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Seasonal patterns and etiologies of croup in children during the period
2010-2015: A multicenter retrospective study
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Purpose: Croup is known to have epidemics in seasonal and biennial trends, and to be strongly associated with epidemics of para-
influenza virus. However, seasonal and annual epidemics of croup have not been clearly reported in Korea. This study aimed to ex-
amine the seasonal/annual patterns and etiologies of childhood croup in Korea during a consecutive 6-year period.

Methods: Pediatric croup data were collected from 23 centers in Korea from 1 January 2010 to 31 December 2015. Electronic medi-
cal records, including multiplex reverse transcription polymerase chain reaction (RT-PCR) results, demographics and clinical informa-
tion were cross-sectionally reviewed and analyzed.

Results: Overall, 2,598 childhood croup patients requiring hospitalization were identified during the study period. Among them, a
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total of 927 who underwent RT-PCR were included in the analysis. Males (61.5%) predominated, and most (63.0%) of them were
younger than 2 years of age (median, 19 months; interquartile range, 11-31 months). Peak hospitalization occurred in 2010 and
2012 in even-numbered years, and parainfluenza virus (PIV, 39.7%) was the most common cause of childhood croup requiring hos-
pitalization, followed by respiratory syncytial virus (14.9%), human rhinovirus (12.5%), Mycoplasma pneumonaie (10.6%), and human

coronavirus (7.3%).

Conclusion: It is concluded that croup hospitalization has a biennial pattern in even-numbered years. PIV may be the most com-
mon cause of childhood croup; however, croup epidemics could be attributed to other viruses. (Allergy Asthma Respir Dis 2019;7:78-85)
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Table 1. Characteristics among 927 hospitalized childhood croup from 1 Janu-
ary 2010 to 31 December 2015

Variable Value
Age (mo), median (IQR) 19(11-31)
Age group (yr)
<2 584 (63.0)
2-4 266 (28.7)
59 62 (6.7)
10-17 15(1.6)
Male sex 570(61.5)
Season at hospitalization
Spring (March-May) 264(28.5)
Summer (June—August) 253(27.3)
Autumn (September—November) 247 (26.6)
Winter (December—February) 163(17.6)
Hospitalization-related information
Length of stay (hr), mean+SD 126.7+92.1
Intensive care unit admission 1(0.1)
Oxygen supply 84(9.1)
Use of corticosteroids 166 (17.9)
Oral prednisolone 44.(4.8)
Methylprednisolone 42(4.5)
Dexamethasone 121(13.1)

Values are presented number (%) unless otherwise indicated.
IQR, interquartile range; SD, standard deviation.
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Table 2. Respiratory pathogens and laboratory findings among 927 hospitalized
childhood croup from 1 January 2010 to 31 December 2015

Variable Value
|dentified -pathogen 721(77.8)
Single 521 (56.2)
Adenovirus 14(2.7)
Human rhinovirus 65(12.5)
Influenza virus 34(6.5)
Parainfluenza virus 207 (39.7)
Human metapneumovirus 24(4.61)
Respiratory syncytial virus 78(15.0)
Bocavirus 6(1.2)
Coronovirus 38(7.3)
Mycoplama pneumoniae 55(10.6)
Multiple 200(21.6)
No identification 206 (22.2)
Laboratory findings
WBC (x 10%/pL) 11.3+48
Neutrophil (%) 487+195
Lymphocyte (%) 389+176
Eosinophil (%) 14421
Platelet count (x 10%/pL) 2945+104.8
AST(U/L) 406+333
ALT (UL 225+459
LDH (U 361.8+459
CRP {mg/dL) 32469
ESR (mm/hr) 18.2+16.7

Values are presented as number (%) or mean + standard deviation.

Multiple, multiple pathogens with coinfection; WBC, white blood cell; AST, aspar-
tate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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Fig. 1. Pathogens detected in hospitalized children with croup between 2010
and 2015. A total of 927 children with croup were hospitalized between 1 Janu-
ary 2010 through 31 December 2015. Among them, most prevalent age group
was <2 years old (n=584, 63.0%). Most commonly detected pathogen was
parainfluenza virus under the age of 4 years. MP. Mycoplasma pneumoniae,
AdV, adenovirus; RV, human rhinovirus; Flu, influenza virus; PIV, parainfluenza vi-
rus; HMPV, human metapneumovirus; RSV, respiratory syncytial virus; BoV, bo-
cavirus; CoV, coronavirus.
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7ko] EA] 7o) 6078(30.0%), HRVS} RSV 1378(6.5%), HRVS}
AdV 9(4.5%), HRVE} CoV 8(4.0%) 5 HRVO]| ©J3F 28 7+
o] 1357 & = XA 9] 67.5%F AA|5HITE. 371 o /ko] HYUA7} 5
H 7 dx] AL = 331(16.5%)©] %) TH(data was not shown).
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UTH(Fig. 1). 55 72 24 w|ghol| A 30.3%, 2-44]] 25.4%0]%1S-
1, 54| ool A= ©F 18.0%0] ATk (Fig. 1).
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Fig. 2. Numbers of hospitalized children with croup and pathogen-detected croup between 1 January 2010 through 31 December 2015, according to month and year.
Atotal of 2,598 hospitalized children with croup were identified. Among them respiratory pathogens were detected in 927 children.
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Fig. 3. Distribution of pathogen-detected croup between 1 January 2010 and 31 December 2015, according to month and year. (A) Pathogens detected in hospitalized
children with croup. (B) Distribution of PIV, and PIV subtypes. (C) Distribution of CoV and CoV subtypes. AdV, adenovirus; HRV, human rhinovirus; Flu, influenza virus;
PIV, parainfluenza virus; HMPV, human metapneumovirus; RSV, respiratory syncytial virus; BoV, bocavirus; HCoV, human coronavirus.
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Table 3. Comparison of clinical characteristics and laboratory findings among hospitalized children with croup due to single adenovirus, influenza virus, parainfluenza

virus, respiratory syncytial virus, corona virus, and Mycoplasma pneumoniae infection

Variable 1.AdV(n=14) 2. Fu(n=34) 3.PIV(n=207) 4.RSV(n=78) 5.CoV(n=24) 6.MP(n=27) Pvalue Post hoc test
Age (mo), median (IQR) 245(23.0) 26.0(32.0) 17.0(16.0) 16.0(11.0) 13.0(12.0) 66.0(51.0) <001 5<4=3<1=2<6
Male sex, n (%) 8(57.1) 22 (64.7) 126(60.9) 52 (66.7) 24(63.2) 27 (49.1) 0.46
LOS (hr), median (IQR) 120.0(72.0) 120.0(48.0) 96.0(48.0) 120.0(48.0) 96.0(24.0) 144.0(96.0) <001 3=5=4<1=2<6
ICU admission, n (%) 0(0) 0(0) 1(05) 0(0) 0(0) 0(0)
Oxygen supply, n (%) 0(0) 3(8.8) 19(9.2) 6(7.7) 6(15.8) 1(1.8) 0.19
Use of steroids, no. (%) 5(35.7) 6(17.7) 41(19.8) 9(11.5) 11(29.0) 18(32.7) 0.03
Laboratory findings
WBC (x 10°%/L), median (IQR) 10.47 (5.65) 8.77(4.04) 9.80(5.42) 10.97 (4.68) 12.99(7.24) 7.89(3.39) <001 6<2<3<1<4<h
Neutrophil 485(14.0) 58.0(36.1) 46.0(30.2) 455(25.6) 49.8(18.1) 56.6(21.7) 012 4=3<1=5<6=2
Lymphocyte 327(17.9) 320(31.2) 40.7(28.1) 40.3(23.8) 36.3(17.5) 30.4(18.3) 003 6<2=1=5=4<3
Eosinophil 0.5(1.4) 04(0.8) 0.3(0.8) 05(1.4) 0.35(1.3) 1.8(3.0) <001 3=5=1=2=4<6
Platelet (x 10%/uL), median (IQR) ~ 297.0(81.0)  2285(60.0) 249.0(104.0)  300.0(1085)  298.0(90.0) 2730(118.0) <001 2=3<6=1<5=4
CRP (mg/dL), median (IQR) 2.05(3.0) 0.83(2.27) 0.96(2.47) 1.08(2.56) 1.06 (1.45) 1.50 (4.20) 0.37
ESR (mm/hr), median (IQR) 33.0(31.0) 7.0(13.0) 10.0(15.0) 11.0(15.5) 7.0(8.0) 26.0(30.0) <001 2=5=3=4<6=1
AST (U/L), median (IQR) 30.0(10.0) 395(17.0) 37.0(12.0) 39.0(13.0) 37.0(10.0) 31.0(8.0) <001 1=6<5=3=4=2
ALT (U/L), median (IQR) 15.5(8.0) 15.0(9.0) 16.0(8.0) 17.0(9.0) 19.5(8.0) 12.0(6.0) <001 6<2=1=3=4=5
LDH (U/L), median (IQR) 2700(81.0)  286.0(170.0)  327.0(88.0) 3240(151.0)  516.0(2460)  436.0(2185) 0.24

IQR, interquartile range; LOS, length of stay; AdV, adenovirus; Flu, influenza virus; PIV, parainfluenza virus; RSV, respiratory syncytial virus; CoV coronavirus; MP, Mycaoplasma
pneumoniae; ICU, intensive care unit; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lac-

tate dehydrogenase.
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