Supplementary Material 1. Detailed description of the methods
Study population and data collection

We conducted a prospective cohort study from April to June 2022 during the 5th Korean domestic COVID-19 outbreak, characterized by omicron BA.1/2 predominance.1-3 We screened and enrolled IC pediatric patients hospitalized for COVID-19 management at a 2,000-bed tertiary-care hospital, who voluntarily consented to participate. Patients were diagnosed using positive reverse transcription polymerase chain reaction (RT-PCR) assays. The conditions creating IC included malignancy under active chemotherapy or inborn errors of immunity (IEI), We collected data regarding age, sex, underlying conditions, dates of symptom onset and COVID-19 diagnosis, laboratory tests, antiviral treatment, and clinical courses. The reported COVID-19 symptoms included high-grade fever (≥ 38.3°C), low-grade fever (≥ 37.3°C), and cold-like symptoms (rhinorrhea, cough, sputum, or sore throat). For asymptomatic patients, the date of symptom onset was considered to be the date of COVID-19 diagnosis. Since all enrolled pediatric patients were unvaccinated, we used serial sera from 22 non-vaccinated, non-IC adult COVID-19 patients with mild to moderate as comparators for binding antibody and cytokine responses.4,5 Among these sera, we selected 21 sera collected within 3 to 12 months post-infection from 16 non-IC adults who were fully recovered, to measure the convalescent cytokine concentration.

The study was approved by the Institutional Review Board of Samsung Medical Center (SMC 2020-03-113), and written informed consent was obtained from the participants themselves or their parents.

Laboratory procedures

Virus culture and RT-PCR for SARS-CoV-2 from saliva swab

Based on previous reports assessing the utility of saliva samples for SARS-CoV-2 RT-PCR and culture, we collected serial saliva swab samples from the enrolled children to evaluate viral load kinetics and viable virus shedding.6-10 The detailed method for the viral culture was described previously.11 In brief, Vero E6 cells were inoculated with clinical specimens and observed daily for seven days under a microscope to confirm cytopathic effects (CPE). Specific CPE indicated a positive culture, which was further confirmed by real-time RT-PCR analysis, with a SARS-CoV-2 RNA titer exceeding 106 copies/mL. Saliva specimens were tested for SARS-CoV-2 viral load using PowerCheckTM SARS-CoV-2 RT-PCR kits and the specific strains were identified with PowerCheckTM SARS-CoV-2 S-gene Mutation Detection Kit Ver.3.0 (KogenBiotech, Seoul, Korea). Applied Biosystems 7500 FAST Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA, USA) was used for RT-PCR.

Anti-SARS-CoV-2 spike and nucleocapsid protein antibody assays

We measured anti-spike protein antibody (Sab) titers using the Elecsys® Anti-SARS-CoV-2 S kit (Roche Diagnostics, Basel, Switzerland). The assay performance ranged from 0.4 to 250 U/mL, allowing measurement of up to 12,500 U/mL with onboard 1:50 dilution. A positive Sab response was defined as antibody concentrations greater than 0.8 U/mL.12,13 The result was adjusted using a manufacturer-provided correction factor of 0.972 to align Sab titers with the binding antibody units (BAU) recommended by the World Health Organization.14,15 For measurement of nucleocapsid protein antibody (Nab) titers, Elecsys® Anti-SARS-CoV-2 kit by Roche Diagnostics was applied, employing a cut-off index of 1.0 or higher to identify positive results.4,16-18
Plaque reduction neutralization test (PRNT)

To assess neutralizing activity specific to each SARS-CoV-2 variant, PRNT was conducted against wild-type SARS-CoV-2 (WT) and Omicron sublineages, including BA.1, BA.2, BA.5, and BA.2.75, at the Biosafety Level 3 laboratory of the Korea Disease Control and Prevention Agency (KDCA). The detailed process has been described previously.2,5,13 The 50% neutralizing dose (ND50) titer was calculated using the Karber formula: log10 ND50 = m − D (Σp − 0.5).19 A PRNT ND50 ≥ 20 was considered positive, according to the standard operating procedure of the KDCA. A previous publication estimated that a WT PRNT ND50 of 118.25 indicated 50% protective value.5
Multiplex cytokine assay

To investigate the immunologic response following SARS-CoV-2 infection, we evaluated a total of 27 cytokines using Luminex multiplex assay kits. Dilutional ratios and measured ranges have been published previously.20 Measured cytokines included chemokines (CCL2/monocyte chemoattractant protein (MCP)-1, CCL3/macrophage inflammatory protein (MIP)-1α, CCL4/MIP-1β), and cytokines associated with cell proliferation (GM-CSF, interleukin (IL)-3, IL-7, IL-8, IL-15, and CXCL-10), inflammatory responses (IL-1β, IL-1Ra, IL-6, and interferon-gamma (IFN- γ), Th1 responses (IL-18, TNF-α, IL-2, IL-12p70, and TNF-β), Th2 responses (IL-4, IL-5, and IL-17E/IL-25), Th17 responses (IL-17A and IL-23), and Treg responses (IL-10 and TGF-β). While we categorized cytokines for our experimental purposes, it is important to note that cytokines have multifunctional roles, and the above categorization may not precisely reflect the physiological function of each cytokine (for example, TNF-α, IL-6, and IL-1Ra are also classified as proinflammatory cytokines).

Statistical analysis

Descriptive statistics were presented as the median with interquartile range (IQR). We used the Mann-Whitney test for continuous variables and the Chi-square test for categorical variables when comparing the concentrations of antibodies and cytokines between the IC and non-IC groups. To compare matched samples, we employed the Wilcoxon matched-pairs signed-rank test. A linear regression model was used for correlation analyses between Sab and PRNT titers against different SARS-CoV-2 variants. All P values were calculated as two-sided tests, with statistical significance set at < 0.05. All statistical analyses and visualizations were performed using GraphPad Prism 10 (GraphPad Software, San Diego, CA, USA).

Characteristics of non-IC adult comparators

There were 22 non-IC adult comparators (median age of 53.0 years, IQR 39.8–76.0) who had fully recovered from mild to moderate COVID-19. Seven adult patients (31.8%) were male, and 12 (54.5%) had underlying co-morbidities, including hypertension, controlled diabetes, dyslipidemia, and/or cardiovascular disease. Eleven patients recovered without the need for O2 support (mild illness, 50.0%), and 11 required O2 support via nasal prong (moderate illness, 50.0%). Five patients (22.7%) received remdesivir treatment and six (27.3%) received short-term corticosteroid treatment.
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