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Background: Early diagnosis of the novel coronavirus disease of 2019 (COVID-19) in
asymptomatic and symptomatic patients is crucial to identify infectious individuals and to
help prevent the spread of the virus in the community. Several assays have been developed
and are in use in today’s clinical practice. These assays vary in their analytical and clinical
performance. For an accurate diagnosis, medical professionals must become more familiar
with the test’s utility to select the most appropriate test. This study aims to evaluate the
analytical performance of rapid antigen tests used for the detection of SARS-CoV-2 viral
antigen compared to RT-PCR SARS-CoV-2 molecular assay.

Methods: Oropharyngeal swab specimens from five COVID-19 patients were tested by
seven rapid antigen tests developed by different IVD companies. RT-PCR to detect specific
RNA fragments of SARS-CoV-2 was used as a confirmatory test. The cycle threshold (Ct)
value, which often reflects viral load, in these specimens ranged from 15 to 35. For the
analytical evaluation, extraction fluid of each antigen kit was spiked with attenuated ATCC
virus at different concentrations ranging from 4.6x10*mL to 7.5x10°/mL and tested with
antigen testing Kkits.

Results: Out of five confirmed positive SARS-CoV-2 specimens by RT-PCR, only one
sample showed a positive result by one of the seven evaluated antigen testing kits. The
positive result was observed in the specimen with a Ct value of 15. All other evaluated rapid
tests were negative for all five positive specimens. This was further confirmed with the
spiking study using ATCC attenuated virus, where extraction fluid of each rapid test was
spiked with concentrations ranging from 4.6x10%mL to 7.5x10%/mL. None of these spiked
specimens showed positive results, indicating very low sensitivity of these antigen Kkits.
Conclusion: This comparison study shows that rapid antigen tests are less sensitive than
RT-PCR tests and are not reliable tests for testing asymptomatic patients, who often carry
low viral load. Analytical performance of rapid antigen tests should be thoroughly evaluated
before implementing it at clinical decision level.
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Background

Since COVID-19 was declared a global pandemic, the goal of the medical com-
munity has been to offer rapid, massive, and affordable testing. To meet this goal,
several assays have been developed and are in use in clinical practice. These assays
can be broadly categorized based on the testing methodology used for the detection
of SARS-CoV-2. These include antibody testing, antigen testing, and molecular
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testing.' > Antibody testing (serology testing) is used for
the detection of antibodies to SARS-CoV-2 in blood or
serum. It can be total antibodies against the virus or its
specific subtypes — IgA, IgG, and IgM. Antigen testing is
based on immunoassay, mostly immunoblot technology
for the detection of SARS-CoV-2 antigen in the nasophar-
yngeal or oropharyngeal swab specimens, whereas mole-
cular testing is designed to detect SARS-CoV-2 viral
nucleic acid (RNA) using the Nucleic Acid Amplification
Test (NAAT).*

There is no doubt that widespread testing for contain-
ing the virus and getting the pandemic under control is
critical. As the majority of individuals with COVID-19 are
asymptomatic or show mild symptoms, laboratory confir-
mation of SARS-CoV-2 infection is crucial.’ The appro-
priate test and timing for sampling is also another critical
factor for the accurate diagnosis of COVID-19. Numerous
tools are readily available for healthcare professionals for
guidance on testing. One such tool, Medical Database
(MD), a guide developed to assist healthcare professionals,
recommends that a molecular test should be used as the
gold standard for a diagnostic test to detect the SARS-CoV
-2 virus and IgG antibody testing should be used for
evaluating the immune response after the infection
subsides.® Accordingly, IgA and IgM antibody testing
have no diagnostic value but can be used for the evaluation
of severity of disease/infection. Molecular testing for the
detection of viral RNA is currently the most widely used
diagnostic test. These molecular assays used to diagnose
SARS-CoV-2 are designed to amplify and detect specific
target viral genes and regions including the spike (S),
envelope (E), and nucleocapsid (N) proteins which repre-
sent three of the four proteins that structurally constitute
the virus as well as the RNA dependent RNA polymerase
(RdRp) gene and the Open Reading Frame 1ab (ORF1ab)
region.” Although lower respiratory tract specimens gen-
erally have a higher positivity rate, upper respiratory
specimens like nasopharyngeal or oropharyngeal swabs
are most widely used as the specimen of choice.®

These molecular tests can detect the viral nucleic acid
within 1-3 days of exposure or infection, and can be used
for early identification of asymptomatic patients.”
Unfortunately, these tests are expensive, and require com-
plex technology and well-trained testing personnel. There
is also an issue of turnaround time which may take as long
as a few days. To achieve the urgent need for massive
testing to control this pandemic, there is a need for an
alternative assay which is high-throughput, rapid, simple,

and economic. Furthermore, 60% of clinical laboratories
around the globe are currently facing supply chain pro-
with kits
consumables.'” To mitigate the drawbacks of molecular

blems appropriate  reagent test and
testing, viral protein antigen testing of respiratory samples
by immunoassay can be a promising alternative. Such
antigen-based testing has been recently endorsed by the
US Centers for Disease Control and Prevention (CDC) and
interim guidance for its use has been formulated by the
WHO."" Many companies have come up with a rapid
antigen test as laboratory-based tests and point-of-care
tests. To this date (December 7, 2020) only seven of
them have been approved by the US FDA under
Emergency Use Authorizations (EUA). These antigen-
detecting rapid diagnostic tests (Ag-RDT) are based on
lateral flow immunochromatographic assay for the detec-
tion of nucleocapsid protein antigens specific to SARS-
CoV-2. Although such antigen tests offer widespread rapid
testing without the need of expensive laboratories, it is
very important to understand the analytical sensitivity of
these rapid antigen tests. Unfortunately, there is limited
information available on the analytical and clinical perfor-
mance of antigen testing. More studies are required to
evaluate the sensitivity and specificity of antigen testing
before implementing this assay effectively. In this study,
we evaluated the analytical sensitivity of SARS-CoV-2
rapid antigen tests developed by seven IVD companies,
of which three are FDA EUA approved, by comparing it to
the gold standard molecular assay.

Methods

Specimens

Oropharyngeal swabs were collected from five COVID-19
patients confirmed positive by SARS-CoV-2 RT-PCR
assay. The swabs were collected in universal transport
media (UTM) (BD Diagnostics, Sparks, MD, USA) and
appropriately stored. A schematic diagram of the study
methodology is illustrated in Figure 1. Written informed
consent was obtained from each patient and the study
protocol was approved by the Institutional Ethical Board
of UltimateDx Laboratories in agreement with the World
Medical Association Declaration of Helsinki.

RT-PCR
The confirmation of the positivity was done by NAAT as
recommended by CDC and WHO.” Briefly, viral RNA was

extracted using RNA extraction kit (Thermofisher
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Figure | Outline of study methodology. Swab was collected in universal transport medium. RT-PCR was done to identify targeted SARS-CoV-2 specific genes. The viral

nucleocapsid protein were extracted and applied to a rapid antigen test device.

Scientific) and tested immediately or stored at —70°C.
Real-time fluorescent reverse-transcription polymerase
chain reaction (RT-PCR) was performed to identify SARS-
CoV-2 (BGI Biotechnology Co., Ltd, Wuhan, Hubei
Province, PRC). The cycle threshold (Ct) value of the
positive samples ranged from 15 to 35. Estimation of
approximate viral load based on Ct values was done by
performing RT-PCR in serially diluted FDA proficiency
samples. The samples were serially diluted to produce
final concentrations ranging from 1.8x10” to 1.8x10 and
analyzed by RT-PCR in triplicate.

Antigen Tests

Antigen tests from seven IVD manufacturers were used to
evaluate the analytical and clinical performance. These
included: 1) BD Veritor™ System for rapid detection of
SARS-CoV-2  (Becton, Dickinson
Maryland, USA; Antigen kit #1), 2) CareStart™
COVID-19 Antigen (Accesas Bio, Inc., NJ, USA;
Antigen kit #2), 3) SG Diagnostics Antigen detection kit
(SG Diagnostics, Singapore; Antigen kit #3), 4) Sofia
SARS Antigen FIA (Quedel Corporation, Hannover,
Germany;, Antigen kit #4), 5) Rapid Response™
COVID-19 Antigen Rapid Test (BNTX, ON,

and Company,

Inc.,

Canada; Antigen kit #5), 6) Shenzhen SARS-CoV-2
Antigen Test kit (Shenzhen Ultra-Diagnostics Biotec.
Co., Ltd, Shenzhen, PRC; Antigen kit #6), and 7)
Genedia W COVID-19 Ag (Green Cross Medical
Sciences Corp, Chungcheongbuk, Republic of Korea;
Antigen kit #7). Of these test kits, Antigen kit #1, #2,
and #4 have been approved by the FDA under EUA.
Antigen kit #4 was the first to receive the EUA and is
based on lateral flow immunofluorescent sandwich assay.
Specimen collection and testing were done using a method
that we previously validated.'? Briefly, the pellet collected
by high-speed centrifugation from 200 pL of UTM from
each positive sample was reconstituted with extraction
buffer provided by each antigen kit to disrupt viral parti-
cles and expose nucleocapsid proteins. Two to three drops
(approx. 80 uL) of extracted swab sample is then applied
to the test devices and the results were read and interpreted
as per instruction manual of IVD manufacturers.

Evaluation of Analytical Performance

For analytical performance, heat-inactivated SARS-CoV-2
(ATCC® VR-1986HK ™) was spiked to 500 pL of extraction
fluid (assay buffer) provided by each test kit in order to give
a final viral concentration of 4.6x10%/mL, 9.5x10%mL,
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Table | Comparison of Results of Seven Rapid Antigen Testing Kits with RT-PCR Positive Samples
Sample ID | PCR Ct Antigen Kit | Antigen Kit | Antigen Kit | Antigen Kit | Antigen Kit | Antigen Kit | Antigen Kit

Average #l #2 #3 #4 #5 #6 #7

Specimen#l | 15-19 Negative Negative Negative Negative Negative Positive Negative
Specimen#2 | 22-25 Negative Negative Negative Negative Negative Negative Negative
Specimen#3 | 27-30 Negative Negative Negative Negative Negative Negative Negative
Specimen#4 | 31-33 Negative Negative Negative Negative Negative Negative Negative
Specimen#5 | 34-36 Negative Negative Negative Negative Negative Negative Negative

1.85x10°/mL, 3.75x10°/mL, and 7.5x10°/mL. Three drops
(approx. 80 pL) of the spiked assay buffer were applied per
test kit and the results were noted as recommended by the
instruction manual of the IVD manufacturers. The approx-
imate viral concentration per reaction were 3,750, 7,500,
15,000, 30,000, and 60,000, respectively.

Results and Discussion

The analytical performance of seven Ag-RDT kits were
evaluated by analyzing five RT-PCR positive specimens.
Surprisingly, all the specimens showed a negative result by
all seven Ag-RDT except Antigen kit #6. When tested with
Antigen kit #6, only one specimen gave a positive test result
(Table 1). The Ct value of the specimen that showed the
positive result was 15. All other specimens with a Ct value
above 19 were negative for antigen testing. This indicates
that antigen testing is far less sensitive than RT-PCR. To
estimate the viral load from Ct value, we tested serially
diluted FDA proficiency samples by RT-PCR. Limit of detec-
tion (LOD) of RT-PCR assay was 1.8x10* viral particles/mL
which was detected in all triplicate runs with a Ct value
ranging from 35-36 (Table 2). Ct values of 24-25 have an
approximate viral concentration of 1.8x10/mL. As only one
sample with a Ct value of 15-19 was positive for Ag-RDT,
our result suggests that Ag-RDT are effective only when the
viral load in the specimen is over 1.8x107/mL.

Table 2 Determination of Viral Load from RT-PCR Ct Value

To assess the sensitivity of Ag-RDT, various concen-
trations of heat-inactivated SARS-CoV-2 were analyzed
with antigen testing. Heat-inactivated SARS-CoV-2 were
spiked into extraction buffer provided by IVD manufac-
turer to get a final concentration ranging from 4.6x10%/mL
to 7.5x10°/mL. None of these samples were positive for all
Ag-RDT (Table 3). This further supports that analytical
sensitivity and LOD of Ag-RDT were poor and are suita-
ble for use only when the viral load in the specimen is very
high, as often seen in the patients with severe COVID-19
disease.

Although Ag-RDT have diagnostic value comparable to
antibody testing and are economic, rapid, and feasible for
widespread testing in both laboratory and non-laboratory set-
tings, it has poor clinical performance compared to the gold
standard molecular assays. As global cases of COVID-19
continue to rise, it is expected that more IVD manufacturers
will come up with Ag-RDT and more clinical laboratories will
be using it to meet the testing demands. However, proper
clinical evaluation of such antigen-based tests is crucial to
add diagnostic value of Ag-RDT. Currently, there are
a limited number of studies that provide the comparison of
analytical and clinical sensitivity of Ag-RDT. Although done
in small number of samples, our results of the comparison of
seven Ag-RDT provides valuable information on its limita-
tions and should help guide clinical laboratories and public
health officials for the appropriate selection of diagnostic tests
for COVID-19. Rapid immunochromatography-based tests
have been widely used in clinical laboratories for the diagnosis
of a wide variety of infectious diseases. The major problems
with these immunoassay tests are, unlike PCR-based assay
which allows amplification of targeted gene to greatly enhance
its sensitivity, Ag-RDT are limited to the amount of antigens in
the sample.

Although Ag-RDT has high specificity, many research-
ers have questioned its clinical utility because of its low
sensitivity. Our result shows that Ag-RDT are unable to
detect SARS-CoV-2 when the viral load in the sample is

RNA NAAT Hit Replicate | Replicate | Replicate
Detectable Rate | | Ct 2Ct 3Ct
Unit/mL Value Value Value
1.8x10” 3/3 25.13 24.89 25.01
1.8x10° 3/3 26.98 29.37 29.38
1.8x10° 33 | 3274 33.01 32.65
1.8x10* 3/3 35.87 3591 36.23
1.8x10° 2/3 39.82 33.85 Neg

1.8x 102 0/3 Neg Neg Neg
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Table 3 Comparison of Results of Seven Rapid Antigen Testing Kits with Various Concentrations of Heat-Inactivated SARS-CoV-2

Viral Viral Particle/Reaction | Antigen Antigen Antigen Antigen Antigen Antigen Antigen
Content (Approx.) Kit #1 Kit #2 Kit #3 Kit #4 Kit #5 Kit #6 Kit #6

7.5x10°%/mL 60,000/80 uL Negative Negative Negative Negative Negative Negative Negative
3.75x10°/mL | 30,00/80 pL Negative Negative Negative Negative Negative Negative Negative
1.85x10°/mL | 15,000/80 uL Negative Negative Negative Negative Negative Negative Negative
9.5x10%/mL 7,500/80 pL Negative Negative Negative Negative Negative Negative Negative
4.6x10*/mL 3,750/80 pL Negative Negative Negative Negative Negative Negative Negative

less than 1.8x10’/mL and a Ct value more than 19.
Systemic review on Ag-RDT showed that its clinical sen-
sitivity is acceptable only when the viral loads are high
with a Ct value below 25.'% Our result of low sensitivity of
Ag-RDT is also supported by several other investigators.
Liotti et al'* reported that the sensitivity of Ag-RDT
compared to RT-PCR is over 95% when the Ct value is
less than 25 but it declines drastically to 20-40% when the
Ct value is greater than 25. Gannon et al,'>'® in their
comparison study, found that Ag-RDT is 2-5-fold less
sensitive compared to RT-PCR assay from respiratory
specimens and their sensitivity varied from 22-70%.

1'7 also showed that

Furthermore, Lambert-Niclot et a
overall sensitivity of Ag-RDT is only 50% when compared
to RT-PCR, and Scohy et al'® reported that the sensitivity
is only 32% and those that were detected had very high
viral load. The poor clinical performance of Ag-RDT is
because of its analytical sensitivity compared to molecular
based assays. One of the major limitations of Ag-RDT is,
unlike molecular assays, it does not offer the advantage of
amplification of target RNA compromising sensitivity.
However, it is generally believed that the specificity of
Ag-RDT is high and comparable with molecular assays.'’

It is now well evident that the severity of COVID-19 is
directly dependent on the viral load.*® Therefore, perhaps one
advantage of Ag-RDT can be useful in identifying and pre-
dicting the severity of disease. Since severity of the disease is
often determined by massive proinflammatory response
induced by SARS-CoV-2, measurement of proinflammatory
cytokines (IL-6, IL-8, and TNF-a) together with Ag-RDT
may aid diagnosis.>' On the other hand, the viral load in the
sample peaks in 1-3 days of infection (Figure 1), therefore,
collection of specimens at appropriate timing may increase
sensitivity of Ag-RDT. Recent
guidelines for antigen testing for SARS-CoV-2 formulated

the clinical interim
by CDC recommended a different strategy to interpret the
result of antigen testing among symptomatic and asympto-
matic individuals.'® In the symptomatic patients, a positive

antigen test can be confirmatory while a negative result
should be verified with NAAT. Whereas, in asymptomatic
individuals, a negative antigen test result indicates no current
evidence of infection and a positive result should be con-
firmed by NAAT.

The major limitation of this study is the small sample size.
However, we have evaluated seven Ag-RDT that are available
on the market. Despite the limitation of sample size, our study
provides a fundamental basis to conduct a similar study on a
large scale to validate the clinical utility of rapid antigen-based
assays. Our future plan is to conduct the study with a large
number of samples with all Ag-RDT assays available in the
market for diagnostic use. Our current data suggests that none
of these rapid tests are suitable to identify patients with low
viral load. Therefore, Ag-RDT should not be the choice of test
to identify asymptomatic patients with low viral load. Before
implementing widespread Ag-RDT testing, more studies are
needed to assess its clinical utility and diagnostic value.

Conclusion

Rapid antigen tests have low analytical and clinical sensi-
tivity to identify asymptomatic patients with low viral load
compared to molecular based assays. Therefore, analytical
performance of rapid antigen tests should be thoroughly
evaluated before implementing it at clinical decision level.
More studies are needed to evaluate the clinical perfor-
mance of antigen-based testing before implementing it for
widespread testing.
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