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Background. SARS-CoV-2 nucleocapsid antigen can be detected in plasma, but little is known about its performance as a 
diagnostic test for acute SARS-CoV-2 infection or infectious viral shedding among nonhospitalized individuals.

Methods. We used data generated from anterior nasal and blood samples collected in a longitudinal household cohort of SARS- 
CoV-2 cases and contacts. Participants were classified as true positives if polymerase chain reaction (PCR) positive for SARS-CoV-2 
and as true negatives if PCR negative and seronegative. Infectious viral shedding was determined by the cytopathic effect from viral 
culture. Stratified by 7 days after symptom onset, we constructed receiver operating characteristic (ROC) curves to describe 
optimized accuracy (Youden index), optimized sensitivity, and specificity.

Results. Of 80 participants, 58 (73%) were true positives while 22 (27%) were true negatives. Using the manufacturer’s cutoff of 
1.25 pg/mL for evaluating infection, sensitivity was higher from 0 to 7 days (77.6% [95% confidence interval {CI}, 64%–88.2%]) than 
from 8 to 14 days (43.2% [95% CI, 31.1%–54.5%]) after symptom onset; specificity was unchanged at 100% (95% CI, 88.1%–100%). 
This test had higher sensitivity (100% [95% CI, 88.4%–100%]) and lower specificity (65% [95% CI, 40.8%–84.6%]) for infectious 
viral shedding as compared with infection, particularly within the first week of symptom onset. Although the presence of N- 
antigen correlated with infectious viral shedding (r = 0.63; P < .01), sensitivity still declined over time. Additional cutoffs from 
ROC curves were identified to optimize sensitivity and specificity.

Conclusions. We found that this SARS-CoV-2 N-antigen test was highly sensitive for detecting early but not late infectious viral 
shedding, making it a viable screening test for community-dwelling individuals to inform isolation practices.
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As of April 2022, >847 million severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) tests have been performed 
in the United States [1], resulting in >80 million infections diag-
nosed. Screening and diagnostic tests have been developed to de-
tect SARS-CoV-2 RNA, antibodies, or antigens [2–4]. 
Nucleocapsid protein (N-antigen) was identified as one of the 
predominantly expressed proteins that could have comparable 
performance with nucleic acid amplification tests, particularly 

early in the course of disease [5]. Although antigen testing is gen-
erally performed with nasal and saliva biospecimens, emerging 
evidence suggests that detecting viral proteins in plasma might 
represent a novel approach to improve the screening or diagno-
sis of SARS-CoV-2 infection [6–9], depending on its test perfor-
mance characteristics in various populations.

Although almost all reports of N-antigen in the plasma involve 
characterization of hospitalized individuals [10, 11], there are few 
reports among mildly ill or asymptomatic individuals, groups 
that constitute the majority of individuals infected with 
SARS-CoV-2. One study comparing the single-molecule array 
(Simoa) SARS-CoV-2 N-antigen assay (Quanterix, Billerica, 
Massachusetts) [12] in plasma samples using a cutoff of 1.25 pg/ 
mL with nasal RNA positivity evaluated test performance charac-
teristics among long-term care and hospitalized individuals; the au-
thors found 100% specificity and 97.5% sensitivity [13]. This study 
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did not include individuals living in the community, an important 
population with potentially different performance characteristics.

There has been a growing evidence base that nasal and saliva 
antigen testing can provide some indication about infectious-
ness, but these estimates are imprecise. The challenge with rou-
tine molecular testing for SARS-CoV-2 is that it cannot 
differentiate between the active virus replication (infectious vi-
rus) from persistent viral shedding (noninfectious virus). Nasal 
and saliva antigen testing can provide some indication about 
infectiousness, but these estimates are imprecise and no single 
laboratory test has been able to serve as a reliable predictor of 
infectious viral shedding [14–17]. As there is an urgent need 
to identify a test to predict infectiousness, we must continue 
to explore how novel diagnostic approaches may improve our 
ability to predict infectious viral shedding from blood-based 
N-antigen tests.

Utilizing a nonhospitalized cohort of individuals infected 
with SARS-CoV-2 and their household contacts [18], we 
aimed to evaluate the sensitivity and specificity of the 
SARS-CoV-2 N-antigen test on plasma (Simoa technology) 
as compared to infection, stratifying by time since symptom 
onset. We further investigated the presence and magnitude 
of SARS-CoV-2 N-antigen in plasma over time and its rela-
tionship with the levels and duration of infectious virus mea-
sured in nasal samples.

METHODS

Patient Consent Statement

The study protocol was reviewed by the University of 
California, San Francisco (UCSF) and Centers for Disease 
Control and Prevention institutional review boards (IRBs) 
and was determined to meet criteria for public health surveil-
lance activities and did not require IRB oversight, according 
to the federal regulations summarized in 45 Code of Federal 
Regulations 46.102(1)(2). Written informed consent was ob-
tained from all participants.

Study Design, Participants, and Procedures

We used data generated from a subgroup of participants en-
rolled in our natural history study of acute SARS-CoV-2 infec-
tivity [18]. The parent study was an observational longitudinal 
cohort based in the San Francisco Bay Area, which has been 
previously described in detail [19]. In brief, index cases with 
≥1 household member were identified from SARS-CoV-2 
RNA-positive individuals at UCSF-affiliated health facilities; 
households were enrolled within 5 days of symptom onset. 
Interview-administered questionnaires and blood samples 
were obtained at enrollment, and at days 9, 14, 21, and 28 after 
the index case’s symptom onset. Anterior nasal specimens were 
self-collected daily through day 14 and on days 17, 19, 21, and 
28. For this analysis, we used the plasma and nasal 

biospecimens collected from consecutive participants enrolled 
into the parent cohort from 1 September 2020 through 13 April 
2021. This included overlap with the time of the introduction 
of SARS-CoV-2 vaccines and thus some participants were vac-
cinated prior to enrollment. The nasal samples were processed 
at UCSF. Blood samples were processed at Labcorp-Monogram 
Biosciences, Inc, with plasma stored at −80°C after isolation via 
centrifugation of heparinized blood. On the day of analysis, the 
plasma was thawed, centrifuged for 5 minutes at 10 000g, and 
plated in Quanterix well plates. Assays were performed in ac-
cordance with the manufacturer’s instructions.

Measurements
Blood-Based
We measured SARS-CoV-2 N-antigen in the plasma using the 
Simoa technology, Quanterix automated paramagnetic 
microbead-based immunoassay [13]. This technology offers a 
1000-fold greater sensitivity than the traditional immunoassay 
[20, 21]. Quantitative anti–SARS-CoV-2 spike immunoglobu-
lin G (IgG) from the plasma was assessed using a 3-step 
paramagnetic microbead-based sandwich enzyme-linked im-
munosorbent assay that also used the Simoa platform. The re-
sults were reported as a signal-to-cutoff value, which was 
determined to be 0.77 µg/mL [22]. The lower limit of quantifi-
cation was 0.098 µg/mL, and the upper limit of quantification 
was 338 µg/mL.

Nasal-Based
We used reverse-transcription polymerase chain reaction 
(RT-PCR) SARS-CoV-2 RNA and viral culture data from mul-
tiple nasal samples over time. Longitudinal RT-PCR RNA and 
infectious viral shedding data were generated from the self- 
collected anterior nasal swabs by the Andino laboratory at 
UCSF. This lab used the KingFisher platform to target nucleo-
capsid (N) and envelope (E) gene regions; a SARS-CoV-2 
RNA-positive result was defined as having any level of RNA 
positivity in the N and E gene regions. Cytopathic effect 
(CPE) was assessed with Vero-hACE2-TMPRSS2 cells in a 
Biosafety Level 3 laboratory. We defined infection as RT-PCR 
RNA positivity and defined infectious viral shedding as CPE 
positive.

Questionnaire-Based
We determined symptom status and onset based on data ob-
tained from our interview-administered questionnaires. In 
addition to symptom data, these questionnaires yielded 
data on sociodemographic characteristics, medical history, 
and clinical course of acute coronavirus disease 2019 
(COVID-19); the instruments, also used in a related study 
of COVID-19 recovery, have been described in detail else-
where [23].
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Classification of Infection Status

We defined true positives as participants with evidence of 
SARS-CoV-2 infection from at least 1 RT-PCR RNA-positive 
result from the clinical or research laboratories. We did not in-
clude serological data in this assessment because of the poten-
tial for false-positive results [24]. We defined true negatives as 
participants with no longitudinal evidence of a RT-PCR 
RNA-positive result from the clinical or research laboratories. 
In our assessment of true negatives, participants were required 
to have negative IgG antibodies throughout the follow-up peri-
od. However, the negative status of vaccinated individuals was 
not dependent on anti-spike IgG antibodies.

Statistical Analyses

We assessed the test performance characteristics (sensitivity 
and specificity) of the SARS-CoV-2 plasma N-antigen against 
infection (gold standard) and against infectious viral shed-
ding. Evaluation of sensitivity and sensitivity was restricted 
to the first 14 days of symptom onset, stratified by 0–7 days 
and 8–14 days. We constructed ROC curves (sensitivity plot-
ted against 1-specificity to varying concentrations of nucleo-
capsid protein) for each outcome (RNA viral shedding, 
infectious viral shedding). To demonstrate the range of sensi-
tivity and specificity estimates available from the test, we used 
the ROC curves to describe values of the N-antigen test that 
included the manufacturer’s cutoff of 1.25 pg/mL, Youden in-
dex (sensitivity + specificity – 1) [25], optimized sensitivity, 
and optimized specificity.We used specimens from the full 
28-day observational period to assess the correlation between 
N-antigen in plasma samples and infectious viral shedding in 
nasal samples. For analyzing the within-subject correlation 
between these 2 variables, we used the “analysis of variance” 
with CPE (infectious viral shedding) as the outcome variable 
and N-antigen as the predictor variable. The direction of cor-
relation was assessed using a linear regression model. For as-
sessment of between-subject correlation, we used weighted 
correlation coefficient, using number of observations as 
weight [26]. All statistical calculations were performed using 
Stata version 16.1 software (StataCorp LLC, College Station, 
Texas).

RESULTS

Clinical Description of Study Participants

The analysis cohort contained 80 individuals (Table 1); 44 
(55%) were women. Fifty-eight (73%) individuals were true 
positives, and 22 (27%) individuals were true negatives. 
Fifty-three of 58 (92%) SARS-CoV-2–infected individuals 
were symptomatic, and 5 (8%) had asymptomatic infection. 
Four of 22 (18.2%) individuals without SARS-CoV-2 infection 
reported some symptoms during the quarantine period even 
though they did not test positive or seroconvert. A total of 

297 specimens had nasal RT-PCR and corresponding 
N-antigen results within 24 hours. Of these, 71 (24%) were 
within 7 days of symptom onset, 110 (37%) were between 8 
and 14 days, and the remaining 116 (39%) were ≥15 days 
(Figure 1).

Levels and Trends of Plasma N-Antigen

Among true positives, the level of N-antigen in plasma was higher 
for symptomatic individuals compared to asymptomatic individ-
uals (mean, 37.5 vs 10.8 pg/mL). The mean peak level of 
N-antigen was 29.6 pg/mL (standard deviation, 108.6), with a sub-
sequent exponential decay over time (Supplementary Figure 1). 
The median duration of N-antigen positivity in the plasma was 
14 days from symptom onset (interquartile range, 8–21 days).

Test Characteristics of Plasma N-Antigen Against SARS-CoV-2 Infection

In the evaluation of the test for infection, sensitivity was higher 
from 0 to 7 days than 8 to 14 days after symptom onset 

Table 1. Characteristics of Study Participants

Characteristic

SARS-CoV-2 Infection Status

Total (N = 80)

Infection Present 
(TP) 

(n = 58)

Infection Absent 
(TN) 

(n = 22)

Classification

Index case 34 (58.6) 0 (0) 34 (42.5)

Household 
contact

24 (41.4) 22 (100) 46 (57.5)

Age, y

Mean (range) 39.92 (16–68) 33.68 (15–56) 37.98 (15–68)

<25 y 6 (10.3) 6 (27.3) 12 (15.0)

25–55 y 42 (72.4) 13 (59.1) 55 (68.7)

56–65 y 6 (10.3) 3 (13.6) 9 (11.3)

>65 y 4 (7.0) 0 (0) 4 (5.0)

BMI, kg/m2, 
mean (range)

28.7 (18.4–56.7) 25.24 (18.5–48) 27.8 (18.42–56.7)

≤24.9 18 (31.0) 13 (59.1) 31 (38.8)

25–29.9 19 (32.7) 6 (27.3) 25 (31.2)

≥30.0 17 (29.3) 1 (4.5) 18 (22.5)

Not reported/ 
unknown

4 (7.0) 2 (9.1) 6 (7.5)

Biological sex

Female 32 (55.2) 12 (54.5) 44 (55.0)

Male 26 (44.8) 10 (45.5) 36 (45.0)

Race/ethnicity

Hispanic/Latino 19 (32.8) 7 (31.8) 26 (32.5)

Non-Hispanic/ 
Latino

39 (67.2) 13 (59.1) 52 (65)

Prefer not to 
answer

0 (0) 2 (9.1) 2 (2.5)

Self-reported 
comorbiditiesa

18 (31.1) 5 (22.7) 23 (28.7)

Data are presented as No. (%) unless otherwise indicated.  

Abbreviations: BMI, body mass index; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2; TN, true negative; TP, true positive.  
aParticipants self-reported the following comorbidities: autoimmune disease, cancer, 
diabetes, heart disease, lung disease, and kidney disease.
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(Supplementary Figure 2), whereas specificity remained stable 
over the 14-day observation period. Using at a cutoff of 
1.25 pg/mL from day 0 to day 7, sensitivity was 77.6% (95% 
confidence interval {CI}, 64%–88.2%), and specificity was 
100% (95% CI, 84.6%–100%). From days 0–7 to days 8–14, sen-
sitivity decreased from 77.6% to 43.2% (95% CI, 31.1%–54.5%) 
whereas specificity was unchanged at 100% (95% CI, 88.1%– 
100).

While there were points along the ROC curve that optimized 
both sensitivity and specificity, we found that the following 

pattern was consistent for further optimizing sensitivity or spe-
cificity: decreasing the cutoff increased sensitivity while in-
creasing the cutoff increased specificity (Figure 2). By 
decreasing the cutoff to 0.48 pg/mL on the ROC curve evaluat-
ing infection from day 0 to day 7, for example, sensitivity in-
creased to 86%. We observed a similar pattern from day 8 to 
day 14: By decreasing the cutoff to 0.26 pg/mL, sensitivity 
was optimized up to 87.6%. In situations where the cutoff 
was decreased to optimize or increase sensitivity, there was a 
concurrent decline in specificity and vice versa.

Figure 1. Description of study cohort. Abbreviation: RT-PCR, reverse-transcription polymerase chain reaction.
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Test Characteristics of Plasma N-Antigen Against Infectious Viral 
Shedding

In the evaluation of the test for infectious viral shedding, the 
test had higher sensitivity and lower specificity for infectious vi-
ral shedding as compared with infection. Using a cutoff of 
1.25 pg/mL to evaluate for infectious viral shedding within 
7 days of symptom onset, we found a sensitivity of 100% 
(95% CI, 88.4%–100%) and specificity of 65% (95% CI, 
40.8%–84.6%). By following the ROC curve nearly to its end, 
we were able to optimize specificity to 100%, but the cutoff in-
creased to 278 pg/mL and sensitivity was very low at 13.3%. 
Given any cutoff, sensitivity decreased over the 14-day period, 
which also occurred in the evaluation for infection. Even in the 
case of infectious viral shedding when we used Youden index, 
sensitivity still decreased from 96.7% in the first 7 days (0–7 
days) to 65% (95% CI, 45.7%–88.1%) in the second 7 days 
(8–14 days). Returning to the cutoff of 1.25 pg/mL to compare 
specificity over the 2 periods (0–7 days vs 8–14 days), the esti-
mate was similar at 64%–65% (Figure 3). The test performance 
for detection of SARS-CoV-2 infectious viral shedding was 
similar among truly infected individuals rather and the entire 
study population (Supplementary Figure 3). Over time, we ob-
served that the presence of N-antigen correlated with infectious 
viral shedding (r = 0.63; P < .01). More details on cutoffs that 
optimize sensitivity and specificity can be found in Table 2.

DISCUSSION

In this longitudinally sampled cohort, our findings provide 
novel evidence in support of the evaluation of N-antigen plas-
ma testing for infectious virus shedding from the nasopharynx. 
We found that this SARS-CoV-2 N-antigen plasma test was 
highly sensitive for detecting early infectious viral shedding. 
The correlation between plasma N-antigen and infectious viral 
shedding was strong, which was consistent with previous stud-
ies describing the first week of acute illness [27–29]. In contrast 
to RT-PCR testing, antigen testing has the potential to differen-
tiate between the infectious (ie, replication competent) and 
noninfectious virus [30] [31, 32]. Given the relatively poor spe-
cificity to identify infectiousness, this test would not be appro-
priate for use to test out of quarantine or isolation at the 
manufacturer’s cutoff, but as a highly sensitive test, it may be 
a viable screening test for community-dwelling individuals to 
inform their isolation practices.

Compared with other studies evaluating infection, N-antigen 
plasma testing in our study performed with similar sensitivity 
and specificity for infection; other studies included outpatients 
as well as hospitalized individuals and reported sensitivity 
ranging from 62% to 81.4% and specificity of 93% to 100% 
[4–10, 33–36]. Several studies assessing performance of nasal 
N-antigen tests reported higher sensitivity ranging from 80% 

Figure 2. Receiver operating characteristic curve for N-antigen concentration for detection of severe acute respiratory syndrome coronavirus 2 infection. A total of 71 tests 
for 0–7 days and 110 tests for 8–14 days after symptom onset were included in the analysis. Abbreviations: ROC, receiver operating characteristic; Sens, sensitivity; Spec, 
specificity.

Blood-based SARS-CoV-2 Nucleocapsid as a Diagnostic Test • OFID • 5

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac563#supplementary-data


to 98.3% and specificity from 96.8% to 100% [37–40]. In con-
cordance with our findings (specificity of 100% for infection), 
the outstanding specificity of the N-antigen plasma tests may 
be ideal in some settings as confirmatory testing, for example 
point-of-care finger stick testing, pediatric or add-on laborato-
ry testing, and blood banking.

In the evaluation of infection and infectious viral shedding, 
the ROC curve could be used to identify cutoffs that improve 
the test performance and optimize it more for screening or con-
firmatory testing. Depending on the objectives and setting, 
practitioners can elect how they use the N-antigen plasma 
test. For example, this test was less sensitive in identifying in-
fected individuals in our nonhospitalized cohort than previous-
ly reported with this test in a hospitalized and long-term-care 
cohort [13]; if a cutoff below current manufacturer recommen-
dations were to be used, however, sensitivity of infection would 
increase to more acceptable levels in which it could be used as a 
screening test. Although the specificity of our N-antigen plasma 
test for infection was outstanding, the specificity for detection 
of early infectious viral shedding was more moderate, so in-
creasing the cutoff to high levels is a potential solution to opti-
mizing specificity. If specificity were to be outstanding (100%), 
then this test could be used in hospital-based environments, for 
example, as an approach to testing out of isolation, instead of 
alternative imperfect approaches such as cycle threshold values.

This study has several limitations. We included a small num-
ber of outpatients, and our findings should be verified in a larg-
er cohort. The study population is not representative of all 
individuals with SARS-CoV-2, as we studied few asymptomatic 
individuals as there were few included, and screening asymp-
tomatic individuals would be presumably a useful purpose 
for this test (eg, blood banks). We did not study variant-specific 
effects, and the circulating variants during the study period pre-
ceded the Delta and Omicron surges in the United States. We 
also included relatively few vaccinated individuals, and no indi-
viduals receiving antiviral therapy; these factors might affect 
test performance and are becoming more widespread in the 
current era of SARS-CoV-2.

In conclusion, we demonstrated several ways that the 
N-antigen plasma test can be used to detect infection and in-
fectious viral shedding. Our evaluation of the test for infection 
was comparable to other rapid nasal and plasma N-antigen 
tests available for commercial use. Finally, this study draws 
on a rigorous sampled longitudinal cohort tested for infec-
tious viral shedding, and the evaluation of N-antigen plasma 
testing in this cohort provided novel data. Our findings sup-
port this test as a suitable screening test for identifying early 
SARS-CoV-2 infectiousness. Given that the feasibility of this 
test may make its use preferrable in some settings, this test 
could be of use in many clinical practice and research settings 

Figure 3. Receiver operating characteristic curve for N-antigen concentration for detection of severe acute respiratory syndrome coronavirus 2 infectious viral shedding. A 
total of 71 tests for 0–7 days and 110 tests for 8–14 days after symptom onset were included in the analysis. Abbreviations: ROC, receiver operating characteristic; Sens, 
sensitivity; Spec, specificity.
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if our results are confirmed in larger and more diverse 
cohorts.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.
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