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Abstract 

Background A highly accurate, rapid, and low‑cost COVID‑19 test is essential for guiding isolation measures. To date, 
the most widely used tests are either nucleic acid amplification tests or antigen tests. The objective of this study is 
to further assess the diagnostic performance of the Binax‑CoV2 rapid antigen test in comparison to the current gold 
standard reverse transcription quantitative polymerase chain reaction (RT‑qPCR), with additional analysis of symp‑
tomatology and cycle threshold utility.

Methods This is a prospective cohort study performed between November and December 2020. Individuals who 
presented to COVID‑19 testing events and received both RT‑qPCR and a rapid antigent test were included. Testing 
occurred at the emergency department of an urban hospital and at a community mobile unit. No fees or appoint‑
ments were required. Individuals self‑reported the presence or absence of symptoms and history of positive COVID‑
19 test within the previous two weeks. Trained staff collected two subsequent nasopharyngeal swabs of both nares. 
One set of swabs underwent RT‑qPCR and the other underwent Binax‑CoV2 assay per manufacturer guidelines.

Results A total of 390 patients were included, of which 302 were from the community site. Of these 302, 42 (14%) 
were RT‑qPCR positive. Of the 42 RT‑qPCR positive, 30 (71.4%) were also positive by Binax‑CoV2. The Binax‑CoV2 test 
had a sensitivity of 71.4% (95% CI: 55%–84%) and a specificity of 99.6% (95% CI: 98%–100%) in this population. Perfor‑
mance of the Binax‑CoV2 test performed better in individuals with higher viral load. For symptomatic patients with 
cycle threshold < 20, sensitivity reached 100%.

Conclusions The Binax‑CoV2 assay’s specificity and sensitivity in individuals with high viral load makes it a suitable 
first‑line test for detecting COVID‑19. However, given the assay’s measured sensitivity, a negative result on the Binax‑
CoV2 assay may warrant additional testing with more sensitive tests, such as the RT‑qPCR. This is particularly the case 
with high clinical suspicion for an active SARS‑CoV‑2 infection even after a negative Binax‑CoV2 result.
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Introduction
For the past few years, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), the causative agent 
of COVID-19, has propagated rapidly throughout the 
United States, taking with it over a million lives [1]. Since 
then, the number of COVID-19 cases, hospitalizations, 
and deaths have plummeted significantly in the United 
States, due in large part to public health measures and 
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widespread vaccination efforts. However, the virus has 
continued to cause intermittent outbreaks around the 
world, and it has become evident that eradication of the 
virus is unlikely [2]. Given this, it becomes apparent that 
having a test that is able to quickly and accurately detect 
individuals with an active SARS-CoV-2 infection will 
prove to be essential and beneficial for years to come.

To detect an infection, a nucleic acid amplification 
test (NAAT), such as reverse transcription quantitative 
polymerase chain reaction (RT-qPCR), or an antigen test 
is performed. RT-qPCR works by detecting viral RNA 
in a respiratory sample, such as a nasal swab. To date, 
NAATs are considered the gold standard for detecting 
SARS-CoV-2 infections [3]. NAATs, such as RT-qPCR, 
have their share of pros and cons. For instance, given its 
highly sensitive nature, RT-qPCR will not only give posi-
tive results for those with an active SARS-CoV-2 infec-
tion, but it may presumably even give positive results for 
a long period of time thereafter [4]. More specifically, 
even after an individual is deemed noninfectious by pub-
lic health guidelines, one may remain RT-qPCR positive 
for 3 months [5]. RT-qPCR therefore may not be an opti-
mal indicator of infectivity, particularly when an individ-
ual is asymptomatic or remotely symptomatic. Moreover, 
RT-qPCR generally has a turnaround time of more than 
24  hours to perform, is expensive, and requires highly 
trained personnel [6]. Given this, RT-qPCR is somewhat 
limited in its utility in the acute setting, such as in an 
emergency department where it must be quickly decided 
which patients need to be isolated from others.

An ideal COVID-19 test is one with a quick turna-
round time, is inexpensive, does not require much tech-
nical expertise, and yet is accurate. As of this writing, 
there are more than 1,000 diagnostic tests commercially 
available worldwide, with varying test parameters such 
as target analyte and sample types [7]. One example of 
such a test is the Abbott BinaxNOW™ COVID-19 Ag 
Card (hereafter referred to as Binax-CoV2), a lateral flow 
immunoassay whose target antigen is the N-protein. The 
Binax-CoV2 test received Emergency Use Authorization 
(EUA) from the Food & Drug Administration (FDA) in 
2020 [8]. The Binax-CoV-2 test is listed as having a turna-
round time of under 30 min, a retail price of under $15, 
and can be completed at home without additional exper-
tise needed. In this study, we seek to characterize the per-
formance characteristics of the Binax-CoV2 test.

Previous studies have reported high values for the sen-
sitivity and specificity of the Binax-CoV2 test [9–11]. Of 
note, there is a lack of such studies conducted here in the 
Midwest. The primary aim of this study was to further 
evaluate the results of the Abbott BinaxNOW™ COVID-
19 Ag Card in comparison to the gold standard RT-qPCR 
in a different geographic population at two urban testing 

sites in the Midwest. Moreover, we sought to evaluate 
whether the presence or absence of symptoms impacted 
the utility of the rapid test. Because rapid antigen tests do 
not have an amplification step, we hypothesize that the 
Abbott BinaxNOW™ COVID-19 Ag Card will have more 
accurate results in individuals with higher viral loads and 
who are symptomatic than in individuals without symp-
toms and with lower viral loads, giving more false nega-
tives in these latter individuals.

Methods
This prospective convenience cohort study was per-
formed at two different testing sites in the city of Chicago 
on three separate days. The study was exempt from Insti-
tutional Review Board approval, as it was a quality assur-
ance project to assess the accuracy of a rapid COVID-19 
test. The study adhered to the tenets of the Declaration 
of Helsinki and the regulations of the Health Insurance 
Portability and Accountability Act of 1996.

Study design
COVID-19 testing events were held on three days in 
November and December of 2020. The first event was 
at a mobile testing site located near a large mall in Cal-
umet City, IL, and the second and third testing events 
were located in the emergency department (ED) of John 
H. Stroger, Jr. Hospital  of Cook County in Chicago, IL. 
An appointment was not needed to get tested, and any-
one was able to get tested. Testing was free of charge for 
participants without insurance. Upon arrival, participants 
were asked to self-report demographic information, insur-
ance type, presence or absence of symptoms, and whether 
they had recently been in known contact with an indi-
vidual with active COVID-19. During the first ED event, 
the screening questionnaire included an item asking 
whether the patient had received a prior positive COVID-
19 test within the past two weeks. Only the patients who 
provided informed consent to receive both the PCR and 
Binax-CoV2 tests were included in this validation study.

Specimen collection and processing
Two subsequent nasopharyngeal (NP) swabs of both nares 
were performed by trained staff, one set being for Binax-
CoV2 testing and the other for RT-qPCR testing. The Binax-
CoV2 assay was completed on-site, as described by the 
manufacturer [8], and results were read by trained staff. The 
specimens designated for RT-qPCR were taken back to John 
H. Stroger, Jr. Hospital of Cook County. RT-qPCR was then 
performed using either the Abbott RealTime SARS-CoV-2 
assay on the Abbott m2000 system or the Panther Fusion® 
SARS-CoV-2 assay on the Panther system, as previously 
described by the respective manufacturers [12, 13]. The 
Abbott RealTime SARS-CoV-2 assay is a dual target assay 
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for the RdRp and N genes, and the Panther Fusion® SARS-
CoV-2 assay is an assay for the ORF1ab gene. Participants 
were informed of their RT-qPCR results, but their Binax-
CoV2 results were not disclosed, as it was a validation test.

Analysis
Statistical analysis was performed using SPSS Statistics 
version 26 and Microsoft Excel. Several test parameters 
were calculated, as described below. Of note, the sensitiv-
ity and specificity analyzed in this manuscript were clinical 
parameters. Sensitivity is defined here as the ratio of sam-
ples with a positive Binax-Cov2 and a positive RT-qPCR 
to all samples with a positive RT-qPCR. Specificity was 
defined as the ratio of samples with a negative Binax-Cov2 
and a negative RT-qPCR to all samples with a negative 
RT-qPCR. Likewise, positive predictive value (PPV) was 
defined here as the ratio of samples with a positive Binax-
CoV2 and positive RT-qPCR to all those with a positive 

Binax-CoV2. Negative predictive value (NPV) was defined 
as the ratio of samples with a negative Binax-CoV2 and 
negative RT-qPCR to all those with a negative Binax-CoV2.

Results
Comparison of RT‑qPCR and Binax‑CoV2 in the community 
setting
At the community mobile unit testing site, a total of 302 
patients were tested for COVID-19 with both RT-qPCR 
and Binax-CoV2. Self-reported patient characteristics 
are listed in Table 1. Of these individuals, 42 (14%) were 
RT-qPCR–positive. Of the 42 RT-qPCR positive patients, 
30 were also positive for the Binax-CoV2 test. Fourteen 
(33%) of the RT-qPCR positive patients were asympto-
matic. With a prevalence of 14%, the Binax-CoV2 test 
performed with a sensitivity of 71.4% (95% confidence 
interval [CI], 55%–84%) and a specificity of 99.6% (95% 
CI, 98%–100%) (Table  2). This corresponds to a PPV of 

Table 1 Self‑reported characteristics of patients tested in the community and emergency department setting

Reported characteristics at the community setting include age, gender, race, ethnicity, insurance type, and presence or absence of symptoms. Reported characteristics 
at the emergency department setting include age, gender, and presence or absence of symptoms

Community Setting Emergency Department Setting
Characteristic n (%) n (%)

Total 302 (100) 88 (100)

Age Group (Years)

 ≤18 36 (12) 1 (<1)

 19‑34 42 (14) 19 (22)

 35‑49 85 (28) 24 (27)

 50‑64 60 (20) 33 (38)

 ≥65 79 (26) 11 (13)

Gender

 Female 160 (53) 34 (39)

 Male 142 (47) 54 (61)

Race

 White 172 (57) —

 African American / Black 69 (23) —

 Asian 15 (5) —

 American Indian / Alaskan Native 6 (2) —

 Native Hawaiian / Pacific Islander 1 (<1) —

 Other 39 (13) —

Ethnicity

 Hispanic / Latino / Spanish Origin 24 (8) —

 Non‑Hispanic / Latino / Spanish Origin 278 (92) —

Insurance Type

 Self‑Pay 175 (58) —

 Private 97 (32) —

 Public 30 (10) —

Symptomatology

 Symptomatic 84 (28) 15 (17)

 Asymptomatic 218 (72) 73 (83)
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0.97 (0.83–1.00) and a NPV of 0.96 (0.92–0.98). In symp-
tomatic patients, performance of the Binax-CoV2 test 
translated to 79% sensitivity, 98% specificity, 0.96 PPV, 
and 0.90 NPV, in comparison to the asymptomatic group 
with 57% sensitivity, 100% specificity, 1.00 PPV and 0.77 
NPV.

Of the 42 RT-qPCR positive patients, 30 were tested 
with the Abbott RT-qPCR test and 12 were tested with 
the Hologic RT-qPCR test. The Abbott test provides data 
on cycle threshold (Ct) values, but Hologic testing does 
not. Therefore, based on data with Abbott testing, we 
stratified Binax-CoV2 results by Ct value (Fig. 1A). When 
taking patients only with Ct < 20, sensitivity of Binax-
CoV2 improves to 95.5%. Furthermore, taking patients 
that are both symptomatic and have Ct < 20, the Binax-
CoV2 test reaches 100% sensitivity.

Comparison of RT‑qPCR and Binax‑CoV2 in the emergency 
department setting
 A total of 88 patients were tested for COVID-19 in the 
ED on two different testing dates, with both RT-qPCR 
and Binax-CoV2. Self-reported patient characteristics 
are listed in Table 1. Of these, 17 (19%) individuals were 
RT-qPCR positive, and 10 were Binax-CoV2–positive 
(Table  3). Thus, with a prevalence of 19%, the Binax-
CoV2 test performed with 53% sensitivity and 99% 
specificity  in the ED setting. Analysis was also per-
formed based on symptomatology. Binax-CoV2 sen-
sitivity was 60% for symptomatic patients compared 
to 38% for asymptomatic patients. Since patients from 
the first ED event provided information regarding posi-
tive COVID-19 tests in the past two  weeks, we fur-
ther stratified this subset of patients. After removing 

patients that had tested positive for COVID-19 in the 
two weeks prior, sensitivity of Binax-CoV2 improved 
from 43 to 71%. As patients in the ED were all tested 
with Hologic RT-qPCR, data was not available to per-
form Ct-based analysis.

Discussion
The COVID-19 pandemic has posed a major challenge 
in the need to rapidly identify cases in order to inform 
quarantine and isolation practices. Current gold standard 
RT-qPCR tests may remain positive for up to 3 months 
after an original diagnosis [14]. This phenomenon cre-
ates challenges in directing isolation measures when indi-
viduals require a negative test to return to work or other 
activities. However, as seen here and elsewhere, rapid 
antigen tests maintain acceptable levels of sensitivity and 
specificity while also correlating with Ct values, a marker 
for infectivity.

A number of studies have correlated Ct values with 
infectivity of SARS-CoV-2 [15–17]. Since Ct refers to 
the number of RT-qPCR cycles required to exceed back-
ground levels of detectable signal, higher Ct values are 
associated with lower viral load, which translates to less 
infectivity and lower risk of transmission. In the hospi-
tal setting, patients with a Ct value above 33 have been 
deemed noncontagious [17]. Another study focused on a 
community setting demonstrated a Ct value of 30 as the 
threshold for transmissibility [9].

In this study, we report a Ct cutoff of 20 for optimal 
performance of the Binax-CoV2 assay. We chose this 
more conservative threshold as it correlates with a sen-
sitivity of > 95%. As demonstrated in Fig. 1B, a Ct of 20 is 
the threshold at which our data demonstrate a transition 

Table 2 Binax‑CoV2 performance characteristics in the community setting

Abbreviations: Binax-CoV2 Abbott BinaxNOW™ COVID-19 Ag Card, RT-qPCR reverse transcription quantitative polymerase chain reaction, CI confidence interval, PPV 
positive predictive value, NPV negative predictive value

Community Department Setting

Binax‑CoV2 
Result

RT‑PCR (+) 
Patients

RT‑PCR (‑) 
Patients

Prevalence Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV NPV Total

All patients Positive 30 1 0.14 0.71 (0.55–
0.84)

0.996 (0.98–1.00) 0.97 (0.83–1.00) 0.96 (0.92–0.98) 31

Negative 12 259 – – – – – 271

Total 42 260 302

Symptomatic 
patients

Positive 22 1 0.33 0.79 (0.59–0.92) 0.98 (0.90–1.00) 0.96 (0.78–1.00) 0.90 (0.80–0.96) 23

Negative 6 55 – – – – – 61

Total 28 56 84

Asympto‑
matic patients

Positive 8 0 0.06 0.57 (0.29–0.82) 1.00 (0.98–1.00) 1.00 (0.63–1.00) 0.97 (0.94–0.99) 8

Negative 6 204 – – – – – 210

Total 14 204 218
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Fig. 1 Binax‑CoV2 performance based on Cycle Threshold (Ct) cutoffs. A Bar graphs represent the sensitivity of the Binax‑CoV2 assay at various Ct 
thresholds. Performance of the assay is optimized at Ct < 20, where sensitivity is > 95%. B Ct value of all patient samples from the community setting 
included in the Ct analysis, plotted in ascending order. Blue circles represent Binax‑CoV2–positive samples; orange squares represent Binax‑CoV2–
negative samples. Asymptomatic patients are indicated by open symbols, and symptomatic patients are indicated by filled symbols

Table 3 Binax‑CoV2 performance characteristics in the emergency department setting

Abbreviations: Binax-CoV2 Abbott BinaxNOW™ COVID-19 Ag Card, RT-qPCR reverse transcription quantitative polymerase chain reaction, CI confidence interval, PPV 
positive predictive value, NPV Negative predictive value
a Excluding patients that had a prior positive COVID-19 test in the previous 2 weeks

Emergency Department Setting

Binax‑CoV2 
Result

RT‑PCR (+) 
Patients

RT‑PCR (‑) 
Patients

Prevalence Sensitivity Specificity PPV NPV Total

All patients Positive 9 1 0.19 0.53 0.99 0.90 0.90 10

Negative 8 70 – – – – – 78

Total 17 71 88

Symptomatic 
patients

Positive 3 0 0.33 0.60 1.00 1.00 0.83 3

Negative 2 10 – – – – – 12

Total 5 10 15

Asympto‑
matic patients

Positive 6 0 0.22 0.38 1.00 1.00 0.85 6

Negative 10 57 – – – – – 67

Total 16 57 73

ED Event 1 Positive 6 1 0.29 0.43 0.97 0.86 0.80 7

Negative 8 33 – – – – – 41

Total 14 34 48

ED Event  1a Positive 5 1 0.18 0.71 0.97 0.83 0.94 6

Negative 2 31 – – – – – 33

Total 7 32 39
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to false negative results as reported by the assay. Further-
more, patients are more likely to present with symptoms 
at Ct < 20 vs Ct > 20 (78% vs 57%, respectively). Thus, a 
cutoff of Ct 20 better aligns with clinical suspicion deriv-
ing from symptomatic presentation. Although we report 
a Ct cutoff of 20 for optimal performance, it is true that 
individuals with Ct up to 30 may have transmissible virus. 
However, the probability of transmission is likely lower in 
individuals with a higher Ct because of suspected lower 
viral load. Our data demonstrate that the Binax-CoV2 
assay is highly unlikely to yield a false negative result in 
patients with Ct < 20. Thus, the questionable territory is 
when a negative Binax-CoV2 results in a sample that has 
Ct > 20. In these cases, a PCR test may be needed to con-
firm, and higher suspicion is warranted if the patient is 
symptomatic. Nevertheless, at Ct < 20 one can have high 
confidence in the test results.

Other studies examining the Panbio COVID-19 test 
(another commercially available rapid antigen test) 
report a similar Ct threshold for optimal performance 
[18–20]. In a study by Pilarowski et  al., the authors 
reported a sensitivity of 93.3% for the Binax-CoV2 assay 
at a Ct < 30 [9]. At the same Ct cutoff in our study, sensi-
tivity was only 75.9%. This difference could be attributed 
to multiple factors. First, sample size in our study (302) 
was about one-third that of Pilarowski et al.’s (878). Next, 
our study population consisted of a greater fraction of 
symptomatic individuals (28% vs 16%). This could sug-
gest that patients in our sample were more susceptible 
to clinical display of SARS-CoV-2 infection, given that 
the Binax-CoV2 was less accurate in ruling out infection 
at lower viral loads. In a study by Kuo et al., the authors 
report a positive percent agreement (PPA) of 47% for the 
Binax-CoV2 test with two different RT-qPCR tests [21]. 
However, the study also shows that PPA was 100% for 
samples at Ct < 25. When accounting for dilutional effects 
of the samples, the authors predict PPA improves up to 
Ct 28–29.5. This is in agreement with the findings of our 
study that Binax-CoV2 performs better at higher viral 
loads and thus lower Ct thresholds. Higher Ct cutoffs 
in the Kuo et al. study could possibly be due to the fact 
that samples were taken from NP swabs, mid-turbinate 
nasal swabs, and anterior nasal swabs, whereas our study 
consisted of samples solely from NP swabs. The greater 
selection of swabs in Kuo’s study likely provided more 
samples with lower viral load, thereby necessitating a 
higher Ct value.

Given that these rapid antigen tests perform best in 
the setting of lower Ct and higher viral load, they will 
be most effective for informing clinicians of whether a 
patient is actively shedding the virus. This was also dem-
onstrated by our data from the first ED testing event. 

After removing patients that had received a prior positive 
COVID-19 test, sensitivity of the Binax-CoV2 improved 
drastically. This is mainly due to the removal of patients 
that were testing negative on the  Binax-CoV2  test but 
were  still PCR positive. We thus pose the question of 
whether rapid antigen tests should be considered first-
line in the diagnosis of COVID-19. The results of rapid 
antigen tests provide more reliable results on the infec-
tious status of the individual. If the results of the diagnos-
tic test will inform quarantine protocols, then infectivity 
should be the main consideration rather than the mere 
presence or absence of the virus. Thus, the test is not 
simply sacrificing accuracy for speed and cost but rather 
providing meaningful insight on the test result itself. For 
example, patients who recovered from COVID-19 may 
test positive on RT-qPCR tests for months afterward [22]. 
Even though there is no longer active, clinically infectious 
virus present, the RT-qPCR test may still report a posi-
tive result. However, a rapid antigen test is much more 
likely to report a negative result in this instance. There-
fore, rapid antigen tests better predict our course of clini-
cal action and should be considered for first-line use in 
the diagnosis of SARS-CoV-2 infection. They do not 
simply sacrifice but rather better demonstrate clinical 
parameters such as infectivity.

Based on these findings, we propose that rapid anti-
gen tests such as the Binax-CoV2 assay should be uti-
lized as first-line testing for COVID-19. If the test is 
positive, it is quite likely a true positive, so standard 
isolation measures should be taken. If the test is nega-
tive, however, then contextual information such as 
recent exposures and the presence of symptoms should 
be used in combination with a subsequent RT-qPCR 
test. This is supported by the findings in our study that 
in both the community and ED setting, Binax-CoV2 
sensitivity was greater in the symptomatic cohort. This 
not only helps to streamline testing but also yields cost 
benefit. Further studies on rapid antigen tests could 
examine cost models to explore this impact.

Despite the findings of this study, a number of limi-
tations must be recognized. First, as the Binax-CoV2 
assay is examined by visual interpretation, results 
may be subjective. Second, not all patients who were 
Binax-CoV2–positive had Ct data due to some patients 
receiving the Hologic RT-qPCR test. This could poten-
tially bias the data. Next, the  symptom questionnaires 
did not report days between symptom onset and test-
ing. This has the potential to be a confounding vari-
able, as a shorter duration between symptom onset 
and testing would be more likely to yield both a posi-
tive Binax-CoV2 and RT-qPCR result. Finally, within 
the emergency department setting, the available sample 
size was modest.
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As new variants continue to emerge, and as the pandemic 
continues to evolve, the utility and accuracy of such rapid 
tests will continue to be discussed. As such, new studies 
examining the clinical parameters with new variants and 
diverse populations would certainly be warranted.
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