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Figure 1.  Time course of SARS-CoV-2 antigen and antibody levels after mRNA-1273 vaccination. Data from 13 participants. All participants received the mRNA-1273 
injection on days 1 and 28, where circle and triangle data points represent antigen levels post the �rst and second injections, respectively. (A) S1, (B) spike, and (C) nucleo-
capsid levels shown were measured using Simoa assays. Dotted line shows the sample limit of detection, calculated as described in the methods. IgG levels against (D) S1,  
(E) spike, and (F) nucleocapsid shown were measured using Simoa assays and reported in units of normalized AEB. Sample limit of detection in unit of AEB was 0.006 for 
IgG-S1, 0.0044 for IgG-spike, and 0.0129 for IgG-Nucleocapsid. (A–F) Bars represent the average concentration from participants on that day, and error bars represent the 
standard deviation, and individual data points are overlayed. Each data point is the average of duplicate measurements. (G) S1, spike, IgG-S1, and IgG-spike data for individual 
participants 3, 4, 5, and 7.�Hollow and solid data points represent levels post the �rst and second injections, respectively. Each data point represents the average of duplicate 
measurements, and error bars are the standard deviation. Abbreviations: AEB, average enzymes per bead; IgG, immunoglobulin G; mRNA, messenger RNA; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2.
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assay sensitivity and timing assessment. The clinical relevance 
of this finding is unknown and should be further explored. 
These data show that S1 antigen production after the initial vac-
cination can be detected by day 1 and is present beyond the site 
of injection and the associated regional lymph nodes. Induction 
of IgG and IgA immune responses can be detected as early as 
day 5 postvaccination and are associated with clearance of spike 
and S1 antigen in the systemic circulation.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.

Notes
Author contributions.
Conceptualization: D. R. W., A. F. O., L. R. B., M. D.
Investigation: A. F. O., C.-A. C., M. D.
Sample/Data Acquisition: A. F. O., C.-A. C., M. D., Y. S., A. C. S., M. P., 

L. N., X. L., S. V.
Funding acquisition: D. R. W., L. R. B.
Supervision: D. R. W., L. R. B.
Writing—original draft: A. F. O., C.-A. C., D. R. W.
Writing—review and editing: M. D., A. C. S., L. R. B.
Acknowledgments. The authors thank Jonathan Krauss and John 

Alexander Kupelian for their technical support and Julia Klopfer for her 
assistance in sample collections and study management.

Financial Support. Funding for this work came from a generous dona-
tion from Barbara and Amos Hostetter and the Chleck Foundation. This 
work was supported in part by the Bill and Melinda Gates Foundation 
(grant number INV-017380). The authors acknowledge support from the 
following research grants for vaccine development: National Institutes 
of Health (NIH)/National Institute of Allergy and Infectious Diseases 
(NIAID), Welcome Trust, and International AIDS Vaccine Initiative (IAVI). 
AFO was supported by NIH T32HL007627.

Potential conflicts of interest. D. R. W. is a Board Director and holds stock 
equity in Quanterix Corporation, a company that develops an ultrasensitive 
digital immunoassay platform. He is an inventor of the Simoa technology, 
founder of the company and serves on its Board of Directors. D. R. W.’s inter-
ests were reviewed and are managed by Brigham and Women’s Hospital and 
Partners HealthCare in accordance with their conflict-of-interest policies. 

The anti-SARS-CoV-2 Simoa assays in this publication have been licensed 
by Brigham and Women’s Hospital to Quanterix Corporation. A. F. O. re-
ports funding from NIH Post Doctoral Training Grant and royalty pay-
ments from Brigham and Women’s Hospital for intellectual property of the 
SARS-CoV-2 antibody assays that was licensed to Quanterix Inc, outside 
the submitted work. L.  R. B.  reports research grants from NIH/NIAID, 
Welcome Trust, and IAVI; and participates in SMCs for NIAID for a variety 
of programs including vaccine development, outside the submitted work. 
M. D. reports grants from Centre Hospitalier de l’Université de Montréal 
(CHUM) and CHUM Foundation, outside the submitted work. All other 
authors report no potential conflicts. All authors have submitted the ICMJE 
Form for Disclosure of Potential Conflicts of Interest. Conflicts that the edi-
tors consider relevant to the content of the manuscript have been disclosed.

References
1.	 Baden  LR, El  Sahly  HM, Essink  B, et  al; COVE Study Group. Efficacy 

and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021; 
384:403–16.

2.	 Jackson  LA, Anderson  EJ, Rouphael  NG, et  al; mRNA-1273 Study Group. An 
mRNA vaccine against SARS-CoV-2: preliminary report. N Engl J Med 2020; 
383:1920–31.

3.	 Anderson EJ, Rouphael NG, Widge AT, et al; mRNA-1273 Study Group. Safety 
and immunogenicity of SARS-CoV-2 mRNA-1273 vaccine in older adults. N Engl 
J Med 2020; 383:2427–38.

4.	 Widge AT, Rouphael NG, Jackson LA, et al; mRNA-1273 Study Group. Durability 
of responses after SARS-CoV-2 mRNA-1273 vaccination. N Engl J Med 2021; 
384:80–2.

5.	 Saadat S, Tehrani ZR, Logue J, et al. Binding and neutralization antibody titers 
after a single vaccine dose in health care workers previously infected with SARS-
CoV-2. J Am Med Assoc 2021. doi: 10.1001/jama.2021.3341.

6.	 Norman  M, Gilboa  T, Ogata  AF, et  al. Ultrasensitive high-resolution profiling 
of early seroconversion in patients with COVID-19. Nat Biomed Eng 2020; 
4:1180–7.

7.	 Ogata AF, Maley AM, Wu C, et al. Ultra-sensitive serial profiling of SARS-CoV-2 
antigens and antibodies in plasma to understand disease progression in COVID-
19 patients with severe disease. Clin Chem 2020; 4:1180–7.

8.	 Sterlin D, Mathian A, Miyara M, et al. IgA dominates the early neutralizing anti-
body response to SARS-CoV-2. Sci Transl Med 2021; 13:2223.

9.	 Sewell  HF, Agius  RM, Kendrick  D, Stewart  M. COVID-19 vaccines: delivering 
protective immunity. BMJ 2020; 371:m4838.

10.	 Krammer F, Srivastava K, Alshammary H, et al. Antibody responses in seropos-
itive persons after a single dose of SARS-CoV-2 mRNA vaccine. N Engl J Med 
2021; 384:1372–4.

11.	 Wu K, Werner AP, Moliva JI, et al. mRNA-1273 vaccine induces neutralizing anti-
bodies against spike mutants from global SARS-CoV-2 variants. BioRxiv 2021. 
doi:10.1101/2021.01.25.427948.

12.	 Corbett KS, Edwards DK, Leist SR, et al. SARS-CoV-2 mRNA vaccine design en-
abled by prototype pathogen preparedness. Nature 2020; 586:567–71.

https://doi.org/10.1001/jama.2021.3341
https://doi.org/10.1101/2021.01.25.427948

