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ABSTRACT  31 

Studies examining antibody responses by vaccine brand are lacking and may be 32 

informative for optimizing vaccine selection, dosage, and regimens. The purpose of this 33 

study is to assess IgG antibody responses following immunization with BNT162b2 (30 34 

μg S protein) and mRNA-1273 (100 μg S protein) vaccines. A cohort of clinicians at a 35 

non-for-profit organization is being assessed clinically and serologically following 36 

immunization with BNT162b2 or mRNA-1273.  IgG responses were measured at the 37 

Remington Laboratory by an IgG against the SARS-CoV-2 spike protein-receptor 38 

binding domain. Mixed-effect linear (MEL) regression modeling was used to examine 39 

whether the SARS-CoV-2 IgG level differed by vaccine brand, dosage, or days since 40 

vaccination.  Among 532 SARS-CoV-2 seronegative participants, 530 (99.6%) 41 

seroconverted with either vaccine. After adjustments for age and gender MEL 42 

regression modeling revealed that the average IgG increased after the second dose 43 

compared to the first dose (p<0.001). Overall, titers peaked at week six for both 44 

vaccines. Titers were significantly higher for mRNA-1273 vaccine on days 14-20 (p < 45 

0.05), 42-48 (p < 0.01), 70-76 (p < 0.05), 77-83 (p < 0.05), and higher for BNT162b2 46 

vaccine on days 28-34 (p < 0.001). In two participants taking immunosuppressive drugs 47 

SARS-CoV-2 IgG remained negative. mRNA-1273 elicited both earlier and higher IgG 48 

antibody responses than BNT162b2, possibly due to the higher S-protein delivery. 49 

Prospective clinical and serological follow-up of defined cohorts such as this may prove 50 

useful in determining antibody protection and whether differences in antibody kinetics 51 

between the vaccines have manufacturing relevance and clinical significance.  52 

 53 
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 56 

 57 

 58 

INTRODUCTION  59 

Within one year of the emergence of SARS-CoV-2 two novel and effective mRNA 60 

vaccines became available, BNT162b2 (Pfizer/BioNTech) and mRNA-1273 (Moderna) 61 

(1, 2). BNT162b2 is translated into 30 μg of SARS-CoV-2 full-length spike (pre-fusion 62 

conformation) and boosted three weeks after (3). mRNA-1273 is translated into 100 μg 63 

of pre-fusion-stabilized spike glycoprotein and boosted four weeks later (4).  64 

Healthcare workers were the first group to receive BNT162b2 and mRNA-1273 
65 

(1).  The present study was launched on 12/10/20, the week that SARS-CoV-2 vaccines 66 

became available, providing the opportunity to assess antibody responses in 67 

participants receiving two different vaccine brands, before and after immunization. Most 68 

studies so far have focused on following IgG antibody responses to single vaccine 69 

brands (5-8). This study examines how antibody responses vary by vaccine brand, 70 

dosage, and days since vaccination. 71 

MATERIALS AND METHODS 72 

A longitudinal study was initiated to estimate the incidence of SARS-CoV-2 73 

infection and COVID-19 by serological testing. Additionally, it aims to assess SARS-74 

CoV-2 antibody responses and sustainability following infection or immunization. Here 75 
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we report IgG responses following immunization within the first three months of the 76 

study. The study protocol was approved by the Sutter Health IRB. 77 

 78 

 79 

Serological Assay 80 

Serum SARS-CoV-2 IgG was measured by an automated method (VIDAS® 81 

SARS-COV-2 IgG, Biomérieux, France) using an enzyme-linked fluorescent assay 82 

(ELFA) at the Dr. Jack S. Remington Laboratory for Specialty Diagnostics at Sutter 83 

Health (hereafter Remington Lab, https://www.sutterhealth.org/services/lab-84 

pathology/toxoplasma-serology-laboratory). VIDAS® SARS-COV-2 detects IgG against 85 

the receptor binding domain (RBD) of the spike protein. Results are reported as an 86 

index (≥ 1.00 = positive). Data from the manufacturer and the Remington lab (n = 199), 87 

revealed that this assay had a sensitivity of 100% for specimens obtained ≥ 15 days 88 

following onset of symptoms in COVID-19 positive patients. In 989 pre-pandemic 89 

samples from the manufacturer, only one tested positive (99.9% specificity)(9).   90 

Participants 91 

A total of 1,769 clinicians were invited to participate and had to sign the informed 92 

consent before enrolling via REDCap. Clinicians belong to a multi-specialty practice 93 

comprised of adult and pediatric primary care physicians, specialists (including 94 

hospitalists), and advanced practice clinicians. In addition to completing surveys, 95 

participants provide serum at baseline and every three months for a year.  96 
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Statistical Analysis 97 

Mixed-effect linear (MEL) regression modeling was used to examine whether the 98 

SARS-CoV-2 IgG index measured over time differed by vaccine brand, dosage, or days 99 

since vaccination, and examine the interaction effect between the vaccine brand and 100 

days since vaccination for the IgG trajectory across time. Modeling adjusted for age and 101 

gender and included a subject-specific random intercept term to account for the within-102 

person correlation of measurements over time. The restricted maximum likelihood 103 

(REML) approach was used to fit the MEL to produce unbiased estimates of standard 104 

errors. Participants who tested positive for SARS-CoV-2 PCR and/or IgG before 105 

vaccination (n = 19) were excluded from the model for this report. 106 

RESULTS 107 

Among 656 clinicians who consented to participate, 611 (93.1%) completed their 108 

baseline survey and serum collection. Mean age of participants was 47.4 years. 109 

Approximately two-thirds were female (Table 1). Participants self-identified as primarily 110 

white (49.8%), Asian (44%), and non-Hispanic (96.2%). Of the 611 participants, 551 111 

(90.2%) completed the three-month follow-up. Of the 551 participants, 532 (96.6%) 112 

tested negative for SARS-CoV-2 IgG at baseline and therefore were found eligible for 113 

seroconversion. Of the 532 participants, 217 (40.8%) received BNT162b2 and 315 114 

(59.2%) received mRNA-1273. 115 

Seroconversion was demonstrated in 530 (99.6%) of 532 participants. Two 116 

participants did not seroconvert following their second dose. In the first non-117 

seroconverting participant, who was receiving a monoclonal antibody (rituximab) against 118 
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CD20, SARS-CoV-2 antibodies were not detected 28 days following the second dose 119 

(BNT162b2) (10).  In the second non-seroconverting participant, who was receiving an 120 

agent (fingolimod-phosphate) that blocks lymphocytes' ability to emerge from lymph 121 

nodes, SARS-CoV-2 antibodies were not detected 21 days following the second dose 122 

(mRNA-1273) (11). 123 

Figure 1 depicts the SARS-CoV-2 antibody levels for participants who provided 124 

serum samples following vaccination. After adjustments for age and gender, MEL 125 

regression modeling found that the IgG increased significantly after the second dose of 126 

vaccine compared to the first dose (p<0.001). Overall, titers peaked at week six for both 127 

vaccines. Significant differences in IgG were found between vaccine brands, higher for 128 

mRNA-1273 on days 14-20 (p < 0.05), 42-48 (p < 0.01), 70-76 (p < 0.05), 77-83 (p < 129 

0.05), and higher for BNT162b2 on days 28-34 (p < 0.001).  130 

During the days 0-6 post-vaccination, two of 44 participants who received mRNA-131 

1273 had detectable antibodies. In contrast, during the same period, none of the 33 132 

participants who received BNT162b2 had detectable antibodies. 133 

DISCUSSION 134 

We detected SARS-CoV-2 IgG seroconversion, using an assay aimed at the 135 

spike protein-RBD, in all clinicians following either vaccine, with two exceptions who 136 

were under immunosuppression. Several differences were identified in the IgG 137 

responses to BNT162b2 and mRNA-1273. IgG responses to mRNA-1273 were 138 

observed early, within six days following the first dose, while no detectable IgG 139 

responses were observed with BNT162b2. IgG responses were more robust to mRNA-140 
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1273 than BNT162b2 following the second-dose. It is possible that the higher antigenic 141 

load in mRNA-1273, containing more than three-fold the amount of antigen than 142 

BNT162b2 explains the significant differences in IgG responses observed. The fact that 143 

the antibody kinetics correlated directly with days since vaccination, booster dose, and 144 

antigenic content suggests that the mRNA vaccine platforms are suitable for delivery of 145 

accurate amounts of antigen despite that it involves translation steps from RNA to 146 

protein. 147 

Considering that BNT162b2 is boosted one week earlier than mRNA-1273 may 148 

explain why the differences in responses were not even wider in favor of mRNA-1273. If 149 

protection requires maintaining antibody levels above a certain threshold, higher initial 150 

levels of response following vaccination or frequent boosting may succeed in keeping 151 

antibody levels above this threshold for longer than after natural infection (12) despite 152 

similar rates of antibody decay. Moreover, even small differences in antibody titers may 153 

translate into wider divergence of protection due to amplifiable immune cascades.  154 

Limitations of our paper include that we do not yet have the clinical correlates of 155 

immunity that we expect to accrue longitudinally over a minimum of one-year follow-up. 156 

Additionally, the clinicians who did not seroconvert due to immunosuppression, did not 157 

have measures of T-cell mediated immunity that could still be providing protective 158 

immune responses (13). Lastly, this work does not address presence of neutralizing 159 

antibodies or antibody responses to other non-mRNA vaccines. 160 

SARS-CoV-2 IgG titers against the spike protein are available to clinical 161 

laboratories but have not been studied as surrogate markers for immune protection. 162 

Measure of quantitative SARS-CoV-2 spike protein IgG responses plotted over time 163 
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following immunization in specific cohorts, while tracking clinical correlates, may help to 164 

identify individuals who have titer levels that become non-protective. This strategy may 165 

serve as the basis to have them studied with other correlates of immune protection (e.g. 166 

T-cells) (13) or be candidates for additional doses. To achieve these goals (12, 13), only 167 

serological assays targeting the spike protein and with demonstrated sensitivity and 168 

specificity, such as the one used for our study, ought to be utilized. Ongoing studies 169 

such as ours, can potentially unveil differences in IgG responses between vaccine 170 

brands (as observed in this interim report) that may be relevant clinically or for 171 

manufacturing purposes (e.g., choice of antigen amount).  172 
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 252 

Table 1: Demographics in 611 participants who 

completed baseline assessment and serum 

 

Gender N % 

Female 410 67.1% 

Male 201 32.9% 

Age mean and categories 47.4 (9.7) 

28-39 140 22.9% 

40-49 229 37.5% 

50-59 161 26.4% 

60-76 81 13.3% 

 

 253 

 254 

Figure 1 legend. Levels of SARS CoV-2 IgG against the spike protein’s receptor-binding 255 

domain by vaccine brand (BNT162b2, mRNA-1273) and over time following first and 256 

second doses. 257 
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