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Abstract:

Most individuals infected with SARS-CoV-2 develop neutralizing antibodies that target the viral
spike protein. Here we quantify how levels of these antibodies change in the months following
SARS-CoV-2 infection by examining longitudinal samples collected between ~30 and 152 days
post-symptom onset from a prospective cohort of 34 recovered individuals with asymptomatic,
mild, or moderate-severe disease. Neutralizing antibody titers declined an average of about
four-fold from one to four months post-symptom onset. This decline in neutralizing antibody
titers was accompanied by a decline in total antibodies capable of binding the viral spike or its
receptor-binding domain. Importantly, our data are consistent with the expected early immune
response to viral infection, where an initial peak in antibody levels is followed by a decline to a
lower plateau. Additional studies of long-lived B-cells and antibody titers over longer time frames
are necessary to determine the durability of immunity to SARS-CoV-2.
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Background:

Within a few weeks of being infected with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), individuals develop antibodies that bind to viral proteins [1-8]. A few weeks after
symptom onset, sera from most infected individuals can bind to the viral spike and neutralize
infection in vitro [5,7,9]. The reciprocal dilution of sera required to inhibit viral infection by 50%
(NTso) is typically in the range of 100 to 200 at 3-4 weeks post-symptom onset [10], although
neutralizing titers range from undetectable to >10,000 [2,5,9].

There are currently limited data on the dynamics of neutralizing antibodies in the months
following recovery from SARS-CoV-2. For most acute viral infections, neutralizing antibodies
rapidly rise after infection due to a burst of short-lived antibody-secreting cells, and then decline
from this peak before reaching a stable plateau that can be maintained for years to decades by
long-lived plasma and memory B cells [11,12]. These dynamics have been observed for many
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viruses, including influenza [13], RSV [14], MERS-CoV [15], SARS-CoV-1 [16,17], and the
seasonal human coronavirus 229E [18].

Several recent studies have tracked antibody levels in individuals who have recovered from
infection with SARS-CoV-2 for the first few months post-symptom onset [5,7,8,19-22]. Most of
these studies have reported that over the first three months, antibodies targeting spike decline
several fold from a peak reached a few weeks post-symptom onset [5,7,19], suggesting that the
early dynamics of the antibody response to SARS-CoV-2 are similar to those for other acute
viral infections.

Here we build on these studies by measuring both the neutralizing and binding antibody levels
in serial plasma samples from 34 SARS-CoV-2-infected individuals across a range of disease
severity with follow-up as long as 152 days post-symptom onset. On average, neutralizing titers
decreased ~4-fold from ~30 to >90 days post-symptom onset. This decline in neutralizing titers
was paralleled by a decrease in levels of antibodies that bind spike and its receptor-binding
domain (RBD). Nonetheless, most recovered individuals still had substantial neutralizing titers at
three to four months post-symptom onset.

Methods:

Study population

Plasma samples were collected as part of a prospective longitudinal cohort study of individuals
with SARS-CoV-2 infection. Individuals 18 years or older with laboratory confirmed SARS-CoV-
2 infection were eligible for inclusion. Individuals who were HIV+ were excluded from this study
due to concerns that antiretroviral treatment may affect our pseudotyped lentivirus neutralization
assay. Individuals were recruited from three groups: inpatients, outpatients, and asymptomatics.
Inpatients were hospitalized at Harborview Medical Center, University of Washington Medical
Center, or Northwest Hospital in Seattle, WA and were enrolled while hospitalized. Outpatients
were identified through a laboratory alert system, email and flyer advertising, and through
identification of positive COVID-19 cases reported by the Seattle Flu Study [23]. Asymptomatic
individuals in this study were recruited through outpatient testing and identified when they
answered “None” on their symptom questionnaire. They were confirmed to be symptom-free for
the first 30 days after diagnosis.

Participants or their legally authorized representatives completed electronic informed consent.
Sociodemographic and clinical data were collected from electronic chart review and from
participants via a data collection questionnaire (Project REDCap [24]) at the time of enroliment.
The questionnaire collected data on the nature and duration of symptoms, medical
comorbidities, and care-seeking behavior (Supplementary Table 1). Based on these data,
individuals were classified by disease severity as Asymptomatic, Symptomatic Non-
Hospitalized, and Symptomatic Hospitalized.

Individuals who were recruited as inpatients were enrolled during their hospital admission and
had samples collected during their hospitalization. After hospital discharge, these participants
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subsequently returned to an outpatient clinical research site approximately 30 days after
symptom onset for follow-up. In person follow-up only occurred if participants were
asymptomatic as per CDC guidelines. Outpatients and asymptomatic individuals completed
their enrollment, data collection questionnaire, and first blood draw at an outpatient visit
approximately 30 days after symptom onset (or positive test for asymptomatic individuals). All
participants subsequently were asked to return at day 60 and then at day 90 or 120 for follow-

up.

The majority of samples collected from participants were from outpatient visits after recovery.
However, the first sample from participant ID (PID) 13, the first three samples from PID 23, and
the first six samples from PID 25 were collected during their hospitalizations.

For some of the analyses shown in Figures 1 and 2, samples from individuals were divided into
three timepoints: ~30 days post-symptom onset (or post-positive test for asymptomatic
individuals) (range: 22-48 days), ~60 days post-symptom onset or post-positive test (range: 55-
79 days), and >90 days post-symptom onset or post-positive test (range: 94-152 days). Three
individuals (PIDs: 2C, 23, and 25) had multiple samples in the first time range. For aggregated
analyses that required samples be divided into these three groups, we only included the sample
closest to 30 days post-symptom onset for those individuals. No individuals had multiple
samples collected ~60 days post-symptom onset. One individual (PID: 12C) had two samples
collected >90 days post-symptom onset. For this individual, we included only the latest sample
collected in aggregated analyses that required classification into groups. The number of
samples at each timepoint overall and for each disease severity classification is shown in Table
1. For analyses of fold-change, we required individuals to have a sample collected at the 30-day
timepoint that had neutralizing antibody titers above our limit of detection (NTso >20). The
numbers of individuals included in the fold-change analyses are indicated in Table 1.

This study was approved by the University of Washington Human Subjects Institutional Review
Board.

Laboratory methods

Whole blood was collected in acid citrate dextrose tubes then spun down, aliquoted, and frozen
at -20°C within 6 hours of collection. Prior to use in this study, plasma samples were heat
inactivated at 56°C for 60 min and stored at 4°C. Some samples from the early timepoints were
stored at -80°C after heat inactivation and underwent no more than two freeze/thaw cycles.
Plasma samples were spun at 2000xg for 15 min at 4°C immediately prior to use to pellet
platelets.

Protein expression and purification

RBD and spike protein were produced in mammalian cells as previously described [24]. Briefly,
the SARS-CoV-2 RBD and S-2P trimer [25] were produced in Expi293F cells grown in
suspension using Expi293F expression medium (Life Technologies) at 33°C, 70% humidity, and
8% COg, rotating at 150 rpm. The cultures were transfected using PEI-MAX (Polyscience) with
cells grown to a density of 3.0 million cells per mL and cultivated for 3 days. Supernatants were
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clarified by centrifugation (5 minutes at 4000 rcf), addition of PDADMAC solution to a final
concentration of 0.0375% (Sigma Aldrich, #409014), and a second centrifugation (5 minutes at
4000 rcf).

Proteins were purified from clarified supernatants via IMAC using Talon cobalt affinity resin
(Takara), passing the flowthrough back over the column for a second binding step. The proteins
were eluted in 20 mM Tris pH 8.0, 300 mM NaCl, and 300 mM imidazole and subsequently
dialyzed into 50 mM Tris pH 7.0, 185 mM NaCl, 100 mM L-arginine, 4.5% (v/v) glycerol, and
0.75% (w/v) 3-[(3-cholamidopropyl)dimethylammonio]-2-hydroxy-1-propanesulfonate (CHAPS)
(RBD) or 50 mM Tris pH 8.0, 150 mM NaCl, 0.25% L-histidine (spike trimer). SDS-PAGE was
used to assess purity prior to flash freezing and storage at -80°C.

ELISAs

IgG enzyme-linked immunosorbent assays (ELISAs) to spike and RBD were conducted as
described previously [26], and were based on a published protocol that recently received
emergency use authorization from New York State and the FDA [27,28]. Briefly, spike or RBD
was diluted to 2 ug/mL in PBS, 50 uL of which was used to coat each well of 96 well Immunlon
2HB plates (Thermo Fisher; 3455) overnight at 4°C. The next day, plates were washed thrice
with PBS containing 0.1% Tween 20 (PBS-T) using a plate washer (Tecan HydroFlex) and
blocked for 1-2 hours at room temperature with 200 uL 3% non-fat dry milk in PBS-T. Plasma
samples were diluted with five serial 3-fold dilutions in PBS-T containing 1% non-fat dry milk,
starting at a 1:25 dilution. Each plate contained a negative control dilution series of pooled
human sera collected from 2017-2018 (Gemini Biosciences, 100-110, lot H86WO03J, pooled
from 75 donors), and a CR3022 monoclonal antibody positive control dilution series starting at 1
ug/mL. Block was thrown off plates, and 100 uL diluted plasma was added to the plates and
incubated at room temperature for 2 hours. Plates were then washed three times, and 50 L of
goat anti-human IgG-Fc horseradish peroxidase (HRP)-conjugated antibody (Bethyl Labs, A80-
104P) diluted 1:3,000 in PBS-T containing 1% milk was added to each well and incubated for 1
hour at room temperature. Plates were again washed thrice with PBS-T, and 100 yL of TMB/E
HRP substrate (Millipore Sigma; ES001) was then added to each well. After a 5 minute
incubation, 100 uL 1N HCI was added, and the OD450 was read immediately on a Tecan infinite
M1000Pro plate reader.

IgA and IgM RBD ELISAs were performed as described above, with the following changes. The
IgA secondary antibody was Peroxidase AffiniPure Goat Anti-Human Serum IgA, a chain
specific (Jackson Labs, 109-035-011), and the IgM secondary antibody was goat Anti-Human
IgM (p-chain specific)-Peroxidase antibody (Sigma Aldrich, A6907); both were diluted 1:3000 in
PBS-T containing 1% milk. For these ELISAs, plasma samples were run at six serial 4-fold
dilutions starting at a 1:25 dilution, again with each plate containing a negative control dilution
series (pooled human sera taken from 2017-2018).

AUC was calculated as the area under the titration curve after putting the serial dilutions on a
log-scale.
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Neutralization assays

Neutralization assays were conducted using pseudotyped lentiviral particles as described in
[29], with a few modifications. First, we used a spike with a cytoplasmic tail truncation that
removes the last 21 amino acids (spike-A21). The map for this plasmid, HDM-SARS2-Spike-
delta21, is in Supplementary File 1 and the plasmid is available from Addgene (Plasmid
#155130). We used a spike with a C-terminal deletion because, since publishing our original
protocol [29], other groups have reported that deleting spike’s cytoplasmic tail improves titers of
spike-pseudotyped viruses [30-33]. Indeed, we found that the C-terminal deletion increased the
titers of our pseudotyped lentiviral particles without affecting neutralization sensitivity
(Supplementary Figure 1).

For our neutralization assays, we seeded black-walled, clear bottom, poly-L-lysine coated 96-
well plates (Greiner, 655936) with 1.25x10* 293T-ACE2 (NR-52511) cells per well in 50 yL D10
media (DMEM with 10% heat-inactivated FBS, 2 mM I-glutamine, 100 U/mL penicillin, and 100
ug/mL streptomycin) at 37°C with 5% CO,. About 12 hours later, we diluted the plasma samples
in D10 starting with a 1:20 dilution followed by 6 or 11 serial 3-fold dilutions (11 dilutions were
used for samples from individuals we had previously measured as having high neutralizing
antibody responses; PIDs: 13, 23, and 25). We then diluted the spike-A21 pseudotyped lentiviral
particles 1 to 6 (1 mL of virus plus 5 mL of D10 per plate) and added a volume of virus equal to
the volume of plasma dilution to each well of the plates containing the plasma dilutions. We
incubated the virus and plasma plates for 1 hour at 37°C and then added 100 L of the virus
plus plasma dilutions to the cells ~16 hours after the cells were seeded.

At 50-52 hours post-infection, luciferase activity was measured using the Bright-Glo Luciferase
Assay System (Promega, E2610) following the steps outlined in [29], except luciferase activity
was measured directly in the assay plates and not transferred to opaque-bottom black plates.
Two “no plasma” wells were included in each row of the neutralization plate and fraction
infectivity was calculated by dividing the luciferase readings from the wells with plasma by the
average of the “no plasma” wells in the same row. After calculating fraction infectivities, we used
the neutcurve Python package (https://jbloomlab.github.io/neutcurve/) to calculate the plasma
dilution that inhibited infection by 50% (IC50) by fitting a Hill curve with the bottom fixed at 0 and
the top fixed at 1. NTsos for each plasma sample were calculated as the reciprocal of the 1C50.
Individuals whose plasma was not sufficiently neutralizing to interpolate an IC50 using the Hill
curve fit were assigned an NTso of 20 (the limit of our dilution series) for plotting in Figures 1A,
1C, and 2B and for fold-change analyses in Figure 1B.

All samples were run in at least duplicate. We ran all samples from the same individual in the
same batch of neutralization assays and on the same plate when possible. Each batch of
samples included a negative control of pooled sera collected from 2017-2018 (Gemini
Biosciences, 100-110, lot H86WO03J, pooled from 75 donors), and one plasma sample known to
be neutralizing (PID 4C, 30-day timepoint). These samples were used to confirm consistency
between batches.
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In an effort to help standardize comparisons between neutralization assays, we also ran our

neutralization assay with a standard serum sample from NIBSC (Research Reagent for Anti-
SARS-CoV-2 Ab, NIBSC code: 20/130). This sample had an NTso of ~3050 (Supplementary
Figure 2).

Data availability

Raw data for each sample, including IC50, NTso, AUC and relevant demographic data (age, sex,
disease severity, days post-symptom onset) are available as Supplementary File 2. Clinical
data were analyzed in R version 3.6.0 (2019).

Results:

Longitudinal plasma samples from a cohort of SARS-CoV-2 infected individuals

We enrolled 34 individuals following RT-qPCR-confirmed SARS-CoV-2 infection, of which five
were symptomatic hospitalized, 22 were symptomatic non-hospitalized, and seven were
asymptomatic (Table 1, Supplementary Table 1). This cohort included slightly more females
than males (58.8% female overall) with ages ranging from 18 to 79. The age and sex
distributions overall and based on disease severity are in Table 1. Five individuals had
comorbidities. Information on participant race/ethnicity, symptoms, comorbidities, and level of
medical care required is in Supplementary Table 1.

At least two samples were collected from all individuals in this study (median three samples)
with the last sample collected between 58 and 152 days post-symptom onset (median 103
days). The majority (22/34) of individuals had their last sample collected >90 days post-
symptom onset.

Dynamics of neutralizing antibody titers over time

We used spike-pseudotyped lentiviral particles [29] to measure neutralizing antibody titers in the
longitudinal plasma samples from all 34 individuals (Figure 1A). The vast majority of individuals
(32/34) had detectable neutralizing antibody titers (NTso >20) at roughly one month post-
symptom onset, consistent with prior studies showing that most SARS-CoV-2 infected
individuals develop neutralizing antibodies [5,7,9]. Qualitative inspection of Figure 1A shows
that these titers modestly decreased for most individuals over the next few months, although the
dynamics were highly heterogeneous across individuals.

To quantify the dynamics of neutralizing antibody titers over time, we calculated the fold change
at ~60 and >90 days post-symptom onset relative to the ~30 day timepoint, excluding any
individuals who lacked a 30-day sample or whose 30-day sample did not have detectable
neutralizing titers (NTso <20). Taken across all individuals, neutralizing titers significantly
declined from 30 to 60 days, and again from 60 to 90 days (see legend of Figure 1B for details).
At >90 days, the median neutralizing titer was reduced 3.8-fold relative to the 30 day value
(Figure 1B). However, most individuals (27/34) still had detectable neutralizing titers at the last
timepoint.
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We compared the dynamics of neutralizing antibody titers between individuals with different
disease severity (Figure 1C). Individuals with more severe disease tended to have higher
neutralizing antibody titers during early convalescence, consistent with prior studies [5,34,35].
Specifically, at both ~30 and ~60 days post-symptom onset, individuals who required
hospitalization had significantly higher neutralizing antibody titers than individuals who did not
(Figure 1C). From ~30 to >90 days post-symptom onset, the NTso for symptomatic hospitalized
individuals decreased ~18-fold, which is significantly more than the ~3-fold decrease in the NTso
for non-hospitalized individuals (p=0.03, Wilcoxon rank-sum test) (Supplementary Fig. 3). By
>90 days post-symptom onset, neutralization titers were not significantly different between
disease severity groups (Figure 1C). At all timepoints, asymptomatic individuals had
neutralization titers similar to those of symptomatic non-hospitalized individuals.

Dynamics of spike- and RBD-binding antibodies over time

For all plasma samples, we also used ELISAs to measure IgA, IgM, and IgG binding to the RBD
of spike, and IgG binding to the full spike ectodomain [27]. Figure 2A shows each individual’s
IgA, IgM, and IgG binding antibody titers as quantified by area under the curve (AUC) of the
ELISA readings (see Methods for detailed description). Like neutralizing antibody titers, these
antibody binding titers tended to decrease over time, although there was substantial variation
among individuals. All the ELISA-measured antibody-binding titers are clearly correlated with
neutralizing antibody titers (Figure 2B).

Individuals with severe disease had higher antibody binding titers at early timepoints.
Specifically, individuals who were hospitalized as part of their care had higher I1gG, IgA, and IgM
binding responses than asymptomatic or symptomatic non-hospitalized individuals at ~30 days
post-symptom onset (Figure 2C). By ~60 days post-symptom onset, anti-RBD IgM levels were
no longer significantly different between severity groups, and by >90 days post-symptom onset,
binding responses did not differ between severity groups for any antibody subtype. This trend is
consistent with data in Figure 1C showing that neutralizing antibody responses were higher for
individuals with more severe disease early during convalescence, but reached similar levels
across all disease-severity groups by >90 days post symptom onset. Among all patients,
regardless of disease severity, IgA and IgM levels decreased more than IgG levels from ~30 to
>90 days post-symptom onset, consistent with other studies [7,8,19,22].

Discussion:

We have measured the dynamics of neutralizing antibody titers over the first three to four
months following infection with SARS-CoV-2 in a well-characterized prospective longitudinal
cohort of individuals across a range of disease severities. The titers of neutralizing antibodies
declined modestly, with the titers at three to four months post-symptom onset generally about
four-fold lower than those at one month. This decline in neutralizing antibodies was paralleled
by a decline in antibodies binding to the viral spike and its RBD. This decline is generally similar
in magnitude to that reported in several other recent studies of antibody dynamics in the months
immediately following SARS-CoV-2 infection [5,7,19].
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Individuals with more severe disease tended to have higher peak antibody responses at one to
two months post-symptom onset, consistent with many other studies reporting higher early titers
in severely ill SARS-CoV-2 infected individuals [5,6,34,35]. However, by three to four months
post-symptom onset, neutralizing antibody titers among individuals with severe disease were no
longer significantly higher than those of individuals with mild symptoms or even asymptomatic
infections. Therefore, it seems possible that the large peak in antibody production in severely ill
individuals wanes more dramatically than in milder cases, consistent with severe disease often
leading to an exaggerated burst of short-lived antibody-secreting cells [36,37].

Importantly, most individuals in our study still had substantial neutralizing antibody titers at three
to four months post-symptom onset. While some recent studies have interpreted a modest drop
in titers in the first few months after infection as alarming, it is entirely consistent with antibody
responses to other respiratory viruses. Acute infection is always associated with an initial peak
in antibody titers due to a burst of short-lived antibody-secreting cells [38]. For many other
infections, titers decline from this initial peak but then reach a stable plateau that is maintained
for years or even decades by long-lived plasma cells and memory B cells that can be recalled
during subsequent infections [12—-16,18,39,40].

The limitations of this study include the small number of samples, particularly in the
asymptomatic and symptomatic hospitalized groups, and recruitment of participants from a
single study site, which potentially limits the generalizability of these results. Furthermore, since
symptom-onset date relies on individual recollections, it is difficult to precisely match the timing
of blood draws across all participants. Additionally, we only had follow-up to about four months
post-symptom onset and only measured plasma antibody responses. Further studies over
longer time frames and with direct interrogation of plasma and memory B cells will be necessary
to determine longer term durability of immunity to SARS-CoV-2, as well as its relationship to
protection against re-infection.

Despite these limitations, our study shows that titers of neutralizing and binding antibodies
targeting SARS-CoV-2 spike remain detectable in most individuals out to >90 days post-
symptom onset. While titers decline modestly from ~30 to >90 days post-symptom onset, we
found that the dynamics of the antibody response to SARS-CoV-2 in the first several months
following infection are consistent with what would be expected from knowledge of other acute
viral infections [13-18].
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Table 1: Demographics of study participants and sample numbers for all disease severity
categories.

Symptomatic | Symptomatic

Asymptomatic Non-Hospitalized Hospitalized Overall
(N=7) (N=22) (N=5) (N=34)

Age
Median [Min, Max] 62 [24, 79] 43118, 76] 54 [31,64] | 45.5[18, 79]
Sex
Male 2 (28.6%) 9 (40.9%) 3 (60.0%) 14 (41.2%)
Female 5(71.4%) 13 (59.1%) 2 (40.0%) 20 (58.8%)
Samples per Participant
Median [Min, Max] 2 [2-3] 3 [2-3] 3 [2-8] 3 [2-8]
Samples at each Timepoint
{Included in fold-change analyses}
~30 days 5 {4} 21 {20} 4 {4} 30 {28}
~60 days 7 {4} 19 {17} 3{2} 29 {23}
>90 days 3{1} 15 {14} 4 {3} 22 {18}
Days of Follow Up?
Median [Min, Max] 79 [60-131] 104 [58-152] 113 [76-121] |103.5 [58-152]

2Days between symptom onset date and collection date of last sample. For asymptomatic individuals,
test date - calculated as Wednesday of the week of RT-gPCR test - was used in place of symptom onset
date.
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Figure 1: Change in neutralizing antibody titer over time. A) Neutralizing antibody titer at 50%
inhibition (NTso) for each individual in the study, with facets colored according to disease
severity (see key below plot). The facet titles indicate gender, age, and participant ID (PID). B)
Fold change in NTso compared to 30-day timepoint, including only individuals with a neutralizing
sample at day 30. P-values were calculated using the Wilcoxon signed-rank test. C) Distribution
of NTses at the three timepoints, with boxplots colored by disease severity as in panel A. P-
values are indicated when there is a significant difference (p<0.05) between NTsgs for different
disease severity categories at a timepoint. P-values were calculated using the Wilcoxon rank-
sum test.
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Figure 2: IgA, IgM, and IgG antibody binding titers over time. A) Longitudinal binding antibody
titers for each individual as quantified by area under the curve (AUC) of ELISA assays. Facets
are arranged by maximal NTso from top left to bottom right as in Fig. 1A. B) Correlation plots
between AUC for each ELISA assay and neutralization titer (NTso) for all samples. The grey line
in each facet indicates the AUC value for the negative control sample (2017-2018 sera pool) for
each assay. C) For each antibody type measured, individuals who were symptomatic and
required hospitalization as part of their care had significantly higher antibody levels during the
first one to two months post-symptom onset. *p<0.05, **p<0.01. P-values were calculated using
the Wilcoxon rank-sum test. As in B, the grey line in each facet indicates the AUC value for the
negative control sample for each assay.
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Supplementary Table 1: Additional demographic and medical data.

Symptomatic Symptomatic
Asymptomatic Non-Hospitalized Hospitalized Overall
(N=7) (N=22) (N=5) (N=34)

Race
AIAN 1 (14.3%) 0 (0%) 0 (0%) 1(2.9%)
White 6 (85.7%) 21 (95.5%) 1 (20.0%) 28 (82.4%)
Asian 0 (0%) 1(4.5%) 3 (60.0%) 4 (11.8%)
Black 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Multiple Races 0 (0%) 0 (0%) 1 (20.0%) 1(2.9%)
Hispanic 0 (0%) 1 (4.5%) 0 (0%) 1(2.9%)
Smoking
Nonsmoker 6 (85.7%) 20 (90.9%) 5 (100%) 31 (91.4%)
Tobacco use 1(14.3%) 2 (9.1%) 0 (0%) 3 (8.8 %)
Electronic cigarettes/vapor
pen use 0 (0%) 1 (4.5%) 0 (0%) 1(2.9%)
Comorbidities?
No comorbidities 6 (85.7%) 20 (90.9%) 3 (60.0%) 29 (82.9%)
Asthma 0 (0%) 0 (0%) 1 (20.0%) 1(2.9%)
Hypertension 0 (0%) 2 (9.1%) 1 (20.0%) 3 (8.8%)
Diabetes 0 (0%) 0 (0%) 1(20.0%) 1(2.9%)
COPD/emphysema 0 (0%) 0 (0%) 1 (20.0%) 1(2.9%)
Cancer 1(14.3%) 0 (0%) 1(20.0%) 2 (5.9%)
Obstructive Sleep Apnoea 0 (0%) 0 (0%) 1 (20.0%) 1(2.9%)
Common Symptoms?
Chills or shivering 0 (0%) 14 (63.6%) 5 (100%) 19 (55.9%)
Cough 0 (0%) 16 (72.7%) 5 (100%) 21 (61.8%)
Diarrhea 0 (0%) 6 (27.3%) 1 (20.0%) 7 (20.6%)
Ear pain or ear
discharge 0 (0%) 1(4.5%) 0 (0%) 1(2.9%)
Fatigue 0 (0%) 17 (77.3%) 1(20.0%) 18 (52.9%)
Feeling feverish 0 (0%) 13 (59.1%) 5 (100%) 18 (52.9%)
Increased trouble 0 (0%) 5 (22.7%) 5 (100%) 10 (29.4%)



breathing

Loss of sense of taste or
smell

Muscle or body aches
Nausea or vomiting
Rash

Runny or stuffy nose

Sore throat or
itchy/scratchy throat
Sweats

Highest Level of Medical
Treatment Received

Outpatient - Testing Only
Outpatient - Saw Provider®
Inpatient (General Floor)

Inpatient (ICU)
Highest Level of
Respiratory Support
None

Nasal Cannula

High-flow O2 or non-
rebreather

Non-invasive ventilation
(BiPAP)

Mechanical Ventilation
Duration of mechanical
ventilation (days) (N=2)

Median [Min, Max]

6 (85.7%)
1(14.3%)
0 (0%)
0 (0%)

7 (100%)
0 (0%)

0 (0%)

0 (0%)
0 (0%)

NA [NA, NA]

7 (31.8%)
14 (63.6%)
3 (13.6%)
1(4.5%)
13 (59.1%)

10 (45.5%)
13 (59.1%)

14 (63.6%)
8 (36.4%)
0 (0%)

0 (0%)

22 (100%)
0 (0%)

0 (0%)

0 (0%)
0 (0%)

NA [NA, NA]

0 (0%)
2 (40.0%)
2 (40.0%)

0 (0%)
1(20.0%)

0 (0%)
4 (80.0%)

0 (0%)
0 (0%)
2 (40.0%)
3 (60.0%)

0 (0%)
1 (20.0%)

1 (20.0%)

1 (20.0%)
2 (40.0%)

11.516.00, 17.0]

7 (20.6%)
16 (47.1%)
5 (14.7%)
1(2.9%)
14 (41.2%)

10 (29.4%)
17 (50.0%)

20 (58.8%)
9 (26.5%)
2 (5.9%)
3 (8.9%)

29 (85.3%)
1(2.9%)

1(2.9%)

1(2.9%)
2 (5.9%)

11.5[6.00, 17.0]

aCategories not mutually exclusive

®Includes Primary care physician, Urgent care, Emergency Department
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Supplementary Figure 1. Titers of spike-pseudotyped lentiviral particles in 293T-ACE2 cells
(BEI Resources, NR-52511) (A, B) and neutralization of these viruses with serum from an
individual previously infected with SARS-CoV-2 (C). A) Titers of pseudotyped lentivirus with a
ZsGreen backbone (BEI, NR-52520) pseudotyped with full-length spike (BEI, NR-52514), spike
with either the last 18 (A18) or 21 (A21) amino acids truncated, VSV G, or no viral entry protein.
Titers were determined as described in [1]. Positive cells were counted via flow cytometry at 60
h post-infection. The “n.d.” indicates that the titer was not detectable. Data shown are from a
single representative example. B) Titers of Luciferase-IRES-ZsGreen backbone virus
pseudotyped with the specified viral entry proteins. Titers were determined by measuring
relative luciferase units (RLUs) per mL and then normalizing to the titers of full-length spike
pseudotyped lentivirus. RLUs were determined at 52 h post-infection. The RLUs per mL for the
spike-pseudotyped viruses are the average of seven wells of a 1:3 dilution of virus in a total
volume of 150 pL. For the VSV G-pseudotyped virus, RLUs per mL were averaged from six
three-fold dilutions starting at a 1:48 dilution in a total volume of 150 uL. C) Neutralization assay
with serum collected from an individual previously infected with SARS-CoV-2, 43 days post-
symptom onset (p.s.0.). The full-length neutralization curve shows data averaged from duplicate
measurements. The A18 and A21 neutralization curves display data from a single replicate. The
IC50s for the full-length, A18, and A21 viruses are 1:345, 1:345, and 1:370, respectively. These
values all fall within the range of IC50 values we have measured previously for this same serum
sample with virus pseudotyped with full-length spike (1:320-1:375). We thank Dr. David Koelle
and Dr. Anna Wald at the University of Washington for sharing this sample with us.



> 107 NIBSC 20/130,
= T NTs0 3049.3
; 08 -
O
Q 06
£
c 0.4
o
D 0.2
©
—
Y 00 -
1 1 1
10°6 1074 1072
dilution

Supplementary Figure 2: Neutralization curve for NIBSC standard reference serum (product
number 20/130). The NTso for this sample was calculated to be ~3050.
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Supplementary Figure 3: Fold change in IC50 at each timepoint colored by disease severity.
There was only one asymptomatic individual with a 30-day timepoint and 90-day timepoint, so
this individual was included in the “Non-Hospitalized” group. Only individuals with a sample with
a reciprocal IC50 of >20 at ~30 days post-symptom onset are included. P-value calculated using
the Wilcoxon rank-sum test.
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Supplementary Figure 4: Neutralization curves for each participant. For each participant, each
sample is a different color with the legend specifying how many days post-symptom onset each
sample was collected.



Supplementary File 1: Plasmid map for the spike plasmid (HDM_Spikedelta21) used in the
pseudotyped lentivirus neutralization assays.

Supplementary File 2: Raw data for each sample. This csv includes the columns: sample,
participant ID, Sex, Age, Severity, Days Post-Symptom Onset, IC50, NT50, RBD IgA, RBD IgG,
RBD IgM, and Spike IgG. ELISA results are presented as area under the curve (AUC).
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Lentiviral Particles with SARS-CoV-2 Spike Protein for Neutralization Assays. Viruses
[Internet]. 2020; 12(5). Available from: http://dx.doi.org/10.3390/v12050513
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Kate cloned IDT codon optimized SARS-CoV-2 Spike into plasmid
after digesting with EcoRI and HindIII. Kate inserted 'cgccacc'
to the gene start site (following the EcoRI restriction site to

a good 5' Kozak sequence. Insert confirmed via Sanger

Sequencing in

from

confirmed by

April 2020 by Rachel Eguia.
Rachel then conducted further cloning to delete 21 amino acids

the C-terminal end of the Spike protein. Spike deletion
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agcttggceccc
gtccaacatt
cggggtcatt
gcccgcctgg
ccatagtaac
ctgcccactt
atgacggtaa
cttggcagta
acatcaatgg
acgtcaatgg
actccgcceccc
gagctcgttt
atagaagaca
gagtctatgg
taggaagggg
taattttaaa
tttccctaat
attctaaaga
aatatttctg
caatccagct
ccaagctagg
ggcaacgtgc
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complement (662..703)
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/locus tag="primer bind(34)"
/label="primer bind(34)"
/ApEinfo label="primer bind"
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/ApEinfo graphicformat="arrow data {{0 0.5 0 1 2 0 0 -

-0.5}

attgcatacg
accgccatgt
agttcatagc
ctgaccgccc
gccaataggg
ggcagtacat
atggcccgcec
catctacgta
gcgtggatag
gagtttgttt
attgacgcaa
agtgaaccgt
ccgggaccga
gacccttgat
agaagtaaca
aaatgctttc
ctctttecttt
ataacagtga
catataaatt
accattctgce
cccttttget
tggtctgtgt

ttgtatccat
tgacattgat
ccatatatgg
aacgaccccce
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
cggtttgact
tggcaccaaa
atgggcggta
cagatcgcct
tccagcctcecce
gttttctttc
gggtacacat
ttcttttaat
cagggcaata
taatttctgg
gtaactgatg
ttttatttta
aatcatgttc
gctggcccat

{} 0} width 5 offset 0O"

atcataatat
tattgactag
agttccgcegt
gcccattgac
gacgtcaatg
atatgccaag
cccagtacat
ctattaccat
cacggggatt
atcaacggga
ggcgtgtacg
ggagacgcca
cctcgaagct
cccttetttt
attgaccaaa
atactttttt
atgatacaat
gttaaggcaa
taagaggttt
tggttgggat
atacctctta
cactttggca

gtacatttat
ttattaatag
tacataactt
gtcaataatg
ggtggagtat
tacgccccecct
gaccttatgg
ggtgatgcgg
tccaagtctc
ctttccaaaa
gtgggaggtc
tccacgctgt
gatcctgaga
ctatggttaa
tcagggtaat
gtttatctta
gtatcatgcc
tagcaatatt
catattgcta
aaggctggat
tcttcctecce
aagaattccg

attggctcat
taatcaatta
acggtaaatg
acgtatgttc
ttacggtaaa
attgacgtca
gactttccta
ttttggcagt
caccccattg
tgtcgtaaca
tatataagca
tttgacctcc
acttcagggt
gttcatgtca
tttgcatttg
tttctaatac
tctttgcacc
tctgcatata
atagcagcta
tattctgagt
acagctcctg
ccaccATGTT



1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441

CGTGTTCCTG
CCAGCTTCCA
GTTTAGGAGT
GACGTGGTTT
TGTGCTCCCG
AGGTTGGATC
TGCCACGAAC
CGTCTATTAT
CGCCAACAAC
GCAGGGTAAT
GATTTATAGC
TCTTGAGCCT
GGCCCTGCAT
CGCCGCATAC
CGGGACCATT
CCTTAAGAGC
CACCGAGTCC
CAATGCTACT
GGCGGACTAC
GTCTCCAACG
TCGCGGCGAT
CTATAAGTTG
CAGTAAGGTT
ACCATTTGAG
TGTGGAGGGC
AGTAGGGTAT
AACGGTATGC
CTTCAATGGG
CCAACAATTC
GGAGATTCTG
CAACACCTCC
AGCCATCCAT
CTTTCAAACA
TGACATACCA
GAGAGCGAGA
GAACAGCGTC
CACCACTGAG
ATGCGGCGAC
GCTTAACCGG
CGCGCAGGTC
CAGCCAAATC
GTTTAACAAA
AGATATTGCC
GCCTCTGCTC
TACAAGCGGA
GGCTTATCGA
GATTGCAAAT
GTCTGCACTG
GGTTAAGCAA
ACGGTTGGAC
AAGTCTGCAG
TAACCTGGCT
CTGCGGAAAG

GTACTCCTTC
CCCGCCTACA
TCAGTCTTGC
CATGCCATTC
TTCAACGATG
TTCGGAACGA
GTGGTCATCA
CACAAGAACA
TGCACTTTCG
TTCAAGAACT
AAACACACAC
CTCGTTGACC
CGGTCCTACC
TATGTGGGCT
ACAGATGCGG
TTCACGGTGG
ATTGTGCGAT
CGATTCGCCT
TCAGTATTGT
AAGCTGAACG
GAGGTCCGAC
CCGGACGATT
GGCGGAAACT
AGAGATATAT
TTTAACTGCT
CAACCGTACA
GGTCCTAAGA
CTGACTGGAA
GGGCGGGACA
GACATAACTC
AACCAAGTCG
GCGGACCAAC
CGAGCCGGGT
ATAGGCGCAG
AGCGTAGCAA
GCGTATAGCA
ATTCTGCCGG
AGCACGGAGT
GCACTGACGG
AAACAAATCT
CTGCCGGACC
GTTACGCTTG
GCCAGGGATT
ACCGATGAGA
TGGACATTCG
TTTAACGGGA
CAGTTCAATA
GGAAAGTTGC
TTGAGTAGCA
AAGGTAGAAG
ACCTACGTCA
GCCACTAAGA
GGCTACCACC

CTTTGGTGTC
CCAACAGTTT
ACTCAACTCA
ATGTCTCCGG
GAGTGTACTT
CACTCGACTC
AAGTGTGCGA
ACAAATCCTG
AATACGTATC
TGAGGGAGTT
CCATTAATTT
TCCCTATTGG
TGACACCGGG
ACCTTCAGCC
TGGATTGTGC
AGAAAGGCAT
TCCCAAATAT
CAGTTTATGC
ATAATAGTGC
ATCTCTGTTT
AGATTGCGCC
TCACAGGATG
ACAATTATTT
CTACGGAGAT
ACTTTCCACT
GAGTTGTGGT
AATCCACAAA
CAGGCGTGCT
TAGCTGATAC
CTTGTTCTTT
CGGTCCTCTA
TTACACCGAC
GTCTGATCGG
GGATTTGTGC
GCCAAAGCAT
ATAATTCAAT
TCTCCATGAC
GCAGTAACTT
GTATCGCGGT
ACAAGACACC
CTTCCAAACC
CGGACGCGGG
TGATATGTGC
TGATAGCGCA
GTGCAGGAGC
TTGGCGTCAC
GTGCTATCGG
AGGACGTGGT
ATTTCGGCGC
CCGAAGTTCA
CACAACAATT
TGTCTGAATG
TTATGTCTTT

TTCCCAGTGT
CACACGCGGC
AGACTTGTTC
CACAAACGGA
CGCGTCCACA
AAAGACGCAG
GTTTCAATTC
GATGGAGTCC
ACAGCCATTC
CGTATTCAAG
GGTGCGGGAT
CATTAACATC
CGACTCAAGT
AAGAACATTT
ACTCGACCCT
TTATCAGACT
TACGAATTTG
ATGGAACCGA
AAGCTTTAGC
CACAAACGTT
TGGGCAAACG
TGTCATAGCT
GTACAGGTTG
ATATCAAGCC
CCAGTCATAT
CTTGAGTTTC
TCTTGTGAAG
GACTGAGAGT
CACTGACGCC
CGGTGGCGTC
TCAAGACGTC
TTGGAGGGTT
AGCAGAACAC
TTCATATCAG
CATCGCGTAC
AGCTATCCCA
CAAGACATCC
GCTCCTTCAG
AGAACAGGAC
ACCCATAAAG
TAGTAAGAGG
ATTCATTAAG
ACAGAAATTT
GTACACGAGC
AGCGTTGCAG
GCAGAACGTC
TAAGATTCAG
GAATCAGAAT
CATATCAAGT
GATTGACCGC
GATCAGAGCA
TGTGCTTGGG
CCCTCAGAGC

GTAAATCTTA
GTCTACTATC
CTCCCTTTCT
ACGAAGCGCT
GAGAAGAGCA
TCCCTTCTCA
TGTAATGATC
GAATTTAGAG
TTGATGGACC
AATATCGACG
CTTCCTCAGG
ACCCGCTTTC
TCCGGATGGA
CTGCTGAAAT
CTGTCTGAGA
TCTAACTTCA
TGCCCATTTG
AAGAGAATTT
ACATTCAAAT
TATGCGGATT
GGTAAGATCG
TGGAATAGCA
TTTCGCAAGT
GGCTCTACAC
GGTTTCCAAC
GAATTGCTCC
AACAAGTGCG
AACAAGAAGT
GTCCGCGACC
AGTGTTATCA
AACTGTACGG
TACTCTACAG
GTTAACAACA
ACACAGACCA
ACGATGAGCC
ACAAATTTCA
GTCGATTGTA
TACGGTTCCT
AAGAACACAC
GACTTCGGCG
TCATTCATTG
CAGTATGGTG
AACGGCCTCA
GCACTCCTGG
ATACCCTTTG
CTTTATGAGA
GACAGCTTGA
GCACAAGCAC
GTACTGAATG
TTGATCACCG
GCAGAGATAA
CAGTCAAAGA
GCTCCGCATG

CCACTCGGAC
CTGACAAGGT
TTAGCAATGT
TTGATAATCC
ATATCATTCG
TCGTCAATAA
CCTTCCTGGG
TCTACTCCAG
TTGAAGGAAA
GGTACTTTAA
GATTTAGTGC
AAACCCTGTT
CCGCAGGTGC
ATAATGAGAA
CGAAATGCAC
GAGTTCAACC
GTGAGGTCTT
CCAATTGTGT
GTTACGGCGT
CCTTCGTGAT
CTGATTACAA
ATAATTTGGA
CAAATTTGAA
CATGTAATGG
CTACAAATGG
ACGCTCCAGC
TAAATTTCAA
TCTTGCCTTT
CTCAGACCCT
CTCCCGGGAC
AAGTACCGGT
GAAGCAATGT
GCTACGAATG
ATAGCCCGCG
TCGGAGCAGA
CTATTTCGGT
CTATGTACAT
TCTGTACGCA
AGGAGGTCTT
GGTTCAATTT
AGGATCTTCT
ACTGCCTTGG
CCGTTCTGCC
CAGGTACAAT
CTATGCAGAT
ATCAGAAATT
GCAGTACCGC
TGAATACCTT
ATATCCTGTC
GGCGCCTCCA
GAGCATCTGC
GGGTAGATTT
GTGTGGTCTT



4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621

TCTCCATGTG
CCATGATGGT
GTTTGTCACC
TAGCGGTAAC
GCCGGAACTG
TGACGTAGAT
AATAGATAGG
GCTTGGGAAG
AGGACTTATC
CTGTCTCAAA
cgagggccca
gtgtggctaa
tattaaaggt
cttgagcatc
aattatttct
aagaaatgaa
gaaggtgagg
ttcatccctce
ctgtatttta
tgcttatcct
tttccecectga
tcagccttag
catggtttga
atccctcgac
tttttatagg
ggaaatgtgc
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg
cgttttccaa
gacgccgggce
tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggcaa
caacaattaa
cttccggcetg
atcattgcag
gggagtcagg
attaagcatt
cttcattttt
atcccttaac
tcttcttgag
ctaccagcgg
ggcttcagca
cacttcaaga
gctgctgcca
gataaggcgc
acgacctaca
gaagggagaa
agggagcttc

ACTTATGTGC
AAGGCGCACT
CAACGAAATT
TGTGACGTCG
GACTCCTTTA
CTTGGAGACA
TTGAACGAAG
TACGAGCAAT
GCTATAGTCA
GGCTGTTGCT
gatctaattc
tgccctggcece
tcectttgtte
tggattctgc
gaatatttta
gagctagttc
ctgcaaacag
agaaaaggat
cattacttat
gcatctctca
agtgttcctt
ttgtctctgt
ctgtcctgtg
atggcagtct
ttaatgtcat
gcggaacccce
aataaccctg
tccgtgtege
aaacgctggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgcettt
agctgaatga
caacgttgcg
tagactggat
gctggtttat
cactggggcc
caactatgga
ggtaactgtc
aatttaaaag
gtgagttttc
atcctttttt
tggtttgttt
gagcgcagat
actctgtagce
gtggcgataa
agcggtcggg
ccgaactgag
aggcggacag
cagggggaaa

CTGCTCAAGA
TTCCAAGGGA
TCTACGAGCC
TAATTGGGAT
AAGAGGAGCT
TAAGCGGTAT
TTGCGAAGAA
ATATCAAGTG
TGGTGACTAT
CTTGCGGCTC
accccaccag
cacaagtatc
cctaagtcca
ctaataaaaa
ctaaaaaggg
aaaccttggg
ctaatgcaca
tcaagtagag
tgttttagct
gccttgactc
ccatgtttta
tgtcttatag
agcccttett
agatcattct
gataataatg
tatttgttta
ataaatgctt
ccttattccc
gaaagtaaaa
caacagcggt
ttttaaagtt
cggtcgceccgce
gcatcttacg
taacactgcg
tttgcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgcgcgta
gccggatcaa
accaaatact
accgcctaca
gtcgtgtctt
ctgaacgggg
atacctacag
gtatccggta
cgcctggtat

GAAGAACTTT
GGGAGTGTTC
TCAAATTATT
TGTTAATAAT
GGACAAATAT
AAATGCAAGT
CCTTAACGAG
GCCTTGGTAT
AATGCTGTGC
TTAATGAaag
tgcaggctgce
actaagctcg
actactaaac
acatttattt
aatgtgggag
aaaatacact
ttggcaacag
gcttgatttg
gtcctcatga
cactcagttc
cggcgagatg
aggtctactt
ccctgectece
tgaagacgaa
gtttcttaga
tttttctaaa
caataatatt
ttttttgcgg
gatgctgaag
aagatccttg
ctgctatgtg
atacactatt
gatggcatga
gccaacttac
atgggggatc
aacgacgagc
actggcgaac
aaagttgcag
tctggagccg
ccctceccececgta
agacagatcg
tactcatata
aagatccttt
gcgtcagacc
atctgctgcect
gagctaccaa
gttcttctag
tacctcgcectc
accgggttgg
ggttcgtgca
cgtgagctat
agcggcaggyg
ctttatagtc

ACGACGGCGC
GTGTCCAACG
ACCACCGACA
ACAGTCTACG
TTCAAGAACC
GTTGTTAACA
TCACTGATAG
ATTTGGCTCG
TGCATGACAA
cttatcgata
ctatcagaaa
ctttcttgct
tgggggatat
tcattgcaat
gtcagtgcat
atatcttaaa
cccctgatge
gaggttaaag
atgtcttttc
tcttgcttag
gtttctcctc
gaagaaggaa
cccactcaca
agggcctcegt
cgtcaggtgg
tacattcaaa
gaaaaaggaa
cattttgcct
atcagttggg
agagttttcg
gcgcggtatt
ctcagaatga
cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct
gaccacttct
gtgagcgtgg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
ctctttttcc
tgtagccgta
tgctaatcct
actcaagacg
cacagcccag
gagaaagcgc
tcggaacagg
ctgtcgggtt

CCGCTATATG
GCACTCACTG
ATACCTTTGT
ATCCTCTGCA
ACACATCTCC
TTCAGAAAGA
ACCTCCAAGA
GGTTCATAGC
GCTGCTGCAG
ccgtcgacct
gtggtggctg
gtccaatttc
tatgaagggc
gatgtattta
ttaaaacata
ctccatgaaa
ctatgcctta
ttttgctatg
actacccatt
agataccacc
gcctggccac
aaacaggggg
gtgacccgga
gatacgccta
cacttttcgg
tatgtatccg
gagtatgagt
tcctgttttt
tgcacgagtg
ccccgaagaa
atcccgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgatcgt
gatgcctgta
agcttcccgg
gcgctcggcece
gtctcgcggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggccac
gttaccagtg
atagttaccg
cttggagcga
cacgcttccc
agagcgcacg
tcgccacctce



//

7681
7741
7801
7861
7921
7981
8041
8101
g8lel
8221
8281

tgacttgagc
agcaacggat
aagggttggt
tggtgaatcc
tgcaccgcga
caacccgtte
gatcgaagtt
atctacctgc
aagaatcata
ggcctccaaa
cctctgcata

gtcgattttt
gcgccgegtg
ttgcgcattc
gttagcgagg
cgcaacgcgg
catgtgctcg
aggctggtaa
ctggacagca
atggggaagg
aaagcctcct
aataaaaaaa

gtgatgctcg
cggctgctgg
acagttctcc
tgccgccggce
ggaggcagac
ccgaggcggc
gagccgcegag
tggcctgcaa
ccatccagcce
cactacttct
attagtcagc

tcaggggggc
agatggcgga
gcaagaattg
ttccattcag
aaggtatagg
ataaatcccc
cgatccttga
cgcgggcatc
tcgcgtcggg
ggaatagctc
catg

ggagcctatg
cgcgatggat
attggctcca
gtcgaggtgg
gcggcgccta
gtgacgatca
agctgtccct
ccgatgccgce
gagctttttg
agaggccgag

gaaaaacgcc
atgttctgcc
attcttggag
cccggctcecca
caatccatgc
gcggtccaat
gatggtcgtc
cggaagcgag
caaaagccta
gcggcectegg



,sample,Participant ID,Sex,Age,Severity,Days Post-Symptom Onset,IC50,NT50,RBD IgA,RBD IgG,RBD
IgM,Spike 1gG

0,0CA2D4CB,103C,Male,71.0,Asymptomatic,61.0,0.0238881638158662,41.86173569924253,0.5044725234
940011,2.6000307691194684,0.5710839667153845,9.410053653065537

1,D75ACCF6,103C,Male,71.0,Asymptomatic,131.0,0.05,20.0,0.4717559701760419,1.8199611321018399,0.
6462904358681107,7.921269227259526

2,25A7121E,10C,Female,31.0,Symptomatic Non-
Hospitalized,67.0,0.009936002934597295,100.64409265802314,0.5021851326461988,3.29221142091547
1,1.0316109406553011,8.18998990546173

3,1D1D9677,10C,Female,31.0,Symptomatic Non-
Hospitalized,31.0,0.007914734194343647,126.3466309095587,0.8778015804792791,3.278753417661767
4,1.440983703416852,7.927531308713644

4,CCBD6EF7,113C,Female,79.0,Asymptomatic,62.0,0.002043544295160142,489.34588908513723,0.70188
08460206037,9.541832307808908,2.782223424569878,14.718273732197442

5,86BB2780,113C,Female,79.0,Asymptomatic,120.0,0.003846436628129272,259.9808853438341,0.69044
39098568135,8.802466196150398,1.7739022799944535,14.442961383275424

6,EEFFDE8A,117C,Female,68.0,Asymptomatic,99.0,0.008372756402733616,119.43498077568705,1.75047
39166861467,4.282665258728903,0.4818065988406086,9.145068467209994

7,05263562,117C,Female,68.0,Asymptomatic,35.0,0.003957308836588251,252.696982038465,2.4765455
491769246,5.1110191338301,0.7578178278835537,10.06004760734352

8,F8138035,117C,Female,68.0,Asymptomatic,68.0,0.006655603275166239,150.24934009081585,1.981569
1246341474,4.24800422779686,0.5033634795603618,9.59077512689702

9,E3361F88,11C,Male,56.0,Symptomatic Non-
Hospitalized,97.0,0.007074333151149167,141.3560795956518,1.0298780846851905,7.054903595248592,
0.5807880365803667,12.444695699808172

10,C3F06001,11C,Male,56.0,Symptomatic Non-
Hospitalized,55.0,0.002626681096809298,380.7085683963415,1.3223862299164306,9.235703812735355,
0.988011983469069,13.08958073398232

11,C3D4FC41,11C,Male,56.0,Symptomatic Non-
Hospitalized,26.0,0.0012331988599011284,810.8992251907978,4.384710453985086,10.45642704991194,
1.4768886844520517,14.157981409971496

12,EE87A018,12C,Male,68.0,Symptomatic Non-
Hospitalized,91.0,0.0016270688271120034,614.6021504050133,6.32829512084215,11.292745511908919,
2.6224530759038323,11.592172407691688

13,79BDO0OF7A,12C,Male,68.0,Symptomatic Non-
Hospitalized,152.0,0.003313726643424709,301.77504290652905,6.345138681041788,13.9346885377354
2,1.6392930860524633,14.500748287402057



14,9EC82418,12C,Male,68.0,Symptomatic Non-
Hospitalized,61.0,0.0007182766624165406,1392.2212043415711,8.094364854874968,11.6205715004123
53,2.95779761830419,12.230356169987031

15,C19DB21A,13,Male,54.0,Symptomatic
Hospitalized,65.0,0.0013982660868337895,715.1714608657808,1.9669437142739763,11.3867318698974
55,0.6836510532048026,12.957472620938036

16,B5EBCBOD,13,Male,54.0,Symptomatic
Hospitalized,121.0,0.0026070457669839504,383.57592822656267,1.3351400828049893,9.379677139344
86,0.42600824876045085,11.350422667541176

17,191A5833,13,Male,54.0,Symptomatic
Hospitalized,15.0,0.0007326781034838152,1364.855855859612,4.141831578068022,11.41721844315388
3,1.5627696252919092,13.70661662933199

18,611F3917,13C,Male,23.0,Symptomatic Non-
Hospitalized,32.0,0.010791723272762774,92.66360661080886,3.1454325473278915,7.506543172759605
5,0.5871649798087797,9.258335412532938

19,C98C6378,13C,Male,23.0,Symptomatic Non-
Hospitalized,74.0,0.02604292563337146,38.3981436677989,1.0408298096092083,5.206323619693055,0.
3677145756513493,7.265891998012367

20,50BDD720,13C,Male,23.0,Symptomatic Non-
Hospitalized,110.0,0.02928429008039054,34.1480021286097,0.9496809359063088,4.669541580970141,0
.3591888681935771,6.467420772499807

21,9730A048,153C,Female,38.0,Asymptomatic,64.0,0.05,20.0,0.6188418102488447,5.106404949592687,0
.49469914031979734,7.524945019091466

22,7959DE8D,153C,Female,38.0,Asymptomatic,28.0,0.033048048674711464,30.258972620226288,0.6908
597974586665,5.714431719712003,0.5633900241326204,8.6194924062238

23,31FA5C80,15C,Female,28.0,Symptomatic Non-
Hospitalized,67.0,0.01934705091220545,51.68746412762738,1.5084962274046396,6.443800494943417,0
.4994818619430668,11.431555420691167

24,45099D7F,15C,Female,28.0,Symptomatic Non-
Hospitalized,34.0,0.007099886812639037,140.84731579379908,3.58232330066142,7.762354848016911,0
.6940482845659198,11.424963700859552

25,C5E5DEEQ,15C,Female,28.0,Symptomatic Non-
Hospitalized,130.0,0.039992041283959286,25.004975187428045,1.1585261713571318,4.0927702742991
82,0.4162348784971195,11.99596750232948

26,E9ECA8DE,17C,Male,29.0,Symptomatic Non-
Hospitalized,67.0,0.009068440125652095,110.27254810574073,0.8761380326540416,8.2340440544823,0
.6679859457884816,10.723939135916316



27,45DC80EB,17C,Male,29.0,Symptomatic Non-
Hospitalized,32.0,0.004182304552192207,239.10262572242317,2.7075022286291115,9.50074416750886
3,0.7754237570193945,12.146916668500909

28,49CC2287,17C,Male,29.0,Symptomatic Non-
Hospitalized,109.0,0.009302651257161431,107.49623654118744,0.7376472185125815,9.0396565608282
9,0.6263277999930715,12.089788877423281

29,23517415,18C,Female,43.0,Symptomatic Non-
Hospitalized,104.0,0.03552042249890399,28.152818284491293,0.5001750027818063,4.11798344795295
1,0.45581357853674087,7.981802790453325

30,B7B37750,18C,Female,43.0,Symptomatic Non-
Hospitalized,35.0,0.007731833015017198,129.3354367661257,1.1188088731029862,6.276811342397128,
0.758025765229044,9.34611466153814

31,4A186852,196C,Female,62.0,Asymptomatic,33.0,0.05,20.0,0.30380641087962124,0.347875580623963
6,0.37734932187841197,1.0013301730800066

32,132ACBD0,196C,Female,62.0,Asymptomatic,63.0,0.05,20.0,0.3339583149485427,0.3311766715083091
5,0.38303314234330693,0.7832556092889711

33,A291201F,19C,Female,18.0,Symptomatic Non-
Hospitalized,28.0,0.05,20.0,0.3282745048123456,0.9392036667233582,0.4585861832064902,1.11322386
25370645

34,2C6256E0,19C,Female,18.0,Symptomatic Non-
Hospitalized,61.0,0.05,20.0,0.33576049455657253,0.7698525559964744,0.4473571869703647,1.1587063
954149917

35,948FA9B9,1C,Male,35.0,Symptomatic
Hospitalized,113.0,0.008034392201882479,124.46492215872874,6.33633569194321,7.169104286786062,
0.6210598877874254,10.741077352097172

36,EBAD84(C3,1C,Male,35.0,Symptomatic
Hospitalized,26.0,0.0015938141132182447,627.4257403711845,9.017706123883892,9.116394528506024,
1.5688000355424823,12.105718616000503

37,3A8087A5,1C,Male,35.0,Symptomatic
Hospitalized,61.0,0.0029157186137055108,342.9686236866068,7.559532301467818,8.94034212952974,1
.1236609364393961,12.655958342843094

38,482A935E,200C,Male,60.0,Asymptomatic,60.0,0.007266368530089497,137.62032518156406,0.728844
2733109698,8.052168797217778,0.6473994591443544,12.519565880386079

39,37BB996C,200C,Male,60.0,Asymptomatic,32.0,0.006359051677612247,157.25615244181958,0.934778
3007131703,8.997195254700651,0.64407235832953,12.397894318749477



40,12DB8682,20C,Male,30.0,Symptomatic Non-
Hospitalized,34.0,0.003913172509715694,255.54712896433327,2.6953027505234286,6.71466330692548
75,0.9983398808635691,9.932718563207791

41,EAA0308A,20C,Male,30.0,Symptomatic Non-
Hospitalized,62.0,0.005492756527559755,182.0579512276809,2.0463091007600243,6.338004043195831,
0.8021792495464445,9.719148386047996

42,21902307,21C,Female,36.0,Symptomatic Non-
Hospitalized,26.0,0.016503239539200038,60.594163807942465,0.46108150881760845,4.2496520022340
745,1.0070735514885762,7.504455855929829

43,B3505752,21C,Female,36.0,Symptomatic Non-
Hospitalized,58.0,0.05,20.0,0.35801051869723954,2.9655939591274683,0.6262584789373266,6.0246250
01727138

44,6153F272,22C,Male,65.0,Symptomatic Non-
Hospitalized,66.0,0.0032377151049733164,308.85978771385487,3.215856398144327,10.3425007787222
04,0.887089773071106,10.745527011816616

45,281BD693,22C,Male,65.0,Symptomatic Non-
Hospitalized,28.0,0.001699242574918667,588.497495743281,6.002446612838655,11.118340879184547,2
.0760450965696964,12.322474970064125

46,9E669CC3,22C,Male,65.0,Symptomatic Non-
Hospitalized,104.0,0.0051434680248028525,194.42135057082032,2.4678812254294074,10.01434544651
2053,0.5340698978495794,11.60376252971462

47,5555A8C1,23,Male,56.0,Symptomatic
Hospitalized,24.0,0.00012219994186717418,8183.309948600099,7.105105283483399,14.4076411615340
3,5.707859135467302,15.482962540908364

48,331416C9,23,Male,56.0,Symptomatic
Hospitalized,45.0,0.00023297517731339044,4292.302774620634,2.5726157143136983,12.718140097924
378,5.224111766550664,14.704595965932759

49,96D33AAD,23,Male,56.0,Symptomatic
Hospitalized,120.0,0.0036285901408162407,275.58912999059544,1.0395128309122532,11.56794778492
4588,2.531512191189912,13.715130650357446

50,EDD7CFC8,23,Male,56.0,Symptomatic Hospitalized,21.0,8.813072165114125e-
05,11346.781023289745,7.238535947176838,14.218570043859668,5.931399115244914,14.88833878110
8724

51,EE14F19A,23,Male,56.0,Symptomatic
Hospitalized,19.0,0.00012873317533678366,7768.005390870403,5.312002604859212,12.2239842745561
43,5.677637943910905,15.537673605967104



52,F741505D,23C,Female,65.0,Symptomatic Non-
Hospitalized,64.0,0.0077277194655229545,129.40428343206264,0.3977971612467003,4.3943392506573
74,1.3003441276282073,5.9648055076825255

53,D0715920D,23C,Female,65.0,Symptomatic Non-
Hospitalized,102.0,0.005042477527985327,198.31521200641623,0.39904482921660833,4.530072870180
263,1.5681761976842667,7.7298359958838825

54,BDB764DB,23C,Female,65.0,Symptomatic Non-
Hospitalized,26.0,0.008455604903875804,118.26474999341906,0.4539420804551405,4.60395464311424
3,1.9364452591519932,8.56544068340245

55,7B8AFF92,24C,Female,76.0,Symptomatic Non-
Hospitalized,68.0,0.0005686100455445034,1758.6745219078846,1.5393412542370792,11.530979698707
688,3.6372897670865436,12.91111121609277

56,2AD43D3B,24C,Female,76.0,Symptomatic Non-
Hospitalized,32.0,0.0001735714784919539,5761.31521542784,1.8807855666763724,11.44940782061540
2,5.090334167060166,13.740618363045789

57,1823354D,24C,Female,76.0,Symptomatic Non-
Hospitalized,104.0,0.0011245103606923508,889.2759328462828,1.7889435340595121,9.7243116401692
6,2.64643590437112,12.599270102343326

58,01337074,25,Female,31.0,Symptomatic
Hospitalized,94.0,0.009041220936385262,110.6045308522022,1.7632971474382884,9.360726206758546,
1.3780459430494476,13.575002777406766

59,90401AE1,25,Female,31.0,Symptomatic
Hospitalized,10.0,0.03523068567559905,28.384346793812337,0.5716384861000297,1.694554536495343,
0.5556960970429031,4.471132379067779

60,462D516A,25,Female,31.0,Symptomatic
Hospitalized,12.0,0.0057841437603557855,172.88643599316234,1.5355982968064956,6.3113629563394
21,1.529082654658754,9.526561485833508

61,4BOE5065,25,Female,31.0,Symptomatic
Hospitalized,18.0,0.000230280923982705,4342.522093037563,2.4302433367806073,12.87595581354012
7,6.677572033468745,14.895589908660124

62,775EA81A,25,Female,31.0,Symptomatic
Hospitalized,45.0,0.00196092153324903,509.96431169946436,2.4588703635397007,11.60167534384963
5,2.282880264128314,14.124748308612693

63,B571AC46,25,Female,31.0,Symptomatic
Hospitalized,22.0,0.0005100571175210293,1960.5647400043792,6.138858097422177,13.1606611536785
36,3.8147355363676896,14.941676680339869



64,62FA7D27,25,Female,31.0,Symptomatic
Hospitalized,15.0,0.0007977512170055178,1253.5236282730527,5.30160539931984,12.85541143234872
8,3.547873821654639,14.10519316996576

65,429A1FE7,25,Female,31.0,Symptomatic
Hospitalized,8.0,0.03570256101885667,28.009195179915523,0.6047709141089694,1.4542330942565442,
0.5425956104717007,4.2697565954739325

66,C53B17AF,25C,Female,52.0,Symptomatic Non-
Hospitalized,115.0,0.015464181841750203,64.66556137487983,2.016988964148285,6.966849909525059,
0.8238054100071512,9.597202289469468

67,2DFDE3C7,25C,Female,52.0,Symptomatic Non-
Hospitalized,77.0,0.01136651977827033,87.97767650144999,2.0137311637318103,8.110999621688881,1
.1088275215971986,10.465710259892756

68,F89B0140,25C,Female,52.0,Symptomatic Non-
Hospitalized,48.0,0.0048290927963801295,207.0782323233872,2.8970086247483193,8.95769997366413
8,1.692110894117381,12.464305647219897

69,1996B4D1,26C,Female,26.0,Symptomatic Non-
Hospitalized,28.0,0.014844207913824075,67.36634287294795,0.5036407457081205,4.868939788043288,
0.5975621956768502,10.260324629086908

70,E267499B,26C,Female,26.0,Symptomatic Non-
Hospitalized,64.0,0.03162092241466515,31.62463089742821,0.42566169512521523,3.6526661491964,0.
44895141890420626,8.273704138336964

71,16AFBA79,2C,Male,44.0,Symptomatic Non-
Hospitalized,22.0,0.023917223685100884,41.81087291594572,1.240386906693868,2.2769288811464583,
0.5567358225029719,5.303111396401754

72,6BE52F87,2C,Male,44.0,Symptomatic Non-
Hospitalized,139.0,0.03924858598848747,25.478624893475747,0.554240481398807,2.180910178798925,
0.37249728952809535,5.722286791394441

73,EEAEFD9B,2C,Male,44.0,Symptomatic Non-
Hospitalized,48.0,0.026210562298421503,38.15255806473956,0.6424087924290711,2.459298591884574
7,0.438484900055612,5.72289115297575

74,803BE443,3C,Female,47.0,Symptomatic Non-
Hospitalized,27.0,0.0035554347736628123,281.25955436099844,4.003479535146775,7.74675466596419
2,1.0283531634783962,11.749109284081298

75,597BF57E,3C,Female,47.0,Symptomatic Non-
Hospitalized,72.0,0.015238115577836728,65.62491240415991,2.8931269735627567,6.50389459759765,0
.6463597491773323,10.734815467090243



76,C82692BD,3C,Female,47.0,Symptomatic Non-
Hospitalized,105.0,0.02241128559497417,44.620376451061524,2.504271448690473,5.834784695097419,
0.6225154931028236,10.109430369903862

77,48BAE426,4C,Female,48.0,Symptomatic Non-
Hospitalized,63.0,0.006774247063562796,147.61788145855837,3.977763770661968,5.855878088875574,
0.6034539534872356,10.122338914471992

78,A0D66F9E,4C,Female,48.0,Symptomatic Non-
Hospitalized,31.0,0.005567354821491529,179.6185140095119,5.204010478235438,5.777547065487122,1
.2320691004311437,9.692946358651481

79,1729101A,5C,Female,43.0,Symptomatic Non-
Hospitalized,31.0,0.038455820886827405,26.003865655161146,0.6386658117589171,5.18154993522740
2,1.3289711027438107,9.718653895740552

80,4D634A06,5C,Female,43.0,Symptomatic Non-
Hospitalized,60.0,0.040490888857379136,24.69691400261168,0.5518144742612592,5.143592868395615,
1.2463479571560794,9.120349468729641

81,AA918415,5C,Female,43.0,Symptomatic Non-
Hospitalized,129.0,0.05,20.0,0.5930567247082928,5.653293909531086,1.0451966410484503,11.6029386
30218066

82,65C28B8D,6C,Female,64.0,Symptomatic
Hospitalized,33.0,0.00041451570299764383,2412.453841358295,10.940912285339286,12.776476268382
048,2.5778143493605654,13.917824594566909

83,B82F21E3,6C,Female,64.0,Symptomatic
Hospitalized,76.0,0.0019159222414393128,521.9418504420944,4.444043865465129,12.62124239264471
7,1.2244445073080434,13.793956393241725

84,C53AEB74,72C,Female,24.0,Asymptomatic,79.0,0.020945267588511347,47.74348170889486,0.458516
85956857074,5.255926034762838,0.43744519008859006,9.981826561637824

85,B7BA6ACY,72C,Female,24.0,Asymptomatic,48.0,0.004956616670410165,201.75052187710307,0.79899
07495283188,9.167425221024272,1.036740221078155,12.577023604511984

86,B0CB441F,7C,Male,65.0,Symptomatic Non-
Hospitalized,29.0,0.002905700001674323,344.1511509872939,4.431775123111539,13.023883818443663,
1.9024810869254407,13.959132592008876

87,B60A1A68,7C,Male,65.0,Symptomatic Non-
Hospitalized,71.0,0.01066268940638014,93.78496942822314,1.3842149179462768,10.93196128440058,0
.8583934820641064,11.889621669656663

88,0401D9B0,7C,Male,65.0,Symptomatic Non-
Hospitalized,103.0,0.014150337542581012,70.66969229467584,1.1588727792180311,9.50233692854880
2,0.6993162071002639,10.710591106252721



89,167A52E5,8C,Male,22.0,Symptomatic Non-

Hospitalized,74.0,0.05,20.0,0.6261198549010578,2.8755627623656297,0.3747153670666761,4.87064269
8657272

90,0678DAA4,8C,Male,22.0,Symptomatic Non-
Hospitalized,29.0,0.02546130606758152,39.27528294682593,1.7098554472894907,4.13990064709672,0.
435435067970721,5.49646720727142

91,2C1A6676,9C,Female,37.0,Symptomatic Non-
Hospitalized,107.0,0.03582021469195085,27.91719727533375,0.6129500472741104,2.582562865449318
2,0.5139686431026205,5.473671017473473

92,9FDB1F72,9C,Female,37.0,Symptomatic Non-
Hospitalized,41.0,0.016150184148374297,61.918798622532215,0.7436083051252353,4.36896124553691,
0.5236726948923813,7.248149362953104
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