S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Clinical Virology 147 (2022) 105023

Contents lists available at ScienceDirect

Journal of Clinical Virology

journal homepage: www.elsevier.com/locate/jcv

ELSEVIER

Check for

Diagnostic accuracy of a rapid diagnostic test for the early detection of e
COVID-19

Ginette A. Okoye, Haja I. Kamara ™, Michelle Strobeck ¢, Thomas Alan Mellman ",
John Kwagyan ¢, Ava Sullivan ¢, Angel S. Byrd ?, Babak Shokrani ¢, Hugh E. Mighty °

& Department of Dermatology, Howard University, 2041 Georgia Avenue NW, Suite 4300, Washington, DC 20060 United States of America

b Department of Psychiatry and Behavioral Sciences, Howard University, 2041 Georgia Ave NW, Suite 5100, Washington, DC 20060 United States of America
¢ Howard University College of Medicine, 520W St NW, Washington, DC 20059 United States of America

4 Department of Pathology, Howard University, 520 W Street NW, Washington, DC 20059 United States of America

ARTICLE INFO ABSTRACT

Keywords: Objectives: This study was undertaken to evaluate the diagnostic performance of the BinaxNOW COVID-19 Ag
Coronavirus Card rapid antigen assay (Abbott; Chicago, IL, USA) in the detection of COVID-19 infection compared to the
COVID-19 reference standard of PCR testing.

RT-PCR

Methods: We evaluated the BinaxNOW COVID-19 Ag Card rapid antigen assay relative to a standard reference
PCR test. We tested 3810 nasal swabs from symptomatic and asymptomatic adults undergoing surveillance
COVID-19 testing at Howard University using one swab for each nostril. One swab was tested using the rapid
antigen assay and the other using the PCR test.

Resuits: The sensitivity of the BinaxNOW COVID-19 Ag Card rapid antigen assay was 91.84% (95% confidence
interval (CI): 80.40-97.73%) and the specificity was 99.95% (95% CI: 99.81-99.99%). The range of Ct values for
the N gene was 10.74-34.90 (M = 26.88, SD=4.86). Fourteen (28.6%) samples had an N gene Ct value > 30. The
average N gene Ct value for rapid test negative (i.e. false negative) samples was 31.92.

Conclusions: The sensitivity of the test in our symptomatic and asymptomatic cohort was lower than the man-
ufacturer’s reported sensitivity in a symptomatic cohort (97.1%). Despite their relatively lower sensitivity
(especially in asymptomatic individuals), rapid tests have undeniable benefits (i.e., ease of use and rapid results)
that make them a helpful tool in the control of the SARS-CoV-2 pandemic. Given the diagnostic accuracy of these
tests as evidenced by this study, rapid tests can be thoughtfully employed in situations where swift results are
critical.

Rapid testing
Diagnostic accuracy
COVID-19 testing

1. Background

Early diagnosis of COVID-19 is critical to reducing person-to-person
transmission. Laboratory diagnosis through polymerase chain reaction
(PCR) testing, considered the standard reference, may take up to 24 h for
the results to be confirmed with additional time for transport, whereas
diagnosis through rapid antigen testing can take as few as 15 min and be
done at the point of care. Rapid and easy-to-perform diagnostic tests
therefore allow for earlier initiation of isolation and more effective
contact tracing, thereby decreasing transmission of COVID-19.

As rapid testing becomes more available, characteristics of the
diagnostic performance of these tests relative to the standard reference,
including sensitivity, specificity, positive and negative predictive values

are critical to their impact on public health. False negative COVID-19
test results in particular pose a challenge to public health efforts to
reduce the spread of the virus. Individuals with false negative results,
believing they do not have COVID-19, may stop practicing measures to
reduce the spread of the virus, including mask-wearing, social
distancing, and avoiding large gatherings [1]. False negative results also
limit health professionals’ ability to conduct contact tracing and testing
of exposed individuals.

Abbott, the producers of the BinaxNOW COVID-19 Ag Card rapid
antigen assay, evaluated the clinical performance of their assay through
a multi-site prospective study including 10 sites in the United States [2].
The analysis of 460 nasal swabs from symptomatic patients with sus-
pected COVID-19 infection revealed a sensitivity of 97.1% and a
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specificity of 98.5% when compared to a real time Polymerase Chain
Reaction (RT-PCR) [3].

2. Objectives

This study was undertaken to evaluate the diagnostic performance of
the BinaxNOW COVID-19 Ag Card rapid antigen assay (Abbott; Chicago,
IL, USA) in the detection of COVID-19 infection in relation to the
reference standard of PCR testing in asymptomatic and symptomatic
adults undergoing COVID-19 testing at Howard University.

3. Study design

In this single-center study, the results of 3810 anterior nasal swab
samples were analyzed. The samples were collected by a healthcare
provider from September to December 2020 from adults undergoing
periodic employer-mandated COVID-19 surveillance testing at Howard
University. Information on the presence or absence of COVID19 symp-
toms was not collected in all tested individuals. Two swabs were used to
collect samples, one for each nostril. One was used for the BinaxNOW
COVID-19 Ag Card rapid antigen assay which was performed at the
point of care, and the second swab was analyzed using the Applied
Biosystems TagPath COVID-19 RT-PCR kit (Thermo Fisher Scientific
Inc.; Waltham, MA, USA) in an institutional reference laboratory. In the
event that the results from each nostril did not match, the result pro-
vided by the PCR test was accepted, as it is the reference standard test.
The primary outcomes were sensitivity, specificity and overall diag-
nostic accuracy of the rapid antigen assay measured against the PCR
testing. Secondary outcomes were negative predictive value (NPV) and
positive predictive value (PPV).

3.1. Test methods

The BinaxNOW COVID-19 Ag Card is an assay that uses antibodies to
detect SARS-CoV-2 proteins from nasal swab specimens. The samples
were taken from the anterior nares using a sterile nasal swab which was
then inserted into a cardboard test card along with 6 drops of an
extraction reagent. The card was then closed to allow the sample to
come into contact with the reagent and the test strip. After 15 minutes,
the provider interpreted the test visually based on the presence of pink/
purple lines on the test card. Results were read promptly at 15 min, as
they are considered invalid after 30 min [2].

The reference standard PCR test for detection of COVID-19 qualita-
tively detects nucleic acid from SARS-CoV-2. The sample was taken from
the anterior nares using a sterile nasal swab, which was then sent to an
institutional reference laboratory for PCR testing. RNA was then
extracted from the sample using the Applied Biosystems MagMAX™
Viral/Pathogen II (MVP II) Nucleic Acid Isolation Kit according to
manufacturer’s instructions. Once the RNA was extracted RT-PCR was
performed immediately using the Applied Biosystems TaqPath™
COVID-19 Combo Kit according to manufacturer’s instructions. The
TagPath™ COVID-19 Combo Kit RT-PCR test targets primers located
between the following genes: ORFlab, N gene, and S gene. The results
were then analyzed using the COVID-19 Interpretive Software (v. 2.5)
from Thermo Fisher Scientific, Inc and all positive samples were double
checked by the performing technologist for final confirmation of the
positive. A sample was determined to be positive if the Ct value of 2 of
the 3 viral targets was < 37.

4. Results

A total of 3810 samples were collected. Thirty (0.79%) of the
BinaxNOW COVID-19 Ag Card rapid antigen assays had to be repeated
due to failure of the first assay (i.e., absence of the control line on the test
card). The overall positivity rates of the rapid and PCR tests were 1.23%
and 1.29%, respectively. The rates of false negative and false positive
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Table 1
Results of RT-PCR tests versus BinaxNOW COVID-19 Ag Card rapid antigen as-
says in 3810 nasal samples.

PCR Test Positive PCR Test Negative Total
Rapid Test Positive 45 2 47
Rapid Test Negative 4 3759 3763
Total 49 3761 3810
Table 2
RT-PCR Ct values (N gene) of all TaqPath RT-PCR positive
samples.

Ct Value (N gene) Number of Samples

<20 2

<25 17
<30 35
<35 49

results of the rapid test were 8.16% and 0.05%, respectively. The
sensitivity of the BinaxNOW COVID-19 Ag Card rapid antigen assay
performed at point of care was 91.84% (95% confidence interval (CI):
80.40-97.73%) and the specificity was 99.95% (95% CL
99.81-99.99%). The overall diagnostic accuracy of the rapid antigen
was estimated as 999 (95% CI: 888-999). Results from the rapid test
were available in 15 min, whereas results from the PCR test took 8-24 h
from when the patient was tested to when they were informed of their
result. The positive predictive value of the BinaxNOW rapid antigen
assay was 95.74% and the negative predictive value was 99.89%.
Table 1

The range of the Ct values for the ORFlab gene was 14.15-35.27 (M
= 26.16, SD = 4.69). The range of Ct values for the N gene was
10.74-34.90 (M = 26.88, SD = 4.86). The range of Ct values for the S
gene was 14.67-37.10 (M = 26.69, SD = 4.45). Fourteen (28.6%) of
samples had a N gene Ct value > 30 (Table 2). The average N gene Ct
value for rapid test negative (i.e. false negative) samples as 31.92.

5. Discussion

Testing the diagnostic accuracy of rapid antigen assays for the
detection of COVID-19 has widespread implications for our efforts to
curb the spread of the SARS-CoV-2 virus. Rapid tests are practical and
have become increasingly popular as a strategy for hosting large scale
events and reopening schools [4]. Previous studies have found rapid
tests to be inferior to the gold-standard PCR test for the detection of
COVID-19, citing low sensitivity as the major limitation. For example, in
real-world studies, the sensitivity of the PanBio™ rapid antigen test
(also manufactured by Abbott Laboratories), ranges from 74.4%—86.8%
[5,6].

The results of this study of the BinaxNOW rapid antigen test in
symptomatic and asymptomatic individuals demonstrate a lower
sensitivity (91.84%) than that reported by the manufacturer (97.1%)
[2]. However, it is important to note that the sensitivity of this test is
higher in symptomatic individuals [2,7]. A limitation of our study is the
lack of complete data on the symptomatic vs. asymptomatic status of our
cohort. However, a recent study of the same rapid test in a cohort of
symptomatic and asymptomatic individuals reported similar results
(sensitivity 93.3% and specificity 99.9%) [8]

The relatively lower sensitivity of rapid tests must be weighed
against their benefits, (i.e., room temperature storage, easy to use, and
quick turnaround time for results). Though imperfect, rapid tests can be
thoughtfully employed to screen symptomatic and asymptomatic in-
dividuals in situations where swift results are critical.
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