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Streptococcus pneumoniae is a major cause of illness 
and death worldwide (1,2). It causes otitis media, 

sinusitis, pneumonia, and invasive pneumococcal 
diseases (IPD) (1).

Capsular polysaccharides are considered the most 
important virulence factor in S. pneumoniae (3). Current-
ly, >95 capsular serotypes have been identified. Each 
serotype is distinguished by the chemical structure of 

its polysaccharides, serologic response, and other ge-
netic characteristics (4). Pneumococcal capsule types 
are associated with pathogenic processes including 
complement deposition, inflammation, and binding to 
the C-type lectin of host phagocytes (3). Pneumococcal 
serotype appears to be important in determining colo-
nization, disease development, and clinical phenotype. 
Indeed, in the time before pneumococcal conjugate 
vaccines (PCVs), a limited number of serotypes among 
the known >95 serotypes were responsible for >70% of 
all IPD in children worldwide (5).

The routine use of PCVs in children worldwide has 
led to a decline of vaccine serotype (VT) IPD, mucosal 
diseases, and nasopharyngeal carriage (6–9). How-
ever, after PCV implementation, in spite of a decrease 
in overall pneumococcal disease rates, carriage of and 
disease from non-PCV serotypes (NVT) increased (5). 
As of October 2020, licensed PCVs contain 7 to 13 sero-
types (7-valent [PCV7], 10-valent [PCV10], and 13-va-
lent [PCV13]). Efforts to develop extended-spectrum 
(higher valency) PCVs have led to the development 
of 15- and 20-valent PCVs (PCV15, PCV20), both cur-
rently in advanced stages of clinical studies. The ex-
perimental PCV20 includes, beyond the 13 serotypes 
of PCV13 (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 19A, 19F, 18C, 
and 23F), the additional pneumococcal serotypes 8, 
10A, 11A, 12F, 15B/C, 22F and 33F (10), of which 2 (se-
rotypes 22F and 33F) are also contained in PCV15 (11). 
These additional PCV20 serotypes (VT20–13) have 
been increasingly observed in recent years as common 
IPD serotypes. However, data are scarce in regard to 
their relative role in other entities such as carriage and 
respiratory disease in young children.

We compared the proportion rate dynamics of 
the added PCV20 serotypes (VT20–13) with PCV13 
(VT13) and remaining non-VT20 (NVT20) serotypes 
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After worldwide implementation of 10-valent and 13-va-
lent pneumococcal conjugate vaccines (PCV10/PCV13), 
a 20-valent PCV (PCV20) was developed. We assessed 
dynamics of non-PCV13 additional PCV20 serotypes 
(VT20–13), compared with all other non-VT20 serotypes, 
in children <2 years of age in late PCV13 (2015–2017) 
and early PCV (2009–2011) periods. Our prospective 
population-based multifaceted surveillance included iso-
lates from carriage in healthy children, children requir-
ing chest radiography for lower respiratory tract infec-
tions (LRTIs), and children with non-LRTI illness, as well 
as isolates from acute conjunctivitis, otitis media (OM), 
and invasive pneumococcal disease (IPD). After PCV13 
implementation, VT20–13 increased disproportionally 
in OM, IPD, and carriage in LRTI. VT20–13/non-VT20 
prevalence ratio range was 0.26–1.40. VT20–13 sero-
types were more frequently antimicrobial-nonsusceptible 
than non-VT20 serotypes. The disproportionate increase 
of VT20–13 in respiratory infections and IPD points to 
their higher disease potential compared with all other 
non-VT20 as a group.
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in nasopharyngeal carriage of healthy young children 
and in children with non–lower respiratory tract in-
fections (LRTIs) (pediatric emergency room [PER] 
visits in which chest radiography was not done), 
lower respiratory diseases requiring chest radiogra-
phy, IPD, and pneumococcal culture-positive acute 
conjunctivitis and otitis media (OM).

Materials and Methods

Study Design
Our data derive from several ongoing, population-
based, active surveillance projects conducted by the 
Pediatric Infectious Disease Unit, Soroka University 
Medical Center (SUMC) during 2009–2017. We de-
fined 2 periods: early PCV (2009–2011) and late PCV13 
(2015–2017). SUMC is the only hospital in southern Is-
rael providing healthcare to the entire region, which 
enables us to conduct population-based studies.

Setting and Study Population
During the study period, the average total number of 
annual births in the Negev district in southern Israel 
was ≈15,000. Over 95% of the children in the district 
are born and receive medical services at the SUMC. In 
the Negev district, the Jewish and the Bedouin popu-
lations live side-by-side. The socioeconomic condi-
tions and the lifestyles of the 2 groups differ, but both 
have access to the same medical services. The Jewish 
population, mainly urban, resembles developed pop-
ulations, whereas the Bedouin population, formerly 
desert nomads in transition to a Western lifestyle, re-
sembles developing populations, with a high occur-
rence of infectious diseases including pneumococcal 
disease and complex OM (6,7,9). Contact between the 
children of the 2 populations is rare. During the study 
period, ≈50% of children <2 years of age in southern 
Israel were Jews and 50% were Bedouins. Our data de-
rived from 5 prospective active surveillance projects.

1) Carriage in Healthy Children (Group 1; Community  
Setting, Southern Israel)
This study, initiated in 2011, included nasopharyn-
geal cultures obtained from healthy children <2 years 
of age who were brought to the maternal and child 
healthcare centers in southern Israel for vaccination. 
A nasopharyngeal swab specimen was obtained after 
parents gave written informed consent.

2) Carriage during Illness (Groups 2 and 3; Hospital  
PER Setting, Southern Israel)
This study, initiated in 2009, included cultures  
obtained from the PER of SUMC. Each workday, 

healthcare workers obtained nasopharyngeal cul-
tures from the first 4 Jewish and 4 Bedouin children 
who were <2 years of age, residents of the Negev, 
and brought to the PER for any reason (9). We de-
fined 2 groups in that surveillance: carriage in non-
LRTI (children seen at the PER for any disease except 
those necessitating chest radiography); and carriage 
in LRTI (children with LRTI from whom a chest radi-
ography was obtained) (6).

3) Conjunctivitis (Group 4; Both Community and Hospital  
Settings, Southern Israel)
The study population included children <24 months 
of age who were residents of the Negev region, re-
ceived a diagnosis of acute conjunctivitis in a commu-
nity clinic or at SUMC (either PER or hospitalized), 
and had a conjunctival culture sent to the Clinical and 
Microbiology Laboratory of the SUMC since 2009.

4) Otitis Media (Group 5; Both Community and Hospital  
Settings, Southern Israel)
The study population included children <24 months 
of age who were residents of the Negev region and 
had OM judged to necessitate middle ear fluid (MEF) 
culture. Cultures were obtained by tympanocentesis 
or by swab of the external canal of children with acute 
(<7 days) spontaneous otorrhea. Most of the children 
had complex OM (nonresponsive, recurrent, sponta-
neous perforation, or chronic ear effusion) (7,12,13). 
Children found to have pneumococcal MEF isolates 
during 2009–2017 were included (7).

5) IPD (Group 6; Both Community and Hospital Settings,  
Israel, Nationwide)
This nationwide study was conducted in all 27 medi-
cal centers routinely obtaining cerebrospinal fluid 
(CSF) and blood cultures from children <24 months 
old in Israel; sites included 26 hospitals and 1 outpa-
tient health maintenance organization (14). This set-
ting enabled us to cover all culture-confirmed IPD 
cases among the population of Israel and calculate 
national incidence. No CSF cultures and <1% of blood 
cultures were obtained outside these centers. Data in 
our study were for IPD episodes identified since 2009.

PCV Introduction to the Israeli National  
Immunization Plan and Uptake
Israel implemented PCV7 and PCV13 vaccination dur-
ing July 2009–November 2010 on a schedule of 2, 4, 
and 12 months; catch-up vaccines were also adminis-
tered for PCV7 in children <2 years. Vaccine uptake 
evaluation methods were as previously described (14). 
By June 2011, ≈80% of children 7–11 months of age had 
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received >2 doses of PCV7, PCV13, or both, and ≈90% 
by December 2012; thereafter, ≈95% had received >2 
PCV13 doses. By June 2011, a total of 36% of children 
24–35 months of age had received >3 PCV7/PCV13 
doses; that number increased to 87% by December 
2012, and thereafter, >90% received >3 PCV13 doses.

Bacteriology

Nasopharyngeal Cultures
Nasopharyngeal samples were obtained as previous-
ly described (9). In brief, we used a flexible Dacron-
tipped swab, introduced through the nostrils. These 
swabs were inoculated into modified Stewart trans-
port medium (Medical Wire and Equipment Co., Ltd, 
https://www.mwe.co.uk) and were processed with-
in 16 hours at SUMC’s clinical microbiology labora-
tory. Material from swabs was plated on Columbia 
agar with 5% sheep blood and 5.0 mg/mL gentamicin 
and incubated for 48 h.

We presumptively identified S. pneumoniae on the 
basis of the presence of α-hemolysis and inhibition 
by optochin; we confirmed the identity of the bacte-
ria present by a positive slide agglutination test re-
sult (Phadebact; MKL Diagnostics AB, http://www.
mkldiagnostics.com).

Conjunctivitis Cultures
We enrolled in the study all patients <24 months of 
age who received a diagnosis of conjunctivitis from 
pediatricians at SUMC or at the primary clinical ser-
vice in southern Israel and whose conjunctival swabs 
were cultured at SUMC’s clinical microbiology labo-
ratory and grew S. pneumoniae. Swabbing methods 
were described previously (15). Specimen swabs were 
placed in transport medium and were processed in a 
similar manner to the nasopharyngeal swabs.

Otitis Media and Middle Ear Fluid Cultures
Specimen swabs were sent in transport medium. 
They were processed in a similar manner to the naso-
pharyngeal and conjunctival swabs.

IPD
Pneumococcal isolates from blood and CSF were ini-
tially identified by each center using local standard 
procedures as described previously (14,16).

Serotypes
All strains were serotyped by Quellung reaction us-
ing the antisera of Statens Serum Institute, Copenha-
gen, Denmark. Methods of specimen transport were 
described previously (7,9,14).

Antimicrobial Susceptibility Testing
We performed antimicrobial susceptibility test-
ing by Etest (AB Biodisk, http://www.abbiodisk.
com) and Kirby-Bauer disk diffusion in accordance 
with Clinical Laboratory Standards Institute rec-
ommendations (17). Antimicrobial nonsusceptibil-
ity among isolates was defined as MIC above or a 
zone diameter below the susceptibility breakpoint. 
For penicillin, we defined 2 nonsusceptibility cutoff 
values: MIC >0.1 mg/L and MIC >1.0 mg/L. We 
used 2 nonsusceptibility values because the low 
cutoff (MIC >0.1 mg/L) indicates nonsusceptibility 
to oral penicillin (used for mucosal infections) and 
parenteral penicillin for CNS infections, whereas 
the high MIC (MIC >1.0 mg/L) indicates the pos-
sibility of nonsusceptibility to parenteral penicillin 
for non-CNS infections. We used MIC >1.0 μg/mL 
for ceftriaxone. For all other antimicrobial drugs, 
we tested susceptibility by the Kirby-Bauer method: 
for erythromycin, a zone diameter of <21 mm; for 
trimethoprim/sulfamethoxazole, <19 mm; for tet-
racycline, <23 mm; for chloramphenicol, <20 mm; 
and for clindamycin, <19 mm. Isolates nonsuscep-
tible to >3 of the antimicrobial categories were de-
fined as multidrug resistant (MDR). In this study, 
we present antimicrobial susceptibility testing data 
for the late PCV13 period (2015–2017), for compari-
son of the current resistance patterns of VT20–13 
versus the NVT20 serotype.

Statistical Analysis
We conducted statistical analysis using SPSS Statis-
tics 25.0 software for Windows (https://www.ibm.
com/analytics/spss-statistics-software); p<0.05 was 
considered statistically significant. We analyzed data 
from active surveillance during 2009–2017 by epi-
demiologic years, July through June. We calculated 
prevalence rate ratios (RRs) with 95% CIs, compar-
ing VT13, VT20–13, and NVT20 proportions in late 
PCV13 (2015–2017) versus early PCV (2009–2011) 
periods. Prevalence RRs were adjusted for age and 
ethnicity (Table 1, https://wwwnc.cdc.gov/EID/
article/27/1/20-1178-T1.htm; Figure 2).

Results
During the study period, a total of 9,089 isolates were 
analyzed: 2,638 from carriage in healthy children, 
2,450 from carriage in non-LRTI, 1,819 from carriage 
in LRTI, 477 conjunctivitis, 756 OM, and 949 IPD 
isolates. Overall, throughout the study, 23.9% of all 
isolates were VT13, 23.3% were VT20–13, and 52.7% 
were NVT20 (Appendix Table 1, https://wwwnc.
cdc.gov/EID/article/27/1/20-1178-App1.pdf).
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VT13, VT20–13 and NVT20 Proportions  
during the Early PCV Period
To enable better appreciation of disease potential of 
the 3 serotype groups (VT13, VT20–13 and NVT20) 
before PCV13 implementation, we analyzed the early 
PCV period separately. In the early PCV period, VT13 
predominated in all groups. The proportions of VT13 
of all isolates were 43.9% in carriage in non-LRTI, 
52.1% carriage in LRTI, 45.1% conjunctivitis, 65% OM, 
and 71.8% IPD. Data for carriage in healthy children 
in this period were not available (Table 1; Figure 1).

For VT20–13, proportions were 17.8% for carriage 
in non-LRI, 13.4% in carriage in LRI, 20.5% conjuncti-

vitis, 14.1% OM, and 14.8% IPD. For NVT20, propor-
tions were 38.4% in carriage in non-LRI, 34.4% car-
riage in LRI, 34.4% for conjunctivitis, 20.9% OM, and 
13.4% IPD.

Proportion Dynamics of VT13, VT20–13, and NVT20 
Comparing Late PCV13 Period with Early PCV Period 
The proportions of VT13 of all isolates declined sig-
nificantly by 73%–86% in all groups when compar-
ing late-PCV13 period with early-PCV period. During 
the late-PCV13 period, VT13 were identified in only 
9%–14% of all pneumococcal isolates in the various 
groups (Figures 1, 2).

Figure 1. Postvaccine dynamics of pneumococcal conjugate vaccines in children <24 months of age, Israel, July 2009–June 2017. A) 
Healthy children; B) children with non–LRTIs; C) children with lower respiratory infections; D) children with conjunctivitis; E) children 
with otitis media (isolates from middle ear fluid were tested); and F) children with invasive pneumococcal disease (isolates from blood 
and cerebrospinal fluid were tested). Data show VT13, VT20–13, and NVT20 as the proportion of each serotype of all pneumococcal 
isolates. p<0.05 for all comparisons comparing 2015–2017 versus 2009–2011, except for VT20–13 in conjunctivitis. LRTI, lower 
respiratory tract infection; NVT, nonvaccine serotype; VT, vaccine serotype.



RESEARCH

154	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 27, No. 1, January 2021

Proportions of VT20–13 did not increase signifi-
cantly in conjunctivitis and carriage in non-LRI illness 
(Table 1; Figure 2). In contrast, we observed a signifi-
cant increase of carriage in LRI, OM, and IPD (p<0.05 
by test for trend in proportion for all groups). Dur-
ing the last study year, the proportions of VT20–13 
of all identified pneumococcal isolates were 20%–25% 
in carriage in healthy children, carriage in non-LR-
TI, and conjunctivitis; 33% in carriage in LRTI; 40% 
in carriage in OM; and 51% in IPD. The fraction of 
VT20–13 became the leading one in IPD during the 
late-PCV13 period. The proportion rate ratios (2015–
2017 vs. 2009–2011) for carriage in LRI, OM, and IPD 
were similar, whereas ratios for all 3 were significant-
ly higher than those for conjunctivitis and carriage in 
non-LRTI disease.

Proportions of non-NVT20 increased in all 
groups, ranging from 66%–200% increase. The in-
crease in IPD was significantly higher than in carriage 

in non-LRI and carriage in LRTI, but other increases 
did not differ significantly (Figure 2).

VT20–13/NVT20 Ratio
To assess the relative role of VT20–13 among all NVT, 
we calculated the ratio between VT20–13 and NVT20. 
In the early PCV period, VT20–13/NVT20 ratio was 
the lowest for carriage in LRTI (0.39) followed by car-
riage in non-LRTI (0.46), conjunctivitis (0.60), OM 
(0.68), and IPD (1.19) (Table 2). In the late-PCV13 
period (2015–2017), VT20–13/NVT20 ratio was the 
lowest in conjunctivitis (0.26), followed by carriage 
in healthy children (0.37) and carriage in non-LRTI 
diseases (0.35) (Figure 3). The ratios for OM and car-
riage in LRTI were significantly higher than for the 
conjunctivitis, carriage in non-LRTI, and carriage in 
healthy children groups. The highest ratio was ob-
served for IPD (1.40), significantly higher than all 
other outcomes.

Figure 2. Prevalence rate 
ratios of pneumococcal VT13, 
VT20–13, and NVT20 of all 
pneumococcal isolates in 
carriage, conjunctivitis, OM, and 
IPD in children <24 months of 
age, Israel, comparing the late 
PCV13 period (2015–2017) to 
the early PCV period (2009–
2011). The comparison could not 
be done for carriage in healthy 
children due to the nonavailability 
of data for the early PCV period. 
p<0.05 for all comparisons. 
Error bars indicate 95% CIs. 
IPD, invasive pneumococcal 
disease; LRTI, lower respiratory 
tract infection; NVT, nonvaccine 
serotype; OM, otitis media; 
PCV, pneumococcal conjugate 
vaccine; PCV13, 13-valent PCV; 
VT, vaccine serotype.
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Serotype-Specific VT20–13 Dynamics
Of all 2,126 VT20–13 isolates, serotype 15B/C was the 
most common (40.7%), followed by serotypes 11A 
(16.9%), 12F (12.8%), 33F (10.4%), 10A (9.6%), 22F 
(7.6%), and 8 (2.0%). (Figure 4; Appendix Table 2). Of 
note, serotype 15B/C was the most common VT20–13 
serotype in all clinical syndromes; it constituted 37%–
49% of all VT20–13 in each group, except for IPD, in 
which serotype 12F was the most common (50% of all 
VT20–13).

Antimicrobial Nonsusceptibility Rates among  
VT20–13 and NVT20 during the Late PCV13 Period
Antibiotic nonsusceptibility was higher among VT20–
13 as a group than NVT20 for erythromycin, tetracy-
cline, trimethoprim-sulfamethoxazole, clindamycin, 
and for MDR (Table 3, https://wwwnc.cdc.gov/
EID/article/27/1/20-1178-T3.htm; Figure 5). Simi-
larly, in IPD, proportions of isolates with penicillin 
nonsusceptibility (MIC >0.1 µg/mL) were higher in 
VT20–13 compared with NVT20. In contrast, penicil-
lin nonsusceptibility (MIC >0.1 µg/mL) was more 
prevalent in NVT20 than in VT20–13 in the all out-
comes group; for penicillin nonsusceptibility with 

MIC ≥1.0 µg/mL, we observed these trends in car-
riage in healthy children, carriage in non-LRTI, and 
carriage in LRTI.

Discussion
Widespread implementation of PCVs has universally 
resulted in complete or near-complete nasopharyngeal 
colonization replacement of VT by NVT (9,18,19). This, 
in turn, resulted in increased disease by NVT to a vari-
able extent, depending mainly on the disease entity 
(i.e., mucosal or invasive diseases) and environmental 
and host factors (3,4). The currently licensed PCVs con-
tain <13 serotypes, and the remaining >85 serotypes 
constitute potential replacing serotypes. However, 
not all serotypes are equally capable of progressing 
from colonization to disease, and not all are equally 
successful colonizers, resulting in selection of specific 
serotypes that will eventually be frequently associated 
with disease. Furthermore, the most successful colo-
nizers will likely increasingly become nonsusceptible 
to the commonly used antimicrobial drugs (20–22). 
Therefore, although invasive and mucosal pneumo-
coccal disease are invariably reduced in children after 
PCV implementation, the remaining potential disease 
may be related disproportionally to a relatively small 
fraction of the remaining serotypes. In this study, we 
have shown that as a group, the 7 serotypes selected 
to be included in PCV20 are indeed disproportional-
ly associated with disease and were frequently more 
drug-nonsusceptible than the other remaining NVT20. 
Although VT20–13/NVT20 ratios declined through-
out the study for carriage in non-LRTI and conjunc-
tivitis, these ratios increased or remained stable for 
carriage in LRTI, OM, and IPD. These trends point to 
the high disease potential of VT20–13 compared with 
NVT20 for IPD (in which VT20–13 caused >50% of all 
episodes in the last study period), and possibly for cer-
tain pneumococcal mucosal diseases such as OM and 
LRTI (in which VT20–13/NVT20 ratio increased, but 
NVT20 caused >50% of all episodes). We believe that 

 
Table 2. Proportions of VT20–13/NVT20 ratios in children age <24 mo, Israel, 2009–2011 and 2015–2017* 

Clinical characteristic 

2009–2011  2015–2017   
2015–2017 vs. 

2009–2011 
VT20–13, 

% 
NVT20, 

% 
VT20–13/NVT20 

ratio (95% CI)  
VT20–13, 

% 
NVT20, 

% 
VT20–13/NVT20 

ratio (95% CI)  
VT20–13/NVT20 

ratio (95% CI) 
Carriage in healthy 
children 

NA NA NA  24 66 0.37 (0.33–0.41)  NA 

Carriage in non-LRTI 18 38 0.46 (0.38–0.56)  23 66 0.35 (0.30–0.40)  0.80 (0.65–0.98) 
Conjunctivitis 20 34 0.60 (0.39–0.91)  19 72 0.26 (0.17–0.40)  0.57 (0.35–0.94) 
Carriage in LRTI 13 34 0.39 (0.30–0.50)  32 57 0.56 (0.48–0.65)  1.26 (1.00–1.60) 
OM 14 21 0.68 (0.49–0.94)  34 52 0.60 (0.44–0.81)  0.91 (0.66–1.25) 
IPD 15 13 1.19 (0.79–1.80)  52 38 1.40 (1.12–1.73)  1.05 (0.84–1.31) 
*No data were available for healthy children in 2009–2011. IPD, invasive pneumococcal disease; LRTI, lower respiratory tract infection; NA, not 
applicable; NVT20, serotypes not included in PCV20; OM, otitis media; PCV, pneumococcal conjugate vaccine; VT20–13, additional 20-valent PCV 
(PCV20) serotypes, not included in PCV13. 

 
 

Figure 3. Ratio of prevalence of pneumococcal VT20–13/NVT20 
ratio in children <24 months of age, Israel, during the late PCV13 
period (2015–2017). Error bars represent 95% CI. IPD, invasive 
pneumococcal disease; LRTI, lower respiratory tract infection; 
NVT, nonvaccine serotype; PCV, pneumococcal conjugate 
vaccine; PCV13, 13-valent PCV; VT, vaccine serotype.
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these trends were driven by the vaccine-induced near-
disappearance of the generally invasive PCV13 sero-
types and the gradual differential replacement of those 
serotypes by NVT in different clinical syndromes, ac-
cording to the specific NVT disease potential.

Several of the 7 additional PCV20 serotypes have 
been previously shown to have a high disease potential 
for IPD and other pneumococcal diseases (4,5,23–26). 
Nevertheless, all 7 serotypes were recognized as caus-
ing diseases and therefore were included in the 23-va-
lent polysaccharide vaccine (PPV23), commonly used 

for the prevention of IPD in adults and in children >2 
years of age with immunodeficiency and certain chron-
ic medical conditions (4,27,28). Specifically, serotype 
12F emerged as a major serotype in multiple countries, 
causing IPD and pneumonia (5,10,22–24,29,30). Its 
expansion was multiclonal, excluding a single hyper-
invasive clone outbreak (26). This pattern bears simi-
larities with the expansion of serotype 7F that occurred 
following PCV7 implementation; both serotypes were 
not expected to increase because they were frequently 
associated with low carriage. Serotype 8 was relatively 

Figure 4. Serotype-specific VT20–13 pneumococcal isolates in children <24 months of age, Israel, 2009–2017. A) Healthy children; B) 
children with non–lower respiratory tract infections; C) children with lower respiratory tract infections; D) children with conjunctivitis; E) 
children with otitis media (isolates from middle ear fluid were tested); and F) children with invasive pneumococcal disease (isolates from 
blood and cerebrospinal fluid were tested). VT, vaccine serotype.
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uncommon in the current study but has emerged as 
one of the most prominent replacing serotypes in IPD 
in adults after PCV implementation, including in Israel 
(23–25,31). However, reports of this serotype in chil-
dren are also emerging (26). Serotypes 22F and 33F, 
which are also included in an experimental 15-valent 
PCV currently in an advanced stage of clinical studies 
(11,32,33), were recognized as important serotypes in 
IPD and pneumonia (11,24,25,34). In the United States, 
proportions of IPD caused by serotype 22F were 11% in 
children <5 years and 13% in adults >18 years, whereas 
serotype 33F caused 10% of residual IPD cases in chil-
dren <5 years and 5% in adults >18 years (11,32). In 
addition, serotypes 10A, 11A, and 15B/C, considered 
to have lower disease potential than serotypes 12F, 8, 
22F, and 33F, have been reported frequently following 
PCV implementation worldwide (5,10,23–25).

Despite the importance of VT20 as a group, sev-
eral NVT20 have been shown to be able to have the  

potential to cause large outbreaks (i.e., pneumococcal 
serotype 2 responsible for large IPD outbreaks in Is-
rael) (35) or reported as emerging IPD-causing sero-
types (i.e., serotype 24F) (5,6,22). Others, considered 
less invasive NVT20 serotypes have been also report-
ed in several sites (i.e., serotypes 15A and 16F) (36–38).

This study adds important information not only 
on the proportions of specific serotypes causing IPD 
in the PCV13 era, but also with regard to the propor-
tions of specific serotypes in carriage in healthy chil-
dren versus children with IPD and mucosal diseases. 
These data are relevant because carriage during dis-
ease probably reflects relative disease potential in the 
various clinical entities. We found that both the rates 
of incidence and the relative proportion of VT20–13 
seen in IPD, OM, and carriage in LRTI requiring chest 
radiography were significantly higher than those in 
conjunctivitis and in carriage in non-LRTI not requir-
ing chest radiography. Specifically, in IPD, serotype 

Figure 5. Proportion of antimicrobial drug–nonsusceptible isolates of all 
pneumococcal isolates in VT20–13 versus non-VT20 pneumococcal isolates in the 
late PCV13 period (2015–2017) in children <24 months of age in southern Israel. A) 
Healthy children; B) children with non–lower respiratory tract infections; C) children 
with lower respiratory tract infections; D) children with conjunctivitis; E) children with 
otitis media (isolates from middle ear fluid were tested); F) children with invasive 
pneumococcal disease; and G) all children. Chl, chloramphenicol; Clinda, clindamycin; 
CTX, ceftriaxone; Ery, erythromycin; MDR, multidrug resistance; PCV, pneumococcal 
conjugate vaccine; PCV13, 13-valent PCV; Pen, penicillin; Tetra, tetracycline; TMP/
SMX, trimethoprim and sulphametoxazole; VT, vaccine serotype.
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12F emerged as the most common serotype causing 
IPD in children <2 years of age, with ≈25% of all IPD 
caused by this serotype in recent years. Thus, the ad-
dition of serotype 12F coverage in PCV20 is expected 
to further decrease overall IPD rates in this popula-
tion. Similarly, serotype 15B/C was the most com-
mon serotype in pneumococcal carriage and mucosal 
diseases (≈10% of all pneumococcal isolates).

We found that antimicrobial nonsusceptibility 
was significantly more frequent among VT20–13 than 
among NVT20; other studies have also shown such 
increases among PCV20–13 serotypes (21,22,39,40). In 
the pre-PCV era, most nonsusceptible strains belonged 
to serotypes included in PCV7/PCV13. Although non-
susceptibility is still higher among those strains or 
even increasing, the overall nonsusceptibility has been 
reduced in countries which successfully implemented 
PCVs (21,22,39). However, high selective pressure con-
tinues to occur with excessive antibiotic consumption, 
especially in dominating carriage serotypes. The most 
successful replacing serotypes are now those frequent-
ly exposed to antimicrobial drugs during carriage, 
resulting in increased antimicrobial nonsusceptibil-
ity compared with the less successful colonizers often 
found among NVT20 (21,22,39,40). Of interest, isolates 
causing noninvasive disease tend to have higher rates 
of antimicrobial resistance than those causing IPD (21), 
similar to the observations in our study.

The main strengths of our study include relatively 
long-term surveillance duration, large number of epi-
sodes, and the ability to assess multiple clinical out-
comes in the same populations. Nonetheless, our study 
has several limitations. First, we did not have data on 
the pre-PCV period. However, we still could follow the 
dynamics of the non-PCV7/PCV13 serotypes because 
the data from the first year of implementation are in-
cluded. Second, with regard to carriage in healthy chil-
dren, data are only available from 2011–2012. Howev-
er, the similarity of the proportion rates for 2010–2011 
when carriage in healthy children is compared with 
that of children with non-LRTI and children with con-
junctivitis (the most superficial mucosal disease, poten-
tially explaining the higher proportion of noninvasive 
serotypes in the disease compared with other diseases) 
lends support to the suggestion that there are similari-
ties between these groups and healthy children during 
the entire study period. Third, our data derive from 
multiple studies in the setting of a single country. How-
ever, as discussed above, similarities with other reports 
from other countries suggest that our conclusion may be 
generalized, at least to some extent.

In conclusion, S. pneumoniae VT20–13 are dispro-
portionally associated with IPD, OM, and carriage in 

LRTI, compared with the other remaining NVT20, 
suggesting higher disease potential for these diseases 
than NVT20. In addition, the VT20–13 serotypes were 
more often nonsusceptible to various antimicrobial 
drugs than the NVT20 group. These findings suggest 
that PCV20 introduction may result in substantial de-
crease in the rates of IPD, OM, and possibly LRTI, as 
well as antimicrobial nonsusceptibility in children.
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