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SUMMARY

Objectives: Dynamic trends of invasive pneumococcal disease (IPD) including the evolution of prevalent
serotypes are very useful to evaluate the impact of current and future pneumococcal conjugate vaccines
(PCVs) and the rise of non-vaccine serotypes. In this study, we include epidemiological patterns of S.
pneumoniae before and after COVID-19 pandemic.
Methods: We characterized all national IPD isolates from children and adults received at the Spanish
Pneumococcal Reference Laboratory during 2019-2023.
Results: In the first pandemic year 2020, we found a general reduction in IPD cases across all age groups,
followed by a partial resurgence in children in 2021 but not in adults. By 2022, IPD cases in children had
returned to pre-pandemic levels, and partially in adults. In 2023, IPD rates surpassed those of the last pre-
pandemic year. Notably, the emergence of serotype 3 is of significant concern, becoming the leading cause
of IPD in both pediatric and adult populations over the last two years (2022-2023). Increase of serotype 4 in
young adults occurred in the last epidemiological years.
Conclusions: The COVID-19 pandemic led to a temporary decline in all IPD cases during 2020 attributable to
non-pharmaceutical interventions followed by a subsequent rise. Employing PCVs with broader coverage
and/or enhanced immunogenicity may be critical to mitigate the marked increase of IPD.

© 2024 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Prevention of invasive pneumococcal disease (IPD) in children
and adults is one of the leading priorities worldwide as it is asso-
ciated with high morbidity and mortality rates worldwide."” Im-
plementation of pneumococcal conjugate vaccines (PCVs) are cost-
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IPD and reduce the impact of antibiotic resistance.’>"® In Spain,
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Fig. 1. Corrected annual incidence of IPD in Spain in pediatric and adult populations including pre-COVID-19 and COVID-19 periods (2019-2023). Data show IPD cases and
incidence rates for <2 years (A) 2-4 years (B) 0-17 years (C) 18-64 years (D) 265 years (E) and all adults >18 years (F). PCV13 represents the IPD cases by serotypes included in the
13-valent conjugate vaccine (pink line with dots). NON-PCV13 represents the IPD cases by serotypes that are not included in the 13-valent conjugate vaccine (blue dotted line with
squares). Total represents all the IPD cases in the correspondent age group (purple line with triangles). Add-PPV23 (2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20, 22F, and 33F) represent the
IPD cases by additional serotypes included in PPV23 but not in PCV13 (purple dotted line with diamonds). NON-VAC represents all the IPD cases by serotypes that are not included

in PCV13 and PPV23 (green line with triangles).

pediatric vaccine program (2+1 schedule), although it had been used
in the private market with high coverage rates since 2010 ranging
from 67-82%.” Vaccination coverage in children with PCV13 during
the pre-pandemic/pandemic periods achieved >95-97% (https://
pestadistico.inteligenciadegestion.sanidad.gob.es/publicoSNS/I/
sivamin/informe-de-evolucion-de-coberturas-de-vacunacion-por-
vacuna). In immunocompetent adults aged >65 years old, the use of
PPV23 was the general recommendation by the Spanish Ministry of
Health since 2004 although several regions started using PCV13 for
adults since 2016. In the last months of 2023, certain Spanish regions
have recommended the use of PCV20 for immunocompetent adults.
Vaccination coverage in adults aged >65 years old was much lower

compared to children: 23.2%-29% with PCV13 and 18%-26.5% with
PPV23 (data supplied from Spanish Ministry of Health).

In Spain, the use of PCVs during the pre-pandemic period has
demonstrated a marked reduction of IPD by vaccine serotypes, in-
cluding those associated with antimicrobial resistance.®” The rise of
non-PCV13 serotypes in the last years before the COVID-19 pan-
demic, affecting in great extent to the adult population was worri-
some. The implementation of vaccines with higher serotype
coverage in routine immunization schedules could counteract the
possible emergence of non-PCV13 serotypes.”'®

The COVID-19 pandemic in 2020 and the introduction of non-
pharmaceutical interventions (NPIs) such as facial masks, social
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Fig. 2. Dynamics showing the resurgence of IPD comparing the period 2019-2023. Data show IPD cases by PCV13 serotypes (orange), non-PCV13 serotypes (blue) in children <5
years old including the three most prevalent serotypes of each year (A). Data show IPD cases by PCV13 serotypes (orange), additional serotypes covered by PPV23 (green), and
non-vaccine serotypes (blue) in adults aged >65 years old including the three most prevalent serotypes of each year (B).

Results
Evolution of IPD in pediatric and adult population

During the first pandemic year 2020, there was a marked re-
duction of IPD cases in the age group < 2 years old (IRR, 0.58; 95% CI,
0.46-0.73) followed by a partial rise in the second year (2021)
(Fig. 1A-C and Table 1). However, in 2022/2023 coinciding with the
end of NPIs, we observed a full resurgence to pre-pandemic levels in
2019 (IRR, 1.17; 95% CI, 0.96-1.44); Fig. 1A-C and Table 1). A similar
epidemiological pattern was confirmed in other pediatric age groups
analyzed (Fig. 1B,C and Table 1). Data from 2023 confirmed the
complete resurgence of IPD cases to pre-pandemic levels (Fig. 1A-C).

During the first two pandemic years (2020/2021), there was a
substantial reduction of IPD cases affecting all serotypes (IRR, 0.38;
95% CI, 0.35-0.41 for the age group >65 years old and IRR, 0.42; 95%
Cl, 0.38-0.45 for adults aged 18-64 years old, Fig. 1D-F and Table 1).
In 2022, we observed a partial increase in IPD incidences, although
at lower levels than the last pre-pandemic year 2019, whereas in
2023, the resurgence was complete (Fig. 1D-F and Table 1).

Impact of COVID-19 in the distribution of serotypes causing IPD in Spain

The appearance of the pandemic had a clear impact not only on the
burden of disease but also in the distribution of serotypes causing IPD
(Fig. 2). In children < 5 years, we observed a 48% reduction in 2020 (213
cases in 2019 vs 112 cases in 2020) mainly attributable to the im-
plementation of NPIs followed by an increase in IPD cases in the fol-
lowing years (123 cases in 2021, 213 in 2022 and 273 cases in 2023)
obtaining even higher levels with the last pre-pandemic year. The
distribution of serotypes was variable between the different years ex-
cept serotype 24F, whose presence was constant among the three most
prevalent serotypes during the five years evaluated (Fig. 2A). Other
prevalent serotypes among the 10 most frequent during the period
2020-2023 were serotypes 3, 8, 10A, and 15B (Supplementary Table 1).
In 2023, we observed an important increase of serotype 3 (21 cases in
2019 vs 47 cases in 2023) and serotype 24F (28 cases in 2019 vs 44
cases in 2023). A large proportion of IPD cases by serotype 3 in children
<2 years (70%) were in children <2 months (30%; age before starting
vaccination schedule) or in children aged 2-10 months (40%; with just
1 or 2 doses following vaccination schedule).
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Table 2

The most prevalent serotypes to cause invasive pneumococcal disease in the pediatric and adult populations by age group during 2023 in Spain.
<2 2-4 5-17 18-64 65-79 >80
Serotype Case count (%) serotype Case count (%) serotype Case count (%) serotype Case count (%) serotype Case count (%) serotype Case count (%)
24F 26 (15.29) 3 23 (22.33) 8 25 (25.51) 8 402 (31.04) 3 196 (21.59) 3 129 (20.91)
3 24 (14.12) 24F 18 (17.48) 3 18 (18.37) 3 208 (16.06) 8 145 (15.97) 8 85 (13.78)
8 13 (7.65) 22F 9 (8.74) 22F 6(6.12) 4 81 (6.25) 22F 73 (8.04) 22F 30 (4.86)
15B 12 (7.06) 19A 8(7.77) 24F 5(5.10) 22F 63 (4.86) 6C 38 (4.19) 9N 24 (3.89)
22F 11 (6.47) 15A 6 (5.83) 19A 5 (5.10) 9N 48 (3.71) 19A 33(3.63) 19A 24 (3.89)
10A 11 (6.47) 23B 5(4.85) 19F 4 (4.08) 12F 43 (3.32) 9N 30 (3.30) 11A 24 (3.89)
38 9(5.29) 8 4(3.88) 23A 4 (4.08) 10A 42 (3.24) 11A 28 (3.08) 23A 23 (3.73)
33F 8(4.71) 19F 3(2.91) 6C 3 (3.06) 19A 41 (3.17) 15A 28 (3.08) 15A 23 (3.73)
16F 6(3.53) 9N 3(2.91) 10A 3 (3.06) 19F 32 (2.47) 31 26 (2.86) 31 23 (3.73)
19A 6(3.53) 15B 3(2.91) 1 2 (2.04) 1A 30 (2.32) 38 26 (2.86) 6C 22 (3.57)
19F 5(2.94) 23A 3(291) 23B 2(2.04) 23B 29 (2.24) 24F 26 (2.86) 24F 17 (2.76)
15A 5(2.94) 38 2(1.94) 38 2(2.04) 15A 24 (1.85) 10A 24 (2.64) 33F 15 (2.43)
11A 4(2.35) 1 2(1.94) 11A 2 (2.04) 24F 21 (1.62) 23A 21 (2.31) 10A 14 (2.27)
15C 4 (2.35) 6C 2 (1.94) 12F 2 (2.04) 23A 20 (1.54) 23B 21 (2.31) 15B 14 (2.27)
35B 3(1.76) 33F 2(1.94) 9N 2 (2.04) 6C 19 (1.47) 15B 20 (2.20) 19F 13 (2.11)
4 3(1.76) 35F 2 (1.94) 4 1(1.02) 33F 19 (1.47) 33F 19 (2.09) 35F 12 (1.94)
35F 2 (1.18) 11A 2 (1.94) 14 1(1.02) 35B 16 (1.24) 16F 16 (1.76) 38 11 (1.78)
12F 2(118) 10A 2(1.94) 7C 1(1.02) 15B 16 (1.24) 4 15 (1.65) 16F 11 (1.78)
7B 2(118) 9V 1(0.97) 15B 1(1.02) 31 15 (1.16) 35F 15 (1.65) 35B 10 (1.62)
31 2(118) 16F 1(0.97) 18C 1(1.02) 20 13 (1.00) 19F 15 (1.65) 12F 10 (1.62)
Other 12 (7.06) Other 2(1.94) Other 8(8.16) Other 113 (8.73) Other 93 (10.24) Other 83 (13.45)
Total 170 Total 103 Total 98 Total 1295 Total 908 Total 617

In adults aged 265 years old, we also found a dramatic reduction
of 53% IPD cases in 2020 (1477 cases in 2019 vs 694 cases in 2020),
followed by a lesser reduction of 34% in 2021 (458 cases) and a rise
in 2022 (905 cases) and 2023 (1525) achieving pre-pandemic levels
(Fig. 2B). The distribution of three most frequent serotypes was very
similar in the evaluated period. During 2019-2023, serotypes 8 and 3
accounted for more than 30% of all IPD cases in adults. Serotype 8
was the most prevalent serotype during 2019-2021, but in 2022 and
2023, serotype 3 became the most common serotype causing IPD in
adults aged >65 years old (Fig. 2B), which is consistent with the
increase of serotype 3 in pediatric population in 2023 as the most
frequent serotype (Fig. 2). Overall, our results show that COVID-19
pandemic had a clear impact on the burden of disease during the
first two years reducing the global incidence of IPD with a modest
impact in the serotype distribution as the most frequent serotypes
remained constant.

To characterize the most current epidemiology of circulating
serotypes causing IPD in different age groups, we evaluated in detail
the year 2023 (Table 2). In children < 2 years old, serotypes 24F, 3, 8,
15B and 22F accounted for up to 51% of all IPD cases, whereas in
children aged 2-4 years old, serotypes 3, 24F, 22F, 19A, and 15A were
responsible for up to 62% of all cases (Table 2). It is also notable that
most cases of serotype 8 in pediatric population are in older children
(5-17 years old group) (Table 2). In young adults (18-64 years old
group), just only two serotypes such as 8 and 3 were responsible for
up to 47% of IPD cases and accounted for 38% and 35% of cases in
adults aged 265 and >80 years old respectively (Table 2). Ad-
ditionally, the relevance of serotype 4 in younger adults (18-64 years
old) is worrisome because it is a vaccine-preventable serotype not
present in children and older adults, and it is the third cause of IPD
in young adults with 81 cases in 2023 vs 29 cases in 2019 (Table 2).

Contribution of different pneumococcal vaccines to prevent the burden
of disease by circulating serotypes

In children, PCV15 would potentially avoid between 5-11% more
IPD cases in comparison to PCV13. However, the use of PCV20 would
prevent between 30-38% more IPD cases than PCV13 and PCV24
vaccine would protect at a similar level than PCV20 with 1-3% more
cases than PCV20 (Fig. 3A). In adults >65 years old, with the last
epidemiological year 2023, the use of PCV15 would increase the

coverage up to 9% compared to PCV13 whereas the use of PCV20 or
PPV23 would prevent up to 34% or 39% respectively in comparison to
PCV13 (Fig. 3B). The use of future PCVs of broader spectrum would
prevent up to 49% more cases for PCV21 and 39% for PCV24 when
PCV13 was compared (Fig. 3B).

Discussion

Epidemiological surveillance of IPD is essential to evaluate the
evolution of both vaccine and non-vaccine serotypes, thereby con-
firming the effectiveness of vaccination programs in the burden of
disease. The detection of emerging serotypes not targeted by current
vaccines is also another crucial aspect of surveillance programs that
may guide the selection of serotypes for future vaccine formulations.
Our study presents dynamic trends in IPD affecting various age
groups in Spain from 2019-2023 covering the impact of COVID-19
pandemic. Previous studies worldwide have confirmed that the use
of PCV13 in the pre-pandemic period was highly effective in pre-
venting IPD in children, although there was some serotype re-
placement mainly by non-PCV13 serotypes, such as 24F and 8.2~ %

The COVID-19 pandemic significantly reduced the burden of IPD
across all age groups, particularly during 2020 and 2021, largely
caused by the implementation of NPIs that contributed to a reduced
transmission scenario. This pattern has been observed globally and
extends to other invasive respiratory pathogens like Neisseria me-
ningitidis and Haemophilus influenzae but not to non-respiratory
bacterial species such as Streptococcus agalactiae.'"'>'® Qur data in-
dicate that the resurgence of IPD cases started in 2021 for children
and in 2022 for adults coinciding with the easing of pandemic re-
strictions, which is consistent with the situation in other coun-
tries.”'w']S

Regarding serotype distribution, during the COVID-19, the overall
IPD decreased without significant changes in serotype dynamics
during 2020-2021 in comparison to 2019. In children, serotype 24F
was the leading cause of IPD until 2021 but dropped to second place
in 2022 and 2023. The high prevalence of this serotype in the pe-
diatric population is concerning because it is not covered by any of
the licensed vaccines for the pediatric age group and it is associated
with multidrug resistance and a high potential virulence including a
special tropism for producing meningitis.®'*'*° However, in 2022
and 2023, we have observed an important rise of serotype 3 in
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children. This is surprising because this serotype is covered by
PCV13, which is included in the Spanish national immunization
schedule since 2016. Hence, the previously suggested weaker pro-
tection of PCV13 against this serotype and the short-lived trends in
immunogenicity could explain its rise.”’

In adults aged 65 years and older, serotypes 8 and 3 were the
most prevalent between 2019 and 2021, accounting for more than
30% of all IPD cases. However, in 2022 and 2023, serotype 3 became
the dominant serotype in adults aged 65 and above, as well as those
80 and older. A similar increase in serotype 3 has been recently
published in the UK.'® The lack of indirect protection from pediatric
vaccination and the low immunogenicity with PCV13 and PPV23
against serotype 3 may explain its increased incidence in recent
years.””! The emergence of IPD cases by serotype 3 may be attri-
butable to the global expansion of a particular lineage termed Clade
Il within CC180 serotype 3 population. This lineage differs from pre-
vaccine pneumococcal strains in its non-capsular antigens, compe-
tence genes and even in the antibiotic susceptibility phenotype.””
Another serotype showing an increasing trend in young adults (aged
18-64) is serotype 4. This is intriguing because this serotype is
scarce in pediatric population, while in young adults was the third
cause of IPD in 2023 and 2022 (81 and 35 cases, respectively)
compared to 2019 when it was in 9th place (29 cases). A similar
upsurge of serotype 4 has been noted in the U.S. among patients
experiencing homelessness and drug abuse although in our study,
the affected individuals did not suffer substantial health dis-
parities.”*~*°

Clinical interventions involving antibiotic use during 2020 to
prevent severe disease mediated by bacterial co-infections with
SARS-CoV-2, have favored the emergence of multidrug resistance
pneumococcal strains.® In this sense, the increased resistance to
penicillin for non-vaccine serotype 11A during the COVID-19 pan-
demic is worrisome as it is the leading cause of multidrug-resistant
IPD.?° In Spain and other European countries, this multidrug re-
sistance phenotype in serotype 11A pneumococci was associated
with the spread of a vaccine scape through recombination of the
worldwide disseminated PMEN3 clone (CC156-GPSC6), which in-
vasive disease potential has been demonstrated.”’

Prevention of IPD caused by vaccine serotypes requires a complex
and multifactorial strategy. There are studies evaluating the use of
1+1 schedule showing comparable results to the 3+1 schedule,
especially in regions with mature vaccination programs using PCVs
or in combination with active catch-up campaigns.'®*-3° The long-
term use of available pneumococcal vaccines to elicit direct protec-
tion in vaccinated groups and the contribution of herd protection to
non-vaccinated individuals is crucial. Achieving high vaccination
coverage rates, especially among adults, is probably one of the most
critical aspects. In this sense, new PCVs (PCV15 and PCV20) have
been recently introduced in different pediatric and adult vaccination
programs worldwide, and novel PCVs with broader spectrum (PCV21
and PCV24) are in different clinical trials, showing high im-
munogenic titers so far.>"*> However, it is important to evaluate not
only the number of additional serotypes that could be prevented
with these new PCVs but also specific features of these vaccines
should be considered. For instance, immunogenicity against ser-
otype 3 is higher in PCV15 than in PCV13.%'° Vaccines with higher
coverage such as PCV20 could prevent a higher proportion of IPD
strains than PCV13 and PCV15 including up to 92% of non-suscep-
tible strains to cefotaxime.® In our study, the vaccine with the
highest coverage rate was PCV21, which has been developed speci-
fically to prevent adult IPD and, thus, contains a different serotype
distribution compared to other PCVs.*' Additionally, PCV24 has the
potential to induce direct protection by eliciting an immunogenic
response against the corresponding CPS but also to the pneumo-
coccal proteins that are present in many pneumococcal serotypes.>?
This is noteworthy because the use of pneumococcal conserved

Journal of Infection 89 (2024) 106204

proteins as vaccine antigens could induce opsonophagocytic titers
against numerous serotypes, and prevention of pneumonia and
sepsis has been shown in preclinical studies.**>°

In summary, our study underscores the importance of con-
tinuous epidemiological surveillance of IPD, particularly in the
context of evolving vaccination programs and public health crises
like the COVID-19 pandemic. Our findings suggest that while ex-
isting vaccines have been effective in reducing IPD, the emergence of
non-vaccine serotypes and multidrug-resistant strains warrants
ongoing vigilance. The study also highlights the potential of newer
vaccines with broader coverage, although their efficacy needs to be
further validated. These insights are crucial for informing future
vaccine policies and strategies for both children and adults.
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