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Abstract 

Background: BNT162b2 (Pfizer/BioNTech, Cominarty) and mRNA-1273 (Moderna, Spikevax) 

are mRNA vaccines that elicit antibodies against the SARS-CoV-2 spike receptor-binding 

domain (S-RBD) and have been approved by the Food and Drug Administration (FDA) to 

combat the COVID-19 pandemic. Because vaccine efficacy and antibody levels waned over time 

                  



after the two-shot primary series, the FDA authorized a booster (third) dose for both mRNA 

vaccines to adults in the fall of 2021. 

Objective: We sought to assess the magnitude and durability of S-RBD IgG after the booster 

mRNA vaccine dose in comparison to the primary series. We also compared S-RBD IgG levels 

after BNT162b2 and mRNA-1273 boosters and explored effects of age and prior infection. 

Methods: Surrounding receipt of the second and third homologous mRNA vaccine doses, adults 

in an employee-based cohort provided serum and completed questionnaires, including 

information about prior COVID-19 infection. IgG to S-RBD was measured using an 

ImmunoCAP-based system. A subset of samples were assayed for IgG to SARS-CoV-2 

nucleocapsid by commercial assay. 

Results: 228 subjects had samples collected between 7 and 150 days after their primary series 

vaccine, and 117 subjects had samples collected in the same time frame after their boost. 

Antibody levels 7-31 days after the primary series and booster were similar, but S-RBD IgG was 

more durable over time after the boost, regardless of prior infection status. In addition, mRNA-

1273 post-boost antibody levels exceeded BNT162b2 out to 5 months. 

Conclusion: COVID-19 mRNA vaccine boosters increase antibody durability, suggesting 

enhanced long-term clinical protection from SARS-CoV-2 infection compared to the two-shot 

regimen. 

 

 

Introduction 

 

IgG antibodies targeting the SARS-CoV-2 spike receptor binding domain (S-RBD) play an 

important role in host defense against the viral culprit of COVID-19.
 1,2

 Accordingly, the S-RBD 

is the major antigen that has been targeted by commercially approved COVID-19 vaccines. As 

vaccine-induced protection against SARS-CoV-2 waned and breakthrough infections increased 

following the primary series, in fall 2021 the Food and Drug Administration (FDA) authorized 

third (“booster”) doses of two mRNA vaccines, BNT162b2 (Pfizer/BioNTech, Cominarty) and 

mRNA-1273 (Moderna, Spikevax).
3-5

 While the third dose of each of these vaccines has been 

shown to enhance protection against infection and severe disease, as compared to the primary 

two-shot series, the durability of protection against SARS-CoV-2 infection over time remains an 

important question.
6-8

 Although antibody levels are an imperfect surrogate of vaccine efficacy, it 

                  



is clear that antibodies to S-RBD are an important component of a protective response.
1,2

 To date 

there has been little data showing the dynamics of the antibody response after booster 

vaccination in comparison to the initial primary series. In addition, there has been a lack of head-

to-head studies comparing BNT162b2 and mRNA-1273 after booster vaccination. Here we used 

a quantitative assay to assess the levels and durability of IgG to S-RBD elicited by booster doses 

of both mRNA vaccines in an employee cohort. This work builds on prior investigations of the 

same cohort where we showed that antibodies elicited by BNT162b2 decayed more rapidly after 

the primary vaccine series as compared to mRNA-1273.
9,10

 These studies also revealed that 

BNT162b2 elicited lower levels of antibodies in older adults (age ≥ 50 years) as compared to 

younger adults, an effect that was not seen with mRNA-1273. Here we sought to address the 

following hypotheses about BNT162b2 and mRNA-1273 booster vaccines: i) IgG to S-RBD 

would reach a higher peak level after the booster vaccination as compared to the primary vaccine 

series, ii) IgG to S-RBD levels would be more durable after booster vaccination, and iii) that the 

differences in IgG levels elicited by BNT162b2 and mRNA-1273 observed after the primary 

series would persist following booster vaccination. We also investigated the effects of prior 

infection and age on IgG levels following these two vaccines.  

 

Methods 

 

Study Design and Populations 

 

This cohort study was approved by the University of Virginia (UVA) institutional review board 

(IRB) and all participants provided verbal and written consent. Adults affiliated with UVA were 

                  



recruited from December 2020 through August 2021 by flyer and email announcements to 

participate in a study investigating antibody responses surrounding the initial vaccine series, as 

previously reported.
9,10

 In fall 2021 the study was modified and opened to adults in the greater 

Charlottesville community. The majority of enrollees in this study were healthcare workers 

employed by the UVA Health System. The current analysis includes participants who received 

two primary series doses, and those who received an additional homologous boost dose of the 

BNT162b2 (30µg) or mRNA-1273 (50µg) vaccines. For inclusion, participants must have had a 

blood sample collected between 7 and 150 days after the second or third vaccine. There was no 

exclusion criteria relating to pre-existing co-morbidities. No samples were included in this 

analysis from subjects who received additional vaccine doses, heterologous booster doses, 

alternative dosing regimens (i.e. 3 doses of 100µg mRNA-1273), or other COVID-19 vaccines. 

Blood samples were processed and serum was isolated and banked at -30°C prior to assay. We 

screened subjects for symptomatic COVID-19 infection at each visit by asking participants to 

self-report positive COVID-19 antigen or PCR test results, and/or symptoms suggestive of 

COVID-19 infection. 

 

Antibody Assays 

 

IgG to S-RBD was measured in serum using a quantitative ImmunoCAP-based system with a 

Phadia 250 (Thermo-Fisher/Phadia), as previously described.
11

 In brief, S-RBD (RayBiotech, 

Peachtree Corners, GA) was biotinylated and conjugated to streptavidin-coated ImmunoCAPs 

(Thermo-Fisher/Phadia). Background signal was accounted for by subtracting the signal of an 

unconjugated streptavidin ImmunoCAP, which was run in parallel with each sample. IgG 

                  



antibodies to the nucleocapsid protein were measured in a subset of the cohort – specifically 

subjects who had paired “early” (day 7-31) and “late” (day 90-150) post-booster samples 

available - using the Abbott SARS-CoV-2 Nucleocapsid Protein IgG assay (Abbott Architect 

i2000). To optimize sensitivity of this assay for detecting positive cases we used an index 

threshold of 0.26 as an indicator of previous infection (as compared to the standard index of 1.4), 

as previously reported.
12

 A subject was considered to have been infected before their booster 

vaccine if anti-nucleocapsid IgG was present in their early sample. A subject was considered to 

have been infected after their booster vaccine if anti-nucleocapsid IgG was not present in the 

early sample but was present in the late sample.  

 

Statistical Analysis 

 

Antibody levels were expressed by geometric mean (GM) with 95% confidence intervals. 

Continuous data were compared using Student’s T test, Mann-Whitney U test and ANOVA, as 

appropriate. Categorical data was compared using Chi-squared test. Regression modeling was 

performed using log-transformed antibody levels. Only subjects who had paired early and late 

samples from the primary series or booster series were used in the longitudinal linear regression 

model. For subjects with multiple samples collected between day 7-31, the sample with the 

maximum antibody level was used as their early time point in this model, and all draws between 

day 32 and 150 were included as continuous data. Statistical analysis was performed with 

GraphPad Prism 8 (GraphPad Software) and R software, version 3.6.2 (R Foundation for 

Statistical Computing). 

 

                  



Results 

 

Vaccine Cohort 

 

228 subjects provided at least one blood sample between 7 and 150 days after their second dose 

of BNT162b2 or mRNA-1273 (primary series group), and 117 subjects provided at least one 

blood sample in the same time window after their third dose of BNT162b2 or mRNA-1273 

(booster group). A majority of subjects in the booster group participated in the initial primary 

series study, and thus have data included in both the primary and booster series analysis [n=106 

(91%)].
9
 The booster group tended to be older than the primary series group, median age 44 

(IQR 34-57) vs. median age 41 (IQR 32-54), but this difference was not significant, (P=0.06) 

(Table 1). Both groups were predominantly female, with women representing 75% of 

participants in the primary series group and 77% of participants in the booster group. 

Race/ethnicity were similarly distributed among participants in the primary series group and the 

booster group. More subjects in the booster group self-reported infection (13%) compared to the 

primary series group (4%), (P=0.001). There was a similar distribution of BNT162b2 and 

mRNA-1273 recipients in the primary series group (50% and 50%) and the booster group (51% 

and 49%). The majority of subjects received their primary series vaccinations in the winter of 

2020-2021 and their booster vaccination in fall/winter of 2021-2022 during the Delta and 

Omicron surges of infections (Figure 1).
13

 The majority of infections reported in the cohort 

occurred during the winter of 2021-2022, which coincided with the emergence of Omicron and a 

dramatic increase in COVID-19 cases in the state of Virginia (Figure 1).
 13,14

  

 

                  



IgG to SARS-CoV-2 Spike RBD Following Primary Series and Booster Vaccination 

 

We first compared S-RBD IgG levels elicited by the primary vaccine series and the booster 

vaccine using all samples collected within three time intervals: 0-7 days pre-vaccine (baseline), 

7-31 days post-vaccine (early), and 90-150 days post-vaccine (late). As expected, baseline 

antibody levels were higher in subjects from the booster group (GM 4.4 µg/mL [95% CI 3.0-

6.3µg/mL]) compared to the primary series (GM 0.3 µg/mL [95% CI 0.3-0.5 µg/mL]), P<0.001, 

as the latter subjects had not been previously vaccinated (Figure 2A). Early after vaccination 

there was not a difference in antibody levels measured after the primary series (GM 55.3 µg/mL 

[95% CI 49.8-61.3 µg/mL]) or homologous booster vaccination (GM 55.3 µg/mL [95% CI 46.5-

65.6 µg/mL]). By contrast, in the late time interval IgG levels following the booster mRNA 

vaccine were ~3-fold higher (GM 29.1 µg/mL [95% CI 24.3-34.9 µg/mL]) compared to the 

primary series vaccination (GM 9.5 µg/mL [95% CI 8.1-11.1 µg/mL]), P<0.001 (Figure 2A). 

We then confirmed that there was a difference in trajectories between the booster and primary 

series by evaluating subjects who had paired early and late samples available. Linear regression 

indicated a slower IgG decay following booster compared to primary series vaccination, with 

respective slopes of -0.0024 (95% CI -0.0037 to -0.0012) vs. -0.0074 (95% CI -0.0083 to -

0.0065), P<0.001 (Figure 2B). A sensitivity analysis restricted to 30 subjects who had paired 

samples available after both the primary series and booster vaccination also revealed more 

persistent IgG following the booster vaccination (data not shown).    

 

Effect of COVID-19 infection on booster vaccination IgG levels  

 

                  



Because the booster arm of the study coincided with the wave of infections associated with the 

omicron variant in the winter of 2021-2022, we sought to determine whether prior or intercurrent 

COVID-19 infection impacted IgG levels in recipients of booster vaccines. Positive infection 

status was determined by either self-report or nucleocapsid IgG testing (among the subjects who 

had paired early and late samples available). In the early time window, S-RBD IgG levels were 

higher in those who were infected before the booster vaccine dose (GM 96.7 µg/mL [95% CI 

60.4-154.8 µg/mL]) as compared to those who were not infected before the booster vaccine dose 

(GM 50.9 µg/mL [95% CI 40.8-63.5 µg/mL]), P=0.05 (Figure 3A). By the late time window, 

this difference in antibody levels between those who were infected before the booster vaccine 

dose (GM 40.7 µg/mL [95% CI 16.9-98.2 µg/mL]) and those who were uninfected (GM 28.7 

µg/mL [95% CI 20.6-40.0 µg/mL]) was no longer present, P=0.54. However, those who were 

infected after their booster vaccine (GM 76.5 µg/mL [95% CI 48.9-119.7 µg/mL]) had 

significantly greater IgG levels than the uninfected subjects in the late time window, P=0.005. Of 

note, to be considered as uninfected in this analysis required a combination of negative self-

report and negative nucleocapsid IgG testing.  

 

Effect of age on booster vaccination IgG levels 

 

We next sought to investigate the effect of age on IgG levels following booster immunization. 

Building off our previous reports, we stratified subjects into older (≥50 years) and younger (<50 

years) age groups.
9,10

 To account for the effect of natural infection on IgG levels, this analysis 

excluded subjects who reported prior COVID-19. Antibody levels were significantly higher in 

the younger subjects (GM 68.1 µg/mL [95% CI 56.8-81.6 µg/mL]) compared to older subjects 

                  



(GM 40.2 µg/mL [95% CI 29.2-55.3 µg/mL]) in the early time window, P=0.01. Interestingly, 

this difference did not persist in the late time window, P=0.78 (Figure 3B). 

 

Comparison of IgG to SARS-CoV-2 Spike RBD Following Booster Vaccination with BNT162b2 

(Pfizer/BioNTech) and mRNA-1273 (Moderna) 

 

We then compared S-RBD IgG levels in those who received BNT162b2 and mRNA-1273 

booster vaccines, again excluding subjects who reported prior COVID-19. Prior to the boost, 

recipients of two doses of mRNA-1273 (GM 4.5 µg/mL [95%CI 3.3-6.1]) had higher antibody 

levels than recipients of two doses of BNT162b2 (GM 2.1 µg/mL [95%CI 1.5-3.0]), P=0.004. In 

the early post-boost time window, antibody levels were higher in those subjects who received 

three doses of mRNA-1273 (GM 65.1 µg/mL [95% CI 52.8-80.3 µg/mL]) versus those who 

received three doses of BNT162b2 (GM 42.1 µg/mL [95% CI 31.2-56.8 µg/mL]), P=0.01. 

Moreover, during the late time window subjects who received mRNA-1273 retained nearly twice 

the level of anti-spike RBD IgG (GM 36.8 µg/mL [95% CI 28.6-47.4 µg/mL]) as those who 

received BNT162b2 (GM 18.6 µg/mL [95% CI 14.2-24.4 µg/mL]), P<0.001 (Figure 4A).  

 

We further stratified subjects by both age and vaccine to investigate the combined effects of 

these variables on IgG magnitude and persistence. Consistent with our prior findings during the 

primary series, antibody levels in the early time window were significantly lower in older 

subjects who received BNT162b2 (GM 25.2 µg/mL [95% CI 15.7-40.2 µg/mL]), compared to 

the younger subjects who received BNT162b2 (GM 70.5 µg/mL [95% CI 55.8-89.1 µg/mL]), 

P=0.001.
9
 For mRNA-1273 there was not an age effect, and older subjects who received mRNA-

                  



1273 had significantly higher antibody levels (GM 62.9 µg/mL [95% CI 43.4-91.1 µg/mL]) 

compared to age-similar subjects who received BNT162b2, P=0.004. In the late time window, 

antibody levels were similar among older (GM 16.5 µg/mL [95% CI 9.7-28.2 µg/mL]) and 

younger (GM 19.8 µg/mL [95% CI 14.3-27.5 µg/mL]) recipients of BNT162b2, and older (GM 

31.1 µg/mL [95% CI 22.7-42.5 µg/mL]), and younger (GM 45.6 µg/mL [95% CI 30.0-69.5 

µg/mL]) recipients of mRNA-1273, respectively. Taken together, in the late window S-RBD 

levels were higher in recipients of mRNA-1273 versus BNT162b2 regardless of age (Figure 

4B). To further explore the effect of age we carried out linear regression comparing S-RBD IgG 

versus age in the early post-boost window (using peak antibody levels for subjects who had more 

than one sample available). Antibody levels elicited by BNT162b2 significantly decreased with 

increasing age (P=0.003), while antibody levels elicited by mRNA-1273 remained stable 

(P=0.78) (Figure 4C). 

Discussion 

 

Building on our prior investigations of COVID-19 mRNA vaccine immunogenicity following 

the primary vaccination series, here we have assessed the magnitude and trajectory of S-RBD 

IgG antibodies elicited by BNT162b2 and mRNA-1273 up to 5 months after the booster 

regimen.
9,10

 We also investigated the effects of infection and age on antibody durability after the 

booster vaccine. Our results showed that a third dose of BNT162b2 or mRNA-1273 did not 

result in a higher peak S-RBD IgG levels compared to a two-dose mRNA vaccine series. This 

contrasts with some reports, which have found higher peak IgG levels after a third mRNA 

vaccine compared to the primary series.
15-18

 The explanation for the discrepancy is not clear, but 

the window in which samples were collected could be relevant given that antibody levels are 

                  



dynamic and there are differences in trajectory between the two mRNA vaccines. The 

discrepancy could also relate to variability in assays that have been used to measure IgG to S-

RBD. For example, differences in the capacity of the solid-phase could impact assay dynamic 

ranges.  

 

Our finding that antibody durability after a third mRNA dose was enhanced compared to the 

primary series is supported by a few reports, but there has been little published data that has 

compared antibody levels as far as 5 months post-vaccination.
19-21

 Although there is no specific 

antibody level that has been shown to definitively correlate with protective immunity against 

SARS-CoV-2, antibody magnitude and persistence has been shown to confer greater protection 

against infection and disease.
22-25

 Accordingly, understanding the durability of antibodies after 

the third vaccination could be relevant to guiding the timing of any additional follow-up 

vaccinations. 

 

When investigating the relevance of prior COVID-19 infection on antibody levels and durability, 

we observed that infection prior to the boost was associated with significantly higher antibody 

levels in the early time window, but the difference did not persist at 3-5 months post-booster. 

These findings indicate that the enhanced antibody durability observed after booster vaccination 

was not explained by hybrid immunity and also raises questions about the durability of immune 

protection resulting from natural infection. Of note, there have been mixed findings reported on 

the antibody response stemming from hybrid versus vaccine-elicited immunity.
17,26,27

 In a 

separate finding, we observed that subjects who were boosted and who were subsequently 

infected had the highest levels of antibodies after 4 months. We surmise that vaccine-induced 

                  



antibodies likely peaked and began to decline in these subjects before a natural infection further 

enhanced the IgG levels, though we lacked sufficiently granular sampling to demonstrate this.   

 

Our comparison of the IgG post-boost response between the two FDA-authorized COVID-19 

mRNA vaccines revealed that mRNA-1273 had enhanced immunogenicity versus BNT162b2. 

Antibody levels elicited by mRNA-1273 were higher than BNT162b2 when assessed during the 

early and the late post-boost time window. To our knowledge this is a novel finding, but it is not 

unexpected as we and others have previously shown that mRNA-1273 elicits greater levels of S-

RBD IgG than BNT162 after the primary vaccination.
9, 10, 28, 29 

Moreover, an enhanced antibody 

response to mRNA-1273 is biologically plausible as it incorporates a greater amount of mRNA 

than BNT162b2 both during the initial priming series (100 µg in mRNA-1273 vs. 30 µg in 

BNT162b2) and the boost (50 µg in mRNA-1273 vs. 30 µg in BNT162b2).  

 

Our finding that S-RBD IgG levels were lower in older versus younger subjects early after a 

third mRNA vaccine was accounted for by lower antibody levels in older subjects who received 

three doses of the BNT162b2 vaccine. Between 7 and 31 days after a third vaccine, there was no 

difference in antibody levels between older and younger subjects who received mRNA-1273. In 

the early time window, older subjects who received BNT162b2 not only had lower antibody 

levels than their younger counterparts, but they also had lower antibody levels than the older 

subjects who received mRNA-1273. In contrast to the early findings, by 4 months post-boost we 

did not observe differences in older vs younger recipients of BNT162b2. However, we found that 

mRNA-1273 antibody levels were significantly higher than BNT162b2 antibody levels between 

3 and 5 months after booster vaccination regardless of age. This data reinforces the finding that 

                  



mRNA-1273 elicits more durable antibodies than BNT162b2 and parallels what has previously 

been reported regarding S-RBD IgG levels after the primary series.
9,10, 28, 29

 

 

There are several limitations to consider. We did not measure binding antibodies to new SARS-

CoV-2 variants, such as Omicron and its sub-variants. Moreover, the emergence of these variants 

could nullify the effects of enhanced antibody durability to the native S-RBD.
8,30,31

 Additionally, 

we did not measure neutralizing antibody titers in this cohort. On the other hand, we and others 

have previously shown that neutralizing antibodies correlate moderately to strongly with binding 

IgG levels.
9,16,32

 Another limitation is that we had a relatively small sample size for some of the 

vaccine and age comparisons, particularly after excluding subjects with history of prior COVID-

19 infection. We also did not measure nucleocapsid IgG in all of the samples, which could 

contribute to an underestimate of COVID-19 infection in this cohort.   

 

In conclusion, we found that a booster dose of an mRNA vaccine elicits greater S-RBD IgG 

durability compared to a primary two-dose regimen, regardless of previous infection status. This 

finding suggests that a third dose of an mRNA vaccine provides more persistent protection from 

COVID-19 than a two-dose regimen. Our data also indicate that three doses of mRNA-1273 

elicits a stronger antibody response than three doses of BNT162b2, regardless of age. Whether 

mRNA-1273 confers superior protection against circulating strains compared to BNT162b2 

remains an open question. While vaccine-elicited protection against SARS-CoV-2 infection 

wanes over time, we would highlight that both FDA-authorized mRNA vaccines have shown 

valuable protection against severe disease and death from COVID-19.
6,16,33,34 
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Table 1. Demographics and characteristics of COVID-19 vaccine cohort.  

Characteristics Primary Series 

(n=228) 

Booster vaccine 

(n=117 ) 

P 

 

Age 

Median (Range) 41 (19-85) 44 (19-87) 0.06
a 

<50 yrs, n (%) 152 (67%) 68 (58%) 0.12
b
 

≥50 yrs, n (%) 76 (33%) 49 (42%)  

Sex 
Female, n (%) 171 (75%) 90 (77%) 0.69

b
 

Male, n (%) 57 (25%) 27 (23%)  

Race/ethnicity 

White, n (%) 179 (79%) 96 (82%) 0.64
b
 

Black, n (%)  17 (8%) 6 (5%) 0.46
b
 

Asian, n (%) 24 (11%) 10 (9%) 0.71
b
 

Other, n (%) 8 (4%) 5 (4%) 0.59
b
 

Vaccine Received 
BNT162b2, n (%) 114(50%) 60 (51%) 0.82

b
 

mRNA-1273, n (%) 114 (50%) 57 (49%)  

Two or more chronic co-morbidities
d
, n (%) 6 (3%) 4 (3%) 0.68

 b
 

On immunosuppressing medications
e
, n (%) 8 (4%) 4 (3%) 0.97

 b
 

Self-report of prior COVID-19 infection, n (%) 8 (4%) 15 (13%) 0.001
b
 

Baseline samples, n (%) 41 (18%) 34 (29%) 0.02
b
 

        S-RBD IgG, GM µg/mL (95%CI) 0.3 (0.3-0.5) 4.4 (3.0-6.3) <0.001
c
 

Early samples (D7-31 post-vaccine), n (%) 169 (74%) 62 (48%) <0.001
b
 

       Days, median (IQR) 21 (18-24) 17.5 (13-24) 0.008
a
 

       S-RBD IgG, GM µg/mL (95%CI) 55.3 (49.8-61.3) 55.3 (46.5-65.6) 0.49
c 

Late samples (D90-150 post-vaccine), n (%) 98 (43%) 98 (76%) <0.001
b
 

       Days, median (IQR)  133 (112.5-139) 126 (121-133) 0.98
a
 

       S-RBD IgG, GM µg/mL (95%CI) 9.5 (8.1-11.1) 29.1 (24.3-34.9) <0.001
c 

Total # samples per subject, mean (range) 1.79 (1-7) 2.27 (1-8) 0.003
a
 

a = Unpaired t-test 

b = χ2 test 

c = Mann-Whitney U test 

d = Defined as hypertension, heart disease, diabetes, COPD, chronic kidney disease, and/or asthma 

e = Defined by self-report of treatment with immunomodulatory or immunosuppressant medication, including oral 

corticosteroids.    

 

 

Abbreviations: IQR, Interquartile range; GM, Geometric mean; CI, Confidence interval; S-RBD, Spike receptor binding domain; 

IgG, Immunoglobulin G 

 

                  



 

 

FIGURE LEGEND 

 

Figure 1: Timeline of vaccines, blood draws, and COVID-19 infections in the vaccine cohort. 

Also shown are VDH-confirmed COVID-19 infections, and genotyped SARS-CoV-2 variants 

reported by the CDC in HHS region 3.
13,14

 VDH, Virginia Department of Health; CDC, Centers 

for Disease Control and Prevention; HHS, Health and Human Services. 

 

 

 

Figure 2. SARS-CoV-2 S-RBD IgG trajectory after two (primary series) and three dose 

(booster) COVID-19 mRNA vaccine series. (A) IgG levels in the pre-vaccine, early and late 

windows. (B) Regression analysis of longitudinal paired samples. Bold lines indicate regression 

slopes and shaded area 95% confidence intervals. S-RBD, spike receptor-binding domain. 

 

 

                  



 

 

Figure 3. The effects of infection and age on SARS-CoV-2 S-RBD IgG levels. (A) IgG levels in 

uninfected (Un-) as compared to those infected before (Pre-) or after (Post-) booster vaccination. 

(B) S-RBD IgG levels stratified by age (excluding participants with prior self-reported COVID-

19). S-RBD, spike receptor-binding domain.  

 

                  



 

 

 

Figure 4. Comparison SARS-CoV-2 S-RBD IgG levels by vaccine, and interaction of vaccine 

and age. (A) S-RBD IgG stratified by BNT162b2/Pfizer-BioNTech (P) or mRNA-1273/Moderna 

(M) vaccine. (B) S-RBD IgG stratified by age and vaccine. (C) Linear regression of S-RBD 

levels in relation to age. S-RBD, spike receptor-binding domain. 
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