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ABSTRACT
SARS-CoV-2 proteins were measured in longitudinal plasma samples collected from 13
participants who received two doses of mRNA-1273 vaccine. 11 of 13 participants showed
detectable levels of SARS-CoV-2 protein as early as day one after first vaccine injection.
Clearance of detectable SARS-CoV-2 protein correlated with production of IgG and IgA.
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INTRODUCTION
Messenger RNA (mRNA) vaccines for coronavirus disease 2019 (COVID-19) have
been widely deployed in the US and are highly effective at inducing protection against
infection and severe disease1. In December 2020, the Food and Drug Administration gave
emergency use authorization (EUA) to the mRNA-1273 vaccine (ModernaTX, Inc), as a two
100 µg dose regimen 28 days apart. mRNA-1273 encodes the severe acute respiratory
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syndrome coronavirus (SARS-CoV-2) spike antigen with a transmembrane anchor and S1-S2
cleavage site2. Data have demonstrated the elicitation of binding and neutralization antibodies
against the spike protein by the mRNA-1273 vaccine in humans, thereby inferring that spike
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protein was produced and induced an immune response2–5. However, critical data
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demonstrating the direct production of spike protein via translation from the mRNA-1273

mechanism.

M

vaccine in these studies are missing, precluding a full understanding of the vaccine

Here, we provide evidence that circulating SARS-CoV-2 proteins are present in the
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plasma of participants vaccinated with the mRNA-1273 vaccine. We report antigen and
serological data of the mRNA-1273 vaccine in 13 healthcare workers at the Brigham and
Women’s Hospital. Ultrasensitive single-molecule array (Simoa) assays were used for the
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detection of SARS-CoV-2 antigens spike (S1-S2 unit), S1, and nucleocapsid and antibodies
IgG, IgA, and IgM against SARS-CoV-2 spike, S1, receptor binding domain (RBD), and
nucleocapsid, as previously described6,7. The ultralow detection limits of the Simoa assays
enable detection of antigen and antibody production in the early stages post vaccination and
quantification of changes in levels over the course of both vaccine injections.

MATERIALS AND METHODS
A prospective pilot study of 13 healthcare workers, 18 years and older, with no known
history of SARS-CoV-2 infection was conducted at the Brigham and Women’s Hospital from
December 2020 to March 2021.Full description of study design reported in the
Supplementary Materials. SARS-CoV-2 antigens and antibodies were measured using singlemolecule array assays, as described in the Supplemental Materials (Methods, Figure S1,
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Table S2- S4).

RESULTS
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Plasma was collected from 13 participants at 10-13 timepoints between 1 and 29 days
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after the first injection and 1-28 days after the second injection. There was an equal balance
of sex, median age was 24 years old, and participants from varied racial and ethnic groups
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infection.
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were included (Supplemental Table S1). None of the participants reported prior COVID-19

Temporal profiling of SARS-CoV-2 antigens and antibodies were acquired using
Simoa assays as previously described6,7, providing data on 15 markers to monitor antigen

Ac
c

production and immune responses on each participant (Supplemental Figure S2 to S14). The
Simoa antigen assays for spike, S1, and nucleocapsid were previously validated in plasma
from pre-pandemic healthy subjects, pre-pandemic patients with respiratory infections,
COVID-19 negative patients, and COVID-19 positive patients.7 Authors detected S1 and N in

64% of COVID-19 positive patients and S1 levels were significantly associated with disease
severity. Here, antigens S1 and spike were measured to probe mRNA translation, while
nucleocapsid antigen served as a negative control (Figure 1A, B, C, Supplemental Table S5).
After the first 100 µg dose, the mRNA-1273 vaccine produced detectable levels of S1 antigen

in plasma in 11 participants and spike antigen was detected in three of 13 participants.
Nucleocapsid antigen was undetectable or at background levels in all participants after both
injections, as expected.

S1 antigen was detected as early as day one post vaccination and peak levels were
detected on average five days after the first injection (Figure 1A). The mean S1 peak levels
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was 68 pg/mL ±21 pg/mL. S1 in all participants declined and became undetectable by day 14.
No antigen was detected at day zero for 12 of 13 participants, as expected. However, one
individual presented detectable S1 on day zero, possibly due to assay cross reactivity with
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other human coronaviruses or asymptomatic infection at the time of vaccination. Spike
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protein was detectable in three of 13 participants an average of 15 days after the first
injection. The mean spike peak level was 62 pg/mL ± 13 pg/mL. After the second vaccine
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dose, no S1 or spike was detectable, and both antigens remained undetectable through day 56.
For one individual (Participant #8), spike was detected at day 29, one day after the second
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injection and was undetectable two days later.

Plasma antibodies IgG, IgA, and IgM were measured against spike, S1, RBD, and
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nucleocapsid. Antibody levels measured on day zero represent the baseline level in each
participant, all who had no previous report of COVID-19 infection. In all 13 participants, as
expected, IgG levels against spike and S1, and RBD increased after the first injection while
IgG against nucleocapsid showed no change over time (Figures 1D, E, F; individual
participant data are shown in Supplemental Figures S2-S14). IgA is involved in early
neutralization activity and is therefore crucial to target potentially short-lived IgA responses8.
Our Simoa assays detected increased IgA against spike, S1, and RBD after the first injection
(Supplemental Figure S2-S15). Nine participants (such as participants #3, #4, #5, and #7,

Figure 1G) presented measurable IgG levels against S1 and spike by day 14 after the first
vaccine injection. Four participants (participants #1, #6, #10, #13, Supplemental Figure S2,
S7, S11, and S14), showed a delayed IgG-S1 and IgG-spike response, which did not increase
until day 28 after the first injection. Nonetheless, all participants showed additional boost in
IgG-S1 after the second injection.
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DISCUSSION

In this study, 11 participants exhibit S1 antigen in plasma after the first injection,
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while nucleocapsid concentrations are insignificant in all participants, confirming that the
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detected S1 originates from vaccination and not natural infection. The presence of S1 is likely
due to the nature of the encoded mRNA-1273 spike protein, which contains a cleavable S1-
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S2 site and enables release of S1 from the spike trimer2. We hypothesize that release of S1
protein could result from cleavage via mammalian cell proteases or circulating proteases. We
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observe an increase in S1 over an initial period of one to five days, suggesting that mRNA
translation begins immediately after vaccine inoculation. Interestingly, spike protein appears
in three of thirteen participants on average eight days after S1 is produced. The Simoa antigen
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assays for the full spike protein are designed to require antibody binding to both the S1 and
S2 subunits for detection, resulting in a cleaved spike protein to be undetectable.
Additionally, spike protein concentrations in plasma of vaccinated participants may be below
our assay limit of detection. We hypothesize that the cellular immune responses triggered by
T-cell activation, which would occur days after the vaccination, lead to direct killing of cells
presenting spike protein and an additional release of spike into the blood stream9. The
mechanisms underlying release of free S1 and the subsequent detection of the intact spike
protein remain unclear and require further studies.

We additionally present corresponding antibody data that are consistent with
serological studies done in large trials2–5,10–12 to support our antigen results. Here, the Simoa
serological assays are sensitive enough to identify the production of antibodies at early stages
post vaccination and to profile antibody dynamics for each participant at high resolution. IgG
and IgA against S1, spike, and RBD increase after S1 production in all participants. There is
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no significant increase in IgG and IgA against nucleocapsid, confirming that the immune
response was specific to the vaccine, which does not contain mRNA for nucleocapsid. For all
participants, the increase in IgG against S1 and spike directly corresponds to the decline in S1

us

or spike protein by the second injection. The inverse correlation between antibody and
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antigen levels observed is consistent with previous studies investigating SARS-CoV-2 natural
infection, in which patients with severe COVID-19 with high plasma antigen levels exhibited

M

antigen clearance upon production of antibodies7. Our Simoa antigen assays cannot detect
antigen-antibody immune complexes. Although S1 protein is present in most participants,
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serological data shows that some participants exhibit an initial enhancement in antibody
levels by day 14 compared to those who do not show an enhancement until day 28. These
differences in antibody dynamics could be explained by early antibody production due to
previous asymptomatic infection, which has recently been demonstrated in seropositive
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participants10. Here, we observe two participants (Participants #3, #4) with high IgG-spike

baseline levels compared to all other participants who produce increased IgG-spike levels by
day 14.

Limitations of the current study include the small sample size and potential biases that
result from enrolling healthy, young adults, which may not be representative of the general
population. Future studies should also examine the dynamics of antigen production with

neutralization antibodies. Nonetheless, evidence of systemic detection of spike and S1 protein
production from the mRNA-1273 vaccine is significant and has not yet been described in any
vaccine study, likely due to limitations in 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 vaccination can be detected by day one and is
present beyond the site of injection and the associated regional lymph nodes. Induction of
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IgG and IgA immune responses can be detected as early as day five post vaccination and are
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associated with clearance of spike and S1 antigen in the systemic circulation.
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FIGURE LEGENDS
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 first
and second injections, respectively. (A) S1, (C) spike, and (C) nucleocapsid levels shown
were measured using Simoa assays. The dotted line shows the sample limit of detection,
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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
Average Enzymes per Bead (AEB). Sample limit of detection in unit of AEB was 0.006 for

us

IgG-S1, 0.0044 for IgG-spike, and 0.0129 for IgG-Nucleocapsid. (A-F) Bars represent the
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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

M

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 first and
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second injections, respectively. Each data point represents the average of duplicate
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measurements, and error bars are the standard deviation.
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Figure 1

