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Impact of national pneumococcal 
vaccination program on invasive 
pneumococcal diseases in South 
Korea
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Following the introduction of pneumococcal conjugate vaccines (PCVs), the rate of invasive 
pneumococcal disease (IPD) declined, however, IPDs replaced by serotypes that are not included 
in the vaccine have emerged. We describe the epidemiology of IPD in South Korea over a 4.5-year 
period, encompassing the impact following introduction of PCV10/13 and PPSV23 into the public 
immunization program, and assess serotype dynamics in pediatric and adult population. This was a 
nationwide, retrospective review of surveillance of all IPD cases in Korea between September 2014 
to December 2019. We analyzed VT13 (serotypes included in 13-valent conjugate vaccine) and NVT 
(nonvaccine type) cases by age, sex, IPD type, vaccination status, and deaths. A total of 893 cases 
with serotype data were included; 306 (34%) VT13 cases and 587 (66%) NVT cases. Serotype 3 (n = 155) 
was the most common VT13 serotype, followed by serotypes 19A (n = 70) and 14 (n = 28). Among the 
NVTs, serotype 10A (n = 74) was the most common serotype, followed by serotypes 23A (n = 60) and 
34 (n = 58). Persons who had PCV13 vaccination were at lower risk (aOR = 0.11, 95% CI 0.02–0.73, 
P = 0.022) of death compared to unvaccinated persons. Introduction of PCV10/13 and PPSV23 
vaccination program has had different impacts on the serotype-specific IPD across age groups. The 
most common serotypes included serotypes 3 and 19A (VT13), and 10A, 23A, and 34 (NVT). Our 
findings suggest continued monitoring in the midst of new vaccine development, and a need to 
develop novel strategies to mitigate the IPDs from emerging pneumococcal serotypes.

Streptococcus pneumoniae is a major cause of morbidity and mortality across all age groups, worldwide1,2. Fol-
lowing the introduction of 7-, 10-, and 13-valent pneumococcal conjugate vaccines (PCVs) in childhood popu-
lation, the rate of invasive pneumococcal disease (IPD) declined, mainly driven by substantial decrease in IPDs 
caused by serotypes included in the vaccine3–5. However, IPDs replaced by serotypes that are not included in the 
vaccine have emerged in many places of the world, reducing some of the public health benefits from PCVs6,7. 
Changes in distribution of IPD serotypes have not been clearly described on a national scale in Asian countries.

Following the introduction of the PCV7 in Korea in 2003, the proportion of IPD caused by vaccine-type 
pneumococci has decreased, while non-PCV7 serotypes, especially serotypes 19A and 6A, became predomi-
nant among childhood IPD isolates8. Before the introduction of 10/13-valent PCV (PCV10/13), pneumococcus 
accounted for 23.4% of all childhood invasive bacterial diseases in South Korea9. While in adults, the estimated 
annual incidence of IPD ranged from 4.1 to 6.5 cases per 100,000 persons per year, while the case fatality rate 
was estimated to be 30.8%10. The serotypes included in PCV13 accounted for 33.3% of clinical isolates from 
children and adults11. In 2013 and in 2014, South Korea introduced PCV10/13 into the childhood vaccination 
program and PPSV23 into the elderly vaccination program, respectively12. In children, the schedule was to receive 
the vaccine at 2, 4, 6, and 12–15 months of age; while for adults, once the person has reached 65 years of age13. 
High risk adults were recommended to received PCV13 by academic society, however, was not supported by 
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the national vaccination program14. PCV10 and PCV13 were chosen per primary care pediatrician/physician’s 
discretion. There are no out-of-pocket expenses for vaccines included in the NIP in children and adults, and 
the vaccination coverage rates were 88.3–89.9% in children (2020) and > 60% in adults (2015–2017)14,15. It was 
assumed that PCV13 accounted for more coverage than PCV10, however, the exact rates for the two vaccines 
have been not reported15.

In this study, we describe the epidemiology of IPD in South Korea over a 4.5-year period, encompassing the 
impact following introduction of PCV10/13 and PPSV23 into a public immunization program, and assess the 
serotype dynamics in children and adult population.

Methods
Setting and study population.  This was a nationwide, retrospective review of surveillance of all IPD 
cases in Korea between September 2014 to December 2019. The population of Korea is around 53 million resi-
dents, as of 2022. Our analysis was based on integrated database from the Korea Disease Control and Prevention 
Agency (KDCA), which collects and merges all reported IPD cases and their vaccination status, in accordance 
with the Infectious Disease Control and Prevention Act (Article 33-4)16,17. IPD was defined as, isolation of S. 
pneumoniae in patients with clinical syndromes from normally sterile sites in the body, such as the blood or 
cerebrospinal fluid. The national vaccination program provides vaccination guidelines and financial support 
for vaccines, while the reimbursement of vaccine and service cost is made upon registration of vaccination18. 
The KDCA operates IPD surveillance in accordance with national guideline on vaccine-preventable disease 
control and prevention, which was adopted and localized from the World Health Organization Surveillance 
Standards19. The surveillance of IPD started in Korea since September of 2014, mandating healthcare providers 
to report all confirmed or suspected IPD cases to KDCA. It is recommended to submit pneumococcal isolates 
from normally sterile site to the Division of Bacterial Respiratory Infections, Korea Disease Control and Pre-
vention Agency, Cheongju, Korea. Upon receipt, isolates were sub-cultured using conventional procedures, as 
described previously20, and confirmation and serotyping were conducted through Quellung reaction or multi-
plex polymerase chain reaction (PCR)21. We only included cases that have serotype data. We identified mortality 
cases (attributable to IPD) through the epidemiologic investigation data.

Case definition.  A confirmed IPD case is defined as positive culture from any normally sterile site (blood, 
cerebrospinal fluid, pleural fluid, joint fluid) in a symptomatic person. A suspected IPD case in defined as posi-
tive polymerase chain reaction (PCR) or antigen test from cerebrospinal fluid. Pneumonia, sinusitis, and otitis 
media without presence of bloodstream infection are considered non-IPDs, therefore, are not reportable. Epide-
miologic investigations in all reported IPD cases are conducted by public health officers.

We defined meningitis as identification of pneumococcus from CSF; and pneumonia as identification of 
pneumococcus from pleural fluid or bloodstream in cases with clinical diagnosis of pneumonia. All other IPDs 
(including isolated bacteremia) were grouped as Others.

We classified IPD isolates into 2 groups by serotype: PCV13 serotypes (VT13; serotypes 1, 3, 4, 5, 6A, 6B, 7F, 
9V, 14, 18C, 19A, 19F, 23F) and nonvaccine type (NVT; serotypes not included in PCV13). Additional serotypes 
included in two vaccines under development were sub-grouped as PCV15 additional (serotypes 22F, 33F) and 
PCV20 additional (8, 10A, 11A, 12F, 15B/C, 22F, 33F); and for serotypes included in the 23-valent pneumococcal 
polysaccharide vaccine, as PPSV23 additional (8, 9N, 10A, 11A, 12F, 15B/C, 20, 22F, 33F) serotypes.

People receiving two or more doses of 10-valent or 13-valent pneumococcal conjugate vaccinations (PCV10 
or PCV13); and one or more doses of 23-valent pneumococcal polysaccharide vaccinations (PPSV23) were 
considered to be vaccinated.

Data analysis.  We analyzed VT13 and NVT cases by age, sex, IPD type (meningitis, pneumonia, others), 
vaccination status, and deaths. We compared age-specific incidence per 100,000 population between the base-
line period (2015–2017) and 2018–2019, in regard to VT13 and NVT serotypes. We investigated changes in 
trends in PPSV23 serotypes that are not included in PCV13 in elderly population aged 65+ years. The two-tailed 
Chi-square test or Student’s t test were used to conduct univariate analyses. We conducted multivariate logistic 
regression to calculate the odds of death by age, types of vaccine (PCV10/13/PPSV23), and number of doses of 
vaccination. All statistical analyses were conducted using R version 4.0.3.

Ethical approval.  This study was conducted as a legally mandated public health investigation under the 
authority of the Infectious Diseases Control and Prevention Act (No. 12,444 and No. 13,392) and was exempted 
by the Institutional Board Review of Korea University Anam Hospital oversight (IRB No. 2021AN0568).

Results
IPD cases.  Between September 2014 to December 2019, a total of 2,424 IPD cases were reported to KDCA. 
Of those, 893 cases with serotype data were included in this study; 306 (34%) VT13 cases and 587 (66%) NVT 
cases (Table 1). Of the VT13 cases, 63.4% (n = 194) were aged 65+ years, whereas 50.6% (n = 297) of NVTs were 
aged 65+ years (P < 0.001). 5.2% (n = 16) of VT13 cases had meningitis, while 9.9% (n = 58) of NVT cases had 
meningitis. Of the VT13 cases, 2.3% (n = 7) had vaccinated with PCV13, while 14.3% (n = 84) of NVT cases had 
PCV13 vaccinated (P < 0.001).

Serotype by age.  In total, serotype 3 (n = 155) was the most common VT13 serotype, followed by serotypes 
19A (n = 70), 14 (n = 28), 19F (n = 19), and 6B (n = 13) (Fig. 1). Among the NVTs, serotype 10A (n = 74) was the 
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Table 1.   Characteristics of invasive pneumococcal disease cases by serotype in South Korea, 2014–2019. 
IPD invasive pneumococcal disease, PCV10 at least 2 doses vaccination of 10-valent pneumococcal conjugate 
vaccine, PCV13 at least 2 doses vaccination of 13-valent pneumococcal conjugate vaccine, PPSV23 at least 1 
dose vaccination of 23-valent pneumococcal polysaccharide vaccine. a VT13, serotypes included in PCV13 (1, 
3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F); NVT, serotypes not included in PCV13.

Characteristics

VT13a NVTa

P-valueNo. % No. %

Total 306 587

Age group

< 5 years 8 2.6 65 11.1  < 0.001

5–17 years 4 1.3 17 2.9

18–49 years 22 7.2 64 10.9

50–64 years 78 25.5 144 24.5

65+ years 194 63.4 297 50.6

Sex

Female 98 32.0 200 34.1 0.589

Male 208 68.0 387 65.9

Underlying disease

Present 177 57.8 337 57.4 0.922

None 128 41.8 247 42.1

IPD

Meningitis 16 5.2 58 9.9 0.003

Pneumonia 282 92.2 494 84.2

Other IPD 8 2.6 35 6.0

Vaccination status

Unvaccinated 80 26.1 121 20.6  < 0.001

PCV10 4 1.3 6 1.0

PCV13 7 2.3 84 14.3

PPSV23 117 38.2 175 29.8

Outcome

Alive 252 82.4 487 83.0 0.924

Death 54 17.6 100 17.0

Figure 1.   Serotype distribution of pneumococcal isolates form invasive diseases, national surveillance, South 
Korea, 2014–2019.
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most common serotype, followed by serotypes 23A (n = 60), 34 (n = 58), 11A (n = 49), 35B (n = 44), and 15B/C 
(n = 40). Among 587 NVT cases, 6.5% (n = 38) were PCV15 additional serotypes, 40.5% (n = 238) were PCV20 
additional serotypes, and 47.5% (n = 279) were PPSV23 additional serotypes.

The incidence per 100,000 population for VT13 has remained relatively stable in children aged < 5 years 
and 5–17 years; whereas, the incidence has increased in adults aged 18–49 years (from 0.1 to 0.4 per 100,000), 
50–64 years (from 0.4 to 1.0 per 100,000), and 65+ years (from 1.3 to 2.5 per 100,000, Fig. 2). The incidence 
for NVT has also remained relatively stable in childhood population; however, the incidence has increased in 
elderly population aged 65+ years (from 2.1 to 4.6 per 100,000). The incidence for total IPD cases for children 
aged 6-23mo and 24-59mo remained relatively constant (Supplemental Table 1).

The incidence of PCV13 serotypes in elderly population aged 65+ years ranged from 23 cases in 2015 to 64 
cases in 2018 (then, decreased to 36 cases in 2019); while for serotypes that are included in PPSV23, but not in 
PCV13, the incidence ranged between 13 cases in 2015 and 27 cases in 2018 (Fig. 3).

IPD death cases.  Case fatality rates were 17.6% for VT13 cases and 17.0% for NVT cases (Table 1). After 
adjusting for variables, persons with pneumonia had higher odds of death compared to meningitis (aOR = 5.93, 
95% CI 1.41–24.94, P = 0.015) (Table 2). Persons who had PCV13 vaccinated were at lower risk (aOR = 0.11, 
95% CI 0.02–0.73, P = 0.022) compared to unvaccinated persons. After adjusting for variables, serotype 3 

Figure 2.   Age-specific incidence per 100,000 population between baseline period (2015–2017) and 2018–2019, 
in regard to VT13 and NVT serotypes.

Figure 3.   Trend change for PPSV23 serotypes that are not included in PCV13 in elderly population aged 
65+ years.



5

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15833  | https://doi.org/10.1038/s41598-022-20363-9

www.nature.com/scientificreports/

had increased risk of death (aOR = 2.32, 95% CI 1.01–5.31, P = 0.046) compared to NVT serotypes (Table 3). 
Among NVTs, serotypes 9N (aOR = 12.19, 95% CI 1.76–84.31, P = 0.011) and 34 (aOR = 2.90, 95% CI 1.13–7.44, 
P = 0.027) had increased risk of death compared to VT serotypes.

Table 2.   Adjusted risk of deaths by characteristics, invasive pneumococcal disease cases, South Korea, 
2014–2019. IPD invasive pneumococcal disease, PCV10 at least 2 doses vaccination of 10-valent pneumococcal 
conjugate vaccine, PCV13 at least 2 doses vaccination of 13-valent pneumococcal conjugate vaccine, PPSV23 
at least 1 dose vaccination of 23-valent pneumococcal polysaccharide vaccine. a VT13, serotypes included in 
PCV13 (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F); NVT, serotypes not included in PCV13.

Characteristics n/N % OR 95% CI P-value

Underlying disease

Present 97/514 18.9 Ref

None 57/375 15.2 1.08 0.74–1.58 0.676

IPD

Meningitis 2/74 2.7 Ref

Pneumonia 146/776 18.8 5.93 1.41–24.94 0.015

Vaccination status

Unvaccinated 56/201 27.9 Ref

PCV10 0/10 – –

PCV13 2/91 2.2 0.11 0.02–0.73 0.022

PPSV23 67/292 22.9 0.76 0.50–1.16 0.205

Serotypea

VT13 54/306 17.6 Ref

NVT 100/587 17.0 1.26 0.86–1.84 0.236

Table 3.   Adjusted risk of deaths by serotypes, invasive pneumococcal disease cases, South Korea, 2014–2019. 
a VT13, PCV13 vaccine type; in reference to NVT. b NVT, nonvaccine type; in reference to VT13.

Serotypes n/N % OR 95% CI P-value

VT13a

3 34/153 22.2 2.32 1.01–5.31 0.046

6A 2/8 25.0 2.71 0.47–15.75 0.267

6B 1/13 7.7 0.68 0.08–5.92 0.725

14 3/28 10.7 0.97 0.24–3.97 0.972

19A 10/69 14.5 1.38 0.51–3.72 0.528

19F 4/19 21.1 2.17 0.58–8.15 0.253

NVTb

22F 4/33 12.1 1.12 0.31–4.02 0.861

11A 14/49 28.6 3.25 1.24–8.50 0.016

12F 1/33 3.0 0.25 0.03–2.12 0.205

15B 4/23 17.4 1.71 0.46–6.31 0.420

9N 3/5 60.0 12.19 1.76–84.31 0.011

20 4/35 11.4 1.05 0.29–3.75 0.942

12F 1/33 3.0 0.25 0.03–2.12 0.205

15A 8/34 23.5 2.50 0.85–7.36 0.097

15B 4/23 17.4 1.71 0.46–6.31 0.420

15F 2/6 33.3 4.06 0.64–25.82 0.137

16F 2/5 40.0 5.42 0.78–37.47 0.087

23A 8/60 13.3 1.25 0.44–3.56 0.676

31 1/7 14.3 1.35 0.14–12.73 0.791

34 15/57 26.3 2.90 1.13–7.44 0.027

35B 12/44 27.3 3.05 1.13–8.20 0.027

6C 7/30 23.3 2.47 0.81–7.58 0.113

7C 2/5 40.0 5.42 0.78–37.47 0.087
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Discussion
Following the introduction of public pneumococcal vaccination programs in South Korea, we observed a dif-
ferential impact on IPDs between children and adults. Children aged < 5 years accounted for 2.6% of all IPD 
cases caused by VT13 serotypes, while 11.1% of NVT-induced IPDs were children; whereas 63.4% and 50.6% 
of VT13-induced and NVT-induced IPDs were adults aged 65+ years, respectively. The finding suggests that 
in children, more IPDs are occurring from NVT serotypes, while in adults, substantial proportion of IPDs are 
caused by VT13 serotypes, implicating the need for additional protection. Our finding is in line with reports 
from North America and Europe, which showed that following the introduction of PCVs, there was emergence 
of NVT resulting in replacement of serotypes among IPD cases in children22. Similarly, in Japan and Taiwan, 
PCV introduction has resulted in the emergence of NVT replacing VT13 serotypes in IPD cases23,24. Despite the 
higher incidence of NVT-induced IPDs compared to VT13-induced IPDs in Korean children, it is important 
to note that the overall rate of IPD in the pediatric population is very low, and there is a pronounced protective 
effect from the PCV13 vaccination. In adults, on the other hand, VT13-induced IPDs remained relatively higher 
compared to children; likely resulted from lower effectiveness of PPSV23 compared to PCV13. Similarly, in Japan, 
where PCVs were introduced in childhood population in 2013 and PPSV23 in adult population in 2014, there 
was only marginal vaccine effectiveness against VT13-induced IPDs in elderly population with 39.2% (95% CI, 
2.0–62.2)25. After controlling the age group, PCV13 vaccination was significantly associated with lower case 
fatality rate compared to the unvaccinated group, which was reassuring.

The most common VT13 serotype in children aged < 5 years was serotype 19A, while for adults, serotype 
3 was the most common VT13 serotype. The mechanisms for sustained incidence of VT13 serotype may be 
explained by (1) inadequate vaccination coverage leading to sustained transmission of VT13 serotype; (2) insuf-
ficient immunogenicity posed to control the certain serotype; and (3) clonal expansion of pneumococcal lineage 
associated with antibiotic resistance due to evolutional pressure26. In Korea, the increase in serotype 19A was 
found before the introduction of PCV7, potentially associated with expansion of multidrug-resistant ST320 
strain, likely resulted from antibiotic pressure27. Serotype 3 has been known to have lower vaccine effectiveness 
compared to other serotypes28. Moreover, the increase of serotype 3 was reported following use of the conjugate 
vaccines29,30. It is concerning that after controlling for demographic and clinical variables, serotype 3 was associ-
ated with increased risk of mortality due to IPD. The new PCVs under clinical development should address the 
limited effectiveness against serotype 3 IPDs.

It is imperative to find the age-specific difference in serotype distribution within NVTs, especially between 
PCV15 additional serotypes and PCV20 additional serotypes. More than half of serotype 22F (PCV 15-type) 
were isolated from adult population, whereas nearly 1/3 of serotype 10A and 1/2 of 15B/C (both PCV 20-type) 
were isolated from children aged less than 5 years of age. Further, the impact of PPSV23 in elderly population 
was not significant between the observed period. The reason for such difference needs further investigation and 
monitoring.

This study has number of limitations. First, the surveillance was initiated soon after the PCV10/13 and 
PPSV23 were introduced to public program, therefore we lack the pre-PCV10/13 data for the children and 
pre-PPSV23 data for the adult population. We were unable to analyze the secular trend during a short 4.5-year 
period. Additionally, if reporting of IPD cases increases because of national vaccination program or if identifica-
tion of cases decreases because of changing clinical practices, then identification of IPD serotypes may not reflect 
the true burden. Second, cases of bacteremic pneumonia may have been underdiagnosed. However, given the 
increase in incidence and death from pneumonia cases in South Korea31, potentially due to the aging population 
structure, our finding shows unmet medical needs in severe pneumonia cases that are partly caused by VT13 
and NVT serotype pneumococci. Third, serotypes were identifiable in only 1/3 of all reported cases, therefore, 
the data may not represent the whole population. Moreover, only few portions of IPD cases had serotype data, 
because the isolates were “recommended”, not “mandated” to conduct serotyping. The serotyping data should be 
interpreted cautiously because many were excluded from the analysis, indicating changes in surveillance or bias 
that would affect the analysis. If serotyping had been performed only on severe cases, or if the selection of isolates 
for serotyping was different between the hospitals, then the observed distribution of serotypes may not reflect 
the true distribution. Lastly, our finding cannot distinguish between impact from vaccination or from antibiotic 
pressure. Previous study has delineated the potential influence of penicillin-nonsusceptible genotype on changed 
serotype distribution in Korea32. Future study should incorporate antimicrobial resistance profile of the isolates.

In conclusion, the PCV10/13 and PPSV23 vaccination program have had different impacts on serotype-
specific IPD across age groups, potentially through direct and indirect vaccine effects. The most common sero-
types included serotypes 3 and 19A (VT13s), and 10A, 23A, and 34 (NVTs). Our finding suggests continued 
monitoring in the midst of new vaccine development, and the public health need to develop novel strategy to 
mitigate the IPDs from emerging pneumococcal serotypes.

Data availability
The data that support the findings of this study are available on request from the corresponding author, YJC. The 
data are not publicly available due to Personal Information Protection Act of the Republic of Korea.

Received: 17 June 2022; Accepted: 12 September 2022

References
	 1.	 Nakamura, T. et al. The global landscape of pediatric bacterial meningitis data reported to the World Health Organization-

coordinated invasive bacterial vaccine-preventable disease surveillance network, 2014–2019. J. Infect. Dis. 224, S161–S173 (2021).



7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15833  | https://doi.org/10.1038/s41598-022-20363-9

www.nature.com/scientificreports/

	 2.	 O’Brien, K. L. et al. Burden of disease caused by Streptococcus pneumoniae in children younger than 5 years: Global estimates. 
Lancet (London, England). 374, 893–902 (2009).

	 3.	 Ben-Shimol, S., Regev-Yochay, G., Givon-Lavi, N., Van Der Beek, B.A., Brosh-Nissimov, T., Peretz, A., et al. Dynamics of invasive 
pneumococcal disease in Israel in children and adults in the PCV13 era: A nationwide prospective surveillance. Clin. Infect. Dis. 
(2021).

	 4.	 Chapman, R. et al. Ten year public health impact of 13-valent pneumococcal conjugate vaccination in infants: A modelling analysis. 
Vaccine. 38, 7138–7145 (2020).

	 5.	 Fitzwater, S. P., Chandran, A., Santosham, M. & Johnson, H. L. The worldwide impact of the seven-valent pneumococcal conjugate 
vaccine. Pediatr. Infect. Dis. J. 31, 501–508 (2012).

	 6.	 Feikin, D. R. et al. Serotype-specific changes in invasive pneumococcal disease after pneumococcal conjugate vaccine introduction: 
A pooled analysis of multiple surveillance sites. PLoS Med. 10, e1001517 (2013).

	 7.	 Weinberger, D. M., Malley, R. & Lipsitch, M. Serotype replacement in disease after pneumococcal vaccination. Lancet (London, 
England). 378, 1962–1973 (2011).

	 8.	 Choe, Y. J., Choi, E. H. & Lee, H. J. The changing epidemiology of childhood pneumococcal disease in Korea. Infect. Chemother. 
45, 145–158 (2013).

	 9.	 Lee, J. H. et al. Etiology of invasive bacterial infections in immunocompetent children in Korea (1996–2005): A retrospective 
multicenter study. J. Korean Med. Sci. 26, 174–183 (2011).

	10.	 Heo, J. Y. et al. Incidence and case fatality rates of community-acquired pneumonia and pneumococcal diseases among Korean 
adults: Catchment population-based analysis. PLoS ONE 13, e0194598 (2018).

	11.	 Park, D. C. et al. Serotype distribution and antimicrobial resistance of invasive and noninvasive Streptococcus pneumoniae isolates 
in Korea between 2014 and 2016. Ann. Lab. Med. 39, 537–544 (2019).

	12.	 Sohn, S., Hong, K. & Chun, B. C. Evaluation of the effectiveness of pneumococcal conjugate vaccine for children in Korea with 
high vaccine coverage using a propensity score matched national population cohort. Int. J. Infect. Dis. (IJID) 93, 146–150 (2020).

	13.	 Choi, E. H. et al. Recommended immunization schedule for children and adolescents: Committee on Infectious Diseases of the 
Korean Pediatric Society, 2018. Korean J. Pediatr. 62, 252–256 (2019).

	14.	 Heo, J.Y., Seo, Y.B., Choi, W.S., Kim, E.J., Jeong, H.W., Lee, J., et al. Effectiveness of pneumococcal vaccination against hospitalized 
pneumococcal pneumonia in older adults: A Prospective, test-negative study. J. Infect. Dis. (2021).

	15.	 Yu, J. H. et al. Sustained vaccination coverage during the coronavirus disease 2019 epidemic in the Republic of Korea. Vaccines. 
2020, 9 (2019).

	16.	 Park, M. Infectious disease-related laws: Prevention and control measures. Epidemiol. Health 39, e2017033 (2017).
	17.	 Yoo, H. S. et al. A new surveillance indicator identifying optimal timeliness and accuracy: Application to the Korean National 

Notifiable Disease Surveillance System for 2001–2007. Epidemiol. Infect. 141, 2634–2643 (2013).
	18.	 Choe, Y. J., Yang, J. J., Park, S. K., Choi, E. H. & Lee, H. J. Comparative estimation of coverage between national immunization 

program vaccines and non-NIP vaccines in Korea. J. Korean Med. Sci. 28, 1283–1288 (2013).
	19.	 World Health Organization. Surveillance Standards for Vaccine-Preventable Diseases. 2nd edn. License: CC BY-NC-SA 3.0 IGO. 

https://​apps.​who.​int/​iris/​handle/​10665/​275754 (World Health Organization, 2018).
	20.	 Lee, S., Lee, K., Kang, Y. & Bae, S. Prevalence of serotype and multidrug-resistance of Streptococcus pneumoniae respiratory tract 

isolates in 265 adults and 36 children in Korea, 2002–2005. Microb. Drug Resist. (Larchmont, NY). 16, 135–142 (2010).
	21.	 Yun, K. W., Cho, E. Y., Hong, K. B., Choi, E. H. & Lee, H. J. Streptococcus pneumoniae type determination by multiplex polymerase 

chain reaction. J. Korean Med. Sci. 26, 971–978 (2011).
	22.	 Palmu, A. A. et al. Similar impact and replacement disease after pneumococcal conjugate vaccine introduction in hospitalised 

children with invasive pneumococcal disease in Europe and North America. Vaccine. 39, 1551–1555 (2021).
	23.	 Lu, C. Y. et al. Successful control of Streptococcus pneumoniae 19A replacement with a catch-up primary vaccination program in 

Taiwan. Clin. Infect. Dis. 69, 1581–1587 (2019).
	24.	 Nakano, S. et al. Nationwide surveillance of paediatric invasive and non-invasive pneumococcal disease in Japan after the intro-

duction of the 13-valent conjugated vaccine, 2015–2017. Vaccine. 38, 1818–1824 (2020).
	25.	 Shimbashi, R. et al. Effectiveness of 23-valent pneumococcal polysaccharide vaccine against invasive pneumococcal disease in 

adults, Japan, 2013–2017. Emerg. Infect. Dis. 26, 2378–2386 (2020).
	26.	 Lo, S. W. et al. Pneumococcal lineages associated with serotype replacement and antibiotic resistance in childhood invasive pneu-

mococcal disease in the post-PCV13 era: An international whole-genome sequencing study. Lancet Infect. Dis 19, 759–769 (2019).
	27.	 Choi, E. H. et al. Streptococcus pneumoniae serotype 19A in children, South Korea. Emerg. Infect. Dis. 14, 275–281 (2008).
	28.	 Sings, H. L. et al. Effectiveness of 13-valent pneumococcal conjugate vaccine against invasive disease caused by serotype 3 in 

children: A systematic review and meta-analysis of observational studies. Clin. Infect. Dis. 68, 2135–2143 (2019).
	29.	 Goettler, D. et al. Increase in Streptococcus pneumoniae serotype 3 associated parapneumonic pleural effusion/empyema after the 

introduction of PCV13 in Germany. Vaccine. 38, 570–577 (2020).
	30.	 Ho, P. L., Law, P. Y. & Chiu, S. S. Increase in incidence of invasive pneumococcal disease caused by serotype 3 in children eight 

years after the introduction of the pneumococcal conjugate vaccine in Hong Kong. Hum. Vaccin. Immunother. 15, 455–458 (2019).
	31.	 Choe, Y. J., Choe, S. A. & Cho, S. I. Trends in infectious disease mortality, South Korea, 1983–2015. Emerg. Infect. Dis. 24, 320–327 

(2018).
	32.	 Choe, Y. J. et al. Emergence of antibiotic-resistant non-vaccine serotype pneumococci in nasopharyngeal carriage in children after 

the use of extended-valency pneumococcal conjugate vaccines in Korea. Vaccine. 34, 4771–4776 (2016).

Acknowledgements
We thank Division of National Immunization, Korea Disease Control and Prevention Agency; relevant ministries, 
including the Ministry of Interior and Safety, Si/Do and Si/Gun/Gu, medical staffs in health centers, and medi-
cal facilities for their efforts in conducting surveillance of invasive pneumococcal diseases. Disclaimers: The 
opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the Korea 
Disease Control and Prevention Agency or the institutions with which the authors are affiliated.

Author contributions
Y.H.J. and Y.J.C. conceived and designed the study. C.Y.L., S.O.J., D.H.L., J.I.Y. gathered, processed, and cleaned 
the data. Y.H.J. did the record linkage. Y.H.J. and Y.J.C. analysed the data. Y.H.J. and Y.J.C. had full access to all 
the data in the study. C.Y.L., S.O.J., D.H.L. worked on project administration and methodology. Y.H.J. and Y.J.C. 
wrote the first draft of the manuscript followed by iterative revision with all authors. All authors substantially 
contributed to discussion of content and reviewed and edited the manuscript before submission. All authors 
were involved in the decision to submit and agreed to publish the paper.

https://apps.who.int/iris/handle/10665/275754


8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15833  | https://doi.org/10.1038/s41598-022-20363-9

www.nature.com/scientificreports/

Funding
This work was funded by SK Bioscience.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​20363-9.

Correspondence and requests for materials should be addressed to Y.J.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-20363-9
https://doi.org/10.1038/s41598-022-20363-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of national pneumococcal vaccination program on invasive pneumococcal diseases in South Korea
	Methods
	Setting and study population. 
	Case definition. 
	Data analysis. 
	Ethical approval. 

	Results
	IPD cases. 
	Serotype by age. 
	IPD death cases. 

	Discussion
	References
	Acknowledgements


