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Abstract

Objectives: To describe a high-sensitivity SARS-CoV-2
antigen test that is based on the fully automated light-
initiated chemiluminescent immunoassay (LiCA®), and to
validate its analytical characteristics and clinical agreement
on detecting SARS-CoV-2 infection against the reference
molecular test.
Methods: Analytical performance was validated and
detection limits were determined using different types of
nucleocapsid protein samples. 798-pair anterior nasal

swab specimens were collected from hospitalized patients
and asymptomatic screening individuals. Agreement
between LiCA® antigen and real-time reverse transcription
polymerase chain reaction (rRT-PCR) was evaluated.
Results: Repeatability and within-lab precision were
1.6–2.3%. The C5∼C95 interval was −5.1–4.6% away from C50.
Detection limits in average (SD) were 325 (±141) U/mL
on the national reference panel, 0.07 (±0.04) TCID50/mL on
active viral cultures, 0.27 (±0.09) pg/mL on recombinant
nucleocapsid proteins and 1.07 (±1.01) TCID50/mL on
inactivated viral suspensions, respectively. LiCA detected a
median of 374-fold (IQR 137–643) lower levels of the viral
antigen than comparative rapid tests. As reference to the
rRT-PCR method, overall sensitivity and specificity were
determined to be 97.5% (91.4–99.7%) and 99.9% (99.2–100%),
respectively. Total agreement between both methods was
99.6% (98.7–99.9%) with Cohen’s kappa 0.98 (0.96–1). A
positive detection rate of 100% (95.4–100%) was obtained as
Ct≤37.8.
Conclusions: The LiCA® system provides an exceptionally
high-sensitivity and fully automated platform for the
detection of the SARS-CoV-2 antigen in nasal swabs.
The assay may have high potential use for large-scale
population screening and surveillance of COVID-19 as an
alternative to the rRT-PCR test.
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Introduction

A global pandemic of coronavirus disease-2019 (COVID-19),
caused by infection of severe acute respiratory syndrome
coronavirus type-2 (SARS-CoV-2), has created a tremendous
impact on economies and lives worldwide [1, 2]. Given
unexpectable transmissibility of SARS-CoV-2 variants [3],
early diagnosis and isolation of patients and their contacts
remain a key strategy for control and management of this
pandemic. Therefore, a highly sensitive and affordable
detection approach for SARS-CoV-2 infection is essential in
clinical practice.
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Nucleic acid-based molecular testing with real-time
reverse transcription polymerase chain reaction (rRT-PCR)
has been established as a “gold-standard” for COVID-19
diagnosis since thefirstwave of the outbreak [4, 5]. However,
considerable disadvantages of RT-PCR such as high costs and
long turn-around time raise substantial challenges when
applied for a large-scale screening [6]. Rapid point of care
antigen tests (RAT) can be used as an alternative for the
diagnosis of active SARS-CoV-2 infection in a faster and less
expensive way than molecular tests [7, 8]. However, lack of
sensitivity [9, 10] may limit their use only for detection of
individuals with high viral load. In addition, most RATs
require a manual operation to perform the sample one
by one. Absence of automatic processing and registration
creates significant labor challenges during a large popula-
tion screening program.

Recent studies have indicated that laboratory-based
SARS-CoV-2 antigen tests, with high-volume and fully
automated processing, may have advantages on detecting
SARS-CoV-2, especially in a large-scale screening [11, 12].
High-volume antigen tests are primarily based on chemilu-
minescent technology and able to offer improved sensitivity
compared to RATs [13]. Unfortunately, a majority of the
high-volume assays available so far have been identified
with inadequate sensitivity for early detection of COVID-19
[14, 15]. To overcome this problem, a more sensitive
high-volume antigen assay is necessary.

In this study, we aim to describe a high-sensitivity
SARS-CoV-2 antigen test that is based on the fully automated
light-initiated chemiluminescent immunoassay (LiCA®),
and to validate its analytical characteristics and clinical
agreement on detecting SARS-CoV-2 infection against the
reference molecular test.

Materials and methods

Study design

This work was designed to evaluate the analytical and clinical
performance of the LiCA® SARS-CoV-2 antigen assay, primarily
performed at the National Infectious Disease Medical Center of the
Capital Medical University affiliated Beijing Ditan Hospital. The active
viral culture experiments were carried out at the Biosafety Level-3
(BSL-3) laboratory of Chinese Center for Disease Control and Prevention
(CDC). The study was approved by the Ethics Committee of the Hospital
(No. SJ2022-015).

SARS-CoV-2 antigen assays

LiCA® SARS-CoV-2 antigen assay (Chemclin Diagnostics, Beijing, China)
is a one-step sandwich chemiluminescent immunoassay on specifically

detecting the nucleocapsid protein of SARS-CoV-2. The assay shares the
same methodology as the luminescent oxygen channeling immuno-
technology (LOCI) [16, 17] and is running on the fully automatic LiCA®

serial analyzers. The assay specifically detects the nucleocapsid protein
of SARS-CoV-2. A signal directly proportional to the antigen titer is
recorded and translated into a cut-off index (COI). A positive result
is considered as COI≥1.0. The LiCA® 500 system in this study uses
disposable tips for sampling. No wash tubing is configured throughout
the machine. The system is designed to perform the assay with a fully
automatic running model in 24 h and 7 days and capable to report 250
results per hour. Time to the first result is within 25 min.

Comparative SARS-CoV-2 antigen tests include four commercial
RATs from Acon (Hangzhou, China), Wondfo (Guangzhou, China),
Wantai (Beijing, China) and Hotgen (Beijing, China), which are all
commonly used tests based on lateral flow chromatography.
These strips contain monoclonal antibodies specific to the SARS-CoV-2
nucleocapsid protein. Results are read with negative or positive report
in 10–30 min. Detection limits of Acon, Wondfo andWantai are claimed
to be 160, 850 and 137 TCID50/mL, respectively. Hotgen doesn’t announce
its detection limit value. All assays were conducted by one experienced
technician according to the manufacturer’s protocols. Results were
recorded by the operator and then double confirmed by another two
well-trained personnel independently.

SARS-CoV-2 molecular testing (rRT-PCR)

SARS-CoV-2 molecular testing was performed by well-experienced
personnel from the clinical laboratory of the hospital, strictly following
the manufacturer’s instructions. Total nucleic acid was isolated from
nasal swabs in the viral transport medium (VTM) with a DaAn Gene
nucleic acid extraction kit (DaAn Gene, Guangzhou, China). The rRT-PCR
assay was performed by using a DaAn Gene 2019-nCoV detection kit on
the Gentier 96E/96R Real-time PCR system (Tianlong, Xi’an, China). Cycle
threshold (Ct) valueswere determined by targeting the viral ORF1ab and
N genes. The detection limit is 200 virus copies/mL as claimed. Mea-
surements with Ct≤40 are considered as positive.

Analytical validation

Precision was evaluated following the protocol of Clinical and Labora-
tory Standards Institute (CLSI) EP5-A3 [18]. Acceptance was considered
as percent coefficient of variation (CV%) <10%. Additional C50 tests were
performed using negative and positive controls (LiCA®, Lot 2201)
according to the CLSI EP12-A2 guidelines [19]. A maximum of C5∼C95
interval within C50 ± 20% was regarded as acceptable.

Detection limit of the LiCA® assay was determined and compared
with four RATs using four types of controls: (1) the reference panel for
SARS-CoV-2 antigen detection from National Institutes for Food and
Drug Control (NIFDC, Lot 370095-202202). (2) two strains of active viral
cultures from China CDC, containing 1,000 TCID50/mL of Delta and
Omicron variants, respectively. (3) three tubes of recombinant nucleo-
capsid proteins of SARS-CoV-2 (A, national referencematerial by Chinese
National Institute of Metrology, Cat. GBW 091097; B, commercial mate-
rial, HeavyBio, Shenzhen, China, Cat. HP811-50; and C, commercial
material, Fapon Biotech, Dongguan, China, Cat. nCoV-PS-Ag6). (4) five
strains of inactivated viral suspensions fromBioantibody Biotechnology
Co.,Ltd (Nanjing, China), containing 1,000 TCID50/mL of Prototype, Beta,
Gamma, Delta and Omicron variants, respectively. Each sample was
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diluted into a serial of suspensions as the product instructions. Replicate
assays were performed for each dilution in parallel by LiCA and four
comparative RATs. To determine the detection limit in more precise, we
repeated the targeting dilution for 20 times. Afinal decisionwasmade as
the number of positive results was no less than 19 (≥95%). Moreover,
we carried out the rRT-PCR testing on the active viral dilutions and
correlated Ct values with antigen assay COIs.

A further study was conducted to evaluate assay detection
capability to different source of SARS-CoV-2 antigens and cross reactivity
from other pathogens using the national reference control panel.
The controls were from NIFDC (Lot 370095-202202) and composed of 8
positive and 20 negative inactivated suspensions. The positive samples
contain different source of SARS-CoV-2 and the negative ones contain 20
potentially interfering pathogens, such as coronavirus OC43 and avian
influenza virus H7N9 (Supplementary Table 1).

Agreement evaluation in clinical samples

We recruited 798 patients for collection of nasal swab specimens in our
hospital between April and July, 2022, including COVID-19 in-patients 48
(6.0%) and contacts 51 (6.4%), and asymptomatic screening 699 (87.6%).
Among of 798 subjects, 716 (89.7%) were confirmed to be PCR-negative
and 82 (10.3%) PCR-positive. The negative group median age was 32
(interquartile range: IQR, 27–38) years and female was 445 (62.2%).
Regarding 82 PCR-positive individuals, median age was 35 (IQR, 25–40)
years and female was 28 (34.1%). 15 positive cases (18.3%) were detected
on abroad visitors. 63 out of 82 (76.8%) were observed with COVID-19
related symptoms and time to sampling from symptomatic onset was
median 5 (IQR 3–7) days. Detail information of virus mutations was
unknown but Omicron BA.2 and BA.5 variants were identified in the
positive group. All patients were swabbed with paired-nasal specimens
in parallel. Sampleswere stored in eachVTM specific for testing of either
LiCA® antigen or rRT-PCR and assayed within 4 h after collection.
Clinical agreement between two methods was evaluated upon COI and
Ct values recorded.

Statistics

LiCA® antigen tests were evaluated upon COI values with positive (≥1.0)
or negative (<1.0). The molecular testing results were used as reference
to calculate assay sensitivity and specificity. A statistical significance
was considered as p-value <0.05. All data were analyzed by the software
program MedCalc (MedCalc Software, Mariakerke, Belgium), OriginPro
(OriginLab, MA, USA) and Excel (Microsoft, WA, USA).

Results

Precision analysis

According to the EP5-A3 protocol, we used COI values to
assess the assay repeatability and intermediate precision.
The results obtained for the low and high values were
1.60–2.30% by the LiCA® SARS-CoV-2 antigen assay (Table 1).
Furthermore, the C50 imprecision curve of the assay were
evaluate. The C5∼C95 interval was identified to be −5.1–4.6%

away from C50 (Figure 1). The assaywas confirmed to bewith
an excellent analytical precision per both quantitative and
qualitative perspectives.

Analytical sensitivity and variant detection
of the LiCA® SARS-CoV-2 antigen assay

To test analytical sensitivity and variant detection of the
LiCA® SARS-CoV-2 antigen assay, we recorded detection
limits of LiCA in comparison of four RATs upon different
sources of proteins as shown in Figure 2. Using a vial of the
national reference panel specific for the detection limit
study of SARS-CoV-2 antigen, LiCA detected the viral antigen
in average (SD: standard deviation) as low as 325 (±141)
U/mL, which wasmedian 576-fold (IQR 248–1,121) lower than
that of comparative RATs (Figure 2A). Using active viral
cultures (Figure 2B), LiCA detected the analyte down to 0.07
(±0.04) TCID50/mL with a median of 521-fold (IQR 140–1,133)
lower than comparative RATs. Similar findings were
observed as shown in Figure 2C andD, inwhich the detection
limits of LiCA were determined to be 0.27 (±0.09) pg/mL

Table : Precision analysis of the LiCA® SARS-CoV- antigen assay with
EP-A protocol.

Sample Mean Repeatability Within-lab
precision

(Cut-off index) SD CV% SD CV%

QC L . . . . .
QC H . . . . .

Figure 1: Evaluation of C50 imprecision curve of the LiCA® SARS-CoV-2
antigen assay using EP17-A2 protocol. A very steep curve was observed
near C50. The C5∼C95 interval was calculated to be −5.1–4.6% away
from C50.
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on recombinant proteins and 1.07 (±1.01) TCID50/mL on
inactivated viral suspensions. In overall, the detection
capability of LiCA was estimated to be median 374-fold (IQR
137–643) better than the targeting comparisons based on the
four types of measurands studied.

Diagnostic performance according Ct values

We subsequently performed a correlation analysis between
LiCA® antigen assay COIs and viral load as determined by the
Ct-values from the RT-qPCR diagnostics. The results show
the relationship between LiCA® antigen assay COIs and
rRT-PCR Ct values on dilution serials of active Omicron
and Delta variant cultures (Table 2). Antigen COIs were
tightly correlated to Ct values in reverse and Pearson’s
coefficients were determined to be −0.98∼-0.99 on Log
transformed COIs with Ct values across a broad range of
viral concentration (0.06–1,000 TCID50/mL). Notably, in
lower levels of viral suspensions (0.03–0.12 TCID50/mL),
rRT-PCR may give a negative report while LiCA remained
positive.

Cross-reactivity and interference

A national reference control panel was used to validate the
assay accuracy. 8 positive controls with different source of
SARS-CoV-2 antigens and 20 negative controls containing
potentially interfering pathogens (Supplementary Table 1)
were assayed by LiCA. All positive controls were detected
with high values of COI (723–2,424) and negative ones were
only recordedwith noise signals (0.2–0.5). Therefore, the test
exhibits nice specificity to SARS-CoV-2 antigens.

Assay agreement in clinical samples

To assess agreement between LiCA® antigen and rRT-PCR
assays in clinical samples, 81 PCR-positive and 715 PCR-negative
cases were included in the analysis (Table 3). Paired compari-
son of antigen results with rRT-PCR revealed that LiCA
achieved an overall sensitivity of 97.5% (95% CI: confidence
interval, 91.4–99.7%) and specificity of 99.9% (99.2–100%). Total
agreementbetweenbothmethodswas 99.6% (98.7–99.9%)with
Cohen’s kappa 0.98 (0.96–1). A positive detection rate of 100%

Figure 2: Comparison of detection limits on different measurands between LiCA® SARS-CoV-2 and rapid point of care antigen assays. Dilution serials
were prepared according to the product instruction for following measurands: (A) national reference panel for SARS-CoV-2 antigen detection. (B) Active
viral cultures. (C) Recombinant nucleocapsid proteins from national reference material (NRM), and productions of HeavyBio and Fapon. (D) inactivated
viral suspensions. Each dilution was assayed in parallel by LiCA and comparative rapid antigen tests. The dilution targeting at the detection limit of each
method was repeated for 20 times. A final decision was made as the number of positive results was no less than 19 (≥95%).

1126 Yu et al.: SARS-CoV-2 antigen test by LiCA®



(95.4–100%) was observed in participants who had a Ct
value ≤37.8. For 81 PCR-positive nasal swab specimens, LiCA®

antigen COIs were assayed with median 1,534.5 (IQR
334.9–2,174.3) and range from 0.4–2,642.2 while rRT-PCR Ct
values were recorded with median 27.5 (IQR 23.9–33.5) and
range from 39.0–20.5. The log2-transformed antigen COIs
showed a clear reverse correlation (r=−0.83) with Ct values
(Figure 3).

Discussion

Antigen-detecting tests have been proposed as a viable
screening tool for SARS-CoV-2 with advantages such as
simple of use, shorter turn-around time and lower cost [8].
Unfortunately, less satisfactory sensitivity, whatever rapid

point of care tests [9, 10] or high-volume assays [15, 20],
constrains current antigen assays in detecting only for
symptomatic cases but not for asymptomatic individuals
[7]. Antigen assays detect surface proteins on the viral mol-
ecules and tell whether someone is infectious or in risk for
potential transmissibility [8, 21]. A small amount of viral
molecules during the early stage of infectious window may
generate a false negative testing result [22, 23]. Missing
pre-symptomatic individualswith COVID-19may become the
source of contagion, possibly triggering a regional pandemic.
Thereby high sensitivity is an essential attribute to the
antigen assay when applied for large scale screening.

Theoretically the LiCA® system may be capable of
offering a highly sensitive assay. LiCA shares the same
methodology as LOCI [16, 17] and uses nanoscale beads as
the carriers of pre-coated reagent antibodies. The smaller
particle of a nano-bead provides bigger specific surface area
thus increasing pre-coated antibody density and detection
capability to antigen. Improved sensitivity can be also
obtained from remarkable signal amplification which was
induced by the flow of 11,000/s singlet oxygen molecules
from each sensitizer bead into the chemiluminescent
beads [17]. Moreover, the binding kinetics showed that the
streptavidin-biotin-labeled reaction provided a linear
increasing signal with over five orders of magnitude for
the LOCI assay [16]. Subsequent investigations have
demonstrated that the LOCI HBsAg test not only detected
20-fold lower levels of analyte than the most contemporary
assays but also remained more sensitive than the PCR
method [16, 24]. The nature of exceptionally high sensitivity
on LiCA® thyroid stimulating hormone and cardiac troponin
I assays has been also illustrated by recent findings [25, 26].

In line with above, detection limits of the LiCA®

SARS-CoV-2 antigen assay were determined herein to be
average 325 (±141) U/mL on the national reference panel, 0.07
(±0.04) TCID50/mL on active viral cultures, 0.27 (±0.09) pg/mL
on recombinant nucleocapsid proteins and 1.07 (±1.01)
TCID50/mL on inactivated viral suspensions, which were
median 374-fold (IQR 137–643) lower than those of compar-
ative RATs. A further evaluationwas carried out to testify the
assay performance in clinical samples against the reference
rRT-PCR testing. The overall sensitivity and specificity were
97.5 and 99.9%, respectively. A perfect detection rate of 100%
can be obtained as Ct≤37.8. The active viral dilution study
showed that LiCA COIs were tightly correlated to Ct values in
reverse (R −0.98∼–0.99). This finding was in accordance
with the previous report, in which the higher Ct value was
identified to be related to the lower SARS-CoV-2 antigen level
[27] and viral load [28, 29], thus predicting possibly decreased
infectivity [28, 29]. LiCA recorded two false negative results
throughout this study but they both were determined with

Table : Relationship between LiCA® antigen and rRT-PCR results on the
dilution serials of active virus cultures.

Dilution Concentration Omicron strain Delta strain

TCID/mL COIa

mean
(SD)

Ctb

mean
(SD)

COI
mean
(SD)

Ct mean
(SD)

 ,. ,.
(.)

. (.) ,.
(.)

.
(.)

. . ,.
(.)

. (.) ,.
(.)

.
(.)

. . ,.
(.)

. (.) ,.
(.)

.
(.)

. . ,.
(.)

. (.) .
(.)

.
(.)

. × 
−

. ,.
(.)

. (.) .
(.)

.
(.)

. × 
−

. .
(.)

. (.) .
(.)

.
(.)

. × 
−

. .
(.)

. (.) .
(.)

.
(.)

. × 
−

. .
(.)

. (.) . (.) .
(.)

. × 
−

. . (.) . (.) . (.) .
(.)

. × 
−

. . (.) . (.) . (.) .
(.)

. × 
−

. . (.) . (.) . (.) .
(.)

. × 
−

. . (.) . (.) . (.) .
(.)

. × 
−

. . (.) . (.) . (.) .
(.)

. × 
−

. . (.) . (.) . (.) >
. × 

−
. . (.) . (.) . (.) >

. × 
−

. . (.) >

aCOI, cut-off index. A positive result was considered as COI ≥.. bCt, cycle
threshold. A positive result was considered as Ct ≤.
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very high Ct values (>38). Interestingly, we observed another
case that was identified to be strong positive (COI=175.3) by
LiCA but negative by rRT-PCR on admission. However,
rRT-PCR recovered a strong positive result (Ct=17.1) at the
next day. The patient was diagnosed with COVID-19 finally.
LiCA showed an earlier detection than rRT-PCR for this case.
Detection in the lower levels of viral suspensions (0.03–0.12
TCID50/mL) was also observed for LiCA rather than rRT-PCR
on dilution serials of active Omicron and Delta variant
cultures. A perfect sensitivity of 100% illustrated by LiCA
even on a Ct value as high as 37.8 indicted that the assaymay
have a superior detection capability to early infection of
SARS-CoV-2. This can be quite important on detecting
asymptomatic individuals with COVID-19 and valuable to
decrease the risk of transmission.

Besides of high sensitivity, full automation and high
volume can be another advantage of the LiCA® assay for
large population screening. The analyzer automatically
performed assays with a walk-away model. Tests were
programmed either in large-volume batch or any flexible

tubes and supplied with intelligent barcodes. Sample
information was registered through auto-scanning and
resultswere promptly uploaded into the database once assay
completed. Furthermore, the machine did not contain any
wash-tubing. Thereby no water supply and waste drainage
were necessary. This may award the assay highly favorable
in a variety of settings upon demand of pandemic manage-
ment, such as mobile cabin hospitals, community centers,
medical vehicles, even aircraft carriers.

Although nasopharyngeal swabs have been proposed to
be the primary choice for detection of SARS-CoV-2 [30], nasal
swabs can be more applicable during a large-screening
program. Nasal swabbing was more accessible and
comfortable thus more acceptable for patients [31]. Also, it
has been demonstrated that nasal swabs were qualified to
offer a comparable assay with nasopharyngeal swabs for
SARS-CoV-2 antigen [32].

There were limitations due to the small size of clinical
samples and untailored sampling participants in this study.
Herein we well demonstrated excellent detection capability
of the assay and clinical agreement compared to rRT-PCR. A
further study is necessary for evaluation of the real-world
diagnostic performance for COVID-19 in a large-sized
screening population with various types of subjects
tailored upon different epidemic conditions and timing from
symptomatic onset. Moreover, development of the assay in
blood may be helpful, with a more standardized process, to
provide a sensitive new marker for COVID-19 diagnosis and
better discrimination of severity as an alternative to the
molecular test [33–35].

In summary, the LiCA® system provides an exceptionally
high-sensitivity and fully automated platform for detection of
the SARS-CoV antigen innasal swabs. During the early stage of
exposure to the virus, bothmolecular tests and antigen assays
could give a false negative report [22, 23]. The best strategy for
the pandemic control is to run screening tests more
frequently [8]. With great advantages on superior detection
capability, excellent agreement with rRT-PCR, and cost-
effectiveness, andwashing-free benefits, the LiCA® assaymay
have a promising future in use for large-scale population

Table : Clinical agreement between LiCA® SARS-CoV- antigen and rRT-PCR assays.

rRT-PCR LiCA® SARS-CoV- antigen Agreement

Results n Positive Negative Sensitivity (% CI) Specificity (% CI) (% CI)

Positive    .% (.–.%) N/Aa .% (.–.%)
Ctb≤.    % (.–%) N/A % (.–%)
Negative    N/A .% (.–%) .% (.–%)
Total    .% (.–.%) .% (.–%) .% (.–.%)

aN/A, not applicable. bCt, cycle threshold.

Figure 3: Correlation between LiCA® SARS-CoV-2 antigen assay COIs
and cycle threshold (Ct) values of rRT-PCR on PCR-positive nasal swab
specimens. The diagonal black dash line is the linear regression fit to Ct
values for log2-transformed antigen COIs. The LiCA® assay cutoff is
marked with the horizontal red dash line. Two dots under the cutoff line
indicate negative results while all data above cutoff are positive.
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screening and surveillance of COVID-19 as an alternative of
the expensive and cumbersome molecular test.

Research funding: This work was supported by National
Natural Science Foundation of China (81772173, 81971916,
82102363), Beijing Municipal Science and Technology Project
(Z201100007920017), National Administration of Traditional
Chinese Medicine (2021ZYLCYJ02), Beijing Municipal
Administration of Hospitals’ Youth Programme (QML20211801)
and the Ministry of Science and Technology of China
(CPL-1233).The funding organization(s) played no role in the
study design; in the collection, analysis, and interpretation of
data; in thewriting of the report; or in the decision to submit the
report for publication.
Author contributions: All authors have accepted respon-
sibility for the entire content of this manuscript and
approved its submission.
Competing interests: Authors state no conflict of interests.
Informed consent: Informed written consent was obtained
from all participants before swab specimen collection for
this study.
Ethical approval: Research involving human subjects
complied with all relevant national regulation, institutional
policies and is in accordance with the tenets of the Helsinki
Declaration (as revised in 2013), and has been approved by
Ethics Committee of the Capital Medical University affiliated
Beijing Ditan Hospital (No. SJ2022-015).
Data availability: The datasets generated during the current
study are available from the corresponding author on
reasonable request.

References

1. Feng W, Zong W, Wang F, Ju S. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2): a review. Mol Cancer 2020;19:100.

2. Basheer SN, Vinothkumar TS, Albar NHM, Karobari MI,
Renugalakshmi A, Bokhari A, et al. Knowledge of COVID-19 infection
guidelines among the dental health care professionals of Jazan region,
Saudi Arabia. Int J Environ Res Publ Health 2022;19:2034.

3. Fontanet A, Autran B, Lina B, KienyMP, Karim SSA, Sridhar D. SARS-CoV-
2 variants and ending the COVID-19 pandemic. Lancet 2021;397:952–4.

4. World Health Organization. Laboratory testing for 2019 novel
coronavirus (2019-nCoV) in suspected cases. Interim guidance; 2020.
Available from: https://www.who.int/publications/i/item/10665-
331501.

5. Bohn MK, Mancini N, Loh TP, Wang CB, Grimmler M, Gramegna M,
et al. IFCC interim guidelines on molecular testing of SARS-CoV-2
infection. Clin Chem Lab Med 2020;58:1993–2000.

6. Samson R, Navale GR, Dharne MS. Biosensors: frontiers in rapid
detection of COVID-19. 3 Biotech 2020;10:385.

7. World Health Organization. Antigen-detection in the diagnosis of
SARS-CoV-2 infection. Interim guidance; 2021. Available from:

https://www.who.int/publications/i/item/WHO2019-nCoVAntigen_
Detection2021.1.

8. Guglielmi G. Fast coronavirus tests: what they can and can’t do. Nature
2020;585:496–8.

9. Arshadi M, Fardsanei F, Deihim B, Farshadzadeh Z, Nikkhahi F,
Khalili F, et al. Diagnostic accuracy of rapid antigen tests for
COVID-19 detection: a systematic review with meta-analysis. Front
Med 2022;9:870738.

10. Khalid MF, Selvam K, Jeffry AJN, Salmi MF, Najib MA, Norhayati MN,
et al. Performance of rapid antigen tests for COVID-19 diagnosis: a
systematic review and meta-analysis. Diagnostics 2022;12:110.

11. Levett PN, Cheung B, Kustra J, Pidduck T, Mak A, Tsang F, et al.
Evaluation of a high volume antigen test for detection of SARS-CoV-2. J
Clin Virol 2021;142:104938.

12. Horber S, Drees C, Ganzenmueller T, Schmauder K, Peter S, Biskup D,
et al. Evaluation of a laboratory-based high-throughput SARS-CoV-2
antigen assay. Clin Chem Lab Med 2022;60:1478–85.

13. Favresse J, Gillot C, Oliveira M, Cadrobbi J, Elsen M, Eucher C, et al.
Head-to-Head comparison of rapid and automated antigen detection
tests for the diagnosis of SARS-CoV-2 infection. J Clin Med 2021;10:265.

14. Osterman A, Iglhaut M, Lehner A, Spath P, Stern M, Autenrieth H, et al.
Comparison of four commercial, automated antigen tests to detect
SARS-CoV-2 variants of concern.MedMicrobiol Immunol 2021;210:263–75.

15. Lippi G, Henry BM, Adeli K. Diagnostic performance of the fully
automated Roche Elecsys SARS-CoV-2 antigen
electrochemiluminescence immunoassay: a pooled analysis. Clin Chem
Lab Med 2022;60:655–61.

16. Ullman EF, Kirakossian H, Switchenko AC, Ishkanian J, Ericson M,
Wartchow CA, et al. Luminescent oxygen channeling assay (LOCI):
sensitive, broadly applicable homogeneous immunoassay method.
Clin Chem 1996;42:1518–26.

17. Ullman EF, Kirakossian H, Singh S, Wu ZP, Irvin BR, Pease JS, et al.
Luminescent oxygen channeling immunoassay: measurement of
particle binding kinetics by chemiluminescence. Proc Natl Acad Sci USA
1994;91:5426–30.

18. CLSI. Evaluation of precision of quantitative measurement procedures;
approved guideline. In: CLSI document EP5-A3, 3rd ed. Wayne, PA:
Clinical and Laboratory Standards Institute; 2014.

19. CLSI. User protocol for evaluation of qualitative test performance;
approved guideline. In: CLSI document EP12-A2, 2nd ed. Wayne, PA:
Clinical and Laboratory Standards Institute; 2008.

20. Lippi G, Henry BM, Adeli K, Plebani M. Fujirebio Lumipulse SARS-CoV-2
antigen immunoassay: pooled analysis of diagnostic accuracy.
Diagnosis 2022;9:149–56.

21. Pekosz A, Parvu V, Li M, Andrews JC, Manabe YC, Kodsi S, et al. Antigen-
based testing but not real-time polymerase chain reaction correlates
with severe acute respiratory syndrome coronavirus 2 viral culture. Clin
Infect Dis 2021;73:e2861–6.

22. Mina MJ, Parker R, Larremore DB. Rethinking covid-19 test sensitivity –
a strategy for containment. N Engl J Med 2020;383:e120.

23. He X, Lau EHY,Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in
viral shedding and transmissibility of COVID-19. Nat Med 2020;26:
672–5.

24. Maia M, Takahashi H, Adler K, Garlick RK, Wands JR. Development of a
two-site immuno-PCR assay for hepatitis B surface antigen. J Virol
Methods 1995;52:273–86.

25. Wang M, Li J, Huang Y, Chen T, Dong S, Zhang R, et al. Analytical
validation of the LiCA high-sensitivity human thyroid stimulating
hormone assay. Clin Biochem 2022;101:42–9.

Yu et al.: SARS-CoV-2 antigen test by LiCA® 1129

https://www.who.int/publications/i/item/10665-331501
https://www.who.int/publications/i/item/10665-331501
https://www.who.int/publications/i/item/WHO2019-nCoVAntigen_Detection2021.1
https://www.who.int/publications/i/item/WHO2019-nCoVAntigen_Detection2021.1


26. Yang S, Zhang Q, Yang B, Li Z, Sun W, Cui L. Analytical and clinical
performance evaluation of a new high-sensitivity cardiac troponin I
assay. Clin Chem Lab Med 2022;60:1299–307.

27. Pollock NR, Savage TJ, Wardell H, Lee RA, Mathew A, Stengelin M, et al.
Correlation of SARS-CoV-2 nucleocapsid antigen and RNA
concentrations in nasopharyngeal samples from children and adults
using an ultrasensitive and quantitative antigen assay. J Clin Microbiol
2021;59. https://doi.org/10.1128/jcm.03077-20.

28. Jones TC, Biele G, Muhlemann B, Veith T, Schneider J, Beheim-
Schwarzbach J, et al. Estimating infectiousness throughout SARS-CoV-2
infection course. Science 2021;373:eabi5273.

29. Lee LYW, Rozmanowski S, Pang M, Charlett A, Anderson C, Hughes GJ,
et al. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infectivity by viral load, S Gene variants and demographic factors, and
the utility of lateral flow devices to prevent transmission. Clin Infect Dis
2022;74:407–15.

30. Tsang NNY, So HC, Ng KY, Cowling BJ, Leung GM, Ip DKM. Diagnostic
performance of different sampling approaches for SARS-CoV-2 RT-PCR
testing: a systematic review and meta-analysis. Lancet Infect Dis 2021;
21:1233–45.

31. Tu YP, Jennings R, Hart B, Cangelosi GA, Wood RC, Wehber K, et al.
Swabs collected by patients or health care workers for SARS-CoV-2
testing. N Engl J Med 2020;383:494–6.

32. Lindner AK, Nikolai O, Kausch F, Wintel M, Hommes F, Gertler M, et al.
Head-to-head comparison of SARS-CoV-2 antigen-detecting rapid test
with self-collected nasal swab versus professional-collected
nasopharyngeal swab. Eur Respir J 2021;57:2003961.

33. HingratQL, VisseauxB, LaouenanC, Tubiana S, BouadmaL, YazdanpanahY,
et al. Detection of SARS-CoV-2 N-antigen in blood during acute COVID-19
provides a sensitive newmarker andnew testing alternatives. ClinMicrobiol
Infect 2020;27:789 e1–5.

34. Favresse J, Bayart JL, David C, Gillot C, Wieers G, Roussel G, et al. Serum
SARS-CoV-2 antigens for the determination of COVID-19 severity.
Viruses 2022;14:1653.

35. Favresse J, Bayart JL, David C, Didembourg M, Gillot C, Dogne JM, et al.
Spike vs. nucleocapsid serum antigens for COVID-19 diagnosis and
severity assessment. Clin Chem Lab Med 2022;60:e97–100.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/cclm-2022-1039).

1130 Yu et al.: SARS-CoV-2 antigen test by LiCA®

https://doi.org/10.1128/jcm.03077-20
https://doi.org/10.1515/cclm-2022-1039

	Evaluation of a high-sensitivity SARS-CoV-2 antigen test on the fully automated light-initiated chemiluminescent immunoassa ...
	Introduction
	Materials and methods
	Study design
	SARS-CoV-2 antigen assays
	SARS-CoV-2 molecular testing (rRT-PCR)
	Analytical validation
	Agreement evaluation in clinical samples
	Statistics

	Results
	Precision analysis
	Analytical sensitivity and variant detection of the LiCA® SARS-CoV-2 antigen assay
	Diagnostic performance according Ct values
	Cross-reactivity and interference
	Assay agreement in clinical samples

	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


