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ABSTRACT The COVID-19 pandemic has increased use of rapid diagnostic tests (RDTs).
In winter 2021 to 2022, the Omicron variant surge made it apparent that although RDTs
are less sensitive than quantitative reverse transcription-PCR (qRT-PCR), the accessibility,
ease of use, and rapid readouts made them a sought after and often sold-out item at local
suppliers. Here, we sought to qualify the Abbott BinaxNOW RDT for use in our university
testing program as a method to rule in positive or rule out negative individuals quickly at
our priority qRT-PCR testing site. To perform this qualification study, we collected additional
swabs from individuals attending this site. All swabs were tested using BinaxNOW. Initially
as part of a feasibility study, test period 1 (n = 110) samples were stored cold before testing.
In test period 2 (n = 209), samples were tested immediately. Combined, 102/319 samples
tested severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) positive via qRT-PCR.
All sequenced samples were Omicron (n = 92). We calculated 53.9% sensitivity, 100%
specificity, a 100% positive predictive value, and an 82.2% negative predictive value
for BinaxNOW (n = 319). Sensitivity would be improved (75.3%) by changing the qRT-
PCR positivity threshold from a threshold cycle (CT) value of 40 to a CT value of 30. The
receiver operating characteristic (ROC) curve shows that for qRT-PCR-positive CT values
of between 24 and 40, the BinaxNOW test is of limited value diagnostically. Results suggest
BinaxNOW could be used in our setting to confirm SARS-CoV-2 infection in individuals with
substantial viral load, but a significant fraction of infected individuals would be missed if we
used RDTs exclusively to rule out infection.

IMPORTANCE Our results suggest BinaxNOW can rule in SARS-CoV-2 infection but
would miss infections if RDTs were exclusively used.

KEYWORDS SARS-CoV-2, COVID-19, rapid diagnostic tests, Omicron, antigen, anterior
nares, BinaxNow, RT-PCR

Experience in the winter of 2020 suggested that 2021 fall/winter holiday travel would
also lead to an increase in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

positivity rates (1). This prediction was confirmed when holiday travel coupled with the
emergence of the WHO-defined Omicron variant (PANGO lineage B.1.1.529) initiated un-
precedented levels of infection beginning in December of 2021. Omicron accounted for
most cases in the United States a few weeks after it was first detected in the United States
on 1 December 2021 (2–4). The Omicron surge overwhelmed many existing quantitative
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reverse transcription-PCR (qRT-PCR) diagnostic sites, driving an increased use of rapid diag-
nostic tests (RDTs). These tests rely on viral antigen detection and were developed to recog-
nize SARS-CoV-2 variants that existed before the appearance of the highly mutated Omicron
lineage.

The Abbott BinaxNOW COVID-19 antigen self-test (BinaxNOW; Abbott, Des Plaines, IL)
(nucleocapsid protein target) has been at the forefront of rapid diagnostic testing in the
United States. However, the debate about effectiveness of these tests in different use cases
has led to efforts to track their specificity and sensitivity as new variants emerge (5–10). At
the time of this study, there are an Omicron limit of detection (LOD) dilution study (11) and
a selective study focused on reported lower limits of detection (LLOD) threshold cycle (CT)
value ranges for BinaxNOW (12). These studies suggested that there was analytical strength
in the RDT, but also suggested a limited range of viral loads in which the assays consistently
returned positive results from PCR-positive samples. Two additional studies look at a broader
range of SARS-CoV-2 RDTs, including a 15-day study of individuals with no symptoms com-
paring WHO-defined Delta (PANGO lineages B.1.617.2/AY.X) and Omicron on 3 RDTs (13)
and a study testing previously PCR-tested frozen samples on 5 different RDTs (14).

In January and February of 2022, the Boston University Clinical Testing Laboratory
(BU CTL) was testing all members of the BU campus community at least once a week using
qRT-PCR as reported previously (15, 16). Symptomatic individuals, previously positive individ-
uals scheduled for follow on testing, or those deemed close contacts can elect to take a test
at any time and are directed to a special priority testing site at the BU Health Services Annex.
As a continuing improvement exercise aimed at reducing cost and speeding turnaround time
for testing at this site, we investigated whether the BinaxNOW test could be used effectively.
The investigation focused on whether RDT use could provide a rapid rule-in or rule-out of
SARS-CoV-2 infection in this population.

To assess the differential sensitivity for SARS-CoV-2 detection between our qRT-PCR test
and BinaxNOW RDTs, we collected an additional swab from a series of individuals attending
our test site described above. These extra swabs were tested using BinaxNOW tests. Two sets
of samples for RDT testing were collected during test period 1 and test period 2. The first set
of additional swabs were collected and refrigerated, and all were tested at the end of the
study period, while a second (and larger) set of additional swabs were tested on site with no
storage within 15 min of collection. The results from these matched swabs were compared to
qRT-PCR results. All positive samples were sequenced to determine the SARS-CoV-2 variant.

RESULTS AND DISCUSSION

In the first test period (10 to 12 January 2022), 48/110 matched swabs were positive
for COVID-19 by the standard-of-care qRT-PCR test. The CT values for the positive samples
ranged between 11.7 and 38.8 for N1 and 11.7 and 38.8 for N2 (Fig. 1A). Using the BU CTL
qRT-PCR test as the “gold standard,” the BinaxNOW tests detected 25/48 positive results and
62/62 negative results (Table 1 and see Fig. S2 in the supplemental material), leading to a
calculated sensitivity of 52.1% (95% confidence interval [CI], 37.4 to 66.5%), specificity of 100%
(95% CI, 92.7 to 100%), a positive predictive value (PPV) of 100% (95% CI, 83.4 to 100%), and a
negative predictive value (NPV) of 72.9% (95% CI, 62.0 to 81.7%).

In the second test period (7 to 11 and 14 to 17 February 2022), 54/209 matched
swabs were positive for COVID-19 by the qRT-PCR test. The CT values for the positive
samples were between 11.8 and 39.0 for N1 and 12.2 and 39.0 for N2 (Fig. 1B). This resulted
in a calculated sensitivity of 55.6% (95% CI, 41.5 to 68.9%), specificity of 100% (95% CI, 97.0
to 100%), a PPV of 100% (95% CI, 85.9 to 100%), and an NPV of 86.6% (95% CI, 80.5 to 91.1%)
(Table 1 and Fig. S2).

A total of 100 positive samples had enough residual material after testing for sequencing:
92/100 were successfully sequenced and 100% (n = 92) were the Omicron variant (Tables S1
and S2). This result was expected, as Omicron was known to be the dominant variant in
Boston during the test periods.

The mean and standard deviation were similar for both test periods (Table S3). Statistically
there is no difference between the test periods for the N1 target (Kruskal-Wallis test). There
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was a small but significant difference between the two sample collection groups for the N2
target. The combined data set from the two study periods yielded a sensitivity of 53.9%
(95% CI, 43.8 to 63.7%), specificity of 100% (95% CI, 97.8 to 100%), PPV of 100% (95% CI,
91.9 to 100%), and an NPV of 82.2% (95% CI, 76.9 to 86.5%) (Table 2). The combined CT val-
ues for positive samples range between 11.6 and 39.8 N1 and 11.7 and 39.0 N2 (Fig. 1C).

The sensitivity calculations depend heavily on established criteria for positivity. The
cutoff for a positive result for the BU CTL qRT-PCR test is a CT value of #40 for one or both
N1 and N2 targets. Others have advocated for using a lower CT value, reasoning individuals
who have higher CT values may not transmit virus (17, 18). For example, Pilarowski, et al. use
a CT cutoff of 30 for positivity (Table S4) (5). Using that cutoff for our combined data set, our

FIG 1 Plots showing the qRT-PCR-positive sample CT values by target. (A) In test period 1, the BinaxNOW RDTs were positive for CT values from 11.7 to 26.0 for N1 and
11.7 to 26.3 for N2. The BinaxNOW RDT-negative tests had CT values from 23.6 to 39.8 for N1 and 24.3 to 38.8 for N2. The average CT for N1 is 24.3 with a standard
deviation of 8.0. The average CT for N2 is 24.2 with a standard deviation of 7.7. (B) In test period 2, the BinaxNOW RDTs were positive for CT values from 11.9 to 24.9
for N1 and 12.3 to 25.6 for N2. The BinaxNOW RDT-negative tests had CT values from 20.7 to 39.0 for N1 and 21.0 to 39.0 for N2. The average CT for N1 is 23.6 with a
standard deviation of 7.9. The average CT for N2 is 22.7 with a standard deviation of 7.5. (C) The combined data set has an average CT for N1 of 23.9 with a standard
deviation of 7.9. The average CT for N2 is 23.4 with a standard deviation of 7.6. (D) ROC curve for qRT-PCR versus BinaxNOW of the combined data set using qRT-PCR
CT values of #40 as the gold standard. Within each qRT-PCR target N1 and N2, data for panels A, B, and C are summarized in Table S3.
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revised sensitivity would be 75.3%, specificity 100%, PPV 100%, and NPV 93.2% (Table 2).
In either case, the sensitivity is significantly lower than the initially published 93.3% for
BinaxNOW (5).

Here, the BinaxNOW RDT returned variable test results at CT values between 20.7 and
26.0 for N1 and 21.0 to 26.3 for N2 (Fig. 1C). The mean CT value is 17.7 with a standard devia-
tion of 3.4 for N1 and mean CT value is 17.9 with a standard deviation of 3.4 for N2 when
both qRT-PCR and BinaxNOW are positive (Table S3). From the data, samples with a CT lower
than 24 are highly likely to test positive on the BinaxNOW RDT. These results are consistent
with a smaller study on an Omicron outbreak that paired saliva samples tested with RT-PCR
and nasal rapid antigen tests (Quidel QuickVue at-home OTC COVID-19 test and Abbott
BinaxNOW COVID-19 antigen self-test) (19).

Figure 1D shows a receiver operating characteristic (ROC) curve constructed for the
full data set. The maximum Youden index for the ROC curve identifies where both sen-
sitivity and specificity are at maximum (20, 21). A Youden index of 0.96 corresponds to
a CT of 24 for the qRT-PCR cycle cutoff (Fig. 1D). This result provided important information
regarding our ability to implement BinaxNOW antigen-based testing as a surrogate for qRT-
PCR testing. A cutoff value of 24 for qRT-PCR is below the average CT value reported for
both Delta and Omicron variants (5, 6, 8, 9, 12, 13), suggesting that RDT testing alone would
be insufficient to maintain control of spread in our community (Table S5). Thus, the conclu-
sion of our qualification study was that it is not possible to use the BinaxNOW test alone to
replace qRT-PCR in our testing site for ruling out positive individuals. We estimate that had
we only used the RDT, we would have missed 46% of the cases.

It was already known, and expected, that RDTs, like BinaxNOW, have a lower sensitivity
than qRT-PCR for detecting SARS-CoV-2 (5–10). The data presented here extend this conclu-
sion to include a real-world application where almost all the cases were confirmed to be the
Omicron variant. As more data emerge linking transmission rates with viral loads, more solid
conclusions will be made about the best-use cases for RDTs. Until that time, it is still prudent
to be cautious about a negative BinaxNOW test, especially when symptoms are present.

TABLE 2 Combined data set sensitivity with various CT cutoffs

Parameter

% Sensitivity

All data
BU CTL classification
(CT £ 40)

Pilarowski et al. classification
(CT £ 30)a

ROC curve
(CT £ 24)

Sensitivity 53.9 53.9 75.3 94.8
aFor details, see reference 5.

TABLE 1 Two-by-two table for qRT-PCR and BinaxNOWmatched samples with BU Clinical
Testing Laboratory classification

Parametera

No. (%) of samples

RT-PCR+ (CT < 40) RT-PCR2 (CT > 40) Total
Test period 1
Binax1 25 (22.7) 0 (0) 25 (22.7)
Binax2 23 (20.9) 62 (56.4) 85 (77.3)
Total 48 (43.6) 62 (56.4) 110

Test period 2
Binax1 30 (14.4) 0 (0) 30 (14.4)
Binax2 24 (11.5) 155 (74.2) 179 (85.6)
Total 54 (25.8) 155 (74.2) 209

Combined
Binax1 55 0 55
Binax2 47 217 264
Total 102 217 319

aIn test period 1, the RDTwas run after swabs were in cold storage, and in test period 2, the RDTwas run in real time.
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Limitations of this study include the relatively small sample size compared to other
studies of the BinaxNOW RDT earlier in the pandemic (6). The disease prevalence at our
clinic measured by qRT-PCR on the first 2 days of testing was approaching 50% and for the
second round of testing was about 25%. Recall that this site was biased toward symptomatic
individuals and close contacts of known cases. The mean prevalence during the first test
period in our entire population (approximately 40,000 people) was 5.0%, and in the second
test period it was 0.9%.

It is also important to note that we asked individuals to swab each nostril twice, and the
swab for the BinaxNOW test was always taken second. It is possible that less material was
present on the swabs taken for the RDT, which could account for some of the lower sensitiv-
ity. Finally, we would like to note that 19 individuals were tested more than once, and thus,
our combined data set includes 319 matched samples from 300 individuals. We do know
that the 19 individuals who tested two or more times never tested positive more than once.
Future research for antigen-based RDTs can provide a better understanding of what impacts
the detectable range of these tests.

To be sure, tests like BinaxNOW are valuable tools, as they provide immediate results,
require no instrumentation, and are highly effective at rule-in diagnosis. However, there is
still an unmet need for more sensitive rapid diagnostics for SARS-CoV-2 that could augment
qRT-PCR testing at times of high demand.

MATERIALS ANDMETHODS
Sample collection. Participants in the qRT-PCR testing program were asked to give a second swab

in a sequential manner as they arrived at the BU Health Services Annex for their scheduled appointment.
At this site, the qRT-PCR sample is collected from the anterior nares (AN) with an ORAcollect�RNA swab
(DNA Genotek, Inc., ON, Canada) (22). Our Emergency Use Authorization (EUA) application specifies use
of the ORAcollect�RNA swab as a swab based on past authorization (23). Each participant provided one
additional AN swab immediately after they provided their initial swab for the routine qRT-PCR test. The
additional matched AN swab was taken using a Puritan sterile foam-tipped applicator (Puritan, Guilford,
ME) swab that was placed into a dry, sterile 15-mL conical tube. Individuals swabbed both nostrils while
observed by on-site testing personnel. Individuals testing at this location can be symptomatic, a close
contact of a positive individual, or a suspected positive individual coming for a confirmatory test.

Qualification testing of the BinaxNOW RDT was first conducted on 10 and 12 January 2022. In this study, in
test period 1, 110 sets of paired AN swabs were collected from 106 individuals (4 individuals tested on both
dates) as observed self-collections (110 ORAcollect�RNA swabs for PCR and 110 Puritan swabs for BinaxNOW
tests). Matched samples collected for the RDT were stored at the end of each collection day at 4°C, and a sub-
set were initially tested on 13 January with the BinaxNOW RDT. Since this was a qualification study, in test pe-
riod 1, we prioritized and preferentially tested the qRT-PCR SARS-CoV-2-positive samples and 5 select negative
samples on 13 January. The remaining samples were all negative by qRT-PCR. The SARS-CoV-2 qRT-PCR-nega-
tive samples (Puritan swabs) were stored at280°C until they were run on the BinaxNOW RDT on 23 January.

Later, to ensure that storing samples overnight before testing with the BinaxNOW RDT did not affect the
results, we did follow-on testing on 7 to 11 February and 14 to 17 February 2022 (23). During this period, test
period 2, samples were collected using the protocol described above, but the BinaxNOW RDTs were run in real
time within 15 min of sample collection at the BU Health Services Annex. There was no cold storage for the
swabs used for the BinaxNOW RDTs. In this test period, 209 sets of paired AN swabs were collected from 195
individuals (14 individuals tested more than once in this test period) as observed self-collections.

Altogether, 319 sets of paired swabs were collected during the two test periods from 300 individuals
(19 individuals tested more than once during the combined study periods). A timeline of the two test
periods details the collection, cold storage, and testing (see Fig. S1 in the supplemental material).

We received clearance from the BU Charles River Campus IRB to publish the results, as the work was
ruled not human subjects research because we were evaluating the performance of the test and not
accessing personal health information from the individuals (BU CRC IRB exemption no. 6402X).

qRT-PCR testing. ORAcollect�RNA swabs were processed, extracted, and tested by qRT-PCR at the
BU CTL as detailed by Landaverde et al. (15). The BU CTL laboratory developed test detects N1 and N2 tar-
gets and RNase P as a human RNA control. All qRT-PCR tests for this work were performed individually, and
none were pooled.

Abbott BinaxNOW COVID-19 antigen self-test. In the first test period, the additional matched AN
swabs were stored as described above and subsequently tested using the manufacturer’s instructions. Briefly,
6 drops of the provided buffer were added, the swab was inserted into the BinaxNOW card and rotated 3 times
clockwise, and then the card was sealed with the integrated adhesive strip. After 15 min, the test was read
from the results window, and a photograph of the result was taken as a record of the test. A positive control
provided in the kit was run on a separate test card to confirm the validity of the test kit. In the second test pe-
riod, the additional matched AN swabs were tested at the site according to the manufacturer’s instructions
within 15 min of collection.

SARS-CoV-2 sequencing. Whole-genome sequencing was performed on RNA extracted from all qRT-
PCR-positive samples using the excess discarded ORAcollect�RNA solution. Sequencing was performed using
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the Illumina COVIDSeq assay (Illumina, San Diego, CA), and sequences were run on an Illumina NextSeq 500
(24). Full-length genomes for each amplified sample were then assembled through alignment to the Wuhan-
Hu-1 reference sequence (NC_045512.2) (25) using Bowtie2 (26). Nucleotide substitutions, insertions, and dele-
tions were identified with LoFreq (27) Lineage assignment for each genome was carried out using PANGO
v.4.0.6 and PANGO data v.1.9 (28).

Data analysis. Data analysis was performed in MATLAB (MathWorks, Natick, MA). The sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and ROC curve were determined for
the BinaxNOW RDT using the qRT-PCR test as the “gold standard.”

Data availability. The sequenced genomic data have been deposited in GISAID (www.gisaid.org).
The data are available upon request.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 2.7 MB.
SUPPLEMENTAL FILE 2, CSV file, 0 MB.

ACKNOWLEDGMENTS
We thank the BU Healthway Collection staff, the technicians, technologists, and lab

managers of the BU CTL, and those who commented helpfully on our preprint.
This work was supported by Boston University. There was no external funding for

this work.
C.K. is a cofounder of Biosens8, Inc. J.H.C. is a consultant for Cell Signaling Technologies.

The other authors declare no conflict of interest.

REFERENCES
1. Mehta SH, Clipman SJ, Wesolowski A, Solomon SS. 2021. Gatherings, mobility

and SARS-CoV-2 transmission: results from 10 US states following Thanksgiv-
ing. Sci Rep 11:17328. https://doi.org/10.1038/s41598-021-96779-6.

2. Centers for Disease Control and Prevention. 2021. First confirmed case of
Omicron variant detected in the United States. https://www.cdc.gov/media/
releases/2021/s1201-omicron-variant.html. Accessed 30 January 2022.

3. Pulliam JRC, van Schalkwyk C, Govender N, von Gottberg A, Cohen C,
Groome MJ, Dushoff J, Mlisana K, Moultrie H. 2021. Increased risk of SARS-
CoV-2 reinfection associated with emergence of the Omicron variant in
South Africa. medRxiv. https://www.medrxiv.org/content/10.1101/2021.11
.11.21266068v2.

4. Venkatakrishnan AJ, Anand P, Lenehan PJ, Suratekar R, Raghunathan B,
Niesen MJM, Soundararajan V. 2021. Omicron variant of SARS-CoV-2 har-
bors a unique insertion mutation of putative viral or human genomic ori-
gin. OSF Preprints. https://osf.io/f7txy/. Accessed 30 January 2022.

5. Pilarowski G, Lebel P, Sunshine S, Liu J, Crawford E, Marquez C, Rubio L,
Chamie G, Martinez J, Peng J, Black D, Wu W, Pak J, Laurie MT, Jones D,
Miller S, Jacobo J, Rojas S, Rojas S, Nakamura R, Tulier-Laiwa V, Peterson
M, Havlir DV, CLIAHUB Consortium, DeRisi J. 2020. Performance characteris-
tics of a rapid SARS-CoV-2 antigen detection assay at a public plaza testing
site in San Francisco. medRxiv. http://medrxiv.org/lookup/doi/10.1101/2020
.11.02.20223891. Accessed 30 January 2022.

6. Pollock NR, Jacobs JR, Tran K, Cranston AE, Smith S, O’Kane CY, Roady TJ,
Moran A, Scarry A, Carroll M, Volinsky L, Perez G, Patel P, Gabriel S,
Lennon NJ, Madoff LC, Brown C, Smole SC. 2021. Performance and imple-
mentation evaluation of the Abbott BinaxNOW rapid antigen test in a
high-throughput drive-through community testing site in Massachusetts.
J Clin Microbiol 59:e00083-21. https://doi.org/10.1128/JCM.00083-21.

7. Prince-Guerra JL, Almendares O, Nolen LD, Gunn JKL, Dale AP, Buono SA,
Deutsch-Feldman M, Suppiah S, Hao L, Zeng Y, Stevens VA, Knipe K, Pompey J,
Atherstone C, Bui DP, Powell T, Tamin A, Harcourt JL, Shewmaker PL, Medrzycki
M, Wong P, Jain S, Tejada-Strop A, Rogers S, Emery B, Wang H, Petway M,
Bohannon C, Folster JM, MacNeil A, Salerno R, Kuhnert-Tallman W, Tate JE,
Thornburg NJ, Kirking HL, Sheiban K, Kudrna J, Cullen T, Komatsu KK, Villanueva
JM, Rose DA, Neatherlin JC, Anderson M, Rota PA, Honein MA, Bower WA. 2021.
Evaluation of Abbott BinaxNOW rapid antigen test for SARS-CoV-2 infection at
two community-based testing sites—Pima County, Arizona, November 3–17,
2020. MMWR Morb Mortal Wkly Rep 70:100–105. https://doi.org/10.15585/
mmwr.mm7003e3.

8. Perchetti GA, Huang M-L, Mills MG, Jerome KR, Greninger AL. 2021. Analytical
sensitivity of the Abbott BinaxNOW COVID-19 Ag card. J Clin Microbiol 59:
e02880-20. https://doi.org/10.1128/JCM.02880-20.

9. Sood N, Shetgiri R, Rodriguez A, Jimenez D, Treminino S, Daflos A, Simon
P. 2021. Evaluation of the Abbott BinaxNOW rapid antigen test for SARS-
CoV-2 infection in children: implications for screening in a school setting.
PLoS One 16:e0249710. https://doi.org/10.1371/journal.pone.0249710.

10. James AE, Gulley T, Kothari A, Holder K, Garner K, Patil N. 2022. Perform-
ance of the BinaxNOW coronavirus disease 2019 (COVID-19) antigen card test
relative to the severe acute respiratory coronavirus virus 2 (SARS-CoV-2) real-
time reverse transcriptase polymerase chain reaction (rRT-PCR) assay among
symptomatic and asymptomatic healthcare employees. Infect Control Hosp
Epidemiol 43:99–101. https://doi.org/10.1017/ice.2021.20.

11. Regan J, Flynn JP, Choudhary MC, Uddin R, Lemieux J, Boucau J, Bhattacharyya
RP, Barczak AK, Li JZ, Siedner MJ. 2021. Detection of the omicron variant vi-
rus with the Abbott BinaxNow SARS-CoV-2 rapid antigen assay. medRxiv.
https://www.medrxiv.org/content/10.1101/2021.12.22.21268219v1.

12. Kanjilal S, Chalise S, Shah AS, Cheng C-A, Senussi Y, Springer M, Walt DR.
2022. Analytic sensitivity of the Abbott BinaxNOW lateral flow immuno-
chromatographic assay for the SARS-CoV-2 Omicron variant medRxiv.
https://www.medrxiv.org/content/10.1101/2022.01.10.22269033v1.

13. Soni A, Herbert C, Filippaios A, Broach J, Colubri A, Fahey N, Woods K,
Nanavati J, Wright C, Orwig T, Gilliam K, Kheterpal V, Suvarna T, Nowak C,
Schrader S, Lin H, O’Connor L, Pretz C, Ayturk D, Orvek E, Flahive J, Lazar P, Shi
Q, Achenbach C, Murphy R, Robinson M, Gibson L, Stamenga P, Hafer N,
Luzuriaga K, Barton B, Heetderks W, Manabe YC, McManus D, RADx Clinical
Studies Core Team, Test Us At Home Investigators. 2022. Comparison of rapid
antigen tests’ performance between Delta (B.1.61.7; AY.X) and Omicron
(B.1.1.529; BA1) variants of SARS-CoV-2: secondary analysis from a serial home
self-testing study. medRxiv. https://www.medrxiv.org/content/10.1101/2022
.02.27.22271090v2. Accessed 14March 2022.

14. Bayart J-L, Degosserie J, Favresse J, Gillot C, Didembourg M, Djokoto HP,
Verbelen V, Roussel G, Maschietto C, Mullier F, Dogné J-M, Douxfils J. 2022. Ana-
lytical sensitivity of five SARS-CoV-2 rapid antigen tests for Omicron versus Delta
variant. Preprints. https://www.preprints.org/manuscript/202203.0010/v1.
Accessed 14 March 2022.

15. Landaverde L, McIntyre D, Robson J, Fu D, Ortiz L, Chen R, Oliveira SMD,
Fan A, Barrett A, Burgay SP, Choate S, Corbett D, Doucette-Stamm L, Gonzalez
K, Hamer DH, Huang L, Huval S, Knight C, Lindquist D, Lockard K, Macdowell
TL, Mauro E, McGinty C, Miller C, Monahan M, Moore R, Platt J, Roy J, Schroeder
T, Tolan DR, Zaia A, Brown RA, Waters G, Densmore D, Klapperich CM. 2021.
Detailed overview of the buildout and integration of an automated high-
throughput CLIA laboratory for SARS-CoV-2 testing on a large urban campus.
medRxiv. https://www.medrxiv.org/content/10.1101/2021.09.13.21263214v1.
Accessed 11 October 2021.

BinaxNOW and SARS-CoV-2 PCR Detection of Omicron Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.01307-22 6

https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2
http://www.gisaid.org
https://doi.org/10.1038/s41598-021-96779-6
https://www.cdc.gov/media/releases/2021/s1201-omicron-variant.html
https://www.cdc.gov/media/releases/2021/s1201-omicron-variant.html
https://www.medrxiv.org/content/10.1101/2021.11.11.21266068v2
https://www.medrxiv.org/content/10.1101/2021.11.11.21266068v2
https://osf.io/f7txy/
http://medrxiv.org/lookup/doi/10.1101/2020.11.02.20223891
http://medrxiv.org/lookup/doi/10.1101/2020.11.02.20223891
https://doi.org/10.1128/JCM.00083-21
https://doi.org/10.15585/mmwr.mm7003e3
https://doi.org/10.15585/mmwr.mm7003e3
https://doi.org/10.1128/JCM.02880-20
https://doi.org/10.1371/journal.pone.0249710
https://doi.org/10.1017/ice.2021.20
https://www.medrxiv.org/content/10.1101/2021.12.22.21268219v1
https://www.medrxiv.org/content/10.1101/2022.01.10.22269033v1
https://www.medrxiv.org/content/10.1101/2022.02.27.22271090v2
https://www.medrxiv.org/content/10.1101/2022.02.27.22271090v2
https://www.preprints.org/manuscript/202203.0010/v1
https://www.medrxiv.org/content/10.1101/2021.09.13.21263214v1
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.01307-22


16. Hamer DH, White LF, Jenkins HE, Gill CJ, Landsberg HE, Klapperich C,
Bulekova K, Platt J, Decarie L, Gilmore W, Pilkington M, MacDowell TL, Faria
MA, Densmore D, Landaverde L, Li W, Rose T, Burgay SP, Miller C, Doucette-
Stamm L, Lockard K, Elmore K, Schroeder T, Zaia AM, Kolaczyk ED, Waters G,
Brown RA. 2021. Assessment of a COVID-19 control plan on an urban university
campus during a secondwave of the pandemic. JAMA Netw Open 4:e2116425.
https://doi.org/10.1001/jamanetworkopen.2021.16425.

17. Tom MR, Mina MJ. 2020. To interpret the SARS-CoV-2 test, consider the
cycle threshold value. Clin Infect Dis 71:2252–2254. https://doi.org/10.1093/
cid/ciaa619.

18. Singanayagam A, Patel M, Charlett A, Lopez Bernal J, Saliba V, Ellis J,
Ladhani S, Zambon M, Gopal R. 2020. Duration of infectiousness and cor-
relation with RT-PCR cycle threshold values in cases of COVID-19, Eng-
land, January to May 2020. Eurosurveillance 25:2001483. https://doi.org/
10.2807/1560-7917.ES.2020.25.32.2001483.

19. Adamson B, Sikka R, Wyllie AL, Premsrirut P. 2022. Discordant SARS-CoV-2
PCR and rapid antigen test results when infectious: a December 2021 occupa-
tional case series. medRxiv. https://www.medrxiv.org/content/10.1101/2022
.01.04.22268770v1.

20. Hajian-Tilaki K. 2018. The choice of methods in determining the optimal
cut-off value for quantitative diagnostic test evaluation. Stat Methods
Med Res 27:2374–2383. https://doi.org/10.1177/0962280216680383.

21. Akobeng AK. 2007. Understanding diagnostic tests 3: receiver operating
characteristic curves. Acta Paediatr 96:644–647. https://doi.org/10.1111/j
.1651-2227.2006.00178.x.

22. FDA. 2020. Accelerated Emergency Use Authorization (EUA) summary:
modified Thermo Fisher TaqPath COVID-19 SARS-CoV-2 test (ORF1ab, N,
and S gene detection) (Biocerna). https://fda.report/media/137649/EUA
-Biocerna-SARS-EUAsum.pdf. Accessed 24 March 2022.

23. Landaverde L, Turcinovic J, Doucette-Stamm L, Gonzales K, Platt J, Connor JH,
Klapperich C. 2022. Comparison of BinaxNOWand SARS-CoV-2 qRT-PCR detec-
tion of the Omicron variant from matched anterior nares swabs. medRxiv.
https://www.medrxiv.org/content/10.1101/2022.01.31.22270206v2. Accessed
26 April 2022.

24. Bouton TC, Lodi S, Turcinovic J, Schaeffer B, Weber SE, Quinn E, Korn C,
Steiner J, Schechter-Perkins EM, Duffy E, Ragan EJ, Taylor BP, Miller N,
Davidoff R, Hanage WP, Connor J, Pierre C, Jacobson KR. 2021. Coronavirus
Disease 2019 vaccine impact on rates of severe acute respiratory syndrome
coronavirus 2 cases and postvaccination strain sequences among health
care workers at an urban academic medical center: a prospective cohort
study. Open Forum Infect Dis 8:ofab465. https://doi.org/10.1093/ofid/
ofab465.

25. GenBank. 2020. Severe acute respiratory syndrome coronavirus 2 isolate
Wuhan-Hu-1, complete genome. https://www.ncbi.nlm.nih.gov/nuccore/
NC_045512.2. Accessed 30 January 2022.

26. Langmead B, Salzberg SL. 2012. Fast gapped-read alignment with Bowtie
2. Nat Methods 9:357–359. https://doi.org/10.1038/nmeth.1923.

27. Wilm A, Aw PPK, Bertrand D, Yeo GHT, Ong SH, Wong CH, Khor CC, Petric
R, Hibberd ML, Nagarajan N. 2012. LoFreq: a sequence-quality aware,
ultra-sensitive variant caller for uncovering cell-population heterogeneity
from high-throughput sequencing datasets. Nucleic Acids Res 40:11189–11201.
https://doi.org/10.1093/nar/gks918.

28. O’Toole Á, Scher E, Underwood A, Jackson B, Hill V, McCrone JT, Colquhoun
R, Ruis C, Abu-Dahab K, Taylor B, Yeats C, du Plessis L, Maloney D, Medd N,
Attwood SW, Aanensen DM, Holmes EC, Pybus OG, Rambaut A. 2021. Assign-
ment of epidemiological lineages in an emerging pandemic using the pango-
lin tool. Virus Evol 7:veab064. https://doi.org/10.1093/ve/veab064.

BinaxNOW and SARS-CoV-2 PCR Detection of Omicron Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.01307-22 7

https://doi.org/10.1001/jamanetworkopen.2021.16425
https://doi.org/10.1093/cid/ciaa619
https://doi.org/10.1093/cid/ciaa619
https://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483
https://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483
https://www.medrxiv.org/content/10.1101/2022.01.04.22268770v1
https://www.medrxiv.org/content/10.1101/2022.01.04.22268770v1
https://doi.org/10.1177/0962280216680383
https://doi.org/10.1111/j.1651-2227.2006.00178.x
https://doi.org/10.1111/j.1651-2227.2006.00178.x
https://fda.report/media/137649/EUA-Biocerna-SARS-EUAsum.pdf
https://fda.report/media/137649/EUA-Biocerna-SARS-EUAsum.pdf
https://www.medrxiv.org/content/10.1101/2022.01.31.22270206v2
https://doi.org/10.1093/ofid/ofab465
https://doi.org/10.1093/ofid/ofab465
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1093/nar/gks918
https://doi.org/10.1093/ve/veab064
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.01307-22

