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Data on the performance of blood-based nucleocapsid antigen tests for diagnosing severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection and infectious viral shedding are limited. To address this knowledge gap, we conducted a systematic review
to assess the performance of blood-based nucleocapsid (N) antigen tests in diagnosing SARS-CoV-2 infection and identifying
infectiousness. This review was registered on PROSPERO (registration no. CRD42022339635). We comprehensively searched
PubMed, Embase, Web of Science, and the Coronavirus Research Database for relevant studies published through 27 February
2023. Each study’s risk of bias was evaluated using the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool.
Our findings indicate that the performance of the N-antigen test is influenced by factors such as assay type, sampling timing,
and illness severity. Sensitive assays provide suitable methods for viable screening and laboratory diagnostic tests in different

clinical and research settings during the early phase of illness.
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The early detection of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection has been an important yet
challenging issue. Reverse-transcriptase polymerase chain reac-
tion (RT-PCR) testing of nasopharyngeal samples is considered
the reference standard for the diagnosis of SARS-CoV-2 infec-
tion [1, 2], while virus culture is used as the reference standard
for detection of active replicative virus and hence assessment of
infectiousness [3, 4]. The nucleocapsid protein (N-antigen) in
the nasopharyngeal samples has been identified as one of the
predominantly expressed proteins that could have comparable
performance with RT-PCR, particularly early in the course of
disease [5]. Antigen testing using nasal and saliva specimens
has become part of routine clinical practice.
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Recent studies suggest that SARS-CoV-2 viremia is a strong
predictor of coronavirus disease 2019 (COVID-19) severity and
outcome [6-8]. Therefore, detecting viral N-antigen in plasma
during the early stages of infection could be a novel approach to
improving the screening and diagnosis of SARS-CoV-2 infec-
tion and assessing infectious viral shedding, depending on
the test performance characteristic in different populations.
This test has the potential to be useful in situations where na-
sopharyngeal swab samples are unavailable or RT-PCR is not
feasible. This can be particularly beneficial for individuals
who may find the nasal swab uncomfortable or for those who
have difficulty providing adequate nasal samples. There has al-
ways been interest in identifying a laboratory test that could
predict the likelihood of an individual transmitting the virus
to others because the current reference standard molecular di-
agnostic tests cannot differentiate between the active replicat-
ing (ie, infectious virus) remnant viral RNAs [9, 10]. For this
reason the Centers for Disease Control and Prevention does
not recommend using RT-PCR results as guidance for isolation
practice [11]. Antigen testing serves as a closer proxy for infec-
tiousness than RT-PCR, although few studies have assessed its
ability to measure infectious viral shedding in nasal or blood
specimens.

The objective of this article is to assess clinical performance
characteristics, such as sensitivity and specificity, while
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describing commonalities and trends of blood-based N-antigen
tests for diagnosis of SARS-CoV-2 infection and assessing in-
fectious viral shedding. This analysis may guide clinicians
and policymakers to decide on the value of the plasma
N-antigen test in various settings and use cases.

METHODS

Information Sources and Search

This review was performed following the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
guidelines [12]. We systematically searched multiple electronic
databases, including PubMed, Embase, Web of Science, and
Coronavirus Research Database, using both keywords and in-
dex terms (Mesh/Emtree). The search was divided into 3
main concepts: COVID-19, N-antigen, blood, and sensitivity/
specificity. Multiple synonyms for each concept were included
to create comprehensive search strategies. The full search strat-
egies for all databases are provided in the search appendix
(Supplementary Table 1). We included articles published be-
fore 27 February 2023. Preprints hosted on platforms such as
medRxiv, which are not indexed by the aforementioned data-
bases, were not included in this search to focus the discussion
of this review on peer-reviewed data. There were no restrictions
on time or language, and the citation lists of the articles identi-
fied as relevant to the research topic were hand searched for ad-
ditional articles. This study did not include any factors
necessitating patient consent.

Data Extraction and Items

The titles and abstracts of initially found articles were indepen-
dently screened by 2 reviewers (S. M. and M. S.) using the
COVIDence tool. Information was extracted from selected
studies, including citation details, country, age range, sex distri-
bution, study design, included population, sample size, timing
of sample collection, type of N-antigen test used, comparator
test used, sensitivity or positive predictive value, and specificity
or negative predictive value. Any discrepancies were resolved
through consultation with a third reviewer (J. D. K.) until a
consensus was reached.

Eligibility Criteria

Any study that evaluated the sensitivity and specificity of the
blood-based N-antigen test was considered eligible. Studies
conducted during the acute phase of illness, reporting nasopha-
ryngeal data, and using the following study designs (case-control,
cohort, cross-sectional, and clinical trials) were included. Studies
assessing seroprevalence, SARS-CoV-1, case reports, and system-
atic reviews were excluded.

Quality Assessment
The quality of each study was assessed using the Quality
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2)

tool [13, 14, p 11]. QUADAS-2 comprises 4 key domains: pa-
tient selection, index test, reference standard, and flow and tim-
ing. We evaluated all domains for potential risk of bias and the
first 3 domains for applicability concerns. The risk of bias was
classified as “low,” “high,” or “unclear.” Two reviewers
(S. M. and M. S.) independently completed the QUADAS-2 as-
sessment, and any discrepancies were resolved through consen-
sus between the reviewers.

Synthesis of Results

Owing to the heterogeneity of the available data in each studyj, it
was challenging to generate meaningful summary measures or
synthesize the results. Instead, common findings among multi-
ple studies were identified and described in this article.
Summary statistics were calculated, including ranges for con-
tinuous variables and percentages for dichotomous variables.

RESULTS

Search Results

The search initially returned 2770 eligible studies, including
262 duplicates, as of 27 February 2023. After screening of their
titles and abstracts, 2485 articles were excluded as not relevant
to the topic of interest, and 2 articles were included by citation
search. The full text of the remaining 25 articles was reviewed,
and 9 were excluded. The reasons for exclusion were as follows:
the use of nasopharyngeal samples for N-antigen testing
(n =4), missing test performance characteristics (n = 3), or se-
lection of the wrong population (n=2; SARS-CoV-1).
Ultimately, a total of 16 studies met our inclusion criteria
[15-30]. A flow diagram describing the process is shown in
Figure 1. These studies were conducted in various countries, in-
cluding the United States (n = 6); China, France, Denmark, and
Germany (n =2 each); and Finland, and Japan (n =1 each).

Characteristics of Included Studies

Of the 16 included studies, 11 did not report the age and/or sex
of the participants. Among the remaining 5 studies that provid-
ed demographic information, 1 study specifically focused on
pediatric patients aged <18 years [24], while the remaining 4
studies included adult participants [19, 20, 28, 29]. Among
these 5 studies, female participants accounted for 52.2% of
the total sample size (889 of 1703). The timing of blood sample
collection was calculated from the day of symptom onset in 11
of 16 studies (68.8%) [16-20, 22, 23, 26-29], from the day of
hospitalization in 3 studies (18.8%) [24, 25, 30], and from the
day of RT-PCR positivity in 1 study (6.3%) [21]; in 1 study
(6.3%) the details were unknown [15]. The majority of studies
included hospitalized and/or hospitalized plus outpatient indi-
viduals (68.8%), while 1 study [22] focused exclusively on a lon-
gitudinal cohort of nonhospitalized community-dwelling
individuals.
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Figure 1.

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram detailing the number of screened and included abstracts and

articles, In total, 16 studies met inclusion criteria and were included in the analysis. Abbreviation: NP, nasopharyngeal.

RT-PCR of nasopharyngeal swab samples was used as the
comparator test in 15 of 16 studies. In the remaining study, a
pairwise comparison was performed between 3 tests using con-
tingency tables [15]. Of the total 16 studies, 2 assessed infectious
viral shedding in addition to the diagnosis of SARS-CoV-2 infec-
tion [17, 22]. The type of N-antigen test and the corresponding
cutoff used for considering N-antigen positivity varied across the
16 studies. Four studies used SIMOA technology (Quanterix
Laboratory). Of these 4 studies, 2 used a cutoff of 1.25 pg/mL,
1 used a cutoff of 0.15 ng/dL, and 1 did not report the cutoff val-
ue. One study used the SARS-CoV-2 antigen enzyme-linked
immunosorbent assay (ELISA) kit (Solsten Diagnostics
International) with a cutoff of 10 pg/mL. Another used the
iFlash-2019-nCoV Antigen kits and an iFlash3000 fully automat-
ed chemiluminescence assay analyzer with cutoff values of 1 cut-
off index and 1.46 pg/mL, respectively.

In 1 study each, the SARS-CoV-2 antigen quantitative assay
kit (Biohit Healthcare) had a cutoff of 2.97 pg/mL, the S-PLEX
SARS-CoV-2 N kit (Meso Scale Diagnostics) had a cutoff of
2.80 logo fg/mL, and the MSD S-PLEX CoV-2 N assay kits
(Meso Scale Discovery) had a cutoff of 1.28 pg/mL. A specific
cutoff value was not reported for the E-IVD ELISA microplate
assay, COVID-Quantigen (AAZ). The Salocor N-antigen
ELISA (Salofa) had a cutoff of 2.97 pg/mL, and the iFlash assay

had a cutoff of 1 cutoff index. One study used the MAGPIX assay
with a cutoff of 1046, along with the BIOPLEX assay with a cutoff
of 3683. The COVID-VIRO-LFIA and COV-QUANTO-ELISA
(AAZ) had a cutoff of 2.98. The details on the type of
N-antigen and the manufacturer’s cutoff can be found in Table 1.

Performance of Blood-Based N-Antigen Test, Overall and by Subgroups

On analysis of the 16 included studies, the overall performance
of blood-based N-antigen test was found to be similar in pedi-
atric and adult populations. Sigal et al [24] reported a sensitivity
of 89% (95% confidence interval [CI], 75%-96%) and specific-
ity of 95% (85%-99%) in the pediatric population. In the
remaining 15 studies, the reported ranges of sensitivity and
specificity were 67%-99% and 77%-100% respectively
[15-23, 25-30]. Of these 16 studies, 11 used the receiver
operating characteristic (ROC) curve for assessing the diagnostic
performance of the N-antigen test. Among these 11 studies, Shan
et al [25], Mathur et al [22], Gwyn et al [27], and Verkerke et al
[26] did not report the area under the curve (AUC). Ahava et al
[19] and Li et al [30] reported similar AUCs of 0.97 when the
sample was collected <14 days after symptom onset. Three stud-
ies [20, 23, 29] reported AUCs based on the time of sample col-
lection from the day of symptom onset. The AUC ranged from
0.87 to 0.96 during days 0-7 (week 1) and from 0.88 to 0.95
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Solsten ELISA—
10 ng/L, SIMOA—
0.15 ng/L and

SIMOA technology, No single

Not Cohort Unclear 272 Unclear

reported

Not
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Hiling etal Denmark

Solsten—For both
Tests: 87.8%
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Solsten ELISA and
Elecsys ECLIA

Tests: 85.6%
(78.2-91.2),
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(81.3-92.6),
SIMOA versus

Elecsys ECLIA—

SIMOA versus
Elecsys ECLIA—

no cutoff for
plasma (used

SIMOA: 100%
(97.1-100); ECLIA:

77.6% (70.4-83.8),

Elecsys ECLIA—
(67.7-82.2);

SIMOA: 75.5%

assay linearlity
with and without
extraction bufferin

between 3
assays)

ECLIA: 100%

Solsten ELISA
versus Elecsys

(96.7-100),
ECLIA—ELISA:

Solsten ELISA

10 positive and 10
negative matched

99.2%(95.6-100);
ECLIA 77% (69.7—
83.3)

versus Elecsys
ECLIA 99.1%

ECLIA—ELISA:
74.8%(67-81.6);

heparin and EDTA
samples)

(95.1-100)

Abbreviations: Ab, antibody; Cl, confidence interval; CLIA, chemiluminescence assay; ELISA, enzyme-linked immunosorbent assay; LFIA, lateral flow immunoassay; N, nucleocapsid; NR, not reported; RT-PCR, reverse-transcriptase polymerase chain reaction;

SARS-Cov-2, severe acute respiratory syndrome coronavirus 2. MFI-bg, median fluorescence intensity minus background.

during days 8-14 (week 2). The other 2 studies reported AUCs
ranging from 0.92 to 0.99 during the initial 6 days (0-6 days),
from 0.93 to 0.98 during the middle 13 days (0-13 days), and
from 0.91 to 0.98 during the final 0-20 days. Four studies men-
tioned that an optimum sensitivity could be achieved at a lower
cutoff for N-antigen positivity, while increasing the cutoff to
higher levels would optimize specificity [16, 21, 22, 30].

Regardless of the study population (hospitalized and/or non-
hospitalized participants), test performance characteristics were
similar. However, the tests showed slightly higher sensitivity for
diagnosing SARS-CoV-2 infection in symptomatic and severe
illness, with sensitivity ranging from 76.6% to 97.5% and specif-
icity from 85% to 100%. In mixed populations of hospitalized
and outpatient individuals, the sensitivities ranged from 73%
to 97%, and specificities from 84.1% to 100%. Among the 6 stud-
ies that stratified results by first and second week after diagnosis
[19-23, 28], the point estimates of sensitivity were higher during
the first week (76.3%-99.9%) than during the second week
(62.5%-99%). The performance of the blood-based N-antigen
test also varied according to the type of assay used for testing.
Among the studies included in the review, the tests with the
highest sensitivities were SIMOA technology, with a global sen-
sitivity of 97.5% [25], followed by MAGPIX and BIO-PLEX mul-
tiplex tests with a global sensitivity 96.5% (95% CI, 90.3%-
99.3%) [29] and Salocor N-antigen ELISA with a sensitivity of
91.7% (73%-99%) [19]. On the other hand, the ELISA platform
had lowest sensitivity, at 76.8% [30]. The test with lowest specif-
icity was S-PLEX SARS-CoV-2 N-Kit (Meso Scale Diagnostics),
with a specificity of 94.2% (95% CI, 84.1%-98.8%) [28].

Two studies assessed the performance of plasma N-antigen
test for diagnosing infectious viral shedding [17, 22]. Mathur
et al [22] reported a sensitivity of 100% (95% CI, 88.4%—
100%) for the N-antigen test during the first 7 days after symp-
tom onset, indicating its ability to accurately detect infectious
viral shedding during this period. On the other hand,
Oueslati et al [17] found that the sensitivity of the lateral flow
immunoassay (LFIA) was 76% (95% CI, 59%-88%) and sensi-
tivity of ELISA was 87% (71%-95%) for detecting infectious vi-
ral shedding. In addition, Oueslati et al reported a global
specificity of 100% (95% CI, 92%-100%) for the LFIA. For a
more comprehensive overview of the performance of the tests
assessed in the included studies, see Table 1.

Based on the quality assessment by QUADAS-2, we found
that majority of the included studies (68.8% [11 of 16]) includ-
ed hospitalized individuals and/or those with symptoms of
SARS-CoV-2 infection. These participants are more likely to
be sicker and represent only a portion of the spectrum of
SARS-CoV-2-infected individuals, hence introducing a selec-
tion bias. This may limit the generalizability of the findings
to the broader population of individuals with SARS-CoV-2 in-
fection. In addition, it is noteworthy that a small proportion of
studies included only outpatients (6.3%), and in some studies
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Risk of bias assessment per QUADRAS-2 tool

Study Authors Patient Index Reference |Flow and
Selection |Test Timing
1 Zhang et al Low Low Low Low
2 Yokoyama et al Low High Low Low
3 Wang et al High Unclear Low High
4 Thudium et al High Low Low High
5 Sigal et al High Low Low Low
6 Shan et al High High Low Low
7 Li et al High Low Low Low
8 Hingrat et al High Low Low Low
9 Deng et al High Low Low Unclear
10 Ahava et al High Low Low Low
11 Favresse et al Low Low Low Low
12 Gwyn et al Unclear Low Low Unclear
13 Mathur et al Low Low Low Low
14 Oueslati et al Low Low Low Low
15 Verkerke et al Low Low Low Low
16 Hilig et al Unclear Low Low Low
Flow and timing | |
£
§ Reference standard
o
g Index test | ]
3
Patient selection |
0 20 40 80 100

Proportion of Studies With Low,
High, or Unclear Risk of Bias, %

Figure 2. QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2) criteria for the 16 studies included in this systematic review [15-30]. Orange = High, Blue =

Unclear, Green = Low.

(29.4%), details regarding the study population were not clear.
For a more detailed understanding of the QUADAS-2 bias as-
sessment, see Figure 2.

DISCUSSION

The studies assessing the performance of blood-based N-antigen
reported a wide range of sensitivity and specificity for acute diag-
nosis of SARS-CoV-2 infection and infectious viral shedding.
Our findings reveal that a subgroup of studies had sensitivities ap-
proaching those of other tests used in clinical practice to diagnose
and evaluate transmission potential, particularly during the first 7
days of illness [17, 22]. Furthermore, these studies highlight the
generally very high specificity of blood-based N-antigen tests.

According to 1 study we reviewed, the values of N-antigen tend
to peak approximately 7 days after the onset of symptoms in pa-
tients with severe illness, and there was no peak response for
those with nonsevere illness [29]. In nonsevere cases, there was
an exponential decay in N-antigen concentration over time
[22]. Therefore, N antigens in serum may provide a valuable
new marker for COVID-19 diagnosis and evaluation of disease
severity. However, given the heterogeneous nature of these stud-
ies, clinicians should be aware of the performance characteristics
associated with blood-based tests when in use. As these tests enter
clinical, public health, and research settings, more research needs
to be done to determine best practices.

We observed some degree of heterogeneity among these
studies, suggesting that this test should be used with caution
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in the following settings: patient populations (patients hospital-
ized with severe illness vs outpatients), testing at different stag-
es of infection (first week of illness vs convalescent phase), use
of different testing methods, and implementation of different
cutoffs for N-antigen positivity. Some of these differences, par-
ticularly those related to selection of cutoff, can be resolved by
using ROC curves for the purpose of optimizing sensitivity,
specificity and/or accuracy. However, other differences—such
as the use of different testing methods (platform, timing) or
the severity of illness—cannot be overcome with ROC curves
and highlight the need to replicate investigations with these fac-
tors in focus.

A variety of detection platforms were used across studies,
and the different technologies underpinning antigen testing
likely had a strong influence on clinical performance. All
the assays detecting N-antigen in blood samples are based
on the principle of interaction between precoated antibodies
with antigen present in the patient’s blood serum sample.
This antigen-antibody interaction can be visualized manu-
ally or by using an immunofluorescence machine reader.
Nucleocapsid protein is mostly expressed during the early stag-
es of SARS-CoV-2 infection and has the least amount of varia-
tion in its gene sequence, indicating that it is a stable protein
[31]. Our study’s findings regarding the impact of timing of
testing and severity of illness on the performance of the blood-
based N-antigen test are in line with other systematic reviews
that have evaluated rapid antigen tests in detecting
SARS-CoV-2 infection in the nasopharynx [32]. These findings
are expected because the viral load is higher in the early phase
of illness and when disease is more severe [33-35].

The blood-based N-antigen test offers a distinct advantage
over commonly used, qualitative laboratory tests for
SARS-CoV-2 detection because it is quantitative in nature.
Blood plasma or serum is homogenous, reproducible, and well-
characterized sample material, in contrast to the semiqualita-
tive/qualitative results of upper respiratory swab samples.
This minimizes the impact of potential errors or imprecise
sample amounts, enhancing the accuracy and reliability of
the test results. The ability to precisely measure viral load levels
can aid in risk stratification, treatment decision making, and
epidemiological investigations. It provides valuable informa-
tion for assessing the efficacy of antiviral therapies, monitoring
disease progression, and evaluating the potential for transmis-
sion within a population.

It is important to note that, despite the advantages conferred
by its quantitative nature, the blood-based N-antigen test has
several limitations. Given that studies on the performance of
blood-based N-antigen for diagnosis of SARS-CoV-2 infection
and infectious viral shedding have been very limited and het-
erogeneous, estimates of sensitivity and specificity could not
form the basis of a meta-analysis, as the performance of each
type of test should be independently considered. Second, there

may have been a SARS-CoV -2 variant-specific effect that mod-
ified the sensitivity and specificity of the N-antigen test. The re-
liance on hospitalized and symptomatic patients in the majority
of the studies may introduce a selection bias that could affect
the overall interpretation of the test’s performance. The results
obtained from these populations may not accurately reflect the
performance of the blood-based N-antigen test in other set-
tings, such as outpatient clinics or community-based
screenings. Therefore, caution should be exercised when ex-
trapolating these findings to different populations and clinical
scenarios.

To enhance the generalizability of the test’s performance, fu-
ture studies should strive to include a more diverse range of
participants, including asymptomatic individuals and those
with mild symptoms. This would provide a more comprehen-
sive understanding of the test’s accuracy and effectiveness in
various clinical and public health settings. By addressing these
limitations, the applicability of the blood-based N-antigen test
can be better evaluated, and its potential for wider implemen-
tation can be more confidently assessed.

Our systematic review indicates that certain platforms have
evidence of high sensitivity for detecting SARS-CoV-2 infec-
tion and infectious viral shedding in specific populations. In
addition to the platform, we found that test performance can
vary depending on factors such as the timing of sample collec-
tion and the severity of illness. Although more research is need-
ed to evaluate performance in specific settings and determine
best practices, blood-based N-antigen tests demonstrate poten-
tial in various clinical, public health, and research scenarios, in-
cluding blood banks, hospitals, public health programs, and
surveillance studies.

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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