5) 83 (25.5) 93 (28.6) 141 (43.4)
2014 12 (5.0) 49 (20.3) 65 (27.0) 111 (46.1)
2015 7 (3.7) 46 (24.3) 44 (23.3) 97 (51.3)

50–64
2009 14 (6.2) 82 (36.4) 51 (22.7) 86 (38.2)
2010 11 (4.0) 98 (35.8) 64 (23.4) 106 (38.7)
2011 20 (5.3) 119 (31.6) 101 (26.9) 149 (39.6)
2012 8 (2.7) 88 (30.0) 81 (27.6) 122 (41.6)
2013 13 (3.7) 91 (25.7) 96 (27.1) 161 (45.5)
2014 11 (3.5) 66 (21.2) 90 (28.9) 145 (46.6)
2015 15 (5.2) 68 (23.4) 86 (29.6) 133 (45.7)

≥65
2009 12 (5.2) 99 (43.0) 41 (17.8) 89 (38.7)
2010 19 (6.9) 93 (33.9) 74 (27.0) 102 (37.2)
2011 18 (4.6) 128 (33.0) 100 (25.8) 153 (39.4)
2012 17 (6.0) 72 (25.5) 73 (25.9) 127 (45.0)
2013 8 (2.3) 78 (22.8) 93 (27.2) 154 (45.0)
2014 11 (3.2) 74 (21.7) 109 (32.0) 138 (40.5)
2015 2 (0.7) 62 (23.1) 68 (25.4) 136 (50.7)

Table 3 Antimicrobial activity of antimicrobial agents against 5,290 S. pneumoniae 
isolates collected in the US during 2009–2011 and 2013–2015
Antimicrobial agenta 

period
MIC (µg/mL): %Susceptible/%Intermediate/%Resistantb:MIC50 MIC90 Range

Penicillinc

2009-2011 ≤0.06 4 ≤0.06 to >4 86.7 11.6 1.7
2013-2015 ≤0.06 2 ≤0.06 to >4 94.1 5.6 0.3

A-Cd

2009-2011 ≤1 >4 ≤1 to >4 83.6 3.8 12.6
2013-2015 ≤1 2 ≤1 to >4 90.8 3.3 5.9

Ceftriaxonee

2009-2011 ≤0.25 2 ≤0.25 to >2 89.9 8.5 1.6
2013-2015 ≤0.25 1 ≤0.25 to >2 94.6 4.8 0.5

Erythromycin
2009-2011 ≤0.25 >2 ≤0.25 to >2 59.6 0.5 39.9
2013-2015 ≤0.25 >2 ≤0.25 to >2 56.9 0.7 42.4

Clindamycin
2009-2011 ≤0.25 >1 ≤0.25 to >1 79.5 0.5 20.0
2013-2015 ≤0.25 >1 ≤0.25 to >1 84.1 0.8 15.2

Levofloxacin
2009-2011 1 1 ≤0.5 to >4 98.8 <0.1 1.2
2013-2015 1 1 ≤0.5 to >4 98.6 0.2 1.2

Tetracycline
2009-2011 ≤2 >8 ≤2 to >4 76.4 0.2 23.3
2013-2015 ≤0.5 >4 ≤2 to >4 79.0 0.4 20.7

TMP-SMX
2009-2011 ≤0.5 >2 ≤0.5 to >2 67.9 7.7 24.4
2013-2015 ≤0.5 4 ≤0.5 to >2 72.3 11.6 16.1

Linezolid
2009-2011 1 1 ≤0.12 to 4 >99.9 — —
2013-2015 1 1 ≤0.12 to 2 100.0 — —

Vancomycin
2009-2011 ≤1 ≤1 ≤1 to ≤1 100.0 — —
2013-2015 ≤1 ≤1 ≤1 to ≤1 100.0 — —

a A-C, amoxicillin-clavulanate; TMP-SMX, trimethoprim-sulfamethoxazole
b Breakpoint criteria were those from CLSI (2016); “—” breakpoint not available
c Parenteral non-meningitis (≤2 µg/mL for susceptible; 4 µg/mL for intermediate; and ≥8 µg/mL for resistant)
d Non-meningitis (≤2/1 µg/mL for susceptible; 4/2 µg/mL for intermediate; and ≥8/4 µg/mL for resistant)
e Non-meningitis (≤1 µg/mL for susceptible; 2 µg/mL for intermediate; and ≥4 µg/mL for resistant)


