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LABORATORY PROCEDURES

Serum sample preparation

Serum samples for antibody measurement were collected on the day of admission and stored at −20°C until analysis was performed. Frozen samples were thawed prior to antibody determination.

Anti-severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) assays

Antibodies against the S protein, the target of vaccines, were analysed using the Elecsys AntiSARS-CoV-2 S assay (Roche Diagnostics, Mannheim, Germany), an electrochemiluminescence immunoassay that detects antibodies, including IgG, to the receptor-binding domain (RBD) of the SARS-CoV-2 spike protein on the Cobas e801 module (Roche Diagnostics), with a measuring range from 0.4 U/mL to 250 U/mL (up to 25,000 U/mL with onboard 1:100 dilution). Values ≥ 0.8 U/mL were considered positive. All samples were processed according to the manufacturers’ instructions, with the specified controls and calibrators, by trained laboratory staff. 

A SARS-CoV-2 surrogate virus neutralisation test based on antibody-mediated blockage of ACE2-receptor was performed using the cPass SARS-CoV-2 Neutralization Antibody Detection Kit (GenScript, Piscataway, NJ, USA), an enzyme-linked immunosorbent assay, according to the manufacturer’s instructions. Briefly, patient serum was mixed with sample dilution buffer (1:10) and horseradish peroxidase-conjugated recombinant SARS-CoV-2 RBD domain (HRP-RBD) fragments. The preincubation step allowed for the binding of circulating neutralising antibodies to the HRP-RBD. After 30 minutes at 37°C, the mixture was added to a capture plate that had been pre-coated with the ACE2 protein. Any unbound HRP-RBD or HRP-RBD bound to non-neutralisation antibodies was bound to the plate, whereas the circulating neutralisation antibody HRP-RBD complexes remained in the supernatant to be removed during the wash step. After washing, tetramethylbenzidine substrate solution was added, followed by the Stop solution, which quenched the reaction, changing the well colour to yellow. The plate was immediately read at 450 nm on a microtiter plate reader (SpectraMax 190; Molecular Devices, San Jose, CA, USA). Results were reported as percentage inhibition in comparison with the negative control, with a cut-off of 30% indicating the presence of neutralising antibodies. The percentage inhibition value was converted to IU/mL using a conversion tool to increase the comparability of neutralising antibody levels
(https://github.com/Lelouchzhu/cPass-to-IU_Conversion).1
RNA extraction and SARS-CoV-2 and variants detection 

The MagNA Pure 96 System (Roche Diagnostics) was used to extract RNA from nasopharyngeal swabs in viral transport media according to the manufacturer’s instructions. The extracted RNA was then subjected to the Allplex SARS-CoV-2 Assay, which targets four genes in a single tube (E, N, RdRp, and S genes) to detect SARS-CoV-2 infection according to the manufacturer’s instructions. Polymerase chain reaction (PCR) amplification was performed using a CFX96 real-time PCR Detection System (Bio-Rad Laboratories, Hercules, CA, USA).

For SARS-CoV-2 variants detection, Novaplex SARS-CoV-2 Variants I, II, IV, VII assays (Seegene, Seoul, Korea) were used in combination according to the manufacturer’s instructions. Briefly, 5 µL nucleic acid extracts were mixed with 5 µL primers and probes, 5 µL buffer, and 5 µL enzyme contained in each kit. Plates were run on CFX96 with the following protocol; a reverse transcription step was initially performed at 50°C for 20 minutes, then a denaturation step at 95°C for 15 minutes, initial cycling for three steps at 95°C for 10 seconds, 60°C for 40 seconds, and 72°C for 20 seconds were performed. Finally, 42 rapid cycles at 95°C for 10 seconds, 60°C for 15 seconds and 72°C for 10 seconds were executed, and fluorescence reads were recorded at 60°C and 72°C. Result interpretation and data analysis were done via the Seegene viewer. Detectable target mutations for each kit were as follows: 69/70del, E484K, and N501Y for the Variants I; W152C K417N, K417T, and L452R for the Variants II; K417N, L452R, and P681R for the Variants IV; 69/70del, E484A, and N501Y for the Variants VII Assay. The target and detectable variants for each assay are shown in the Supplementary Tables 1-6.

COUNTERMEASURES FOR HOUSEHOLD MEMBERS OF SARS-CoV-2 CONFIRMED PATIENTS

The list of household members of SARS-CoV-2 infected individuals was collected by their respective public health centres within 24 hours of detection to quarantine the household members. During the study period, PCR tests were mandatory for household members of SARS-CoV-2 confirmed patients, regardless of symptoms. According to the guidelines for coronavirus disease 2019 (COVID-19) measures, PCR tests were performed on the day of quarantine and one day before their release from quarantine. A negative PCR test was required for the release from quarantine.

The quarantine duration of household members was 14 days for most of the COVID-19 pandemic. It has been reduced to 10 days since November 2021 and was further reduced to 7 days in February 2022. The required quarantine duration was 14 days (the maximum incubation period for SARS-CoV-2 infection) if PCR tests could not be performed before the release from quarantine. However, the national quarantine management capabilities have reached their limit due to the surge of omicron variants since early February 2022, resulting in the abolishing of mandatory quarantine for vaccinated household contacts since February 7, 2022.
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