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ABSTRACT

Despite strict guidelines for coronavirus disease 2019 (COVID-19), South Korea is facing 
its fourth pandemic wave. In this study, by using an automated electrochemiluminescence 
immunoassay assay, we tracked anti-spike protein receptor-binding domain (anti-S-RBD) 
antibody titer from the second dose to 2 weeks after the booster dose vaccination. After 
the second dose, 234 participants had their anti-S-RBD antibody titers decrease over time. 
We also showed the booster dose (the third dose) increased antibody titer by average 14 
(min–max, 2–255)-fold higher compared to the second dose among the 211-booster group 
participants, therefore, the booster dose could be recommended for low responders to 
the second dose. Our findings showed a distinct humoral response after booster doses of 
BNT162b2 mRNA vaccines and may provide further evidence of booster vaccination efficacy. 
These data will also be helpful in vaccination policy decisions that determine the need for the 
booster dose.
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Two years have passed since the beginning of the coronavirus pandemic. Despite worldwide 
vaccination, many countries are experiencing a resurgence of coronavirus disease 2019 
(COVID-19) due to the omicron variant (B.1.1.529) following the delta variant (B.1.617.2) of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As of 5 December 2021, over 
265 million confirmed cases and nearly 5.2 million deaths have been reported globally.1 In 
South Korea, despite 81.2% of the population having been vaccinated since February 2021 
under the national vaccine project, we are in the fourth wave of COVID-19 pandemic.2,3 
The reason for this is probably because the effectiveness of the vaccine is likely to have 
decreased over time and novel variants have been emerging.4-7 Based on the evidences of 
modest difference in vaccine effectiveness with the delta variant,4-7 and the evidence of rising 
humoral response to the third dose of the mRNA vaccine,8-11 the FDA approved the vaccine 
booster dose (a third dose) for Pfizer–BioNTech’s BNT162b2 and Moderna’s mRNA-1273 
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mRNA vaccines.12,13 The authorization was gradually extended from immunocompromised 
patients to all adults.13 The authorization for a booster dose was also approved in South 
Korea, and more than 10% of the population was vaccinated through early December.2,3

Vaccination of health care workers (HCWs) of the Boramae Medical Center, which was 
designated to one of the COVID-19 treatment centers, began in early March 2021, and the 
booster dose vaccination of Pfizer–BioNTech’s BNT162b2 also began in early November 2021. 
This study is a follow-up study of Kim et al.14,15 with the same cohort, which contains HCWs 
of the Boramae Medical Center. The booster dose was administered among the participants 
who wished to be additionally vaccinated at 29 weeks after the second dose. A total of 
five scheduled blood samplings from each participant were performed 1, 2, 16, 24, and 31 
weeks after the second dose. Antibody tests for SARS-CoV-2 were performed by automated 
electrochemiluminescence immunoassay (ECLIA) as described in a previous study.14-17 
Since the linear range of antibody titers recommended by the manufacturer is 0.4 to 250 U/
mL, to ensure the concentration was within the detectable range, a manual dilution method 
was performed.16,17 Of the 289 participants, 234 participants were enrolled in this analysis 
finally; excluding 5 with a COVID-19 infection history and 50 with limited information. 
Among the 234 participants, 211 were administered booster doses, and the other 23 were 
not administered booster doses (only second dose administration). The participants’ basic 
information was obtained through a questionnaire. The past COVID-19 infection history 
was confirmed using an Elecsys Anti-SARS-CoV-2 assay (Elecsys Anti-N; Roche Diagnostics, 
Mannheim, Germany). The nucleocapsid (N) antigen is not a target of the BNT162b2 mRNA 
vaccine; therefore, it is a useful marker to determine whether the participant had been 
infected with SARS-CoV-2 in the past regardless the BNT16b2 mRNA vaccine administration. 
Demographic and basic hematologic characteristics of 234 participants are shown in 
Supplementary Table 1.

To examine the humoral immunity response of the vaccine, a quantitative Elecsys Anti-
SARS-CoV-2 S assay (Elecsys Anti-S; Roche Diagnostics) using a Cobas 8000 e801 unit 
(Roche Diagnostics) was performed. The Elecsys Anti-S assay uses a recombinant protein 
representing the receptor binding domain (RBD) of the spike (S) antigen, which favors 
quantitative determination of high-affinity antibodies against SARS-CoV-2. Using the Elecsys 
Anti-S assay, anti-S-RBD antibody titers of the second dose effect and the booster dose effect 
were compared (Fig. 1). Among booster dose group (n = 211), the median antibody titers 
were 2,082 U/mL (interquartile range [IQR], 1,231–3,153 U/mL) at 2 weeks after the second 
dose and 21,657 U/ml (IQR, 15,687–34,218 U/mL) at 2 weeks after the booster dose (Fig. 1). 
The anti-S-RBD antibody titer 2 weeks after the booster dose was 14 (min–max, 2–225)-fold 
higher on average than it was 2 weeks after the second dose.

When analyzing the antibody dynamics of consecutive blood samples divided into the booster 
dose group and the non-booster dose (only second dose administration) group, the change in 
S-RBD antibody titer revealed a clear difference (Fig. 2). Both groups, the booster dose group 
(n = 211) and the non-booster dose group (n = 23), showed the same decreasing titer pattern 
before booster dose administration (24 weeks after the second dose). Based on the titers at 
2 weeks after the second dose, the median reduction rates at 24 weeks after the second dose 
were 60.72% (IQR, 44.33–71.51%) and 62.35% (IQR, 30.88–78.75%), respectively, and there 
were no significant differences between the two groups (P = 0.677). However, in the booster 
dose group, all of these group participants showed significantly higher anti-S-RBD antibody 
titers after booster dose administration (2 weeks after the booster dose); the median antibody 
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titer just before booster dose (24 weeks after the second dose, 5 weeks before the booster 
dose) was 868 U/mL (min–mix, 53–3,125 U/mL), and the median antibody titer just after 
booster dose (2 weeks after booster dose) was 21,657 U/mL (min–max 5,095–127,064 U/mL). 
This result indicated that the antibody titer increased by approximately 35 (min–max, 6–278)-
fold due to the booster dose. The participants who were not administered booster doses (n = 
23) had a further decrease in antibody titer at 31 weeks after the second dose, and the median 
antibody titer was 589 U/mL (min–max, 252–1,230 U/mL). Therefore, comparing the median 
antibody titer at 31 weeks after the second dose (2 weeks after the booster dose), there was an 
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Fig. 1. Comparison of anti-S-RBD antibody titers at 2 weeks after the second dose and 2 weeks after the booster 
dose of BNT162b2 mRNA vaccination. The box plot graph shows the antibody titer of SARS-CoV-2 by log10 scale. 
The box bounds the IQR divided by the median, and Tukey-style whiskers extend to a maximum of 1.5 × IQR 
beyond the box. 
S-RBD = spike protein receptor-binding domain, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, 
IQR = interquartile range. 
***P < 0.001.
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Fig. 2. Time series of anti-S-RBD antibody titers over a vaccination period of 31 weeks after the second dose (or 
2 weeks after the booster dose) administration. The change of anti S-RBD antibody titer over time in the booster 
dose group (red line, n = 211, administration of booster [third] doses, responded to collect 5 times blood sampling 
and no history of SARS-CoV-2 infection), and in the second dose group (blue line, n = 23, no administration of 
booster [third] doses, responded to collect 5 times blood sampling and no history of SARS-CoV-2 infection). 
The graph shows maximum (upper boundary line), median (dot), minimum (lower boundary line) values of the 
antibody titer of SARS-CoV-2 by log10 scale. 
S-RBD = spike protein receptor-binding domain, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, 
NS = no statistical significance (P > 0.05). 
***P < 0.001.
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about 37-fold difference between the booster dose group (21,657 U/mL) and the non-booster 
dose group (589 U/mL, P < 0.001) (Fig. 2).

In addition, based on the antibody titer, the booster dose could be recommended for low 
antibody production subjects. Particularly, it is encouraging that antibody production 
significantly increased in participants with low antibody production after the booster dose. 
Among the 3 low responders after the second dose (antibody titer, < 200 U/mL of more or equal 
to one sample during the study period), all showed a robust response after the booster dose (53 
→ 14,849 U/mL, 149 → 5,095 U/mL and 184 → 12,965 U/mL after the booster dose, respectively).

This study should be interpreted with the following limitations. First, plaque reduction 
neutralizing test (PRNT), the gold standard for assessing effective antibody quantification 
of viruses, was not performed.18,19 Since the PRNT is a time and labor-intensive test, and 
requires a high safety level as well, it is difficult to conduct easily in a general laboratory. 
Many studies already have reported that commercial immunoassay has strong positive 
correlation with the neutralizing activity test.20-23 Therefore, immunoassay such as ECLIA 
used in this study is frequently used for calculating viral neutralization activity. Second, 
this study focused on the antibody titer against the RBD of the S protein of SARS-CoV-2. It 
remains controversial whether these antibody titers have a clear correlation between adaptive 
humoral immunity (including neutralizing antibody titer) and adaptive cellular immunity 
(including T cell activity).23-27 Antibody titer alone is insufficient to represent total immunity 
to SARS-CoV-2 infection. In line with the difficulties of measuring the protective immunity 
with the vaccine, the efficacy against the dominant variant forms such as the delta variant 
(B.1.617.2) and the omicron variant (B.1.1.529) could not be also revealed.

In summary, we report a consecutive decrease in the S-RBD antibody titer after the second 
dose and a change after the booster dose. The results of more than 200 participants clearly 
showed the change in the anti-S-RBD antibody titer over time and a distinct difference 
between the booster dose group and the non-booster dose group. Also, the booster dose 
greatly increased the antibody titer compared to the second dose. Our findings are first 
in Koreans and the results are similar to the previous evidence suggesting a pronounced 
humoral response after booster doses of mRNA vaccines.8-11

Currently, South Korea is facing an increasing number of confirmed COVID-19 cases and 
deaths. There are various opinions about booster doses, and it is also true that there was a 
lack of research on booster doses. We clearly show the changes in the anti-S-RBD antibody 
titer over time between the second dose and booster dose while maintaining a strict 
vaccination interval. It will also be useful for vaccination policy decisions, which determine 
the need for a booster dose or the interval between vaccination.

Ethics statement

This study was approved by the Institutional Review Board of the Boramae Medical Center 
(No. 30-2021-31) and written informed consent was obtained from all participants.
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