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Abstract: Higher valency pneumococcal conjugate vaccines (PCV15 and PCV20) have been devel-
oped to address the disease burden of current non-vaccine serotypes. This review describes the
epidemiological characteristics of serotypes beyond PCV13 (serotypes 8, 10A, 11A, 12F, 15B/C, 22F,
and 33F; PCV20nonPCV13 serotypes). Peer-reviewed studies published between 1 January 2010
(the year PCV13 became available) and 18 August 2020 were systematically reviewed (PROSPERO
number: CRD42021212875). Data describing serotype-specific outcomes on disease proportions, inci-
dence, severity, and antimicrobial non-susceptibility were summarized for individual and aggregate
PCV20nonPCV13 serotypes by age group and by type and duration of pediatric PCV immunization
program. Of 1168 studies, 127 (11%) were included in the analysis. PCV20nonPCV13 serotypes
accounted for 28% of invasive pneumococcal disease (IPD), although the most frequent serotypes dif-
fered between children (104, 15B/C) and adults (8, 12F, 22F). In children, serotype 15B/C tended to be
more frequently associated with pneumococcal meningitis and acute otitis media; in adults, serotype
8 was more frequently associated with pneumonia and serotype 12F with meningitis. Serotypes
10A and 15B/C in children and 11A and 15B/C in adults were often associated with severe IPD.
Serotype 15B/C was also among the most frequently identified penicillin/macrolide non-susceptible
PCV20nonPCV13 serotypes. These results could inform decision making about higher valency PCV
choice and use.

Keywords: 20-valent pneumococcal conjugate vaccine; invasive pneumococcal disease; proportion;
incidence; severity; antimicrobial non-susceptibility; PCV20; PCV15; Streptococcus pneumoniae

1. Introduction

The prevention of pneumococcal disease in children and adults has long been a public
health priority. The potential to achieve this goal was substantially enhanced by the
introduction of pneumococcal conjugate vaccines (PCVs). Unlike plain polysaccharide
vaccines, PCVs prevent disease across the age spectrum, including young infants and the
oldest adults [1]. PCVs induce a T cell-mediated immune response that leads to prolonged
memory and boosting following subsequent exposure; they reduce carriage and thus
provide indirect protection to unvaccinated persons; and they have documented efficacy
against vaccine-type mucosal disease such as non-bacteremic pneumonia in adults [2]
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and otitis media in children [3]. The first licensed PCV contained seven serotypes (4,
6B, 9V, 14, 18C, 19F, and 23F) and was followed by higher order formulations: PCV10
(containing PCV7 serotypes plus 1, 5, and 7F) and PCV13 (containing PCV10 serotypes plus
3,6A, and 19A). As of December 2020, PCVs had been included in the pediatric national
immunization programs (NIPs) of 160 countries globally, with PCV13 used in more than
130 pediatric NIPs [4]. For adults, countries have issued recommendations for risk-based or
age-based pneumococcal vaccination (many providing PCV13 sequentially with 23-valent
pneumococcal polysaccharide vaccine [PPSV23]) [5], although few have also included
public funding for reimbursement of vaccine costs.

Despite the successes of pediatric and, in some settings, adult national PCV programs,
pneumococcal disease due to non-vaccine serotypes (NVTs) persists. PCVs reduce acqui-
sition of vaccine serotypes (VTs), creating a new niche for NVTs to occupy leading to an
increase in NVT circulation. Whether serotype replacement in the nasopharynx leads to
increased NVT disease incidence depends on several factors, including the invasiveness
potential of each NVT, antibiotic non-susceptibility of each NVT and antimicrobial use
in the community, and host factors such as age and underlying medical conditions [6-8].
To address this issue, two new vaccines have been licensed in adults: PCV15 (PCV13
serotypes plus 22F and 33F) and PCV20 (PCV15 serotypes plus 8, 10A, 11A, 12F, and 15B).
Each vaccine was licensed for adults based on comparative safety and immunogenicity to
PCV13 [4,6]. PCV15 and PCV20 have been licensed, each for pediatric and adult use. The
utility of these higher-valency vaccines will depend on the epidemiologic characteristics of
pneumococcal disease due to these new serotypes, including disease proportion, disease
incidence, disease severity, and propensity for antibiotic non-susceptibility in clinical iso-
lates. Several multicenter studies and literature reviews have included some or all these
additional serotypes, but the analyses were limited to the serotype distribution of IPD
cases [9,10].

The objective of this current review was to describe the epidemiologic characteristics
of the serotypes in higher-valency PCVs. Results are reported for the seven additional
serotypes in PCV20 that are not in PCV13 (PCV20nonPCV13), specifically serotypes 8, 104,
11A, 12F, 15B/C, 22F, and 33F, and for the five additional serotypes in PCV20 that are not in
PCV15 (PCV20nonPCV15), specifically serotypes 8, 10A, 11A, 12F, and 15B/C.

2. Methods

The study protocol was registered on PROSPERO (international prospective register
of systematic reviews) with registration number CRD42021212875, and the manuscript was
prepared according to the critical domains of the AMSTAR?2 guidelines.

2.1. Systematic Literature Review

The database search was conducted in Medline (via PubMed) and Embase to iden-
tify peer-reviewed studies published between 1 January 2010 (year when PCV13 became
available) and 18 August 2020. The details of the search strategy with key words are
provided in Text S1. Studies were eligible for inclusion if they: (1) described pneumococcal
disease cases (i.e., excluding pneumococcal carriage data) including invasive pneumococcal
disease (IPD) or Non-IPD, based on laboratory-confirmed diagnosis (established by micro-
biological culture, molecular detection assay, or antigen-based test) caused by any of the
PCV20nonPCV13 serotypes; (2) reported at least one of the following serotype-specific out-
comes: proportion, incidence rate (IR), severity data (e.g., case fatality ratio (CFR), mortality
rate, intensive care unit admission rate, etc.), or antimicrobial non-susceptibility (restricting
to penicillin and macrolide non-susceptibility or multidrug resistant (MDR), defined as
resistance to at least one antibiotic from three or more different classes of antimicrobials
according to the CDC definition: https://www.cdc.gov/narms/resources/glossary.html,
accessed on 28 November 2022; (3) were conducted after 1 January 2010, the year when
PCV13 became available; (4) contained primary data; and (5) were published in Dutch,
English, French, German, Italian Portuguese, or Spanish. All types of study designs were
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eligible for inclusion; however, review publications were excluded but reference lists were
screened to identify additional publications.

Titles and abstracts from the list of references were screened independently by two
reviewers to identify studies that fulfilled the inclusion criteria. The full texts of all selected
studies were then assessed for eligibility by the reviewers. The systematic literature review
(SLR) was conducted in accordance with the guidelines from “Strengthening the Reporting
of Observational Studies in Epidemiology” (STROBE) [11] and the standards of “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses” (PRISMA) [12].

2.2. Data Collection and Analysis

Data from eligible full-text articles were subsequently extracted by three reviewers
each using a standardized form. The following serotype-specific outcome measures were
collected for the PCV20nonPCV13 serotypes: specific number and total cases for each
clinical presentation of pneumococcal disease to calculate serotype-specific and aggregate
PCV20nonPCV13 proportions, IR, CFR, and proportion of isolates within a serotype that
were antimicrobial non-susceptible or MDR.

Outcomes were stratified by current PCV (PCV10 or PCV13) in the pediatric NIP with
duration of use or by no PCV in the NIP. Duration was defined as the number of years
between the date of introduction of PCV10 or PCV13 in the NIP and the mid-year study
period, irrespective of an initial PCV7 NIP (Table S1). For example, if a study reported
data over a range of years (e.g., January 2014-December 2016), then the mid-year study
period (e.g., January 2015) was used in the calculation of PCV use duration in the NIP
(e.g., January 2015 minus NIP introduction date). “Initial period” was defined as a PCV
NIP duration of <3 years, and “later period” was defined as >3 years duration of a PCV
NIP. Outcome measures were also stratified by age group (children: <18 years or <5 years;
adults: >18 years unless otherwise specified) and by clinical presentation as follows:

e  Sterile site: inclusive of IPD defined as pneumococcus identified from any normally
sterile site (blood, cerebrospinal fluid, pleural fluid, etc.) [13]. IPD clinical presentations
included bacteremia/sepsis, meningitis, or pneumonia. “Other IPD” was defined as
infrequently occurring infections of other normally sterile sites (joint fluid, pericardial
fluid, peritoneal fluid, and infected bone, among others).

e  Non-sterile site: inclusive of Non-IPD defined as pneumococcus identified from a site
that is not considered to be normally sterile. Non-IPD clinical presentations included
bronchitis and non-bacteremic pneumonia (respiratory tract sample, identified by
sputum), acute otitis media (AOM, identified from middle ear fluid), or sinusitis
(sinuses swab).

e  Undifferentiated site: inclusive of pneumococcal disease that could not be differen-
tiated in the reported results, whether by site (sterile or non-sterile) or by clinical
presentation (invasive or non-invasive disease). Most often, undifferentiated diseases
included pneumococcal pneumonia reported together that was bacteremic (IPD) or
non-bacteremic (Non-IPD).

An ‘IPD, presentation unspecified” or ‘Non-IPD, presentation unspecified” category
refers to cases where the type of clinical presentation was reported (i.e., IPD or Non-IPD)
but not the precise clinical presentation (i.e., presentation unspecified).

The PCV20nonPCV13 serotypes were defined as serotypes 8, 10A, 11A, 12F, 15B/C,
22F, and 33F. Because of structural similarity between serotypes 15B and 15C [7,14] and
the possibility of cross-reactivity, 15C also was defined as a PCV20nonPCV13 serotype.
PCV20nonPCV15 serotypes were defined as serotypes 8, 10A, 11A, 12F, and 15B/C.

Serotype-specific proportions were calculated, in which the denominator was the total
number of pneumococcal isolates that had been serotyped in the study. Calculation of the
proportions of all PCV20nonPCV13 serotypes and all PCV20nonPCV15 was restricted to
studies that reported cases for all of these seven and five serotypes, respectively.

Meta-analysis of the proportion of IPD cases due to an individual serotype was per-
formed using a binomial, random effects, meta-analytic model for each PCV20nonPCV13
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serotype independently. Few countries identified in this SLR had a PCV10 NIP or a no PCV
NIP; consequently, only PCV13 NIPs were included in the meta-analyses. The statistical
heterogeneity between studies was assessed by estimating the 12 statistic [8]. All statistical
analyses were conducted with R version 4.0.2.

Lastly, a risk of bias tool, adapted from the Newcastle-Ottawa Scale [15], was used to
assess the quality of the studies included in the SLR (Table S2). The scale establishes low
(risk score: 0 out of 6), moderate (1 to 2 out of 6), or serious/critical risk (>3 out of 6). On
studies with low risk of bias, a sensitivity analysis of the meta-analysis was carried out
excluding studies with moderate or serious/critical risk of bias.

3. Results
3.1. Studies Included in the Systematic Literature Review

We performed the database search on 18 August 2020, identifying 1168 unique ref-
erences. Of these, 127 (11%) studies were included in the SLR (Figure S1). In total, 41
of the 127 studies contributed data to multiple analyses, reporting data from multiple
World Health Organization (WHO) regions, from different age groups, or across multiple
clinical presentations.

Of the 127 included studies, 26 were conducted in the Americas, 64 were conducted
in Europe, and 24 were conducted in the Western Pacific, per WHO region definitions.
Respectively, 112, 10, and 5 studies reported data from countries with a PCV13 NIP, a PCV10
NIP, or no PCV NIP. Thirty-six studies provided information for all PCV20nonPCV13
serotypes, and forty-two provided information for all PCV20nonPCV15 serotypes (Table 1).
The 127 studies reported data on children (86 studies), adults (56 studies), or all ages
together indiscriminately (13 studies); by outcome, most studies described IPD (sterile
site) (94 studies), followed by Non-IPD (non-sterile site) (27 studies), and all pneumococcal
disease (undifferentiated) (19 studies). The breakdown of selected studies, by WHO
region, age group, and clinical presentation type, is shown in Figure 52. Further study
characteristics are described in Table S3.

Table 1. Pooled proportion (%) of cases due to all seven PCV20nonPCV13 serotypes and all five
PCV20nonPCV15 serotypes by age group, source of sample and clinical presentation.

Proportion All PCV20nonPCV13 ! Proportion All PCV20nonPCV15!
Age Group Sampling Site and Clinical Presentation n, Studies Mean n, Studies Mean
(Isolates) (Min-Max) (Isolates) (Min-Max)
Children 18 (6062) 21 (6615)
Sterile site: IPD overall 17 (6006) 27.8 (0-52.0) 19 (6395) 19.7 (0-41.8)
IPD, presentation specified:
Pneumococcal bacteremia 1(25) 20.0 2 (89) 24.9 (20.0-29.7)
Pneumococcal meningitis 1(18) 11.2 2 (50) 16.5 (11.2-21.8)
Bacteremic pneumococcal pneumonia 1(187) 3.6 2 (313) 7.3 (3.1-10.2)
Other IPD 2 1(23) 34.6 1(23) 26.0
IPD, presentation unspecified 16 (5753) 28.3 (0-52.0) 17 (5920) 21.4 (0-41.8)
Non-sterile site: Non-IPD overall 1(56) 28.6 2 (220) 16.5 (9.7-23.2)
Non-IPD, presentation specified:
Pneumococcal AOM 1(56) 28.6 2 (220) 16.5 (9.7-23.2)
Adults 20 (44,349) 23 (49,699)
Sterile site: IPD overall 16 (42,323) 27.5 (8.9-55.4) 18 (47,505) 19.7 (8.0-37.3)
IPD, presentation specified:
Pneumococcal bacteremia 1(101) 26.7 1(101) 22.7
Pneumococcal meningitis 1(98) 27.5 2 (375) 25.7 (20.4-31.0)
Bacteremic pneumococcal pneumonia 3(1071) 23.1(19.9-28.1) 4 (5976) 17.1 (14.6-23.3)
Other IPD 2 1(51) 25.5 1(51) 23.5
IPD, presentation unspecified 3 13 (41,002) 28.6 (8.9-55.4) 13 (41,002) 19.6 (8.0-37.3)
Non-sterile site: Non-IPD overall 2(312) 15.8 (9.5-22.0) 2 (312) 10.8 (5.7-15.8)
Non-IPD, presentation specified 2(312) 15.8 (9.5-22.0) 2 (312) 10.8 (5.7-15.8)
Undifferentiated site 3(1714) 14.6 (8.7-23.9) 4 (1882) 8.0 (4.8-17.5)

All pneumococcal pneumonia 3(1714) 14.6 (8.7-23.9) 4 (1882) 8.0 (4.8-17.5)




Microorganisms 2023, 11, 1816

50f13

Table 1. Cont.

Proportion All PCV20nonPCV13 ! Proportion All PCV20nonPCV15!
Age Group Sampling Site and Clinical Presentation n, Studies Mean n, Studies Mean
(Isolates) (Min-Max) (Isolates) (Min-Max)
All ages 14 (14,381) 15 (15,924)
Sterile site: IPD overall 14 (14,381) 29.1 (0-58.3) 15 (15,924) 21.6 (0-40.8)
IPD, presentation specified:
Pneumococcal bacteremia 12 04 12 04
Pneumococcal meningitis 3(2084) 34.8 (29.2-58.3) 3(2084) 25.0 (23.0-33.3)
Bacteremic pneumococcal pneumonia 1(57) 35.1 1(57) 26.3

IPD, presentation unspecified 3 11 (12,238) 28.4 (10.0-47.8) 12 (13,781) 21.3 (9.3-40.8)

Abbreviations: AOM = acute otitis media; IPD = invasive pneumococcal disease; n = number of studies;
min = minimum calculated percentage (only reported if >1 study); max = maximum calculated percentage
(only reported if >1 study). ! Proportions based on studies that reported data for all of the PCV20nonPCV13
serotypes (n = 36 studies) or PCV20nonPCV15 serotypes (n = 42 studies). ? Infections of other normally sterile
sites (joint fluid, pericardial fluid, peritoneal fluid, and infected bone, among others). 3 Refers to cases where the
precise clinical presentation was not reported. 4 Only four cases were identified in this age group; none were due
to the PCV20nonPCV13 or PCV20nonPCV15 serotypes.

Table 1 summarizes the pooled proportion of cases by clinical presentation of pneumo-
coccal disease, due to all PCV20nonPCV13 or all PCV20nonPCV15 serotypes, based only on
the studies that reported data for all seven PCV20nonPCV13 serotypes (n = 36 studies)
or all five PCV20nonPCV15 serotypes (n = 42 studies). Among all age groups, the
PCV20nonPCV13 and the PCV20nonPCV15 serotypes accounted for close to one-third
and one-fifth of IPD cases, respectively. Among children, the PCV20nonPCV13 and
PCV20nonPCV15 serotypes accounted for, respectively, 27.8% (n = 17 studies) and 19.7%
(n =19 studies) of overall IPD. Among adults, these two proportions represented 27.5%
(n = 16 studies) and 19.7% (n = 18 studies), respectively.

3.2. Proportion of PCV20nonPCV13 Serotypes Causing IPD

Figure 1 displays the distribution of the individual PCV20nonPCV13 serotypes in the
25 studies that reported IPD cases (‘IPD overall” in Table 1) for all seven PCV20nonPCV13
serotypes. All countries included in this analysis used PCV13 in the NIP except the
Netherlands which used PCV10. The PCV20nonPCV13 serotypes ranged from 0% to
52% of all IPD cases in children (panel 1a) and from 9% to 55% in adults (panel 1b).
Studies from Canada, Germany, Spain, and Japan reported IPD cases stratified by year
or groups of years, and in these studies, overall proportions for the PCV20nonPCV13
serotypes tended to increase over time in both children and adults (Figure 1). Among the
PCV20nonPCV13 serotypes, the proportion of IPD due to serotype 10A (Germany) and 22F
(Canada) increased among children, while serotype 8 (Germany, Spain—Madrid, United
Kingdom (UK)) increased among adults.

3.3. Proportion of PCV20nonPCV13 Serotypes by Clinical Presentation and PCV13 Use Period

Pooled proportions of the individual PCV20nonPCV13 serotypes by clinical presen-
tation, age group, and PCV NIP duration are in Table S4. Among children in the PCV13
NIP initial period, serotype 15B/C was frequently identified across the spectrum of clinical
presentations. Among children during the PCV13 NIP later period, the frequency of ‘IPD,
presentation unspecified” was comparable for serotypes 10A, 12F, and 15B/C. Among
frequent causes of other clinical presentations were serotype 11A (other IPD; pneumococ-
cal AOM,; all pneumococcal pneumonia), serotype 12F (pneumococcal bacteremia; other
IPD), and serotype 15B/C (in all clinical presentations except pneumococcal pneumonia).
Each PCV20nonPCV13 serotype was more frequent among adults in the PCV13 NIP later
period than in the PCV13 NIP initial period. Among adults in the PCV13 NIP later period,
serotypes 8 and 12F were most frequently detected (pneumococcal bacteremia, pneumo-
coccal meningitis, bacteremic pneumococcal pneumonia, and other IPD; IPD presentation
unspecified; all pneumococcal pneumonia). In addition to serotypes 8 and 12F, for ‘IPD,
presentation unspecified’, serotype 22F was also among the most frequently detected.
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Figure 1. PCV20nonPCV13 serotype proportion of IPD isolates by country for 25 studies that
reported data for all seven PCV20nonPCV13 serotypes: (a) Children (b) Adults. * PCV13 NIP.
** PCV10 NIP. *** No PCV NIP. Only four cases were identified among children from Spain A.
Abbreviations: AFR = African WHO region; AMR = Americas; EUR = Europe; SEAR = Southeast
Asia; WPR = Western Pacific; Canada Q = Quebec; Spain A = Andalusia; Spain C = Catalonia;
Spain M = Madrid; Spain N = Navarra. Reference numbers for each study are provided in the
Supplementary Materials.

3.4. Proportion of PCV20nonPCV13 Serotypes Causing IPD by PCV13 Use Period

Figure 2 and Table S5 show the pooled proportions for IPD cases in PCV13 NIP
countries. Studies in countries with a PCV10 NIP or no PCV NIP were not included in
this analysis due to the small number of studies per stratum (<5 studies per serotype, age
group, PCV type, and PCV period). In countries reporting data from the PCV13 NIP initial
period (<3 years duration), serotypes 15B/C in children and 22F in adults were the most
frequent. In countries reporting data from the PCV13 NIP later period (>3 years duration),
several PCV20nonPCV13 serotypes were marginally more common for children: 10A (3.5%,
95% confidence interval (CI): 2.8%, 4.4%;), 12F (4.4%; 95% CI: 2.6%, 7.6%), and 15B/C (7.2%;
95% CI: 5.6%, 9.1%), whereas for adults, the most frequent PCV20nonPCV13 serotypes
causing IPD were serotypes 8 (10.2%; 95% CI: 7.6%, 13.4%), 12F (6.2%; 95% CI: 4.7-8.1), and
22F (6.7%; 95% CI: 5.7%, 7.8%). Similar patterns were observed when 67 studies with a
moderate or serious risk of bias were excluded from the meta-analysis (Table S6).

3.5. Incidence of PCV20nonPCV13 Serotypes by Clinical Presentation

Twelve studies conducted in ten countries reported the IR of PCV20nonPCV13 serotypes
(one study from a PCV10 NIP country (Austria) and eleven studies from PCV13 NIP countries).
Eight studies reported data for children; five reported data for adults; and three reported data
for patients of all ages (Table S7). The IRs of individual PCV20nonPCV13 serotype IPD cases
varied widely across studies and age groups. Among children, IRs were relatively low for
each of the PCV20nonPCV13 serotypes; nonetheless, in most studies serotypes 12F and 15B/C
were responsible for the highest IR among clinical presentation. In adults, serotypes 8, 12F,
and 22F had the highest IRs across clinical presentations.

3.6. Mortality Outcomes by PCV20nonPCV13 Serotype

Nine studies reporting severity outcomes among PCV20nonPCV13 cases were
identified [12,16-23] with CFR the most consistently reported outcome (Table 2). CFRs
for the individual PCV20nonPCV13 serotypes ranged between 0 and 17% in children,
between 0 and 39% in all adults, and between 4 and 39% in adults >65 years old.
The serotypes associated with the highest CFR were serotypes 10A and 15B/C among
children and serotypes 11A and 15B/C in adults or all age groups.
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Figure 2. IPD PCV20nonPCV13 serotype proportions stratified by age group and pediatric PCV13
program duration: proportion distribution and meta-analysis point estimate (red dot).
Table 2. Case fatality ratio (%) by PCV20nonPCV13 serotypes.
Sampling Site Precsleizigzil on Region Country Study Period Age Reference 8 10A 11A 12F 15B/C  22F 33F
Children )
Sterile site: IPD IPD, presentation EUR UK (England) 2002-2014 Sy [21] nr nr nr nr nr 3 3
unspecified
EUR UK 2014-2018 <15y [12] 1 4 4 5 12 7 nr
Republic of
WPR Rores 2011-2014 <18y [17] nr 17 0 0 0 nr 0
Adults .
Sterile site: PD [PD, presentation EUR France 2014-2017 >18y 19 5 3 3% 14 nar 16  nr
unspecified -
EUR Netherlands 2004-2012 >5y [22] 9 14 25 10 21 12 15
Spain
EUR (Catalonia) 2014-2016 >65y [18] 7 14 2 4 2 1 5
EUR UK 2002-2014 5-64y [21] 6 18 30 14 19 11 10
EUR UK 2002-2014 >65y [21] 25 38 39 21 24 28 26
EUR UK 2014-2018 565y [12] 15 nr 39 18 nr 2 25
Undifferentiated site All IIJ’ r?ee;l;qngggccal EUR France 2008-2012 >18y [16] nr nr 20 0 nr nr nr
All ages .
Sterile site: IPD IPD, presentation
’ specified:
Pneumococcal EUR UK 2011-2016 all [20] 34 nr nr nr nr nr nr
meningitis
IPD, presentation EUR UK 2014-2018 all 121 9 nr 30 10 r 16 17

unspecified !

Abbreviations: EUR = Europe; WPR = Western Pacific; nr = not reported. ! Refers to cases where clinical
presentation was reported (i.e., IPD), but not the precise sampling site. 2 Excluding pneumococcal meningitis.

3.7. Antimicrobial Non-Susceptibility by PCV20nonPCV13 Serotype

Sixteen studies [16,24-38] included in the assessment of antimicrobial non-susceptibility
reported the proportion of penicillin (n = 15), macrolide (n = 10), or MDR (n = 3) non-
susceptible PCV20nonPCV13 isolates among all ages (Table S8). The non-susceptibility
proportion for the PCV20nonPCV13 serotypes individually ranged from 0% to 67% for
penicillin, from 0% to 10% for macrolides, and from 0% to 9% for MDR (Figure 3).
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Figure 3. Distribution of penicillin and macrolide non-susceptibility proportions among
PCV20nonPCV13 serotypes among all ages. Results with median line only represent either a single
study or several studies reporting the same proportions (raw results are available in Table S8). There
were no cases of macrolide non-susceptible serotype 12F.

3.8. Summary of the Characteristics of the PCV20nonPCV'13 Serotypes

The characteristics of each PCV20nonPCV13 serotype are summarized in Table 3,
based on available data from this review. In children, serotypes 15B/C presented a high
proportion, mortality, and antibiotic non-susceptibility. Serotypes 10A and 12F were also
frequent causes of pediatric IPD. The most frequent causes of IPD in adults were serotypes
8 (10%), 12F (6%), and 22F (7%), most notably in the PCV13 NIP later period; conversely,
serotypes 15B/C and 11A showed higher mortality and antibiotic non-susceptibility rates
in adults than serotypes 8, 12F, and 22F, but they were less prevalent among any of the
clinical syndromes.

Table 3. Epidemiological characteristics (proportions, case fatality, and non-susceptibility) of the
PCV20nonPCV13 serotypes.

Population Epidemiological Characteristic (Cause of) Serotype
8 10A 11A 12F 15B/C 22F 33F
Children IPD 12 ++ ++ + ++ +++ ++ ++
Pneumococcal meningitis 2* +4+ ++ + ++ ot e ++
Bacteremic pneumococcal pneumonia >3 ++ ++ + ++ ++ + ++
Non-IPD 23 + o+ + + ot nr +
Pneumococcal AOM %3 + ot o+ + o+ ++ +
Adults IPD? ++++ + + +++ + +++ +
Pneumococcal meningitis 3 +++ ++ ++ ++++ + ++ +
Bacteremic pneumococcal pneumonia 3 ++++ + + +++ + ++ +
Non-IPD 3 + + + + + + +
Children Death due to IPD # + +H++ ++ ++ +H++ +++ ++
Adults Death due to IPD ® ++ +++ ++++ ++ +H++ ++ +++
All Ages Penicillin non-susceptible IPD or Non-IPD © + + + + ++ + +
Macrolide non-susceptible IPD or Non-IPD © ++ +++ +++ nr ++++ +++ +H++

Abbreviations: AOM = acute otitis media; CFRs, case fatality reports; CLSI = Clinical and Laboratory Standards
Institute; EUCAST = European Committee on Antimicrobial Susceptibility Testing; IPD = invasive pneumococcal
disease; nr = not reported. 1 According to the pooled proportions (Table S5). +: <2%; ++: 3-5%; +++: 6-8%;
++++: >8%. 2 In settings with later period PCV13 programs. 3 According to the mean proportions per clinical
syndrome (Table 54). +: <2%; ++: 3-5%; +++: 6-8%; ++++: >8%. 4 According to the CFRs per study (Table 2).
+: all studies <1%; ++: >1 study 2-5%; +++: >1 study >5%; ++++: all studies >5% or one study >10%. 5 According
to the CFRs per study (Table 2). +: all studies <20%; ++: at least one study in any adults and/or 65+ >20%;
+++: most studies >20% in any adults and/or 65+; ++++: all studies >20%. ® According to the non-susceptibility
medians (Figure 3). +: <5%; ++: 5-9%; +++: 10-29%; ++++: >30%; according to CLSI or EUCAST criteria.
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4. Discussion

In this systematic review, the proportions of PCV20nonPCV13 or PCV20nonPCV15
serotypes represented around 28% or 20% of IPD, respectively, in children, as well as in
adults, among the studies reporting IPD for each of the PCV20nonPCV13 serotypes. These
proportions gradually increased over time in countries where these data were available.
Our results also demonstrated the proportions of IPD by serotype grouping were relatively
similar for children and adults, though the contribution of individual PCV20nonPCV13
serotypes were different between age groups. The proportion of non-sterile site disease due
to PCV20nonPCV13 serotypes, which was reported in three studies only, varied from 16%
in adults (Non-IPD presentation unspecified) to 29% for pneumococcal AOM in children.
The corresponding PCV20nonPCV15 percentages were 11% for any Non-IPD (‘Non-IPD,
presentation unspecified’) in adults and 17% for pneumococcal AOM in children.

While previous multicenter studies and literature reviews focused on serotype distribution
among IPD cases [9,10], our review provides additional insights on the PCV20nonPCV13 profile:
serotype distribution by clinical manifestations (including non-invasive disease) and serotype-
specific incidence rates, case fatality rates, and antimicrobial non-susceptibility proportions. This
allowed us to describe the characteristics of each PCV20nonPCV13 serotype.

Our results for IPD serotype distribution are similar to those reported by five recently
published multicenter studies and reviews [9,10,39-41]. The proportion of PCV20nonPCV13
serotypes in IPD was estimated at 38% across all age groups in Europe (2018) by a sys-
tematic review and at 29% in children in an analysis of 30 high-income countries [9,10].
A European multicenter study on IPD also showed that the PCV20nonPCV13 serotype
proportion increased over time between 2012 and 2018, from 30% to 41% in children
and from 30% to 38% in older adults [40]. In that multicenter study, the most frequent
PCV20nonPCV13 serotypes in 2018 in children were serotypes 8, 10A, and 12F (7% each)
and in adults >65 years-old were serotypes 8 (17%) and 22F (7%) [40]. A worldwide multi-
center study found that serotype 15B/C was the most frequent PCV20nonPCV13 serotype
causing IPD among children in PCV13 NIP countries (10%), followed by 12F (6%) and 10A
(5.5%), while serotypes 8 (9%) and 22F (8%) predominated in adults [41]. Finally, a review
of high-income countries identified that the proportion of PCV20nonPCV13 IPD serotypes
was higher among countries with >3 years of PCV13 use in the NIP than in those with
<3 years of use (39.2% vs. 33.6%) [42].

The contribution of individual serotypes and serotype groupings to IPD varied geographi-
cally, a finding supported by other systematic reviews and multicenter studies [39,42,43]. For
instance, serotype 8 represented <1% of all IPD cases in the United States (2012-13), whereas in
the UK (2016-17) this serotype represented 20% of all IPD [42,44,45]. Several hypotheses have
been proposed to explain these differences, such as variations in clinical threshold for blood
culturing, vaccine schedules, and clonal epidemiology across countries, but this remains to be
elucidated [42,46,47].

Our review highlighted a gradual increase over time in the proportion of the
PCV20nonPCV13 serotypes overall, and for some individual serotypes, where PCV13
had been introduced in the pediatric NIP. For example, serotype 8 increased in both
children and adults (Figure 2). The multicenter European study reported a >2-fold
increase in the proportion of IPD due to serotype 8 from 2012 to 2018 in both age
groups, which was the major contributor to the observed increase of PCV20nonPCV13
serotypes [41]. In Spain, the proportion of serotype 8 increased between 2015 and 2018,
which was due to the expansion of a single clone (ST53) [36] that also predominated in
adults in Denmark [48]. Similarly, the pooled proportion of serotype 10A increased in
children, and serotype 12F increased in adults. Although increases in the proportions
of disease do not necessarily reflect increases in incidence, it is important to note
that no clearly dominant PCV20nonPCV13 serotype has been observed post-PCV10/13
vaccine introduction, a difference from the post-PCV7 period when serotype 19A rapidly
increased in proportion and incidence [48].
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Serotype groupings based only on vaccine composition may mask differences between
individual serotypes, in frequency or in clinical characteristics. For example, serotype 12F
was the most frequent PCV20nonPCV13 serotype among meningitis cases in children in the
initial PCV13 NIP period (11%) and in adults in the later PCV13 NIP period (9%), a finding
consistent with the highly invasive disease potential of 12F shown in several studies [49,50].
A previous worldwide multicenter study on pneumococcal meningitis reported also that
12F was among the leading serotypes causing meningitis in ‘mature” PCV13 NIP programs
(i.e., 5 to 7 years after PCV10/13 introduction) [39]. In children, serotype 15B/C was
the most common invasive and non-invasive serotype, a finding supported by an earlier
systematic review [43]. Serotype 11A was a common cause of pediatric AOM but not IPD.

Our review had several strengths, such as the inclusion of 127 studies, representation
of multiple WHO regions, and sufficient robustness (i.e., ‘sensitivity’) to describe the
characteristics of each of the PCV20nonPCV13 serotypes. We had several limitations as
well. Studies varied in their design, population settings, PCV use, and time since PCV
introduction. We attempted to account for this variation by pooling estimates (by age
group, PCV13 program duration, and type of clinical outcome) and by using random-
effects meta-analysis, as we assumed that the true serotype proportion could vary across
studies [51]. For individual serotypes, other than the proportion of IPD due to each serotype,
limited data were available, such as for incidence rates, proportion of non-invasive disease,
antimicrobial resistance, and severity measures (other than CFR). The duration of PCV
use was based on the introduction of PCV13 in the NIP, but some PCV13 use in certain
national private markets before the NIP cannot be excluded. PCV13 transitioned from
established PCV7 NIPs in the included high-income countries; however, PCV13 private
markets were unlikely to be substantial in the few included low- and middle-income
countries. Lastly, while we focused on the proportions of IPD due to specific serotypes
and serotype groups, these data should be interpreted with caution. Specifically, when
evaluating proportions, data can be misinterpreted because either a natural or vaccine-
induced decline in the incidence of some serotypes can lead to a reciprocal increase in the
proportion of IPD due to remaining serotypes even with no increase in incidence of the
latter. In particular, effective PCV programs have reduced PCV serotype disease; thus, even
with static incidence, the proportions of non-PCV serotype disease will become larger over
time [52]. Future studies of specific serotypes should preferably measure absolute disease
rates rather than proportions of disease.

5. Conclusions

This SLR of 127 studies (conducted mainly in the Americas, Europe, and Western
Pacific WHO regions), which reported data from countries with a PCV13 NIP (n = 112),
a PCV10 NIP (n = 10), or without a PCV NIP (n = 5), indicated that the PCV20nonPCV13
serotypes represented around one-third of all IPD in children and adults, that was doc-
umented in countries with PCV13 programs to increase over time. These serotypes also
caused one-third of pneumococcal AOM in children. To further an understanding of the
characteristics of individual serotypes, whenever possible, data tables of clinical and epi-
demiological characteristics, by serotype, should be reported. Within the PCV20nonPCV13
group, individual serotypes varied in their contribution to pneumococcal morbidity, mortal-
ity, and antibiotic non-susceptibility. These results can be used to inform decision-making
on the use of PCVs for children and adults in different PCV use settings and populations.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390 /microorganisms11071816/s1, Text S1. Search strategy; Table S1.
Timeline for PCV use in country and regional NIPs; Table S2. Risk of bias tool; Figure S1: Study
selection process: PRISMA flowchart; Figure S2: Distribution of studies by clinical presentation type,
age group, and WHO region; Table S3: Description of studies included in the systematic literature
review; Table S4: PCV20nonPCV13 serotype-specific proportion (%) by clinical presentation: number
of references (n), Median (med.), and minimum and maximum (min-max); Table S5: Meta-analysis
of serotype-specific proportion* of IPD isolates: A. Children and B. Adults; Table S6: Sensitivity
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analysis restricted to studies without moderate or serious risk of bias: Subset meta-analysis of
serotype-specific proportion* of IPD isolates: A. Children B. Adults; Table S7. Incidence rate of
PCV20nonPCV13 serotypes (per 100,000 person-years if not stated otherwise); Table S8: Proportion
(%) of PCV20nonPCV13 serotypes non-susceptible to penicillin or a macrolide or that were multi-drug
resistant (MDR).
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