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ABSTRACT
Objective: This study presents the epidemiological situation of invasive pneumococcal disease (IPD) in the Czech Republic be-
tween 2007 and 2024.
Methods: The source of data for the study was the nationwide IPD surveillance programme, which started in 2008, 2007 being the 
pilot year of the programme. Surveillance data on the IPD were obtained by combining data from the National Reference Labo-
ratory for Streptococcal Infections (NRL) and data from EpiDat and the Infectious Disease Information System (ISIN), respectively, 
always excluding duplicate records.
Results: Between 2007 and 2024, the total of 7,144 cases of IPD were recorded in the Czech Republic, with a total incidence of 
3.7/100,000 population, varying in the individual years between 2.3 and 5.6/100,000. The age-specific average annual incidence 
over the entire period was at the following levels: children under one year – 6.1/100,000, children 1–4 years – 3.9/100,000, adults 
40–64 years – 3.7/100,000, adults 65 years and older – 9.6/100,000. For the period 2007 to 2024, serotypes 3, 19A, and 8 were the 
most common serotypes detected in IPDs. In the 0–4 years age group, serotypes 3, 19A, and 14 were the most common serotypes; 
in adult aged 65 years and older, serotypes 3, 19A, and 22F were the most common serotypes. Over the years, there was a decline 
of serotypes included in pneumococcal conjugate vaccines (PCVs), with the exception of serotypes 3 and 19A, and an increase 
of serotypes not included in pneumococcal vaccines. Following the introduction of vaccination against pneumococcal diseases 
in the Czech Republic, the occurrence of serotype 4 initially declined; however, in recent years, its occurrence has increased. The 
percentage coverage of serotypes causing IPD with currently recommended pneumococcal vaccines in 2024 was as follows: PCV13 
– 42.8%, PCV15 – 48.5%, PCV20 – 60.7%, PCV21 – 62.8%, PPV23 – 66.9%. The percentage coverage of serotypes in the Czech Re-
public by current vaccines is comparable to that in other countries; however, in the case of potential new vaccines, it is lower than 
reported in other countries.
Conclusion: Between 2007 and 2024, there was a decrease in IPD morbidity in the paediatric population and an increase in 
IPD morbidity in adults aged 65 years and older. The data presented may serve as a basis for updating recommendations for 
vaccination against pneumococcal diseases by the Czech Vaccination Society. Given the serotype coverage of the individual 
vaccines, we recommend the use of higher-valent conjugate vaccines PCV15 or PCV20 in children, rather than PCV13. The de-
velopment of pneumococcal vaccines is based on data from IPD surveillance programmes in countries other than the Czech 
Republic; therefore, the serotype composition of these vaccines may not fully correspond to the serotypes circulating in the 
Czech Republic. The development of new pneumococcal vaccines is ongoing. It is essential to continue detailed surveillance of IPD 
in order to update and optimize vaccination strategy against pneumococcal diseases in the Czech Republic.
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Cíl: Tato studie představuje epidemiologickou situaci ve výskytu invazivního pneumokokového onemocnění (IPO) v České repub-
lice v letech 2007 až 2024.
Metody: Zdrojem dat pro studii byl celostátní program surveillance IPO, který byl zahájen v roce 2008, přičemž rok 2007 byl jeho 
pilotním rokem. Data byla získána kombinací dat Národní referenční laboratoře pro streptokokové nákazy (NRL) a EpiDat a Infor-
mačního systému infekčních nemocí (ISIN), vždy s vyloučením duplicitních záznamů.
Výsledky: V letech 2007 až 2024 bylo v České republice zaznamenáno celkem 7 144 případů IPO s celkovou nemocností 3,7/100 000 
obyvatel, která se v jednotlivých letech pohybovala mezi 2,3 a 5,6/100 000. Průměrná roční věkově specifická nemocnost za celé 
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období dosahovala u  dětí do jednoho roku 6,1/100  000, u  dětí ve věku 1–4 roky 3,9/100  000, u  dospělých ve věku 40–64 let 
3,7/100 000 a ve věkové kategorii 65 let a více 9,6/100 000. V období 2007–2024 byly nejčastěji detekovány sérotypy 3, 19A a 8. Ve 
věkové skupině 0–4 roky to byly sérotypy 3, 19A a 14 a u dospělých ve věku 65 let a více převažovaly sérotypy 3, 19A a 22F. Během 
let došlo k  poklesu výskytu sérotypů obsažených v  pneumokokových konjugovaných vakcínách (PCV), s  výjimkou sérotypů 3 
a 19A, a naopak k nárůstu výskytu sérotypů, které nejsou pneumokokovými vakcínami pokryty. Po zavedení očkování proti pneu-
mokokovým onemocněním v České republice výskyt sérotypu 4 zpočátku klesal, v posledních letech však vzrostl. Procentuální po-
krytí sérotypů způsobujících IPO v současnosti doporučovanými pneumokokovými vakcínami činilo v roce 2024 u PCV13 42,8 %, 
u PCV15 48,5 %, u PCV20 60,7 %, u PCV21 62,8 % a u PCV23 66,9 %. Procento pokrytí sérotypů současnými vakcínami v České 
republice je srovnatelné s ostatními zeměmi, avšak v případě potenciálních nových vakcín je nižší než v ostatních zemích. 
Závěr: V letech 2007 až 2024 došlo k poklesu nemocnosti IPO u dětí, a naopak k jejímu nárůstu u dospělých ve věku 65 a více 
let. Prezentované údaje mohou sloužit jako podklad pro aktualizaci doporučení České vakcinologické společnosti pro očková-
ní proti pneumokokovým onemocněním. Vzhledem k sérotypovému pokrytí jednotlivých vakcín doporučujeme u dětí víceva-
lentní konjugované vakcíny PCV15 nebo PCV20 spíše než PCV13. Při vývoji pneumokokových vakcín se vychází z dat programů 
surveillance IPO ze zemí mimo Českou republiku, a proto jejich sérotypové složení nemusí plně odpovídat sérotypům cirkulu-
jícím v České republice. Jsou vyvíjeny stále nové pneumokokové vakcíny. Je třeba nadále pokračovat v podrobné surveillance 
IPO nezbytné pro aktualizaci a optimalizaci strategie očkování proti pneumokokovým onemocněním v České republice.

KLÍČOVÁ SLOVA
Streptococcus pneumoniae – invazivní pneumokokové onemocnění – sérotypizace – očkování

Epidemiol Mikrobiol Imunol, 2026; 75(1): 24–37
https//doi.org/10.61568/emi/11-6659/20260202/142617

INTRODUCTION

Streptococcus pneumoniae (pneumococcus) is 
a Gram-positive, catalase-negative, facultative anaero-
bic bacterium. Commonly found in the upper respira-
tory tract of healthy individuals, it is detected in 30 to 
70% of young children and up to 5% of adults, more 
commonly in adults living in households with young 
children [1]. S. pneumoniae can cause a wide range of 
diseases from upper respiratory tract infections such as 
rhinosinusitis, pharyngitis, otitis media, to uncompli-
cated pneumonia, to pneumonia with a severe course, 
with destruction of lung tissue, pyothorax and sepsis, 
septic arthritis, sepsis and meningitis. Severe infections 
caused by S. pneumoniae are globally referred to as in-
vasive pneumococcal disease (IPD).

Young children, older adults, and all age groups 
of the population with immunocompromising con-
ditions are most at risk for a  severe course of pneu-
mococcal disease. Vaccination with pneumococcal 
vaccines is recommended for the above population 
groups. Currently, the following pneumococcal con-
jugate vaccines (PCVs) are available in the Czech Re-
public: 13- valent PCV13 contains serotypes 1, 4, 5, 6B, 
7F, 9V, 14, 18C, 19F, 23F, 3, 6A, 19A; 15- valent PCV15 
contains serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F, 3, 
6A, 19A, 22F, 33F; 20-valent PCV20 contains serotypes 
1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F, 3, 6A, 19A, 22F, 33F, 
8, 10A, 11A, 12F, 15B. In addition, a 23-valent pneumo-
coccal polysaccharide vaccine 23 (PPV23) is available 
containing serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 
11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, 33F. 

All of the above conjugated vaccines are currently 
approved for use in the paediatric population in the 
Czech Republic [2]. In the adult population, the recom-
mended vaccine is PCV15 in combination with PPV23 
or PCV20 alone [3].

The development of new pneumococcal vaccines is 
ongoing. A 21-valent PCV21 vaccine was approved in 
the USA in June 2024 for the adult population and con-
tains serotypes 3, 6A, 7F, 8, 9N, 10A, 11A, 12F, 15A, 15C, 
16F, 17F, 19A, 20A, 22F, 23A, 23B, 24F, 31, 33F, 35B [4].

Two 24-valent PCV24 vaccines containing serotypes 
1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 
17F, 18C, 19A, 19F, 20B, 22F, 23F, 33F are under deve
lopment [5, 6]. A  25-valent PCV25 vaccine containing 
serotypes 1, 2, 3, 4, 5, 6B, 6C, 7F, 8, 9N, 9V, 10A, 12F, 14, 
15A, 15B, 16F, 18C, 19A, 19F, 22F, 23F, 24F, 33F, 35B, and 
31-valent PCV31 vaccine containing serotypes 1, 2, 3, 4, 
5, 6A, 6B, 7C, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15A, 15B, 
16F, 17F, 18C, 19A, 19F, 20B, 22F, 23A, 23B, 23F, 31, 33F, 
35B are in the second stages of testing [7, 8, 9].

In the Czech Republic, vaccination against pneumo-
coccal diseases was initiated with the PPV23 vaccine, 
which was recommended for patients with immuno-
compromising conditions and for the elderly aged 65 
years and older; the vaccine was not covered by health 
insurance. The 7-valent PCV7 vaccine containing se-
rotypes 4, 6B, 9V, 14, 18C, 19F, 23F was registered and 
used in the Czech Republic from 2005 and was intend-
ed for children under 2 years of age and was not cove
red by public health insurance [10]. In 2010, vaccination 
with PCV10 and PCV13 vaccines was introduced in the 
Czech Republic for children aged 2 months to 5 years, 
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of which PCV10 was fully covered by public health 
insurance and PCV13 was covered up to the price of 
PCV10. From 2016, reimbursed vaccination with PCV13 
was introduced for patients with specified diagnoses 
and from 2017 for the elderly age group aged 65 years 
and older. In 2022, PCV15 and PCV20 vaccines were 
recommended for seniors aged 65 years and older and 
for patients with immunocompromising conditions, 
and PCV15 for children aged 2 months and older. In 
April 2024, PCV20 was also approved for use in children 
2 months of age and older. Detailed information on 
the vaccination schedules for each population group is 
available on the website of the Czech Vaccination So-
ciety [11]. Vaccination against pneumococcal diseases 
is not compulsory in the Czech Republic but is recom-
mended. The proportion of children born in 2022 vacci-
nated with at least one dose of PCV was 76.4%, and the 
proportion of seniors over 65 years of age vaccinated 
against pneumococcal diseases with any vaccine was 
22.5% at the end of 2023 [12].

Along with the introduction of PCV in the Czech Re-
public, a  study was conducted to monitor the occur-
rence of IPD between 1997 and 2006 and to analyse 
the coverage of the serotypes with the vaccines used 
at that time [13]. The year 2007 was a pilot year of the 
nationwide IPD surveillance programme in the Czech 
Republic. The year 2008 was the first year when the 
IPD surveillance programme was conducted according 
to the Methodological Guideline for IPD Surveillance 
(Methodological Guideline – Invasive Pneumococcal 
Disease Epidemiological Vigilance System) [14]. The IPD 
surveillance programme was anchored in the Czech 
legislation, sending samples of S. pneumoniae isolated 
from primary sterile material to the National Reference 
Laboratory for Streptococcal Infections (NRL) became 
mandatory for bacteriological laboratories, as well as 
the obligation for regional public health authorities to 
record IPD in the EpiDat database, which operated un-
til 2017. Since 2018, cases have been recorded in the 
database of the Infectious Disease Information System 
(ISIN). IPD surveillance data are obtained by merging 
data from the NRL database and the EpiDat/ISIN da-
tabase, always excluding duplicate records. IPD cases 
that are recorded only in the NRL database are report-
ed back to the ISIN database. The IPD surveillance data-
base includes cases that meet both the European and 
Czech case definitions of IPD. This definition was set 
out in the Methodological Guideline on Surveillance 
IPD and in Decree No. 275/2010 Coll., Annex 21, which 
was replaced by Decree No. 389/2023, Annex 21 as of 1 
January 2024 [14, 15, 16].

At the NRL, all isolates received are checked for cor-
rect identification of S. pneumoniae and serotyped. Un-
til 2012, serotyping was performed using the Quellung 
(Neufeld) reaction, since 2013, serotyping is performed 
using a combination of the polymerase chain reaction 
(PCR) with the Quellung reaction [17].

MATERIAL AND METHODS 

IPD case definition
A case of IPD is defined as a severe disease with labo

ratory confirmed presence of S. pneumoniae in a clini-
cal specimen obtained from a normally sterile site. This 
definition is given by Decree No 389/2023, Annex 21 
and the IPD Surveillance Methodological Guide and is 
identical to the European IPD definition [14, 15, 16].

Data sources
Epidemiological data for the study were obtained 

from the nationwide IPD surveillance programme. Only 
completely closed datasets from the years 2007–2024 
were included in the study. Isolates from IPD are sent 
to the NRL by microbiological laboratories in the Czech 
Republic.

ISIN and EpiDat records of IPD cases and S. pneumo-
niae isolates were obtained in accordance with Czech 
legislation. Ethics committee approval was not re-
quired as no personal data were included in the study.

Identification and serotyping in the NRL
All S. pneumoniae isolates received at the NRL were 

checked for correct identification by optochin suscep-
tibility testing and solubility testing in 10% sodium de-
oxycholate solution (bile solubility test). Since 2013, all 
S. pneumoniae isolates received at the NRL have been 
tested for the presence of the cpsA gene as an addi-
tional method of verification of identification. In case 
of unclear results, other identification methods such 
as latex agglutination, reaction with pneumococcal 
OMNI serum, biochemical identification, microscopy, 
catalase test or molecular methods (PCR, MLST) were 
used. Serotyping of S. pneumoniae was performed until 
2012 using the Quellung reaction. In 2013, a serotyp-
ing method combining end-point multiplex PCR and 
Quellung reaction was introduced [17]. In 2014, the 
real-time PCR method was used for identification and 
typing from clinical specimens [18].

PCR reactions include multiple primers for a  single 
serotype, serogroup, or combinations of serotypes 
and serogroups. The Quellung reaction then enables 
the identification of the serotype from pure cultures 
of isolates. It is not possible to perform the Quellung 
reaction on clinical specimens. The Quellung reaction 
can be observed under a  phase-contrast microscope 
and requires experienced personnel to perform the 
test. The Quellung reaction cannot reliably distin-
guish between some serotypes (e.g 20A,20B, and 20C); 
whole-genome sequencing (WGS), which is not part of 
routine testing in the NRL, is appropriate method for 
accurate differentiation. Serotypes 20A, 20B, and 20C 
are included in the analyses as serogroup 20. The de-
termination of serotypes 15B and 15C is performed at 
the NRL using the Quellung reaction, although WGS is 
a more reliable technique.
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S. pneumoniae isolates with undetermined serotypes 
occured when the IPD case was recorded in the EpiDat/
ISIN database but the S. pneumoniae isolate was either 
not delivered to the NRL for serotyping or could not 
be successfully re-cultivated after delivery. These situ-
ations occurred randomly, without any selection bias.

Serotype coverage of pneumococcal vaccines
By comparing the occurrence of each serotype that 

caused IPD with the serotypes contained in previous, 
current and possible future vaccines PCV7, PCV10, 
PCV13, PCV15, PCV20, PCV21, PPV23, PCV24, PCV25 
and PCV31, the percentage coverage of serotypes by 
each pneumococcal vaccine was determined. The pro-
portion of each serotype was determined relative to 
the total number of IPD cases in each year. In PCV21, 
serotype 20A is counted as serotype 20.

The data were processed using statistical software 
Stata, release 17 (StataCorp LLC, College Station, TX, 
U.S.A.).

RESULTS

Epidemiological situation of IPD
Between 2007 and 2024, a total of 7,144 cases of IPD 

were recorded, with a  total incidence of 3.7/100,000 
population, ranging between 2.3 and 5.6 cases per 
100,000 across individual years. The lowest number 
of IPD was in 2020, when 247 IPD cases were record-

ed, and the incidence was at 2.3/100,000. The highest 
number of IPD was in 2024 when 608 IPD cases were 
recorded and the incidence was 5.6/100,000 – Table 1, 
Figure 1.

Age-specific average annual incidence was highest 
in the 65 years and older age group, with 9.6/100,000; 
the lowest was recorded in 2020 at 5.6/100,000 (119 
IPD cases), and the highest in 2024 at 14.2/100,000 
(310 IPD cases). For the age group of children under 1 
year, the average incidence was 6.1/100,000, the low-
est was recorded in 2016 and 2021 – 0.9/100,000 (1 IPD 
case), the highest in 2008 – 15.7/100,000 (18 IPD cas-
es). For children in the age group 1–4 years, the aver-
age age-specific incidence was 3.9/100,000, the lowest 
was recorded in 2020 – 1.8/100,000 (8 IPD cases), the 
highest in 2007 – 8.0/100,000 (32 IPD cases) – Table 1, 
Figure 2.

The IPD incidence shows a  seasonal pattern, coin-
ciding with the circulation of respiratory viruses in the 
population. The highest IPD incidence was repeatedly 
recorded from January to April, followed by a gradual 
decline during the year, with the lowest incidence in 
August, followed by a gradual increase in the autumn – 
Figure 3. In 2020, the IPD season began in line with typi
cal seasonal pattern, but there was not the expected 
increase in IPD in the autumn. In 2021, there was a very 
low IPD incidence in the months of January to March, 
and then in the autumn of 2021, there was again an 
increase in IPD incidence, similar to the patterns ob-
served between 2007 and 2019.

Figure 1. Number of IPD cases, number of IPD-related deaths, IPD incidence, Czech Republic, 2007–2024, surveillance data
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Table 1. Number of IPD cases, IPD Incidence, number of IPD-related deaths, IPD Case fatality rate, Czech Republic, 2007–2024, 
surveillance data
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1–4 y 6 1 0 0 1 1 0 0 1 0 0 0 2 1 0 1 0 1 15
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0–11 m 7,7 11,1 50 14,3 33,3 0 0 28,6 20 0 0 10 27,3 0 0 25 0 0 15,0 (9.1–22.7)

1–4 y 18,8 4,4 0 0 0 7,7 0 0 6,3 0 0 0 10 12,5 0 5,9 0 7,7 4,8 (2.7–7.8)

5–9 y 0 7,1 0 8,3 0 0 0 0 0 0 20 0 0 0 0 12,5 12,5 0 3,6 (1.3–7.6)

10–14 y 0 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 11,1 0 2,6 (0.3–9.1)

15–19 y 0 12,5 0 0 0 0 0 25 0 0 50 0 0 0 0 0 0 0 5,4 (1.1–14.9)
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40–64 y 23 17,2 15,9 12,8 12,8 16,1 16,3 14,3 15,5 17,5 19,3 18 14,5 18,9 18,4 13,2 17 14,5 16,2 (14.7–17.7)

65+ y 33,3 26,3 21,4 18,6 21,2 27,3 22,2 19,5 21,3 24,5 18,9 20,3 21,3 17,6 22,8 22,5 24,5 18,6 21,9 (20.5–23.3)

Total 21,4 15,9 16,9 13,7 13,8 18,2 16,3 15,4 16 20,4 17,8 17,5 18 17 18,2 17,6 18,5 15,5 17,0 (16.2–17.9)

CFR – Case fatality rate
The average CFRs are supplemented with 95% confidence intervals (CI).
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Between 2007 and 2024, a  total of 1218 deaths re-
lated to IPD were recorded, with an average of 68 
deaths per year – Table 1, Figure 4. The fewest deaths 
related to IPD were recorded in 2020 – 42 deaths, the 
most occurred in 2023 – 108 deaths – Figure 1. In the 
age group of children under 5 years, an average of 2 

deaths per year was recorded, whereas in the age 
group of adults aged 65 years and older, an average of 
40 deaths per year was recorded. The total case fatality 
rate was 17.0% over the period, the lowest case fatality 
rate was in 2010 – 13.7%, the highest in 2007 – 21.4% 
– Table 1.

PŮVODNÍ PRÁCE

Figure 2. Age-specific IPD incidence, Czech Republic, 2007–2024, surveillance data

Figure 3. Seasonality of IPD incidence, Czech Republic 2007–2024, surveillance data
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Figure 4. Number of IPD-related deaths by age group, Czech Republic, 2007–2024, surveillance data

Figure 5. Percentage distribution of the twenty most common serotypes in 2007–2024, Czech Republic, surveillance data
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Serotypes causing IPD
Between 2007 and 2024, out of a  total of 7144 IPD 

cases, the serotype (serotype/serogroup) was deter-
mined in 6359 IPD cases (89%), while in the remaining 
IPD cases do not have serotype determined. A  total 
of 75 different serotypes and serogroups were identi-

fied over the period, and 6353 isolates were identified 
down to the serotype.

IPD were most frequently caused by serotype 3 
(16.7%), 19A (8.2%), 8 (5.8%) and 4 and 22F (both 4.6%) 
– Table 2, Figure 5. Serotypes 3 (10.0%), 19A (9.2%), and 
19F (7.5%) were the most common serotypes recorded 
in the age group of children under 1 year; serotypes 3 
(16.6%), 19A (11.2%), and 14 (8.6%) were the most 
common serotypes in children aged 1 to 4 years. In the 
age group 65 years and older, serotypes 3 (18.9%), 19A 
(8.6%), and 22F (5.8%) were predominant.

Between 2007 and 2024, of the 1218 IPD-related 
deaths, 1121 cases (92%) were serotyped, and 59 sero-
types and serogroups were identified, with up to 1119 
cases identified down to the serotype. For deaths re-
lated to IPD, serotype 3 (18.9%), 19A (9.1%), 9N (6.0%), 
and 22F (5.0%) were the most frequently identified 
serotypes – Table 3. In children aged 0 to 19 years, se-
rotypes 19A (15.9%), 23F (9.1%), and 14 (6.8%) were 
the most frequently detected serotypes in IPD-related 
deaths. In the age group 65 years and older, serotypes 3 
(20.8%), 19A (8.7%) and 9N (6.8%) were the predomi-
nant serotypes in IPD-related deaths.

PŮVODNÍ PRÁCE

Table 2. The most frequent serotypes causing IPD across age 
groups, Czech Republic, 2007–2024, surveillance data

IPD cases

Age 
group Serotype Number 

of cases
Proportion 

(%) 95% CI

0-65+ y

3 1190 16,7 (15.8–17.5)

19A 583 8,2 (7.5–8.8)

8 417 5,8 (5.3–6.4)

22F 330 4,6 (4.1–5.1)

4 328 4,6 (4.1–5.1)

9N 318 4,5 (4.0–5.0)

0-11 m

3 12 10,0 (5.3–16.8)

19A 11 9,2 (4.7–15.8)

19F 9 7,5 (3.5–13.8)

8 5 4,2 (1.4–9.5)

14 5 4,2 (1.4–9.5)

18C 5 4,2 (1.4–9.5)

1-4 y

3 52 16,6 (12.7–21.2)

19A 35 11,2 (7.9–15.2)

14 27 8,6 (5.8–12.3)

1 15 4,8 (2.7–7.8)

6B 12 3,8 (2.0–6.6)

5-19 y

1 55 18,2 (14.0–23.0)

3 24 7,9 (5.2–11.6)

19A 19 6,3 (3.8–9.7)

14 16 5,3 (3.1–8.5)

7F 15 5,0 (2.8–8.1)

20-64 y

3 465 15,0 (13.8–16.3)

19A 234 7,5 (6.6–8.5)

8 224 7,2 (6.3–8.2)

4 199 6,4 (5.6–7.3)

1 143 4,6 (3.9–5.4)

65+ y

3 626 18,9 (17.6–20.3)

19A 284 8,6 (7.7–9.6)

22F 192 5,8 (5.0–6.7)

8 178 5,4 (4.6–6.2)

9N 177 5,4 (4.6–6.2)

The proportions are supplemented with 95% confidence in-
terval.

Table 3. The most frequent serotypes causing IPD-related 
death across age groups, Czech Republic, 2007–2024, surveil-
lance data

IPD-related deaths

Age 
group Serotype Number 

of cases
Proportion 

(%) 95% CI

0-65+ y

3 230 18,9 (16.7–21.2)

19A 111 9,1 (7.6–10.9)

9N 73 6,0 (4.7–7.5)

22F 61 5,0 (3.9–6.4)

11A 47 3,9 (2.8–5.1)

0-19 y

19A 7 15,9 (6.6–30.1)

23F 4 9,1 (2.5–21.7)

14 3 6,8 (1.4–18.7)

20-64 y

3 78 17,3 (13.9–21.1)

19A 41 9,1 (6.6–12.1)

4 24 5,3 (3.4–7.8)

9N 23 5,1 (3.3–7.5)

22F 21 4,6 (2.9–7.0)

65+ y

3 150 20,8 (17.9–23.9)

19A 63 8,7 (6.8–11.0)

9N 49 6,8 (5.1–8.9)

22F 39 5,4 (3.9–7.3)

11A 32 4,4 (3.1–6.2)

The proportions are supplemented with 95% confidence in-
terval (CI).
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Table 4. The most frequent serotypes causing IPD by age group, ranked by case fatality rate, Czech Republic, 2007–2024, surveil-
lance data

Age 
group Serotype IPD

IPD-
related 
deaths

Case 
fatality 
rate (%)

95% CI Age 
group Serotype IPD

IPD-
related 
deaths

Case 
fatality 
rate (%)

95% CI

0-65+ y

11A 149 47 31,5 (24.2–39.7)

0-19 y

23F 21 4 19,0 (5.4–41.9)

6A 109 26 23,9 (16.2–33.0) 19A 65 7 10,8 (4.4–20.9)

12F 103 24 23,3 (15.5–32.7) 10A 21 2 9,5 (1.2–30.4)

9N 318 73 23,0 (18.4–28.0) 14 48 3 6,3 (1.3–17.2)

23F 138 29 21,0 (14.5–28.8) 4 16 1 6,3 (0.2–30.2)

15A 115 24 20,9 (13.9–29.4) 7F 22 1 4,5 (0.1–22.8)

3 1190 230 19,3 (17.1–21.7) 3 88 2 2,3 (0.3–8.0)

6C 203 39 19,2 (14.0–25.3) 1 71 0 0,0 (0.0–5.1)

19A 583 111 19,0 (15.9–22.5) 19F 20 0 0,0 (0.0–16.8)

22F 330 61 18,5 (14.4–23.1) 6B 18 0 0,0 (0.0–18.5)

19F 158 28 17,7 (12.1–24.6)

65+ y

11A 89 32 36,0 (26.1–46.8)

35F 98 17 17,3 (10.4–26.3) 9N 177 49 27,7 (21.2–34.9)

9V 127 22 17,3 (11.2–25.0) 3 626 150 24,0 (20.7–27.5)

10A 187 29 15,5 (10.6–21.5) 14 99 22 22,2 (14.5–31.7)

14 235 36 15,3 (11.0–20.6) 19A 284 63 22,2 (17.5–27.5)

23A 165 24 14,5 (9.5–20.9) 6C 136 28 20,6 (14.1–28.4)

4 328 43 13,1 (9.7–17.3) 22F 192 39 20,3 (14.9–26.7)

7F 192 24 12,5 (8.2–18.0) 4 109 18 16,5 (10.1–24.8)

8 417 37 8,9 (6.3–12.0) 10A 87 12 13,8 (7.3–22.9)

1 266 12 4,5 (2.4–7.7) 8 178 21 11,8 (7.5–17.5)

The case fatality rates are supplemented with 95% confidence interval (CI).

Figure 6. Percentage coverage of serotypes causing IPD by previous, current and potential future pneumococcal 
vaccines, all age groups, Czech Republic, 2007–2024
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Case fatality rate caused by serotypes 
of S. pneumoniae

Among the 20 most frequent serotypes that 
caused IPD in all age groups in the Czech Repub-
lic between 2007 and 2024, the serotypes with the 
highest case fatality rate were 11A (31,5%), 6A and 
12F – Table 4. Among the 10 most frequent sero-
types in children under 5 years and adults 65 years 
and older, the highest case fatality rates were ob-
served for serotypes 23F and 11A, respectively – 
Table 4.

Pneumococcal vaccine coverage
The percentage vaccine coverage of serotypes that 

caused IPD in selected age groups between 2007 and 
2024 in the Czech Republic was determined for vaccines 
PCV7, PCV10, PCV13, PCV15, PCV20, PCV21, PPV23, PCV24, 
PCV25 and PCV31 – Figure 6, 7, 8. In 2024, the percent-
age coverage of serotypes causing IPD overall, in the age 
groups of children under 5 years and in adults 65 years and 
older is shown in Table 5, in all age groups for current vac-
cines was the coverage as follows: PCV13 – 42.8%, PCV15 
– 48.5%, PCV20 – 60.7%, PCV21 – 62.8%, PPV23 – 66.9%.

PŮVODNÍ PRÁCE

Figure 7. Percentage coverage of serotypes causing IPD with previous, current and potential future pneu-
mococcal vaccines, age group children 0–4 years, Czech Republic, 2007–2024

Figure 8. Percentage coverage of serotypes causing IPD with previous, current and potential future pneu-
mococcal vaccines, age group adults 65 years and older, Czech Republic, 2007–2024
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Between 2007 and 2024, a substantial decline of se-
rotypes included in PCV7 and PCV10 was observed in 
all age groups. Serotypes covered by PCV13 and PCV15 
showed a  gradual decrease, while those included in 
PCV20, PPV23, PCV24, and PCV25 exhibited relatively 
stable occurrence. Over the period, a significant increase 
of serotypes included in PCV21 was noted, with a slight 
rise also observed for serotypes contained in PCV31. The 
increasing trend in PCV21 serotypes was particularly evi-
dent among adults aged 65 years and older.

In children aged 0–4 years, the serotypes included in the 
respective vaccines fluctuated markedly over the period. 
Nevertheless, a  tendency toward increasing occurrence 
was apparent for serotypes in PCV24, PCV25, and PCV31. 
Serotypes included in PCV13, PCV15, and PCV20 showed 

relatively stable occurrence, whereas a  notable decline 
was observed in serotypes covered by PCV7 and PCV10.

The percentage of vaccine coverage for serotypes 
in IPD-related deaths in 2024 was determined for all 
previous, current, and potential future PCVs, both for 
all IPD-related deaths and specifically for IPD-related 
deaths in the age group of 65 years and older – Table 5. 
The coverage of current PCVs across all age groups in 
2024 was as follows: PCV13 – 43.6%, PCV15 – 45.7%, 
PCV20 – 55.3%, PCV21 – 67.0%, PCV23 – 63.8%. The per-
centage vaccine coverage of serotypes causing IPD-re-
lated deaths between years 2007 and 2024 in the Czech 
Republic shows decline of serotype in PCV7 and PCV10, 
rise of serotypes in PCV21, and relatively stable occur-
rence of serotypes in the rest of the PCVs – Figure 9.

Table 5. Percentage vaccine coverages of serotypes causing IPD and serotypes causing IPD-related death in 2024, Czech Republic, 
surveillance data

  Age group PCV7 PCV10 PCV13 PCV15 PCV20 PCV21 PPV23 PCV24 PCV25 PCV31

IPD

0-65+ y
12,3 12,7 42,8 48,5 60,7 62,8 66,9 66,9 68,9 77,6

(9.8–15.2) (10.1–15.6) (38.8–46.8) (44.5–52.6) (56.7–64.6) (58.9–66.7) (63.0–70.7) (63.0–70.7) (65.1–72.6) (74.1–80.9)

0-4 y
6,7 6,7 40,0 46,7 60,0 - - 60,0 53,3 73,3

(0.2–31.9) (0.2–31.9) (16.3–67.7) (21.3–73.4) (32.3–83.7)     (32.3–83.7) (26.6–78.7) (44.9–92.2)

65+ y
- - 37,9 43,5 57,4 61,5 63,4 63,4 65,3 75,4

    (32.5–43.4) (38.0–49.2) (51.8–62.9) (55.9–66.9) (57.8–68.7) (57.8–68.7) (59.8–70.5) (70.3–80.0)

IPD-related 
deaths

0-65+ y
6,4 6,4 43,6 45,7 55,3 67,0 63,8 63,8 61,7 75,5

(2.4–13.4) (2.4–13.4) (33.4–54.2) (35.4–56.3) (44.7–65.6) (56.6–76.4) (53.3–73.5) (53.3–73.5) (51.1–71.5) (65.6–83.8)

65+ y
- - 40,7 40,7 52,5 62,7 59,3 59,3 55,9 72,9

    (28.1–54.3) (28.1–54.3) (39.1–65.7) (49.1–75.0) (45.7–71.9) (45.7–71.9) (42.4–68.8) (59.7–83.6)

The percentages are supplemented with 95% confidence intervals (CI).

Figure 9. Percentage coverage of serotypes causing deaths related to IPD by previous, current, and potential 
future pneumococcal vaccines, all age groups, Czech Republic, 2007–2024
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DISCUSSION

The data presented here show trends in the inci-
dence of IPD and the frequency of different serotypes 
in the Czech Republic from 2007 to 2024. The use of 
vaccines against pneumococcal diseases has signifi-
cantly reduced the incidence of IPD caused by sero-
types included in the vaccines [19, 20, 21, 22]. After 
the introduction of PCV7, the occurrence of serotypes 
included in this vaccine decreased significantly in the 
Czech Republic [23]. In the years following the intro-
duction of PCV10 and PCV13, further changes in the 
prevalence of IPD and selected serotypes occurred. The 
impact of vaccination on the decline of IPD in children 
in the Czech Republic between 2007 and 2017 has pre-
viously been demonstrated [24]. The findings from our 
study show a gradual decline in the incidence of IPD in 
the age groups of children up to 19 years, stagnation in 
the incidence of IPD in the age groups of 20 to 39 years 
and 40 to 64 years and, in contrast, an increase in the 
incidence of IPD in adults aged 65 years and older. Se-
rotypes included in PCVs have been on the decline and, 
conversely, serotypes not included in PCVs have begun 
to occur at a higher rate (serotype replacement), which 
has been repeatedly described in other countries [19, 
25, 26]. In 2020 and 2021, there was a decline in the in-
cidence of IPD in all age groups in the Czech Republic. 
This trend was consistent with the global pattern of IPD 
incidence [27, 28]. The reason for the decline in IPD inci-
dence can be attributed to the anti-epidemic measures 
in place to prevent the spread of COVID-19 infection.

In the post-COVID-19 pandemic years, a  trend to-
wards an increase in the incidence of IPD was observed 
in all age groups, to values higher than in the pre-pan-
demic period. In considering the causes of this situa-
tion, we can take into account the possible disruption 
of vaccination programmes during the pandemic years 
and further consider the possibility of an immune debt 
effect, whereby reduced social interaction during the 
pandemic years led to decreased exposure to common 
bacterial pathogens, potentially limiting natural im-
mune stimulation [29, 30, 31].

Analysis of serotype occurrence shows that serotypes 
3 and 19A are more prevalent in the Czech Republic de-
spite the vaccination with PCV13. In a UK study of the 
efficacy of PCV7 and PCV13 vaccines, there was no sig-
nificant efficacy of PCV13 against serotype 3 [32].

Other international studies have also described 
a  lower efficacy of PCV13 against serotype 3, with an 
increasing incidence of IPD caused by serotype 3 even 
in countries with established vaccination with PCV13 
[33, 34, 35, 36]. Studies indicate that PCV15 demon-
strates superior immunogenicity (opsonophagocytic 
activity) against serotype 3 compared to other vaccines 
containing this serotype [37, 38]. Whether PCV15 will 
also provide improved clinical efficacy against serotype 
3 needs to be confirmed through IPD surveillance and 

monitoring of population vaccination coverage. A UK 
publication described a stagnation in the incidence of 
serotype 19A in IPD [36].

In recent years, there has been a trend of increased 
incidence of some serotypes that are contained in the 
PCV10. Particularly in the adult population aged 40 
years and above, there has been an increased incidence 
of cases caused by serotype 4. Serotype 4 is known for 
its potential to cause outbreaks, as has been repeatedly 
described [39, 40]. Further monitoring of the incidence 
of serotypes causing IPD in the Czech Republic is need-
ed to assess whether this is a  sustained trend or just 
a transient fluctuation.

When comparing the percentage coverage of circulat-
ing serotypes by the individual pneumococcal vaccines, 
a  decrease in the prevalence of serotypes included in 
current vaccines (PCV13, PCV15, PCV20, PPV23) and 
potential future vaccines (PCV21, PCV24, PCV25 and 
PCV31) in 2024 can be observed. The serotype coverage 
by existing vaccines in the Czech Republic is comparable 
to other countries, but as far as possible new vaccines are 
considered, it is lower than reported in other countries. 
In the USA, the coverage of serotypes from 2018 to 2022 
contained in the PCV21 vaccine is reported to be 85% for 
the age group 65 years and older and 54% for the PCV20 
vaccine [41]. In Canada, in the population aged 65 years 
and older, the serotype coverage with PCV21 vaccine is 
81.5% and with PCV20 vaccine 52.2% [42]. The develop-
ment of pneumococcal vaccines is based on data from 
IPD surveillance programmes of countries other than 
the Czech Republic, therefore the serotype composition 
of vaccines may not fully correspond to the serotypes 
circulating in the Czech Republic.

The limitation of calculating percentage vaccine cove
rage of serotypes in the age group of children under 
5 years is the low number of cases, which means that 
even a single case can markedly change the resulting 
percentage coverage of vaccines. For instance, the dif-
ference between PCV25 coverage (53.3%) and PCV20/
PCV24 coverage (60.0%) is due to one case of serotype 
11A, which is not included in PCV25.

The data presented are from the national IPD surveil-
lance programme, reporting of cases and sending sam-
ples to the NRL is mandatory by law. A potential limita-
tion in comparing IPD incidence data from the Czech 
Republic with international studies is the relatively low 
number of blood cultures collected in the Czech Re-
public compared to other European countries. The Sur-
veillance report Antimicrobial Resistance in the EU/EEA 
(EARS-Net) 2023 states that in the Czech Republic, the 
blood culture rate (blood culture sets per 1,000 patient 
–days) was 18.2, which is similar to Hungary, and the 
IPD incidence was also comparable [43, 44]. In contrast, 
Slovenia had a  blood culture rate of 44.7, and its IPD 
incidence was more than twice as high as in the Czech 
Republic. It may have been the case that in the Czech Re-
public mainly clinically more severe cases were included 
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in the IPD surveillance programme. In that case it can be 
assumed that IPD incidence would be even higher than 
presented in this study. It is important to note that direct 
comparison of IPD incidence between countries is also 
hindered by differences in pneumococcal vaccination 
programs [45].

CONCLUSION

The presented study shows that the incidence of IPD 
in the Czech Republic in children tends to decrease in 
the long term, but there is an increased incidence of IPD 
in the elderly population. The data presented may serve 
as a basis for updating recommendations for vaccination 
against pneumococcal diseases by the Czech Vaccina-
tion Society. According to the data, these recommenda-
tions should be focused on both children and the elderly 
population. Given the serotype coverage of the individu-
al vaccines, we recommend the use of higher-valent con-
jugate vaccines PCV15 or PCV20 in children, rather than 
PCV13. Serotype 3 accounts for a substantial proportion 
of IPD cases in children; should PCV15 demonstrate su-
perior clinical efficacy in protecting against serotype 3, 
we recommend prioritizing the use of this vaccine in 
children, also taking into account the PCV15 vaccination 
schedule. The COVID-19 pandemic has shown that the 
incidence of IPD is dynamic, and a potential future epi-
demics or pandemics may have a similar impact on IPD 
incidence. The development of pneumococcal vaccines 
is based on data from IPD surveillance programmes in 
countries other than the Czech Republic; therefore, 
the serotype composition of the vaccines may not ful-
ly correspond to the serotypes circulating in the Czech 
Republic. The development of new pneumococcal vac-
cines is ongoing. It is essential to continue detailed IPD 
surveillance to enable the updating of an appropriate 
vaccination strategy against pneumococcal diseases in 
the Czech Republic.
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