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ABSTRACT

Purpose: This study aimed to identify the etiology and risk factors of community-acquired
pneumonia (CAP) requiring hospitalization in Korean children during the coronavirus
disease 2019 (COVID-19) pandemic.
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Methods: Clinical information of children admitted with CAP to Seoul National University
Children’s Hospital (SNUCH) between January 1, 2021, and February 28, 2022, was
retrospectively collected and analyzed. In addition, the etiologic diagnosis and demographic
data of children with CAP who were discharged at the other seven hospitals between January
and February 2022 were collected. Pneumonia was diagnosed using strict criteria comprising
clinical symptoms, physical examination findings, and chest radiographic findings.

Results: Among 91 children hospitalized with CAP at SNUCH during the 14-month period,
68.4% were aged <5 years and 79.1% had underlying diseases. Among the 95 CAP cases,
respiratory assistance was required in 70.5%, and the use of a ventilator was required in 20.0%.
A total of five patients expired, all of whom were either immunocompromised or had underlying
neurological diseases. Neurological diseases and immunosuppression were significantly
correlated with respiratory assistance (P=0.003) and death (P=0.014). A total of 55% of the
detected respiratory pathogens were viruses, the most common of which was rhinovirus at
35.9%. Among the 169 children hospitalized for CAP at the eight institutions, >1 respiratory virus
was detected in 92.3%, among which respiratory syncytial virus (79.8%) was the most prevalent.
Conclusions: Even during the COVID-19 pandemic, Korean children were hospitalized with
CAP caused by seasonal respiratory viral pathogens. Although atypical and pyogenic bacteria
were not detected, continuous clinical monitoring and further prospective studies should be
conducted.

Keywords: Pneumonia; Children; Etiology; COVID-19
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Table 1. Clinical characteristics of children with CAP requiring hospitalization from 2 cohort

Characteristics Case Control
Setting SNUCH Multicenter SNUCH
Study periods 2021.01-2022.02 2022.01-2022.02  2021.09-2022.02
Patient number 91 169 99
Age
Median (year) 2 NA 4
<1 17 (18.7) 70 (41.4) 31(31.3)
1-5 45 (49.5) 91 (53.8) 924 (24.9)
6-11 11 (12.1) 2(1.2) 21 (21.2)
12-18 18 (19.8) 6(3.6) 23 (23.2)
Sex (male:female) 1.3:1 1.4:1
Underlying disease
Any 72 (79.1) 78 (78.8)
Neurology 22 (24.2) 10 (12.8)
Hemato-oncology 18 (19.8) 37 (47.4)
Genetic/anomaly 14 (15.4) 7 (9.0)
Prematurity 11(12.1) 4(5.1)
Cardiology 8(8.8) 13 (16.7)
Pulmonology 7(7.7) 1(1.3)
Others 11 (12.1) 6 (7.7)
CAP case number 95 169
Chest radiograph finding
Parahilar/peribronchial infiltration 48 (50.5)
Consolidation 18 (18.9)
Ground-glass opacity 8(8.4)
Pleural effusion 3(3.2)
Respiratory support
Any 67 (70.5)
0, (nasal prong/flow by) 29 (30.5)
High frequency nasal cannula 14 (14.7)
Non-mechanical ventilation 5(5.3)
Mechanical ventilation 19 (20.0)
Prognosis
Improved 89 (93.7)
Necrotizing 1(1.1)
Death 5(5.3)
Pathogen detected
Viral 59 (54.7) 156 (92.3) 18 (18.2)
Pyogenic 9(9.5) 0
Atypical 1(1.1) 0
Fungal 3(3.2) 0
None 32(33.7) 13(7.7)

Values are presented as number of patients (%) not otherwise specified.
Abbreviations: SNUCH, Seoul National University Children’s Hospital; CAP, community-acquired pneumonia.

AR QY o)ido] &5 Z9HP=0.003), H YA 5= AFL(P=0.014)T} 7-2J $F AT
AS 2 thTable 2). E3F FREAN 427 A Fut A& o] FHbE 7ol = A3t 8-
Axt/gd o] AATHP=0.007).
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Table 2. Associated factors for severe disease or poor outcome in children with community-acquired pneumonia requiring hospitalization, single center,
2021.01-2022.02

Variables HFNC oxygen therapy or more ICU admission Outcome
respiratory support
Yes (n=37) No (n=58) P-value Yes(n=21) No(n=74) P-value Death (n=5) Survive (n=90) P-value

Underlying medical condition

Any 32(86.5) 44(75.9) 0.207 18(85.7) 58(78.4) 0.552 5(100.0) 71(78.9)  0.579
Immunocompromised 6(16.2) 18(31.0) 0.105 5(23.8) 19(25.7) 0.862 4 (80.0) 20 (22.2) 0.014"
Neurology 15(40.5) 8(13.8) 0.003" 8(38.1) 15(20.3) 0.092 1(20.0) 29 (24.4) 1.000
Pulmonology 6(16.2) 10(17.2) 0.896 3(14.3) 13(17.6) 1.000 0(0.0) 16(17.8)  0.585
Radiologic findings
Consolidation 8(21.6) 10(17.2) 0.595 4(19.0) 14(18.9) 1.000 0(0.0) 18(20.0)  0.580
GGO 5(13.5) 3(5.2)  0.255 3(14.3) 5(6.8)  0.369 1(20.0) 7 (7.8) 0.362
PE 2 (5.4) 1(1.7) 0.558 2 (9.5) 1(1.4) 0.122 2 (40.0) 1(1.1) 0.007*
Etiologic diagnosis
Viral 30(81.1) 40(69.0) 0.191 17(81.0) 53(71.6) 0.575 2 (40.0) 68(75.6)  0.112
Pyogenic 5(13.5) 13(22.4) 0.280 3(14.3) 15(20.3) 0.754 2 (40.0) 16(17.8)  0.239
Fungal 2 (5.4) 4(6.9) 1.000 1(4.8) 5(6.8) 1.000 1(20.0) 5 (5.6) 0.284

Neurology medical condition includes epilepsy (n=9), encephalopathy (n=5), muscular dystrophy/atrophy (n=4), and others (n=5). Pulmonology medical
condition includes bronchopulmonary dysplasia (n=15) and congenital cystic adenomatoid malformation (n=1). Values are presented as number of patients (%)
not otherwise specified.

Abbreviations: HFNC, high flow nasal cannula; ICU, intensive care unit; GGO, ground-glass opacity; PE, pleural effusion.

*P<0.05.

Hho| 2] A/d o & 527 ol A= F 64711 ] &5 7| HEol A7 ZE| QAT 2] ie HEo] 2] A (human
rhinovirus, HRV)7} 2371(35.9%) 0.2 7} B3, RSV7} 1671(25.0%), 38 1hehel Z 2l z;
Ho] 2] A (parainfluenza virus 3, PIV3)7} 1471(21.9%), SARS-CoV-27} 671(9.4%), human
bocavirus (HBoV)7} 471(6.3%), CMV7} 171(1.6%)° A AEE At Mg oAM= &
97ie] Alxto] EM(n=5)1} 7] WA FRAH(n=3)2] HIFOE, 123 §F4(n=1)2] 16S rRNA
sequencing 2 2 HZE| I th. Klebsiella pneumoniae?} 371(33.3%) 2.2 714 AL Pseudomonas

aeruginosa” 271, methicillin-resistant Staphylococcus aureus, Escherichia coli, Serratia marcescens,

20 7 Cases who were previously healthy

1g ] == Cases with underlying medical conditions
Viral pathogen detected
16 H{ --@-- Pyogenic pathogen detected

No. of cases (n)

2021 2022

Fig. 1. Trends in incidence of community-acquired pneumonia requiring hospitalization in SNUCH, 2021.01-2022.02.
Abbreviation: SNUCH, Seoul National University Children’s Hospital.
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SARS-CoV-29t HHE &5 7] Hio|g| Aeke] F5 &2 gl
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SRt B s St F 16978 UYL, Yo' 2= 14| 1|7he] Aok7} 707 (41.4%), 1-54]+= 91
H(53.8%), 61141 29 (1.2%), 12A1] ©]/4-2 6™ (3.6%) U A THTable 1). & 169712] A A3
HH Z A YA HEE 2= 15671(92.3%) 0] R 2 B HEo] 2 A Th(Table 1). H}O]
A= F19370 HEEH I 1 Foll A RSV 15471 (79.8%), HRV 2171(10.9%), OFH| e Hlo] 2 A
(adenovirus, AdV) 671(3.1%), SARS-CoV-2 671(3.1%) 2.2 &l Qlct, 5 ¥ Hio|2{ A4 ¢
kel Bl A2 rsvoll 93k A JALE] g o] 1€ A Feofl S o] T 1 & A
Aok Fol Tk (Fig. 3).
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Fig. 2. Proportion of specific pathogen detected in children with community-acquired pneumonia requiring
hospitalization in SNUCH.

Dark and light colors indicate single and co-detected pathogens with other viral or bacterial pathogens,
respectively. Orange, blue, gray, and yellow colors indicate virus, pyogenic bacteria, atypical bacteria, and
fungus, respectively.

Abbreviations: SNUCH, Seoul National University Children’s Hospital; HRV, human rhinovirus; RSV, respiratory
syncytial virus; PIV, parainfluenza virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HBoV,
human bocavirus; CMV, cytomegalovirus.
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Fig. 3. Respiratory viruses detected in children with community-acquired pneumonia requiring hospitalization in
multicenter during 2022.01-2022.02.

Abbreviations: RSV, respiratory syncytial virus; HRV, human rhinovirus; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; AdV, adenovirus; PIV3, parainfluenza virus type 3; HCoV, human coronavirus; Flu A,
influenza virus A.
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