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ABSTRACT

Background: The coronavirus disease-2019 (COVID-19) pandemic has contributed to the 
change in the epidemiology of many infectious diseases. This study aimed to establish the 
pre-pandemic epidemiology of pediatric invasive bacterial infection (IBI).
Methods: A retrospective multicenter-based surveillance for pediatric IBIs has been 
maintained from 1996 to 2020 in Korea. IBIs caused by eight bacteria (Streptococcus pneumoniae, 
Haemophilus influenzae, Neisseria meningitidis, Staphylococcus aureus, Streptococcus agalactiae, 
Streptococcus pyogenes, Listeria monocytogenes, and Salmonella species) in immunocompetent 
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children > 3 months of age were collected at 29 centers. The annual trend in the proportion of 
IBIs by each pathogen was analyzed.
Results: A total of 2,195 episodes were identified during the 25-year period between 1996 and 
2020. S. pneumoniae (42.4%), S. aureus (22.1%), and Salmonella species (21.0%) were common 
in children 3 to 59 months of age. In children ≥ 5 years of age, S. aureus (58.1%), followed 
by Salmonella species (14.8%) and S. pneumoniae (12.2%) were common. Excluding the year 
2020, there was a trend toward a decrease in the relative proportions of S. pneumoniae (rs = 
−0.430, P = 0.036), H. influenzae (rs = −0.922, P < 0.001), while trend toward an increase in the 
relative proportion of S. aureus (rs = 0.850, P < 0.001), S. agalactiae (rs = 0.615, P = 0.001), and S. 
pyogenes (rs = 0.554, P = 0.005).
Conclusion: In the proportion of IBIs over a 24-year period between 1996 and 2019, we 
observed a decreasing trend for S. pneumoniae and H. influenzae and an increasing trend for S. 
aureus, S. agalactiae, and S. pyogenes in children > 3 months of age. These findings can be used 
as the baseline data to navigate the trend in the epidemiology of pediatric IBI in the post 
COVID-19 era.

Keywords: Invasive Bacterial infections; Epidemiology; COVID-19; Children

INTRODUCTION

Invasive bacterial infections (IBIs) is one of the leading causes of childhood morbidity 
and mortality. Epidemiology of causative bacterial organism in children varies by age and 
time. To monitor these changes, multicenter surveillance system for pediatric IBI has been 
maintained since 1996 in Korea. Two studies performed in 1996–2005 and 2006–2010 
had been published, respectively.1,2 In 1996–2005, Streptococcus pneumoniae and Haemophilus 
influenzae were responsible for 66% of IBIs in children 3 to 59 months of age. The follow-up 
study in 2006–2010 revealed that S. pneumoniae and Staphylococcus aureus accounted for 75% of 
all IBIs in same age group.

The coronavirus disease-2019 (COVID-19) pandemic and non-pharmaceutical interventions 
such as containment, school closing, wearing facemasks, and handwashing have contributed 
to reduction in the incidence of transmissible infectious diseases among children 
including respiratory viral infections3-6 and IBI including S. pneumoniae, H. influenzae, and 
Neisseria meningitidis, which are transmitted via the respiratory route.7,8 Due to the impact 
of the COVID-19 pandemic on the epidemiology of diverse infectious diseases, a new 
epidemiological trend of IBI is expected in the post COVID-19 era.

In this study, we aimed to characterize the epidemiology of IBI in children for the 25 years 
from 1996 to 2020. The long-term analysis can provide us the baseline data for monitoring 
the post-pandemic trend in the epidemiology of pediatric IBI.

METHODS

Data collection
Twenty-nine university-affiliated hospitals participated in this study. The geographic 
distribution of the 29 hospitals is shown in Supplementary Fig. 1. The survey was conducted 
during the 25-year period from January 1996 to December 2020. In this study, we analyzed 
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pediatric IBIs for 10 years from 2011 to 2020 and generated the dataset of 25 years by 
combining previous two studies of pediatric IBI in 1996–20051 and in 2006–2010.2

This study included immunocompetent children aged ≥ 3 months of age and younger than 
18 years of age. The data were collected each year for the diagnosed cases from January to 
December in the corresponding year during the 25-year period. We extracted data from 
hospital discharge records and reviewed retrospectively. Initially, cases with positive culture 
results for the eight organisms were selected and then, investigators reviewed the medical 
records of the cases and determined whether each case should be included in the study 
based on the case definition of the study protocol. A case report form was used to record 
the demographic characteristics, causative organisms, site(s) of bacterial isolation, clinical 
manifestations.

Case definition
An IBI was defined as isolation of a bacterial organism from a usually sterile site, such as 
blood, cerebrospinal fluid (CSF), pleural fluid, pericardial fluid, joint fluid, bone aspirate, or 
a deep tissue abscess. Eight pathogens (S. pneumoniae, S. aureus, H. influenzae, N. meningitidis, 
Streptococcus agalactiae, Streptococcus pyogenes, Listeria monocytogenes, and Salmonella species) 
were analyzed as they were found to be responsible for 90–95% of IBIs among children 
and adolescents in Korea.9,10 Co-infection was defined as the identification of more than 
2 pathogens in the same episode. If the same pathogen was found in another sample taken 
within 30 days of the previous positive sample or during the same admission period, the 
episode was considered as a single case. The organisms were obtained by culture, polymerase 
chain reaction or latex agglutination test. Cases with medical conditions vulnerable to 
IBIs, such as congenital or acquired immunodeficiency, prematurity, steroid or cancer 
chemotherapy, and infections associated with anatomic abnormalities were excluded. 
Analysis of clinical diagnosis was referred from the previous studies.1,2

Statistical analysis
Age groups were classified as follows: 3 to 23 months of age, 24 to 59 months of age, and ≥ 
5 years of age. The temporal changes in the relative proportions of each causative pathogen 
for IBIs were analyzed using the Spearman rank correlation (rs) test for trends. All tests were 
2-tailed, and P < 0.05 was considered statistically significant. All data management and 
statistical analysis were performed using IBM SPSS version 26.0 (SPSS Inc., Chicago, IL, USA).

Ethics statement
This study was approved by the Institutional Review Board at Seoul National University 
Hospital (No. 1706-125-861). The requirement of obtaining informed consent was waived due 
to its retrospective study design.

RESULTS

Etiology of IBI
A total of 2,194 episodes of IBIs caused by 2,195 pathogens were identified in children aged 
3 moths to under 18 years during the study period. There was one episode of co-infection 
caused by 2 pathogens in the same episode. The male to female ratio was 1.5:1. The source 
of the identified bacteria was available in 2,177 episodes. Same bacteria were isolated from 
more than two body sites in 13% (285/2,177). The source of the identified bacteria was the 
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blood (61.7%), bone or joint fluid (19.5%), cerebrospinal fluid (11.7%), pleural fluid (3.9%), 
and other sterile body fluids (3.3%). The distribution of clinical diagnosis was bacteremia 
in 36.8%, bone and joint infection in 28.3%, meningitis in 15.2%, and pneumonia in 14.4% 
(Table 1). For bacteremia, S. pneumoniae accounted for 35.5% of the infants aged 3 to 23 
months. On the other hand, Salmonella species was the most common causative pathogen 
(43.4%) in children over 24 months of age. S. pneumoniae was the most frequent cause of 
pneumonia and meningitis. S. aureus was the most common pathogen of bone and joint 
infection in all age (Fig. 1).

Distribution of causative bacterial organisms by age from 1996 to 2020
The number of cases by age group was 681 (31.0%) in 3–23 months, 480 (21.9%) in 24–59 
months, and 1,033 (47.1%) in ≥ 5 years. Overall, S. aureus was the most frequently isolated 
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Table 1. Clinical diagnosis among 2,183 invasive infections from 1996 to 2020, by age group
Clinical diagnosis No. of cases (%) by age group Total

3–23 mon 24–59 mon ≥ 5 yr
Bacteremia without focus 277 (40.7) 209 (43.5) 321 (31.1) 807 (36.8)
Bone and joint infection 77 (11.3) 74 (15.4) 469 (45.4) 620 (28.3)
Meningitis 176 (25.8) 58 (12.1) 99 (9.6) 333 (15.2)
Pneumonia 115 (16.9) 127 (26.5) 75 (7.3) 317 (14.4)
Deep organ abscess 33 (4.8) 6 (1.3) 49 (4.7) 88 (4.0)
Peritonitis 2 (0.3) 5 (1.0) 10 (1.0) 17 (0.8)
Infective endocarditis 1 (0.1) 1 (0.2) 10 (1.0) 12 (0.5)
Total 681 (31.0) 480 (21.9) 1,033 (47.1) 2,194a

Values are presented as number (%).
aThere is one case of co-infection.
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Fig. 1. Distribution of causative bacterial organisms in invasive infections in immunocompetent children between 1996 and 2020 according to age group and 
clinical diagnosis.



organism (n = 875, 39.9%), followed by S. pneumoniae (n = 618, 28.2%), Salmonella spp. (n = 
335, 15.3%), S. pyogenes (n = 135, 6.2%), H. influenzae (n = 132, 6.0%), and S. agalactiae (n = 64, 
2.9%). There were a few cases of L. monocytogenes and N. meningitidis infections (Table 2).  
S. pneumoniae (42.4%), S. aureus (23.6%), and Salmonella species (15.7%) were common in 
children 3 to 59 months of age. In children ≥5 years of age, S. aureus (58.1%), followed by 
Salmonella species (14.8%) and S. pneumoniae (12.2%) were common (Table 2).

Changes in the relative proportion of bacterial organisms over time from 
1996 to 2019
In this trend analysis over time, the proportion of IBI in 2020 were excluded because the 
distribution of causative organism in 2020 was markedly influenced by the COVID-19 
pandemic and public preventive measures. Total 2,120 cases were analyzed for annual trend 
analysis of the relative proportion of bacterial organisms from 1996 to 2019: 484 cases from 
1996–2005, 518 cases from 2006–2010 and 1,118 cases from 2011 to 2019.

The overall trends in the relative proportions of the eight causative bacterial organisms 
in infants and children older than 3 months of age from 1996 to 2019 are shown in Fig. 2. 
Statistical analysis revealed a trend toward a decrease in the relative proportions of S. pneumoniae 
(rs = −0.430, P = 0.036), H. influenzae (rs = −0.922, P < 0.001), while trend toward an increase 
in the relative proportion of S. aureus (rs = 0.850, P < 0.001), S. agalactiae (rs = 0.615, P = 0.001), 
and S. pyogenes (rs = 0.554, P = 0.005). To eliminate the confounding variables, the overall 
trends in the relative proportions of the eight organisms were analyzed with 22 hospitals which 
participated whole study period. The trend of relative proportion of each organisms shows 
similar trend and is shown in Supplementary Fig. 2.

DISCUSSION

The purpose of this study was to investigate the temporal trend change in the relative 
proportions of pediatric IBIs through a multicenter-based surveillance over 25 years, from 
1996 to 2020 in Korea. This study includes the largest episodes of IBI in children in Korea.

The major causative organism of IBI differed according to age. S. pneumoniae, S. aureus and 
Salmonella species predominated in children 3 to 59 months of age. S. aureus (58.1%) was the 
most common pathogen in patients over 5 years of age, followed by Salmonella species (14.8%) 
and S. pneumoniae (12.2%). The relative proportion of S. pneumoniae and H. influenzae showed a 
decreasing trend from 1996 to 2019 in infants and children older than 3 months of age.
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Table 2. Distribution of causative organisms for invasive bacterial infection from Jan 1996 to Dec 2020, by age 
group
Etiology No. of cases (%) by age group Total

3–23 mon 24–59 mon 3–59 mon subtotal ≥ 5 yr
S. aureus 168 (24.7) 106 (22.1) 274 (23.6) 601 (58.1) 875 (39.9)
S. pneumoniae 288 (42.3) 204 (42.5) 492 (42.4) 126 (12.2) 618 (28.2)
Salmonella spp. 81 (11.9) 101 (21.0) 182 (15.7) 153 (14.8) 335 (15.3)
S. pyogenes 25 (3.7) 28 (5.8) 53 (4.6) 82 (7.9) 135 (6.2)
H. influenzae 68 (10.0) 33 (6.9) 101 (8.7) 31 (3.0) 132 (6.0)
S. agalactiae 47 (6.9) 1 (0.2) 48 (4.1) 16 (1.5) 64 (2.9)
N. meningitidis 3 (0.4) 3 (0.6) 6 (0.5) 23 (2.2) 29 (1.3)
L. monocytogenes 1 (0.1) 4 (0.8) 5 (0.4) 2 (0.2) 7 (0.3)
Total 681 (31.0) 480 (21.9) 1,161 (52.9) 1,034 (47.1) 2,195
Values are presented as number (%).



H. influenzae type b (Hib) is one of the major causes of epiglottis, pneumonia, meningitis, 
arthritis, pericarditis and other infections in infant and children over 3 months of age. After 
introduction of conjugated Hib vaccine, decline of invasive infections due to Hib infection in 
children was observed in worldwide.11,12 In Korea, Hib vaccine has been available since 1996 
and has introduced into the National Immunization Program (NIP) in 2013.13 Following the 
implementation of Hib vaccination program in Korea, the vaccination coverage of Hib in 2016 
was 95.0% and 96.4% in 2019.14 The decline of H. influenzae in IBI patients older than 3 months 
of age were observed (20.1% in the 1996–2000 period, 4.5% in the 2001–2005 period, 3.3% in 
the 2006–2010 period, 2.3% in the 2011–2015 period and 1.7% in the 2016–2019 period).

S. pneumoniae accounted for 45.3% of infections occurred among 3 to 59 months of age in 
1996–2005 and 54.4% in 2006–2010. In the study period (2011–2020), S. pneumoniae accounted 
for 35.3% of IBIs, followed by S. aureus (33.3%). The most common clinical diagnosis in this 
age group were bacteremia without localizing signs (37.9%, 77/198), followed by pneumonia 
(31.8%, 63/198), and meningitis (22.2%, 44/198). In Korea, 7-valent pneumococcal conjugate 
vaccine (PCV7) was introduced in 2003,15 PCV10 and PCV13 were introduced in 2010 and 
NIP implemented PCV10 and PCV13 in 2014.16 After the introduction of PCV7 in 2003, the 
trend in decreased proportion of S. pneumoniae was not seen immediately. The vaccination 
coverage of PCV was first announced in 2017 as 96.7%, higher than 79.2% before NIP 
implementation.17 The reduction in proportion of S. pneumoniae was observed since 2010 
through this study period (1996–2019). Unlike with Hib, S. pneumoniae has multiple serotypes 
that cause invasive infections, so replacement with nonvaccine serotypes among invasive 
pneumococcal disease after the introduction of PCVs may be responsible for the slow trend 
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in the reduction of invasive diseases caused by S. pneumoniae.18 While U.S., United Kingdom, 
and Taiwan showed a dramatic decline in IPD after introduction of PCV,19-21 the decreasing 
trend of IPD was not so evident in this study and this difference may be attributed by different 
study design. This study was based on retrospective, proportion-based data, while studies in 
U.S., United Kingdom, and Taiwan were based on prospective incidence–based surveillance.

S. aureus remains a major cause of infection and causes significant mortality and morbidity 
from bacteremia, osteomyelitis, pneumonia, and endocarditis in pediatric populations.22-25 
In this study, we found the most frequent cause of bacterial infection in children older than 3 
months of age was S. aureus and the relative proportion of S. aureus occupied more than 60% of 
bone and joint infection in patients of any age. An increase in relative proportion of S. aureus 
infections in infant and children ≥ 3 months of age is observed from 1996 to 2019. Compared 
to the Methicillin-resistant Staphylococcus aureus (MRSA) rate 9.1% in 1996–2000, the MRSA 
rate ranged between 27–38% through 2001 to 2020 in this study. However direct comparison 
of MRSA rate during the study period should be interpreted with caution because the case 
number in early period (1996–2000) was smaller than later period. As the MRSA occupied 
significant portions, antibiotics such as vancomycin or clindamycin may be considered in 
empiric guidelines for treatment of febrile infants.23,24 This study includes pre and post 
COVID-19 pandemic period. From 2012 to 2017, 250 bacterial infections occurred annually 
on average, while in 2019 and 2020, 203 and 152 bacterial infections occurred respectively. 
S. aureus showed a significant increasing trend and Salmonella showed a decreasing trend in 
2020. In 2018, the relative proportion of S. aureus infections was 46.7%, which rose to 71.8% 
in 2020. In 2018, the relative proportion of Salmonella species was 23.3%, which dropped to 
9.9% in 2020. Of the 196 salmonella isolates, serogroup data were available for the 194 cases; 
17 (8.8%) isolates were Salmonella typhi and 177 isolates were non-typhoidal Salmonella.

During the COVID-19 pandemic, no cases of IBI due to H. influenzae and N. meningitidis 
and relative proportion of infection due to S. pneumoniae also declined and these findings 
correspond with worldwide trend.7 Several studies revealed that containment measure and 
lockdown reduced IBI. The containment measures prevented invasive bacterial disease 
by blocking bacterial acquisition and colonization due to decreased person-to-person 
transmission.7,8 Future study comparing the etiology of IBI in pediatric population before and 
after the COVID-19 pandemic should be performed.

This study had several limitations. First, as the design of this study was focused on the 
relative proportion of each bacterial infection, the exact incidence of IBI caused by each 
organism was not evaluated. Further well-designed prospective studies which analyze 
annual incidence of bacterial infections are needed. Second, there were some changes in 
the number of participating hospitals and this may affect the trend of relative proportion of 
causative organisms. However, 22 hospitals continued to participate the entire study period. 
Nonetheless, this is the only available surveillance system for IBI in children which has been 
maintained for 25 years.

In conclusion, the 25-year study on the epidemiology of IBI in children revealed a decreasing 
trend for S. pneumoniae and H. influenzae and an increasing trend for S. aureus, S. agalactiae, and 
S. pyogenes in children > 3 months of age. These findings can be used as the baseline data to 
navigate the trend in the epidemiology of pediatric IBI in the post COVID-19 era.
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SUPPLEMENTARY MATERIALS

Supplementary Fig. 1
Geographic distribution of the 29 university-affiliated hospitals.

Click here to view

Supplementary Fig. 2
Annual trend in the proportion of eight causative organisms of invasive bacterial infections in 
children 3 months of age or older, 1996–2019 in 22 university-affiliated hospitals.

Click here to view
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