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The Association of Baseline Plasma SARS-CoV-2 Nucleocapsid
Antigen Level and Outcomes in Patients Hospitalized With
COVID-19
ACTIV-3/TICO Study Group*

Background: Levels of plasma SARS-CoV-2 nucleocapsid
(N) antigen may be an important biomarker in patients with
COVID-19 and enhance our understanding of the pathoge-
nesis of COVID-19.

Objective: To evaluate whether levels of plasma antigen
can predict short-term clinical outcomes and identify clinical
and viral factors associated with plasma antigen levels in
hospitalized patients with SARS-CoV-2.

Design: Cross-sectional study of baseline plasma antigen
level from 2540 participants enrolled in the TICO (Therapeutics
for Inpatients With COVID-19) platform trial from August 2020
to November 2021, with additional data on day 5 outcome
and time to discharge.

Setting: 114 centers in 10 countries.

Participants: Adults hospitalized for acute SARS-CoV-2
infection with 12 days or less of symptoms.

Measurements: Baseline plasma viral N antigen level was
measured at a central laboratory. Delta variant status was
determined from baseline nasal swabs using reverse tran-
scriptase polymerase chain reaction. Associations between
baseline patient characteristics and viral factors and baseline
plasma antigen levels were assessed using both unadjusted
and multivariable modeling. Association between elevated base-
line antigen level of 1000 ng/L or greater and outcomes, includ-
ing worsening of ordinal pulmonary scale at day 5 and time to
hospital discharge, were evaluated using logistic regression and
Fine–Gray regression models, respectively.

Results: Plasma antigen was below the level of quantifica-
tion in 5% of participants at enrollment, and 1000 ng/L or
greater in 57%. Baseline pulmonary severity of illness was
strongly associated with plasma antigen level, with mean
plasma antigen level 3.10-fold higher among those requiring

noninvasive ventilation or high-flow nasal cannula compared
with room air (95% CI, 2.22 to 4.34). Plasma antigen level
was higher in those who lacked antispike antibodies (6.42
fold; CI, 5.37 to 7.66) and in those with the Delta variant
(1.73 fold; CI, 1.41 to 2.13). Additional factors associated
with higher baseline antigen level included male sex, shorter
time since hospital admission, decreased days of remdesivir,
and renal impairment. In contrast, race, ethnicity, body mass
index, and immunocompromising conditions were not asso-
ciated with plasma antigen levels. Plasma antigen level of
1000 ng/L or greater was associated with a markedly higher
odds of worsened pulmonary status at day 5 (odds ratio,
5.06 [CI, 3.41 to 7.50]) and longer time to hospital discharge
(median, 7 vs. 4 days; subhazard ratio, 0.51 [CI, 0.45 to
0.57]), with subhazard ratios similar across all levels of base-
line pulmonary severity.

Limitations: Plasma samples were drawn at enrollment, not
hospital presentation. No point-of-care test to measure plasma
antigen is currently available.

Conclusion: Elevated plasma antigen is highly associated
with both severity of pulmonary illness and clinically impor-
tant patient outcomes. Multiple clinical and viral factors are
associated with plasma antigen level at presentation. These
data support a potential role of ongoing viral replication in
the pathogenesis of SARS-CoV-2 in hospitalized patients.

Primary Funding Source: U.S. government Operation Warp
Speed and National Institute of Allergy and Infectious Diseases.

Ann Intern Med. doi:10.7326/M22-0924 Annals.org
For author, article, and disclosure information, see end of text.
This article was published at Annals.org on 30 August 2022.
* For the writing group members, see end of text. For a list of all members
of the ACTIV-3/TICO Study Group, see Supplement 1 (available at Annals.
org).

Mortality rates for adults hospitalized with COVID-19
remain high, ranging from approximately 6% to

27% from large published clinical trials (1–3). The extent
to which ongoing SARS-CoV-2 viral replication versus the
host immune system contributes to the severity of disease,
pathogenesis, and mortality of SARS-CoV-2 infection in
hospitalized patients is uncertain (4). Although some antivi-
rals have shown promise in hospitalized patients (5, 6), sev-
eral monoclonal antibodies and other antiviral treatments
have failed in this population while improving outcomes in
the outpatient setting (2, 7–9); in contrast, immunomodula-
tory drugs (for example, corticosteroids, Janus kinase
inhibitors, and tocilizumab) are only efficacious in more
advanced disease (3, 10, 11). However, small studies have
shown that higher levels of plasma viral RNA near the time of

hospital admission are associated with increased prevalence
of nonpulmonary organ failure (12), critical illness and both
intensive care unit and hospital mortality (13–15), and lower
chance of sustained recovery (16). Although factors such as
male sex, older age, and diabetes are established risk fac-
tors for poor outcomes from COVID-19 (17), how such
characteristics relate to plasma viral burden in recently hos-
pitalized persons has not been described to date.

See also:

Web-Only
Supplement
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Immune factors play a role in the control of acute
SARS-CoV-2 viral replication (18), as the body's immune
system can usually mount a response sufficient for the
vast majority of SARS-CoV-2 infections from requiring hos-
pitalization (19). A core aspect of this response includes
the production of neutralizing antibodies, most of which
are aimed at epitopes in the receptor-binding domain of
the viral spike protein (20). Thus, the kinetics and magni-
tude of the immune response may partially control viral
replication in the acutely infected host (21) and have impli-
cations for potential benefit of antiviral therapies (1, 16).

Although detection of nasal swab nucleocapsid (N)
antigen is a reflection of viral replication in the upper air-
way and is used for the diagnosis of acute SARS-CoV-2
infection, plasma N antigen (plasma antigen) level may
be more likely to reflect systemic viral replication. The
ACTIV-3 (Accelerating COVID-19 Therapeutic Interventions
and Vaccines, Inpatient Monoclonal Antibodies and Other
Therapies) platform trial, also called TICO (Therapeutics for
Inpatients With COVID-19), assesses the clinical effect of
novel anti–SARS-CoV-2 viral agents in hospitalized patients
with acute COVID-19 (22). In this trial, plasma antigen level
and antispike and anti-N antibody status at enrollment are
determined centrally using stored specimens. In addition,
polymerase chain reaction (PCR) testing of nasal swab ma-
terial retrieved at baseline is used to determine the viral
variant causing the infection. The study enrolled inpatients
from August 2020 through mid-November 2021, spanning
the emergence of the Delta variant as the dominant variant
before its replacement with Omicron. The primary objec-
tive of this report is to describe the clinical characteristics
and viral factors, such as variant type, associated with anti-
gen level at enrollment (baseline plasma antigen level)
and to assess the association of the antigen level with sub-
sequent short-term prognosis.

METHODS

Participants
The study population includes those who were ran-

domly assigned in the TICO platform trial to receive 1 of
5 antiviral products (bamlanivimab [8], sotrovimab [2],
amubarvimab–romlusevimab [2], tixagevimab–cilgavimab
[23], andMolecular Partners MP0420 [24]) ormatched pla-
cebo (22) and for whom a baseline assessment of the rele-
vant biomarkers of interest was available.

Biomarkers of Interest
Quantitative plasma SARS-CoV-2 N antigen wasmeas-

ured using a microbead-based immunoassay (Quanterix).
The lower limit of quantification of this assay is 3 ng/L; 2.9
ng/L was imputed for samples below this level. A level of
1000 ng/L or greater was a prespecified binary cutoff,
reflecting the median plasma level in the TICO trial of
bamlanivimab (16). Antispike neutralizing antibody was
determined using a surrogate viral neutralization test
(GenScript cPass). This assay provides an assessment of
the percentage of binding that is inhibited by the partici-
pant's antibodies (ranging from 0% to 100%); results of
30% or more were considered positive (25). Anti-N pan-
immunoglobulin positivity was determined according to

the manufacturer's directions (Bio-Rad Platelia SARS-
CoV-2 Total Antibody Test). The SARS-CoV-2 viral RNA
was extracted from a mid-turbinate nasal swab collected
at the same time as the plasma sample. Beginning in
February 2021, the presence of the Delta variant was
determined using an reverse transcriptase PCR (RT-PCR)
assay specifically designed to the N-terminal domain
region of the spike gene. The RT-PCR of N was used as a
positive control. If RT-PCR was negative for spike but pos-
itive for N, it was considered non-Delta. Among 811 sam-
ples that were characterized as Delta via PCR, 810
(99.9%) were confirmed as Delta by either Pangolin or
Nextclade sequencing; 3 samples among 364 identified
as non-Delta by quantitative PCR were found to be Delta
by sequence analysis.

Clinical Data
To be eligible for inclusion in TICO, participants

needed to be hospitalized for acute COVID-19 within 12
days of symptom onset. The cohort was characterized for
dates of enrollment (August 2020 to 15 November 2021,
corresponding to the emergence of the Delta variant but
before Omicron), demographic characteristics (age, sex,
race, or ethnicity), geographic location of recruitment
(United States, Europe, Asia, Africa), coexisting chronic
illness (yes or no: hypertension, diabetes, renal impair-
ment, asthma and/or chronic obstructive pulmonary dis-
ease, obesity, cardiovascular disease, hepatic impairment,
cancer, and disorders associated with immune dysfunction
[that is, HIV, other immunosuppressive conditions, and/or
medicines for antirejection, immunomodulation, or bio-
logics]), prior SARS-CoV-2 vaccination (fully vaccinated
[full course completed—2 doses of messenger RNA vac-
cine or single dose of Johnson & Johnson vaccine—and
symptoms started ≥14 days after last dose], partially vacci-
nated [symptoms within 14 days of a last dose or only 1 of
2-dose course received], and not vaccinated), number of
days since symptom onset, pulmonary disease severity
(no supplemental oxygen, low-flow supplementary oxy-
gen <4 L/min, low-flow supplementary oxygen ≥4 L/min,
high-flow nasal cannula [HFNC] or noninvasive ventilation
[NIV]), and receipt of remdesivir in days before enrollment
(0, 1, 2, or more days).

Statistical Analysis
Participant characteristics were described using basic

descriptive statistics. Associations between patient charac-
teristics and the plasma antigen level were assessed using
linear regression models with log10-transformed antigen
level as the dependent variable. Geometric mean titers
were calculated from these models by back-transforming
least-squares mean results for each dependent variable.
Coefficient estimates from these models to the power 10
represent the “fold-difference” antigen level according to
the reference level of the variable of interest.

Associations with baseline plasma antigen level geo-
metric mean titers were assessed using both univariable
and multivariable models. In the multivariable model,
covariates included only premorbid attributes—for exam-
ple, demographic characteristics, comorbidities, and vac-
cine status. Similarly, the association of baseline variables
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with elevated plasma antigen level was assessed using
univariable and multivariable logistic regression. Elevated
plasma antigen was defined by a dichotomous value of
antigen level 1000 ng/L or greater, which was identified as
themedian value in the bamlanivimab study (16).

The association between antigen level of 1000 ng/L
or greater and 2 patient outcomes was also evaluated.
Both outcomes were evaluated across subgroups defined
by baseline oxygen status and are restricted to partici-
pants in the placebo group. One outcome—worsening of
pulmonary status at day 5—used a 7-point ordinal scale
defined as back to normal activities; mild symptoms;
conventional oxygen supplementation less than 4 L/min;
conventional oxygen supplementation 4 L/min or more;
HFNC or NIV; mechanical ventilation, extracorporeal mem-
brane oxygenation, or new hemodialysis; or death. The
participant's status on this scale on day 5 was dichotomized
as either worse or same/better than baseline. We used
logistic regressionwith andwithout adjustment for baseline
premorbid attributes and baseline oxygen status and a fur-
ther analysis in which we additionally adjusted for baseline
antibody status.

The second outcome evaluated was time to hospital
discharge, treating death as a competing risk. To be con-
sistent with other studies (1, 5, 10), the outcome is sum-
marized over 28 days of follow-up and was evaluated
within subgroups defined by baseline oxygen status;
analyses were restricted to participants in the placebo
group. The median days to discharge was calculated on
the basis of the cumulative incidence function (26). The
association between plasma antigen level and the rate of
discharge (subhazard ratio) was estimated using Fine–
Gray proportional hazards models (27), with and without
adjustment for baseline clinical variables as described
earlier. All P values are 2-sided. Analyses were done
using SAS, version 9.4 (SAS Institute).

Assessment of the Delta variant was not possible for
participants with undetectable nasal swab RNA by RT-
PCR. For these participants, as well as those for whom
RT-PCR results were unavailable, the variant was imputed
as Delta for participants enrolled on or after 20 June
2021 and as non-Delta for those enrolled earlier. This
date cutoff corresponds to the date from which Delta
became the dominant strain detected in this cohort, an
approach used previously (28). A sensitivity analysis
removed participants from June and July without imputed
RT-PCR results given highest variability in Delta status dur-
ing that period.

Role of the Funding Source
Investigators from the National Institutes of Health

were directly involved in all aspects of this study, including
study design, data collection, data analysis, data interpre-
tation, and writing of the report.

RESULTS

Baseline Clinical and Viral Characteristics of
Cohort

Between August 2020 and November 2021, 2694
participants were enrolled in 10 countries into 1 of the

first 5 interventions in the TICO platform randomized
controlled trial. Among these, 2540 participants, from
114 sites, who received the study intervention and had a
baseline plasma sample available for antigen measure-
ment are included in this report. As shown in Table 1,
636 participants (25%) were breathing room air at the
time of enrollment, 274 (11%) required either HFNC or
NIV, andmost participants required conventional oxygen
supplementation. Most (58%) of the cohort were men,
with a median age of 57 years (interquartile range, 46 to
68 years). Eighty-one percent of patients had not received
even a single vaccine for SARS-CoV-2. Most participants
(78%) were enrolled in centers in the United States.

Fifty-two percent of baseline samples were positive
for the antispike antibody at enrollment, with slightly
more (62%) positive for anti-N antibody; 28% were nega-
tive for both antispike and anti-N antibodies. Beginning
with participants enrolled in January 2021, nasal swab
specimens were tested for the Delta variant; viral RNA
was detectable in 88% of the 1675 participants for whom
results are available. As shown in Table 1 of Supplement
2 (available at Annals.org), Delta became the dominant
strain in circulation in the cohort in late-June 2021.

Patient Clinical Factors AssociatedWith Plasma
Antigen Level

Plasma viral antigen level was above the level of
quantification (3.0 ng/L) in 95% of baseline samples, with
a median of 1442 ng/L (absolute range of 3.0 to 92404
ng/L). We initially examined the association of 20 base-
line clinical and viral factors with plasma antigen level at
time of enrollment both without adjustment and with
adjustment for all premorbid covariates (Table 2). Plasma
antigen level was highly associated with the severity of pul-
monary disease, 3.10-fold higher in participants requiring
NIV or HFNC (95% CI, 2.22 to 4.34), 2.88-fold higher in
those requiring 4 L or more of conventional oxygen sup-
plementation (CI, 2.23 to 3.71), and 1.77-fold higher in
those requiring less than 4 L of conventional oxygen
supplementation (CI, 1.39 to 2.26) compared with those
breathing room air. Plasma antigen level was higher in
those with more than 1 week of symptoms but lower
with increased days since admission to the hospital and
2 or more days of exposure to the antiviral medication
remdesivir. Older age was modestly associated with
increased plasma antigen level, particularly in those older
than 65 years. Plasma antigen level was also substantially
higher in participants with underlying renal impairment
(2.63 fold [CI, 1.88 to 3.68]).

Male sex was associated with a higher level of plasma
viral antigen (1.32-fold higher in men than women [CI,
1.09 to 1.60]). As shown in Figure 1 of Supplement 2
(available at Annals.org), these sex differences were seen
across all levels of illness. The higher level of viral antigen
in men is not explained by differences in vaccination sta-
tus or differences in length of symptoms before enroll-
ment. Comorbidities that differed by sex included more
renal disease and less asthma inmen; womenmore often
had obesity, with a bodymass index greater than 40 kg/m2

in the cohort. After adjustment for these and other premor-
bid factors, men were more likely to have antigen levels
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above this threshold (odds ratio [OR], 1.26 [CI, 1.06 to
1.48]) (Table 2 of Supplement 2, available at Annals.org).

In contrast, several clinical factors that have been fre-
quently reported in studies to be associated with outcomes
in COVID-19, such as race, ethnicity, immunosuppression
status, obesity, and presence of other comorbidities were
not associated with plasma antigen levels in this analysis.

Vaccination, Antibody, and Viral Variant
Characteristics AssociatedWith Plasma Antigen
Level

Plasma antigen level was highly associated with anti-
body status, particularly for antispike receptor-binding
domain as measured by surrogate viral neutralization
test. Participants with negative antispike antibody status
had 6.42-fold higher (CI, 5.37 to 7.66) plasma antigen
level than those with positive antibody status; 75% of par-
ticipants with negative antibody status had plasma antigen
level of 1000 ng/L or greater (Table 2 of Supplement 2).
Figure 2 of Supplement 2 (available at Annals.org) sum-
marizes the participants in each pulmonary disease se-
verity category in terms of both antibody status and
antigen level. The disease categories are heterogeneous
with respect to both antibody and antigen status.

The proportion of men and women with positive anti-
spike receptor-binding domain antibody for SARS-CoV-2

was similar (approximately 50%). However, the proportion
of men who were antibody negative but had a viral anti-
gen level of 1000 ng/L or greater was higher (OR, 1.41 [CI,
1.07 to 1.85], data not shown). The presence of anti-N anti-
body was similarly associated with decreased plasma anti-
gen level, although to a lesser extent (3.12 fold [CI, 2.57 to
3.80]). Unvaccinated participants had a higher baseline
plasma antigen level than fully vaccinated persons after
adjustment for premorbid status (Table 2).

Forty-four percent of participants were infected with
the Delta variant, and this group had higher plasma viral
antigen levels than those infected with non-Delta variants
(1.73 fold [CI, 1.41 to 2.13]). Delta variant status was
imputed on the basis of date of enrollment for those
patients for whom no nasal swab was available or no viral
RNA was detected; excluding these patients did not
change these conclusions (data not shown).

Association Between Elevated Plasma Antigen
Level and Patient Outcomes

A dichotomous value of antigen level of 1000 ng/L
or greater was prespecified on the basis of the median
value in the bamlanivimab study (16). As shown in Table 1
as well as Table 2 of Supplement 2, fifty-seven percent of
patients (n= 1453) in the cohort had elevated plasma anti-
gen level. Given the strong association between baseline

Table 1. Baseline Characteristics by Baseline Antigen Level

Characteristic Baseline Antigen Level

<1000 ng/L (n = 1087) ≥1000 ng/L (n = 1453) Total (n = 2540)

Age
≥65 y, n (%) 325 (30) 515 (35) 840 (33)
50–64 y, n (%) 397 (37) 487 (34) 884 (35)
<50 y, n (%) 365 (34) 451 (31) 816 (32)
Median (IQR) 56 (45–67) 58 (47–69) 57 (46–68)

Female sex, n (%) 497 (46) 573 (39) 1070 (42)
Oxygen status, n (%)
Noninvasive ventilation or high-flow nasal cannula 99 (9) 175 (12) 274 (11)
Supplemental oxygen ≥4 L/min 268 (25) 440 (30) 708 (28)
Supplemental oxygen <4 L/min 392 (36) 530 (36) 922 (36)
Room air 328 (30) 308 (21) 636 (25)

Vaccination status, n (%)*
Not vaccinated/unknown 880 (81) 1189 (82) 2069 (81)
Partially vaccinated 84 (8) 105 (7) 189 (7)
Fully vaccinated 123 (11) 159 (11) 282 (11)

Antibody positive, n (%)
Antispike antibody 779 (72) 531 (37) 1310 (52)
Antinucleocapsid antibody 807 (74) 778 (54) 1585 (62)
Positive to both 695 (64) 363 (25) 1058 (42)

Any comorbidity, n (%) 699 (64) 930 (64) 1629 (64)
Asthma/chronic obstructive pulmonary disease 182 (17) 209 (14) 391 (15)
Diabetes 287 (26) 429 (30) 716 (28)
Cancer 45 (4) 54 (4) 99 (4)
HIV or other immune suppression 72 (7) 141 (10) 213 (8)
Hypertension 476 (44) 682 (47) 1158 (46)
Renal impairment 64 (6) 182 (13) 246 (10)
Other comorbidity 74 (7) 127 (9) 201 (8)

Delta variant, n (%)† 444 (41) 664 (46) 1108 (44)
Median time from symptom onset (IQR), d 8 (5–10) 8 (6–9) 8 (6–10)
Median time from hospital admission (IQR), d 2 (1–2) 1 (1–2) 1 (1–2)
Median body mass index (IQR), kg/m2 30 (26–36) 30 (27–36) 30 (26–36)

IQR = interquartile range.
* Fully vaccinated = full course completed and symptoms started ≥14 d after the last dose. Partially vaccinated = symptoms started within 14 d of
the last dose, or only 1 dose of a 2-dose course received.
† If variant information not available or RNA not detected, imputed as Delta variant if enrolled on or after 20 June 2021.
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Table 2. Association of Baseline Characteristics With Antigen Level

Baseline Characteristic Participants,
n*

Geometric
Mean Titer†

Univariable‡ Multivariable§

Fold Difference||
(95% CI)

Fold Difference||
(95% CI)

Premorbid factors
Age 2540

≥75 y 317 897 1.28 (0.95–1.72) 1.38 (0.99–1.91)
65–74 y 523 1016 1.44 (1.13–1.85) 1.46 (1.11–1.91)
55–64 y 569 804 1.14 (0.90–1.45) 1.13 (0.89–1.45)
<55 y 1131 703 Reference Reference

Sex 2540
Male 1470 927 1.39 (1.15–1.68) 1.32 (1.09–1.60)
Female 1070 665 Reference Reference

Race/ethnicity 2540
Hispanic 474 771 0.94 (0.73–1.20) 0.98 (0.76–1.28)
Non-Hispanic Black 604 792 0.96 (0.77–1.21) 1.18 (0.91–1.53)
Non-Hispanic White/other 1462 823 Reference Reference

Immunosuppressive diagnosis/drug 2540
Yes 213 1158 1.49 (1.06–2.08) 1.39 (0.97–1.98)
No 2327 779 Reference Reference

Asthma/chronic obstructive pulmonary
disease

2540

Yes 391 601 0.71 (0.55–0.92) 0.69 (0.53–0.89)
No 2149 850 Reference Reference

Renal impairment 2540
Yes 246 2104 2.89 (2.12–3.96) 2.63 (1.88–3.68)
No 2294 727 Reference Reference

Diabetes 2540
Yes 716 853 1.08 (0.88–1.33) 0.91 (0.72–1.13)
No 1824 788 Reference Reference

Cardiovascular disease 2540
Yes 1208 875 1.17 (0.97–1.41) 0.91 (0.73–1.12)
No 1332 747 Reference Reference

Hepatic impairment 2540
Yes 36 637 0.79 (0.36–1.74) 0.50 (0.23–1.11)
No 2504 808 Reference Reference

Cancer 2540
Yes 99 703 0.87 (0.54–1.41) 0.81 (0.50–1.31)
No 2441 810 Reference Reference

Body mass index 2534
≥40 kg/m2 362 775 1.04 (0.79–1.39) 1.20 (0.89–1.62)
30–39 kg/m2 974 904 1.22 (0.99–1.49) 1.24 (1.01–1.53)
<30 kg/m2 1198 742 Reference Reference

Region 2540
Africa (Uganda, Nigeria) 131 287 0.32 (0.21–0.49) 0.31 (0.19–0.50)
Asia (Singapore) 42 1571 1.78 (0.86–3.68) 2.25 (1.08–4.70)
Europe 387 661 0.75 (0.58–0.97) 0.85 (0.64–1.12)
North America (United States) 1980 884 Reference Reference

COVID-19 vaccination status¶ 2540
Not vaccinated/unknown 2069 840 1.19 (0.88–1.61) 1.51 (1.11–2.05)
Partially vaccinated 189 625 0.89 (0.57–1.38) 1.03 (0.66–1.59)
Fully vaccinated 282 705 Reference Reference

Other baseline factors
Pulmonary status 2540

Noninvasive ventilation or high-flow
nasal cannula

274 1402 3.17 (2.27–4.43) 3.10 (2.22–4.34)

Supplemental oxygen ≥4 L/min 708 1184 2.67 (2.08–3.45) 2.88 (2.23–3.71)
Supplemental oxygen <4 L/min 922 769 1.74 (1.37–2.21) 1.77 (1.39–2.26)
Room air 636 443 Reference Reference

Time from symptom onset to
enrollment

2540

≥9 d 1032 649 0.79 (0.64–0.98) 0.80 (0.64–1.00)
7–8 d 672 1100 1.34 (1.05–1.71) 1.41 (1.11–1.80)
<7 d 836 820 Reference Reference

Antispike antibody 2539
Negative 1229 2080 6.27 (5.28–7.46) 6.42 (5.37–7.66)
Positive 1310 332 Reference Reference

Continued on following page
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plasma antigen level and pulmonary severity of illness,
outcome measures were evaluated separately for the
baseline oxygen categories (room air, requiring <4 L/min
of conventional oxygen supplementation, requiring ≥4 L/min
of conventional oxygen supplementation, and requiring
NIV or HFNC).

As shown in Table 3, for participants in the placebo
group, the odds of pulmonary worsening were substan-
tially higher in every oxygen category for those with a
plasma antigen level of 1000 ng/L or greater, with an
overall OR, adjusted for baseline oxygen status, of
worsening at day 5 of 5.17 (CI, 3.51 to 7.63). This OR
estimate was not appreciably changed after additional
adjustment for variables reflecting premorbid status
(5.06 [CI, 3.41 to 7.50]). Among participants enrolled
on room air, 26% of those with plasma levels of 1000
ng/L or greater progressed to requiring oxygen at day
5 versus 6% with antigen level less than 1000 ng/L.

Given this marked increased risk for clinical worsen-
ing, we next assessed the association between antigen
level of 1000 ng/L or greater and time to hospital dis-
charge among participants in the placebo group. As
shown in the Figure and Table 3 of Supplement 2 (avail-
able at Annals.org), plasma antigen level was associated
with duration of hospitalization across all levels of oxygen
severity. The median time to discharge was 4 days among
participants with antigen level less than 1000 ng/L com-
pared with 7 days among those with antigen level of 1000
ng/L or greater (subhazard ratio, 0.54 [CI, 0.48 to 0.61]).
Adjusting for baseline clinical covariates did not change
these estimates (subhazard ratio, 0.51 [CI, 0.45 to 0.57]).
For participants in the NIV/HFNC group, only 42% of those
with antigen level of 1000 ng/L or higher were discharged
by day 28 compared with 73% with antigen level less than
1000 ng/L.

Table 4, Table 5, and Table 6 of Supplement 2 (avail-
able at Annals.org) assess how the association between
plasma antigen and outcomes differs with antibody status.
TheOR of worsening by day 5 wasmuch higher in patients
with plasma antigen level of 1000 ng/L or greater in
both antibody positive (OR, 3.36 [CI, 1.96 to 5.74])
and antibody negative (OR, 7.92 [CI, 3.67 to 17.07])
(Table 4 of Supplement 2). Similarly, although median
days to discharge was shorter for those with positive
antibody status versus those with negative antibody sta-
tus, the associations with elevated antigen levels were
similar for these 2 groups; adjusted subhazard ratio for
discharge was 0.61 (CI, 0.52 to 0.73) among those with
positive antibody status and 0.48 (CI, 0.39 to 0.59) for
those with negative antibody status (Table 5 and Table 6
of Supplement 2).

DISCUSSION

In 2540 participants from 114 centers internationally
in 10 countries, we found that SARS-CoV-2 N antigen can
be detected in plasma in more than 95% of participants
at baseline and is highly associated both with the severity
of pulmonary illness at presentation and clinically impor-
tant outcomes. Fifty-seven percent of participants had a
baseline plasma antigen level of 1000 ng/L or greater;
this group was at markedly increased risk for pulmonary
worsening by day 5 and had delayed hospital discharge
by day 28, across all levels of severity of illness. Plasma
antigen level is 5-fold lower in patients with endogenous
neutralizing antibodies, although the prognostic impor-
tance of plasma antigen is seen regardless of neutraliz-
ing antibody status. Plasma antigen level was higher
among men than women across all severities of illness
and was lower in patients with more days in hospital and

Table 2–Continued

Baseline Characteristic Participants,
n*

Geometric
Mean Titer†

Univariable‡ Multivariable§

Fold Difference||
(95% CI)

Fold Difference||
(95% CI)

Antinucleocapsid antibody 2540
Negative 955 1560 2.88 (2.39–3.48) 3.12 (2.57–3.80)
Positive 1585 541 Reference Reference

Variant 2540
Delta variant 1108 914 1.25 (1.04–1.51) 1.73 (1.41–2.13)
Other variant 1432 731 Reference Reference

Preenrollment hospital days 2540
0–1 d 1431 1174 4.34 (3.36–5.59) 4.71 (3.65–6.08)
2 d 689 717 2.65 (1.99–3.52) 2.68 (2.02–3.55)
≥3 d 420 271 Reference Reference

Remdesivir use preenrollment 2540
None 986 735 1.86 (1.44–2.40) 2.04 (1.58–2.65)
Same or previous day 1070 1210 3.06 (2.37–3.94) 3.09 (2.40–3.97)
Started ≥2 d before 484 395 Reference Reference

* Univariable models include the number shown. Denominators for multivariable models range from 2533 to 2534.
† Back-transformed from the univariable model.
‡ Regression model with a single categorical variable. P value is for log10-transformed antigen titer.
§ Regression model as above but including all premorbid variables in this table as covariates.
|| Fold difference from reference group.
¶ Fully vaccinated = full course completed and symptoms started ≥14 d after the last dose. Partially vaccinated = symptoms started within 14 d of
the last dose, or only 1 dose of a 2-dose course received.
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more exposure to remdesivir at enrollment. Taken to-
gether, these data support the conclusion that plasma
antigen level is not merely a marker of cell injury and
ensuing release of antigen but suggests a pathogenic
process with ongoing systemic viral replication.

Early pandemic data from studies using samples
from the upper respiratory tract suggested that viral
loads peak close to the time of symptom onset and then
fall steadily over time, with poor correlation between
upper respiratory tract viral load and severity of disease
(29, 30). It is important to note that this does not exclude
viral replication elsewhere in the body. This report shows
that among patients hospitalized with acute COVID-19,
with generally more than 7 days of illness duration, plasma
provides a readily available, highly relevant specimen to
assess for viral activity as it relates to clinically relevant out-
comes. The fact that plasma antigen level has striking
prognostic value even in patients breathing room air
makes it less likely that this simply reflects cellular injury
and severity of illness but instead that viral replication is
likely ongoing in later stages of disease. The seemingly
detrimental host immune responses among patients who
progress to require oxygen and become critically ill may

be driven in part by ongoing viral replication (31) (whether
from viral factors or a dysregulated immune response),
and it is plausible that these patients may benefit from
both antiviral and immunosuppressive therapy. As shown
in Figure 2 of Supplement 2, a substantial portion of
critically ill patients requiring HFNC or NIV had elevated
plasma antigen level despite having positive antibody
status.

Early in the pandemic, positive clinical trials in COVID-
19 seemed to mirror this “nasal viral load” timeline, with
many successes in antiviral therapies applied early, in the
outpatient setting (both monoclonal antibodies and also
antiviral drugs) (7, 32); in contrast, many monoclonal anti-
bodies failed to improve outcomes in hospitalized patients
when added to remdesivir therapy (2, 8), whereas the suc-
cessful trials in hospitalized patients requiring oxygen ther-
apy have involved the use of immunosuppressive therapy
(3, 10). This has led some to question whether there is an
ongoing role for the use of antiviral therapies in hospital-
ized patients or whether this strategy should be aban-
doned (4). This report suggests that a precision medicine
approach, when feasible, be put to the test in future clini-
cal trials of antivirals in hospitalized patients with COVID-19.
The heterogeneity of patients with respect to both antibody
status and antigen level supports this, as compared to the
current standard of choosing treatments based only on pul-
monary disease severity.

The association of male sex with a higher risk for
COVID-mortality is widely recognized (33, 34). Although
this has been associated with clinical characteristics,
including higher prevalence of risk factors such as heart
disease, hypertension, and the presence of anti-interferon
antibodies (35), we believe this is the first report of an asso-
ciation between male sex and higher viral antigen level.
This is not merely a surrogate for severity of illness in this
cohort, as these differences occurred even in patients
requiring less than 4 L of oxygen. It does not seem to
relate to lower vaccination rates or presenting later in the
course of illness, as these characteristics did not differ
between men and women enrolled in the trial (although
>80% of all enrolled patients were unvaccinated so the
statistical power to assess for this is limited).

Over the course of the 16-month enrollment into
TICO, there was a steady increase in baseline plasma
antigen level, most notably as Delta became the domi-
nant variant beginning in June of 2021. This higher level
of antigen was seen even with adjustment for antibody
status and the emergence of increasing proportions of
enrollees who had been fully (2-series) vaccinated during
that period. We imputed Delta variant status for the 10%
of patients without measurable virus in nasal samples
based on timing of Delta variant emergence; excluding
these patients did not change these conclusions. It is
possible that these higher viral antigen levels may help
explain the increased severity of illness seen in Delta
infection (36).

Renal insufficiency is a known risk factor for increased
mortality in COVID-19 (17, 37). As shown here, those with
renal impairment had substantially higher levels of plasma
antigen than those without. Whether this reflects increased
viral replication or a failure of normal antigen clearance

Table 3. Worsened Pulmonary Status on Day 5 by Baseline
Oxygen Category and Antigen Level: Placebo Group Only

Baseline
Category

Participants,
n

Worse Pulmonary
Category at Day 5*

Participants,
n (%)

Odds Ratio
(95% CI)

Room air
≥1000 ng/L 117 30 (26) 5.69 (2.49–12.99)
<1000 ng/L 140 8 (6) Reference

Oxygen <4 L/min
≥1000 ng/L 223 67 (30) 8.26 (3.98–17.11)
<1000 ng/L 182 9 (5) Reference

Oxygen ≥4 L/min
≥1000 ng/L 190 65 (34) 4.12 (2.15–7.89)
<1000 ng/L 116 13 (11) Reference

Noninvasive
ventilation
or high-flow
nasal cannula

≥1000 ng/L 78 18 (23) 2.04 (0.70–5.99)
<1000 ng/L 39 5 (13) Reference

Overall†
≥1000 ng/L 608 180 (30) 5.17 (3.51–7.63)
<1000 ng/L 477 35 (7) Reference

Adjusted for
baseline
covariates‡

5.06 (3.41–7.50)

* Odds ratio for being in a worse oxygen category at day 5 from a logistic
regression model. Results by baseline oxygen category are univariable.
† Odds ratio for being in a worse oxygen category at day 5 from a
logistic regression model, adjusted for baseline oxygen status.
‡ Odds ratio for being in a worse oxygen category at day 5 from a
logistic regression model, adjusted for category of oxygen status;
age; sex; region; vaccination history; and medical history of asthma,
chronic obstructive pulmonary disease, or renal impairment.
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because of renal dysfunction is unknown. The marked re-
gional differences are also striking, with plasma antigen
levels in participants from Uganda nearly 3-fold lower and
from Singapore nearly twice as high as those recruited
from the United States and Europe. Regardless of whether
this helps explain why COVID-19 illness is milder in sub-
Saharan African populations is unknown. We urge caution
in interpreting these findings in Africa and Asia given that
both are from single centers and represent less than 10%
of the population recruited. Of note, there were no dif-
ferences in plasma antigen level by self-identified race
or ethnicity.

We evaluated the prognostic ability of the plasma
antigen level in terms of a short-term clinical outcome
and hospital discharge to confirm the clinical relevance of
the baseline plasma antigen level and motivate the need
to understand clinical correlates at baseline of the plasma
antigen level. The ability of the plasma antigen level and
other baseline factors to predict longer term outcomes,
such as clinical recovery (the primary outcome of the TICO
trials) or a differential response to antiviral therapy, will be
assessed in future work.

This report has several strengths and limitations. The
international, multicenter recruitment of participants coupled
with central laboratory measurements of both antigen and
antibody status led to reliable estimates of antigen and
neutralizing antibody levels in a broadly defined popula-
tion of persons hospitalized with COVID-19. The plasma
antigen assay used here allowed a sensitive assessment of
viral level, with detectable antigen in more than 95% of
patients, in comparison to previous inpatient cohorts that
focused on plasma viral RNA and reported positive values
in 20% to 40% of inpatients (13–15, 38). We confirm that
plasma antigen level is markedly higher in patients with
pulmonary organ dysfunction and also show that high lev-
els of plasma antigen at enrollment are associated with
clinically important end points, such as pulmonary deterio-
ration at day 5 and increased time to discharge. Among
the shortcomings of the study are that antigen level was
measured at the time of study entry as opposed to the
time of hospital admission and the fact that some persons
had received treatment with remdesivir before study entry,
although the median time from hospitalization to enroll-
ment across studies was only 1 day. We have attempted

Figure. Cumulative incidence of discharge by baseline oxygen status and antigen level: TICO participants assigned to the placebo
group.
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to adjust for these types of potential confounders, although
as with any observational comparisons, unmeasured
confounders may remain. Although we identified a higher
plasma antigen level during the Delta period than in previ-
ous variants, this study closed enrollment before the
Omicron wave and thus we do not have data on the most
current variant. Finally, although we have identified several
clinical characteristics associated with baseline antigen
level, to design precision trials in COVID-19 will require
development and validation of a point-of-care test for meas-
uring plasma antigen.

In conclusion, this large, multicenter cohort confirms
that plasma viral antigen can be quantified in early sam-
ples in hospitalized patients and is highly associated with
both baseline severity of illness and clinically important
patient outcomes. Because plasma antigen level is asso-
ciated with antibody status, time in hospital, and expo-
sure to antiviral therapy, it is likely that it reflects true viral
replication. These results suggest that a precision medi-
cine approach to inpatient COVID-19 clinical trials is
needed, with a substantial portion of patients hospital-
ized with acute SARS-CoV-2 infection potentially more
likely to benefit from antiviral therapy. Plasma antigen is
a practical and clinically meaningful biomarker for hospi-
talized patients with COVID-19.
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