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BACKGROUND: Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has infected over 21 million
people worldwide since August 16, 2020. Compared to
PCR and serology tests, SARS-CoV-2 antigen assays are
underdeveloped, despite their potential to identify active
infection and monitor disease progression.

METHODS: We used Single Molecule Array (Simoa)
assays to quantitatively detect SARS-CoV-2 spike, S1
subunit, and nucleocapsid antigens in the plasma of
patients with coronavirus disease (COVID-19). We
studied plasma from 64 patients who were COVID-19
positive, 17 who were COVID-19 negative, and 34 pre-
pandemic patients. Combined with Simoa anti-SARS-
CoV-2 serological assays, we quantified changes in 31
SARS-CoV-2 biomarkers in 272 longitudinal plasma
samples obtained for 39 patients with COVID-19. Data
were analyzed by hierarchical clustering and were com-
pared to longitudinal RT-PCR test results and clinical
outcomes.

RESULTS: SARS-CoV-2 S1 and N antigens were detect-
able in 41 out of 64 COVID-19 positive patients. In
these patients, full antigen clearance in plasma was ob-
served a mean 6 95% CI of 5 6 1 days after seroconver-
sion and nasopharyngeal RT-PCR tests reported positive
results for 15 6 5 days after viral-antigen clearance.
Correlation between patients with high concentrations
of S1 antigen and ICU admission (77%) and time to in-
tubation (within 1 day) was statistically significant.

CONCLUSIONS: The reported SARS-CoV-2 Simoa anti-
gen assay is the first to detect viral antigens in the
plasma of patients who were COVID-19 positive to
date. These data show that SARS-CoV-2 viral antigens
in the blood are associated with disease progression,
such as respiratory failure, in COVID-19 cases with se-
vere disease.

Introduction

The current pandemic of coronavirus disease
(COVID-19), caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has resulted
in over 21 000 000 confirmed cases globally and over
167 000 deaths in the United States alone, as of
August 16, 2020 (1). While reverse-transcription poly-
merase chain reaction (RT-PCR) tests remain the gold
standard for diagnosing COVID-19, RT-PCR tests do
not provide adequate information on progression of
the disease. Furthermore, RT-PCR tests can give posi-
tive results for several weeks after a patient has sero-
converted or recovered (2). Serological tests can
identify individuals who have mounted an immune re-
sponse but cannot necessarily be used for monitoring
disease in the early stages of infection (3–5). SARS-
CoV-2 antigen assays can complement PCR and
serological tests by identifying active infection or mon-
itoring disease progression by measuring viral antigens
in biofluids. Currently, there are 2 FDA approved
SARS-CoV-2 antigen tests that detect nucleocapsid in
nasopharyngeal (NP) swabs (6, 7). However, both
tests provide qualitative results and may only detect
viral antigen within the first 5 days of symptom onset.
Quantitative and ultra-sensitive SARS-CoV-2 antigen
assays could enable detection of viral antigens in
blood, saliva, or NP swabs and, in combination with
serological assays, could enable analysis of COVID-19
progression from early infection to seroconversion.

To address the need for a quantitative antigen
assay, we developed ultra-sensitive Single Molecule
Array (Simoa) SARS-CoV-2 antigen assays for S1,

aDepartment of Pathology, Brigham and Women’s Hospital, Boston, MA; bWyss Institute
for Biologically Inspired Engineering, Harvard University, Boston, MA; cHarvard Medical
School, Boston, MA; dTufts University School of Medicine, Boston, MA; eDepartment of
Cancer Immunology and Virology, Dana-Farber Cancer Institute, Boston, MA;
fDepartment of Medicine, Harvard Medical School, Boston, MA; gDivision of Infectious
Diseases, Massachusetts General Hospital, Boston, MA; hDepartment of Immunology
and Infectious Diseases, Harvard T. H. Chan School of Public Health, Boston, MA.

*Address correspondence to this author at: 60 Fenwood Rd, Boston, MA 02115.
Fax 857-307-1112; e-mail dwalt@bwh.harvard.edu.
†These authors contributed equally.

Received August 16, 2020; accepted September 1, 2020.
DOI: 10.1093/clinchem/hvaa213

VC American Association for Clinical Chemistry 2020. All rights reserved. For permissions, please email: journals.permissions@oup.com. 1562

Clinical Chemistry 66:12 General Clinical Chemistry
1562–1572 (2020)

mailto:dwalt@bwh.harvard.edu
mailto:dwalt@bwh.harvard.edu


S1-S2 extracellular domain (spike), and nucleocapsid
(N). The ultra-sensitivity of Simoa enables detection of
SARS-CoV-2 antigens in the plasma of COVID-19 pos-
itive patients. Additionally, Simoa provides a dynamic
range that allows quantification of antigens over a con-
centration range of 4 orders of magnitude. This precise
quantification is advantageous for capturing the wide
range of antigen concentrations in COVID-19 patient
plasma throughout the course of hospitalization. We
combined our Simoa SARS-CoV-2 antigen assays with
previously developed Simoa serological assays to moni-
tor SARS-CoV-2 antigens and anti-SARS-CoV-2
immunoglobulins in longitudinal plasma samples of
COVID-19 patients. These measurements provide di-
rect evidence of the inverse correlation between anti-
SARS-CoV-2 antibody production and viral-antigen
clearance from plasma, which provides a unique view of
viral infection and immune response from the beginning
of hospitalization through recovery or death.

Methods

PLASMA SAMPLES

All plasma was collected in purple-top K2-EDTA tubes
and centrifuged at 2000� g at 4 �C for 10 min prior to
analysis. COVID-19 positive and negative samples were
obtained from adult patients presenting to Brigham and
Women’s Hospital or Massachusetts General Hospital.
We received 17 samples from patients who tested nega-
tive for SARS-CoV-2 using NP RT-PCR. We received
64 samples from patients who tested positive for SARS-
CoV-2 using NP RT-PCR. We received 34 prepan-
demic samples, defined by a collection date before
October 1, 2019, from the Mass General Brigham
Biobank. Of the prepandemic samples, 20 came from
healthy patients and 14 prepandemic samples from sick
patients with upper respiratory infections, bacterial
pneumonia, viral pneumonia, or unspecified virus
positive.

Serial timepoint clinical samples were obtained
from patients admitted to Massachusetts General
Hospital (n¼ 67 samples from 19 individual patients)
and Brigham and Women’s Hospital (n¼ 205 samples
from 24 patients) diagnosed as SARS-CoV-2 positive by
a NP RT-PCR. On average, 7 serial samples per patient
were taken 0–30 days after the first SARS-CoV-2 posi-
tive NP RT-PCR. All plasma samples were collected un-
der approval of the Mass General Brigham Institutional
Review Board for Human Subjects Research.

Simoa Assays

ANTIGEN ASSAYS

Preparation of viral-antigen assay Simoa reagents is in
the online Data Supplement. Simoa assays were

performed on an HD-X Analyzer (Quanterix) in an
automated three-step assay format according to the
manufacturer’s instructions and as previously described
(8). Plasma samples were diluted 8-fold in Homebrew
Detector/Sample Diluent (Quanterix) with Halt
Protease Inhibitor Cocktail (ThermoFischer Scientific)
and EDTA. Detector antibodies were diluted in
Homebrew Detector/Sample Diluent to 0.3 mg/mL, and
streptavidin-b-galactosidase (SbG) concentrate
(Quanterix) was diluted to 150 pmol/L in SbG Diluent
(Quanterix). Antibody-conjugated capture beads were
diluted in Bead Diluent, with a total of 500 000 beads
per reaction (125 000 S1 beads, 125 000 S2 beads,
and 250 000 647-nm dye-encoded helper beads for the
S1/S2 multiplex assay, and 125 000 nucleocapsid beads
and 375 000 647-nm dye-encoded helper beads for the
nucleocapsid assay). All reagents were diluted in plastic
bottles that were loaded into the HD-X Analyzer, and
all assay steps were performed in an automated manner
on the instrument. In each assay, capture beads were
incubated with the sample for 15 minutes, detector
antibody for 5 minutes, and SbG for 5 minutes, with
washing steps in between. The beads were then resus-
pended in 25 mL of resorufin-b-galactopyranoside and
loaded into the microwell array for imaging. Average
enzyme per bead and sample concentration values
were calculated using the HD-X Analyzer software. All
samples were measured in duplicates. Immunoglobulin
assays were performed using a similar procedure (online
Data Supplement).

DATA ANALYSIS

Seroconversion thresholding. Seroconversion classification
was determined based upon the early-stage classification
model (9) trained using an independent panel of 142
samples positive by RT-PCR SARS-Cov-2 and 200 neg-
ative prepandemic controls. The markers for this model
were chosen using a fivefold crossvalidation step as pre-
viously reported (9). Two cross validations were run: (a)
Early-stage cases and prepandemic controls; (b) late-
stage cases and all controls. Each training set initially
considered all 12 markers (IgG, IgM, and IgA each
against S1, Spike, N, and receptor binding domain
(RBD)). This crossvalidation yielded 4 markers (IgA S1,
IgA Nucleocapsid, IgG Nucleocapsid, and IgG Spike)
and exhibited the best performance in the training set.
The threshold for a positive test result for the unknown
samples was determined based on the cutoff that yielded
100% specificity in the training set.

CLUSTER MAP ANALYSIS

The cluster map analysis was performed on standardized
biomarker data. An example (Supplemental Fig. 1) and
detailed description of the standardization is provided in
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the online Data Supplement. Samples were removed if
they had any missing values (reduced the number of
samples from 272 to 252). Specifically, the cluster map
is a hierarchical clustering based on the Ward variance
minimization algorithm (10).

Results and Discussion

For SARS-CoV-2 antigen Simoa assays, 3 types of dye-
encoded paramagnetic bead were functionalized with
antibodies against each viral antigen and incubated with
plasma samples for multiplexed Simoa measurements
(Fig. 1, A, Methods) as described previously (8).
The SARS-CoV-2 Simoa antigen assays detect S1,
spike, and N antigens with limits of detection (LOD) of
5 pg/mL (0.07 pmol/L), 70 pg/mL (0.39 pmol/L), and
0.02 pg/mL (0.4 fmol/L), respectively (Supplemental
Table 2). The range in LODs for each viral-antigen
assay is primarily due to differences in affinities of the
capture and detection antibodies, as antibody dissocia-
tion rate constants are an important factor for Simoa
assay sensitivity (11). All SARS-CoV-2 antigen assays
were validated in commercial human plasma by spike-
and-recovery and dilution-linearity experiments prior to
analysis of clinical plasma samples (Supplemental
Figs. 2 and 3, Table 3). We measured anti-SARS-
CoV-2 immunoglobulins (total IgA, IgM, and IgG)
using our recently established SARS-CoV-2 serological
assays (8) to correlate viral antigens with immunoglobu-
lin levels (Fig. 1, A). In addition, we developed
SARS-CoV-2 serological Simoa assays for IgG1, IgG2,
IgG3, and IgG4 detection (online Data Supplement).
The combined measurements of 3 SARS-CoV-2
antigens and 7 anti-SARS-CoV-2 immunoglobulin
isotypes against 4 SARS-CoV-2 antigens enables quanti-
fication of 31 biomarkers from 70 mL of a plasma
sample.

To probe for the presence of viral antigens in
plasma, we tested samples from COVID-19 positive
patients using our SARS-CoV-2 Simoa antigen assays
for S1, spike, and N. These patients were determined to
be COVID-19 positive by NP RT-PCR and all plasma
samples were obtained within the first 10 days of the ini-
tial NP RT-PCR test. Corresponding immunoglobulin
levels are presented in Supplemental Figs. 4 and 5. S1
and N were detected in 41 of 64 COVID-19 positive
patients (Fig. 1, B and C), who we identify as “viral-an-
tigen positive.” Despite the presence of S1 and N in
some samples, spike was only detectable in 5 of 64
COVID-19 positive patients (Supplemental Fig. 6).
Spike may be undetectable in some samples since the
LOD is 1 order of magnitude higher than the LOD of
the S1 assay. Additionally, in the Simoa assay for spike,
the formation of a full immunocomplex depends on
spike binding to the S2 subunit capture beads and the

S1 subunit detection antibody. Therefore, we hypothe-
size that free spike antigen in plasma is likely proteolyti-
cally cleaved, releasing the S1 subunit, and the
remaining spike protein fragment is undetectable by our
assay.

Cross-reactivity of the SARS-CoV-2 antigen assays
was assessed using plasma samples from 3 control pa-
tient cohorts (a): samples from individuals who tested
negative for COVID-19 by NP RT-PCR (b), prepan-
demic samples from healthy individuals, and (c) prepan-
demic samples collected from sick individuals
(Methods). Viral-antigen concentrations are plotted for
each individual patient in Supplemental Fig. 7. We ob-
served cross-reactivity that limited the SARS-CoV-2 an-
tigen assays for diagnostic applications and highlighted
their use as a complementary technique to RT-PCR di-
agnosis (Fig. 1, B and C). However, based on our pre-
liminary results, a multiplexed approach for the
detection of S1 and N can improve analytical specificity
of these assays. A more detailed discussion is provided in
the online Data Supplement. We attribute detection of
viral antigens in COVID-19 negative patients to either
(a) assay cross-reactivity with other coronaviruses or (b)
the patients with a negative NP RT-PCR test were
COVID-19 positive but received a false negative result
(12). We focused on the utility of the SARS-CoV-2
Simoa antigen assays for monitoring disease progression
in COVID-19 patients diagnosed by NP RT-PCR.
When combined with the diagnostic accuracy of RT-
PCR, the ultra-sensitivity of Simoa enabled high-
resolution quantification of changes in viral-antigen
concentrations over the course of disease in COVID-19
patients. Future studies aim to further optimize capture
and detection antibodies, assay conditions, and add ad-
ditional SARS-CoV-2 antigens to our marker panel to
improve analytical specificity for diagnostic applications.

To understand how antigen and immunoglobulin
levels change with time after infection, we performed
longitudinal studies in COVID-19 positive patients to
monitor viral antigen and immunoglobulin levels during
the course of hospitalization. We measured viral-antigen
concentrations (S1, spike, and N) and immunoglobulin
levels (total IgA, IgM, and IgG and IgG1–4) in serial
plasma samples from 39 admitted patients at Brigham
and Women’s Hospital and Massachusetts General
Hospital (patient IDs 1–39, Supplemental Fig. 8). All
patients were diagnosed as COVID-19 positive by NP
RT-PCR. Longitudinal antigen and immunoglobulin
levels for 4 representative patients are plotted in Fig. 2;
plots for the remaining 35 patients are shown in the on-
line Data Supplement. In this patient cohort, 25 of 39
patients had detectable concentrations of both S1 and N
antigen in their plasma, whereas spike was detectable in
only 6 of 39 patients during their hospitalization.
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The ultra-sensitivity of Simoa assays provides
quantitative resolution of viral-antigen concentrations
and enables us to measure even the earliest stages of an-
tibody production for a detailed view of patient
responses over time. For example, in Fig. 2, Patient 21
originally had high concentrations of N (1240 pg/mL)
and S1 (75.3 pg/mL) and low concentrations of anti-
SARS-CoV-2 immunoglobulins in their plasma on day
0. As patient 21 mounted an antibody response against
the virus, indicated by the increase in immunoglobulin
levels over time, we observe a decrease in viral-antigen
concentrations in plasma. This trend is observed for a
majority of viral-antigen positive patients (patients 21,
22, and 26 in Fig. 2 and patients in Supplemental
Figs. 10, 12–14, 19–20, S23, 26, 31, 34, 36). As
shown in Fig. 2, among patients 21, 22, and 26, once

a patient has seroconverted and their plasma immuno-
globulin levels reach a steady state, there are typically
no detectable concentrations of viral antigen. All
patients seroconverted a mean 6 95% CI of 7 6 1 days
after the first NP RT-PCR positive test, in agreement
with previous serological studies (5, 13–15). We de-
fined viral-antigen clearance as the first day that both
S1 and N were undetectable in a patient’s plasma. For
viral-antigen positive patients, full antigen clearance in
plasma was observed 5 6 1 days after seroconversion.

Furthermore, 13 of 15 patients with undetectable
viral-antigen concentrations in plasma were already
seroconverted at their first NP RT-PCR test (patient 39
in Fig. 2 and Supplemental Figs. 11, 15–17, 18, 24, 27–
28, 30–33, 35, 7–44). We propose 3 possibilities for the
lack of detectable antigen in some patient plasma: (a)

Fig. 1 SARS-CoV-2 antigen and anti-SARS-CoV-2 immunoglobulin detection in plasma. a) Schematic of Simoa detection of SARS-
CoV-2 S1, spike, and N antigens and anti-SARS-CoV-2 immunoglobulins IgG, IgA, and IgM. Measurements for all antigens and
immunoglobulins can be obtained from a single plasma sample (70mL). b, c) Simoa SARS-CoV-2 antigen assay results for
plasma samples collected from prepandemic healthy patients, prepandemic sick patients, and patients who tested COVID-19
negative and COVID-19 positive. Of the 64 patients, 41 who tested COVID-19 positive show detectable S1 (b) and N concentra-
tions (c) in plasma. Each data point represents the average of 2 replicate measurements.
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patients are presenting to the hospital after seroconver-
sion, and therefore most viral antigens have been cleared
from the plasma, (b) we hypothesize that COVID-19
cases with very severe disease will have viral-antigen leak-
age into the blood, and therefore patients that do not
progress to more severe forms of the disease will not have
viral-antigen leakage into the blood, or (c) viral antigens
are present but are bound to an immunoglobulin, which
blocks a binding epitope of the capture or detection anti-
body, resulting in an antigen–immunoglobulin complex
that is undetectable by our Simoa assays. However, even
with no detectable concentrations of viral antigen, 12 of
16 patients were admitted or transferred to the ICU dur-
ing hospitalization and intubated, indicating that these
patients were severe cases. Therefore, we propose a fourth
possibility where patients have seroconverted and, despite
reaching viral clearance, suffer from severe respiratory
damage that inhibits recovery.

Next, we performed a cluster map analysis to
determine if antigen and immunoglobulin levels in
COVID-19 positive patients could differentiate differ-
ent stages of infection across all patients. The cluster
map shows 3 dominant branches (Fig. 3). The first
branch included a majority of early time points where
we observed high concentrations of viral antigens and
low levels of antibodies. The second branch showed a
transition in patient samples where antigen concentra-
tions began to decrease as total IgM, IgA, and IgG
(as well as IgG subclasses IgG1 and IgG3) began to
increase. In the third branch, we observed a further
reduction in antigen concentrations with small increases
in IgG subclasses IgG2 and IgG4. The third branch was
observed for later time points where we propose that
patients had cleared viral antigens from the plasma and
antibodies had reached their steady-state levels. For all
39 patients in this cohort, we observed that IgG1 and

Fig. 2 Serial data for 4 individual COVID-19 positive patients from admission to clinical recovery or death. Simoa antigen and se-
rological results for serial plasma samples. The total IgA, IgM, and IgG levels against 4 viral antigens: nucleocapsid (N), receptor
binding domain (RBD), S1, and spike, for a total of 12 interactions , N antigen concentrations with IgA, IgM, and IgG against N,
S1 antigen concentrations with IgA, IgM, and IgG against S1, and S1 antigen concentrations with IgG1-4 against S1. Data points
represent the mean concentration or AEB (average enzymes per bead) from 2 replicate measurements and error bars represent
the standard error of the mean from 2 replicate measurements.
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IgG3 showed large increases in plasma concentrations
over time. In contrast, IgG2 and IgG4 showed little
to no changes above background levels over time.
Both IgG1 and IgG3 are subclasses of IgG that predom-
inantly respond to viral antigens and mediate neutraliza-
tion (16–20). Based on these measurements, the IgG

response that was mounted by the immune system was
primarily mediated by IgG1 and IgG3 for SARS-CoV-
2, in agreement with previous serological studies (4, 5).
The neutralization effects of IgG1 and IgG3 on viral
antigens should be explored in future studies that in-
clude correlative neutralization titer assays.

Fig. 3 Clustergram of Simoa antigen and immunoglobulin results from 252 samples from 39 patients. Cluster map produced by
Ward variance minimization algorithm. 252 samples from 39 patients were analyzed as described in the Methods section. Data
were standardized after a nonlinear transformation and each row represents a single sample. Days since first RT-PCR test for
each sample are presented at the far left of the clustergram. Longitudinal samples are clustered by dendrograms to the left of
the clustergram. SARS-CoV-2 antigen and immunoglobulin markers are clustered by dendrograms at the top of the clustergram.
The dotted line represents the cutoff that results in 3 branches: branch 1 (top), branch 2 (middle), and branch 3 (bottom). RBD:
Receptor binding domain. N: Nucleocapsid.
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We next explored how antigen clearance compared
with longitudinal RT-PCR tests and clinical outcomes.
The measured SARS-CoV-2 antigen and immunoglob-
ulin levels in plasma, NP RT-PCR tests, and select clini-
cal outcomes for each of these patients are displayed in
Fig. 4, and patient features such as age and gender are
summarized in Supplemental Table 4. In this patient
cohort, NP RT-PCR tests reported positive results for a
mean of 15 6 5 days after viral-antigen clearance and
18 6 4 days after seroconversion. Furthermore, several
patients never received a negative RT-PCR result before
being discharged from the hospital. These observations
are in agreement with recent virological studies that con-
firmed persistence of viral RNA and showed how sero-
conversion was not immediately followed by a decrease
in NP viral RNA in hospitalized patients (21). Because
RNA shedding can occur for several weeks after infec-
tion and recovery, measurements of viral antigens and
immunoglobulins may provide more timely indicators
of infectivity compared to viral RNA, but additional
studies such as viral load measurements are necessary to
corroborate these findings.

To understand the correlation between SARS-
CoV-2 antigen concentrations and disease severity,
clinical features for the 64 COVID-19 positive patients
(Fig. 5, patient IDs 1–64) were compared with viral-
antigen concentrations in plasma. It is important to
note that all samples were obtained from patients admit-
ted to the hospital, resulting in a cohort of cases primar-
ily with severe disease. S1 shows higher correlation with
clinical severity than N in plasma (Supplemental Tables
5–8, Supplemental Fig. 45). Confounding factors such
as age and sex were also assessed and showed no correla-
tion with clinical outcomes (Supplemental Tables 9, 10,
Supplemental Fig. 46). Therefore, patients were
grouped into 3 categories of S1 concentration: (a) 23
patients with undetectable S1 concentrations (below the
limit of detection), (b) 23 patients with low concentra-
tions of S1 (6–50 pg/mL, 0.08–0.65 pmol/L), and (c)
18 patients with high concentrations of S1 (>50 pg/
mL, > 0.65 pmol/L). There is a significant difference in
rates of ICU admission upon presentation for the 3 pa-
tient groups based on S1 concentrations in plasma
(P¼ 0.0107). Patients with zero, low, and high concen-
trations of S1 were admitted to the ICU upon presenta-
tion to the hospital at rates of 30% (7 of 23 patients),
52% (12 of 23 patients), and 77% (14 of 18 patients),
respectively (Fig. 5a). Among all COVID-19 positive
patients, over 60% were intubated during hospitaliza-
tion with no statistically significant difference in intuba-
tion rates among groups (Fig. 5b). The difference in
mean times to intubation between patients with high
concentrations of S1 and patients with no detectable S1
is significant (P¼ 0.0050), where all patients with high
concentrations of S1 were intubated within 1 day of

hospitalization (Fig. 5c). These results suggest that high
S1 concentrations in plasma upon presentation to the
hospital correlate with severe cases of COVID-19 that
can result in respiratory failure and require immediate
intubation. Among all patients, a broad range of intuba-
tion periods, up to 32 days, was observed (Fig. 5d).
Patients grouped by S1 concentrations, age, and sex
showed no statistically significant difference in death
rate (Supplemental Tables S9, S10, Supplemental Fig.
46). Although 6 patients showed detectable concentra-
tions of spike protein, there was no correlation between
spike concentrations and ICU admission, intubation
rate, or death rate. There are potentially more features
in these data that will lead to further correlations, but a
large cohort of patients that include asymptomatic and
mild cases will need to be tested to elucidate other
patterns.

Plasma is a readily available biofluid from hospital-
ized patients but is more difficult to obtain in nonclini-
cal settings. In comparison, saliva is a noninvasive
biofluid that is easier to use for wide-scale testing and
may be more interesting for monitoring viral-antigen
concentrations to understand active viral infection
from COVID-19, which is a respiratory disease. We
tested 17 saliva samples from patients presenting to the
Emergency Department at Brigham and Women’s
Hospital who were tested by NP RT-PCR for
COVID-19 (Supplemental Figs. 47–49). We found
that S1 and N was detectable in 7 of 11 COVID-19
patients when compared to healthy saliva controls.
Similar to our observation of antigen and immunoglo-
bulins in plasma, there were 7 of 11 patients with low
S1 concentrations and high levels of IgA-S1. One pa-
tient showed a background concentration of IgA-S1
and notably high concentration of S1 (135 pg/mL).
However, a deep understanding of the correlation be-
tween viral antigens and immunoglobulins in saliva
will require a larger sample cohort. Nonetheless, these
initial results indicate the presence of SARS-CoV-2
antigens and anti-SARS-CoV-2 immunoglobulins in
saliva and highlight the potential for adapting our
assays to a diagnostic test for COVID-19. Future stud-
ies on saliva will include longitudinal sample analysis
for mild and severe cases of COVID-19 patients and
will explore the potential for developing a saliva-based
COVID-19 antigen screening tool.

Conclusion

Using SARS-CoV-2 Simoa assays, we have demon-
strated quantitative detection of SARS-CoV-2 antigens
and anti-SARS-CoV-2 immunoglobulins in plasma
of COVID-19 patients. While detection of N in NP
swabs has been cited (6), we present the first report of
SARS-CoV-2 spike, S1, and N detection in plasma. The
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Fig. 4 Summary of clinical data and Simoa SARS-CoV-2 antigen and immunoglobulin assays for individual patients in the longi-
tudinal analysis. A black X indicates a viral-antigen positive test, whereas a blue X indicates a viral-antigen negative test. A black
circle indicates a positive NP RT-PCR test, whereas an orange circle indicates a negative NP RT-PCR test. For example, on May 3,
2020, Patient 34 received both a positive and negative NP RT-PCR result, indicated by the red circle. The intubation and extuba-
tion dates of each patient are indicated by green squares. The survival outcome for each patient is marked by the patient ID
number color. Patient IDs are coded black for recovered patients who were discharged from the hospital, whereas patient IDs
are coded red for deceased patients. Pink boxes represent the date of seroconversion for each patient.
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presence of S1 and N in plasma suggests that fragments
of virus are entering the bloodstream, potentially due to
tissue damage. Although spike is undetectable in most
COVID-19 patients, possibly due to proteolytic cleav-
age, 6 patients showed high concentrations of spike in
plasma. No evidence has been reported yet for full viral
particles in blood, though we cannot rule out this possi-
bility (22). Nonetheless, severe COVID-19 cases with
acute respiratory distress syndrome can result in damage
to endothelial cells and vascular leakage (23–26) and we

propose that this damage can lead to discharge of viral
antigens into the blood. Patients with lung damage can
suffer from respiratory failure and require intubation or
mechanical ventilation. We also found significant corre-
lation between high S1 concentrations in plasma and
time between hospital admission and intubation.
Although we hypothesize that asymptomatic or mild
cases will likely not show viral-antigen concentrations in
plasma, future studies that include mild cases will be
used to probe SARS-CoV-2 antigen and antibody

Fig. 5 Indicators of disease severity based on S1 concentrations in plasma for 64 COVID-19 positive patients. COVID-19 positive
patients were separated into 3 groups based on S1 concentrations. The cutoff between groups 2 and 3 (50 pg/mL, 0.65 pmol/L)
was chosen as 5 standard deviations above the LOD. The fraction of patients admitted to the ICU or who were intubated was cal-
culated for each group independently. a) Fraction of COVID-19 positive patients who were immediately admitted to the ICU
upon presentation to the hospital. b) Fraction of COVID-19 positive patients who were intubated during hospitalization. c) Days
between date of presentation to the hospital and intubation date for intubated COVID-19 positive patients. d) The length of intu-
bation for intubated COVID-19 positive patients. For all plots, significance indicated by the asterisks (P< 0.05).
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concentrations over time in comparison to the severe
cases presented here.

Supplemental Material

Supplemental material is available at Clinical Chemistry
online.

Nonstandard Abbreviations: COVID-19, coronavirus disease; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR, re-
verse-transcription polymerase chain reaction; NP, nasopharyngeal;
Simoa, single molecule array; spike, S1–S2 extracellular domain; N,
nucleocapsid; RBD, receptor binding domain.
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