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Abstract: Antigen testing for SARS-CoV-2 has become an increasingly prominent screening tool in
the ongoing COVID-19 pandemic and can be performed multiple times a week. However, the optimal
weekly frequency of antigen testing is unclear; the Centers for Disease Control and Prevention
recommends 1–3 times a week, while some experts support testing 2–3 times a week. In our own
laboratory, all staff (n = 161) underwent twice- and thrice-weekly antigen tests during different
periods from August 2021 to the present as part of routine COVID-19 surveillance of healthcare
workers. No cases of COVID-19 were detected with either regimen. While more frequent SARS-CoV-2
antigen testing may allow antigen testing to be an important surrogate for RT-PCR testing, performing
SARS-CoV-2 antigen tests twice or thrice a week shows no inferiority to each other in screening
for COVID-19.
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1. Introduction

Antigen testing for SARS-CoV-2 has become an increasingly prominent screening tool
in the ongoing COVID-19 pandemic. Indeed, when used to screen patients in an emergency
department in a high prevalence setting, rapid antigen testing (LumiraDx SARS-CoV-2
Antigen test) had a sensitivity of 68.7% when compared to RT-PCR testing; sensitivities
increased to 81% when confined to symptomatic patients only [1]. Another automated
antigen detection system showed a 95.4% concordance with RT-PCR in samples with
cycle threshold (Ct) count numbers of >100 [2]. We recently reported on the performance
of the Roche Elecsys SARS-CoV-2 antigen high-throughput assay [3], which had good
sensitivity (94.7%) in COVID-19 subjects with Ct counts of ≤30. Another study [4] using
an immunofluorescence immunoassay analyzer (Sofia, Quidel) demonstrated improved
sensitivities (90%) for symptomatic patients ≤ 5 days versus 82% >5 days post symptom
onset. This correlation also extends to lateral flow immunoassay (LFIA) antigen tests.
Indeed, one study compared 14 different rapid antigen tests, performing 400 evaluations of
RT-PCR positive samples and 50 evaluations of RT-PCR negative samples [5]. All rapid
tests displayed a reverse correlation of the colorimetric intensity of the band with RT-
PCR Ct count values, despite high variability in performance between assays, with total
agreement between all 14 assays at Ct thresholds of <27 (89.9% agreement when Ct < 30).
The combined overall sensitivity of all the 14 LFIAs was 74.3% and improved to 88.2%
when confined to Ct counts of ≤30. Thus, SARS-CoV-2 antigen testing, quantitative or
qualitative, can be used to detect new COVID-19 infections, especially in symptomatic
patients with recent disease onset and higher viral loads.

Although RT-PCR testing remains the gold standard for diagnosing SARS-CoV-2
infection, it is expensive to perform, and requires a significantly longer time to report
results. The advantage of antigen testing is that it is cheaper and easier to perform than
RT-PCR testing and can provide results in as little as 15–20 min. Thus, antigen tests
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have gained widespread use in screening programs across the world. However, some
screening programs only report findings based on the use of a single antigen test only. For
example, one recent report [6] performed testing on 991 subjects using the Standard Q
COVID-19 LFIA (SD Biosensor) and the LIAISON SARS-CoV-2 antigen chemiluminescence
immunoassay, but only tested each sample once on each assay. Predictably, the sensitivity
of both assays was less than RT-PCR testing, with the LIAISON only having a sensitivity of
43.3% and the Standard Q only 30.6% compared to RT-PCR. The most optimal way to utilize
SARS-CoV-2 antigen tests is to take advantage of their ability to be performed multiple times
a week, given their ease of use. This would allow even less sensitive rapid antigen tests to
outperform more sensitive RT-PCR tests in detecting COVID-19 earlier in the infectious
window [7]. Even in mathematical models, tests with low sensitivity, administered daily,
can outperform high sensitivity tests, with the total number of cases over a 6-month
period reduced from 19.4% (RT-PCR returned in 24 h) to less than 1.22% with a rapid test
performed daily, and 3.8%/5.4% when performed every other day/every three days [8].
However, different screening programs have adopted variable time intervals for antigen
testing, ranging from weekly to daily regimens. Indeed, the Centers for Disease Control
and Prevention has now recognized this variability and recommends that for symptomatic
patients or asymptomatic persons with contact with suspected cases, serial antigen testing
should be performed every 3–7 days for 10 days after an initially negative result [9].
Furthermore, not all positive results on antigen screening tests may be true positives,
especially in areas of low prevalence. In one reported screening program, performed in
a university for over 2 months [10], weekly antigen testing detected 133 positive antigen
tests out of 10,360 samples from asymptomatic individuals; however, follow-up RT-PCR
testing only showed 35 true positives. Additional measures are required to improve the
false-positive rate. We report our experience with screening regimens using two different
testing intervals of 2 or 3 times per week.

2. Methods

Both the SD Biosensor Standard Q [11] and Abbott Panbio COVID-19 Ag Rapid
Tests [12] are qualitative LFIAs. The Abbott Panbio has a reported sensitivity of 98.1% and
specificity of 99.8%, with sensitivity increasing to 99.0% in samples with Ct values of ≤33.
The Standard Q LFIA has a manufacturer-reported sensitivity of 82.7%, and specificity of
99.1%. In samples with Ct counts ≤30, professionally collected samples had a sensitivity
of 89.6%. Both are membrane-based immunochromatographic assays which detect the
SARS-CoV-2 nucleocapsid protein. After sampling from both nostrils, swabs are placed in
dedicated collection tubes with a sampling buffer. Results are available within 15–30 min,
as indicated by a positive test line with a positive control line. For RT-PCR testing, our
hospital molecular laboratory employs a duplex real-time RT-PCR that targets the N and E
genes using a Qiagen EZ1 extraction system and using the Cobas SARS-CoV-2 qualitative
assay on the Cobas 6800 System.

3. Results

Our laboratory has 161 staff members. As part of routine rostered testing, all staff
has been tested with twice-weekly rapid antigen testing. In August 2021, one of our
staff members (immunized with 2 doses of Pfizer BNT162b2 mRNA vaccine) developed
COVID-19 symptoms and tested positive for SARS-CoV-2 on RT-PCR. Subsequently, all
staff members underwent immediate RT-PCR testing every three days (Roche SARS-CoV-2
qualitative assay on the Cobas 6800), and rapid antigen testing (Standard Q, SD Biosensor
and Abbott Panbio COVID-19 Ag Rapid Nasal Test Device) every day for the next two
weeks as previously reported [13]. As no new cases were detected, RT-PCR testing was
discontinued, and all staff reverted to rapid antigen testing twice a week until the end
of November 2021. With an increasing number of COVID-19 cases in our hospital staff,
regular screening with rapid antigen tests was increased to three times a week in the hope of
improving detection rates. This regimen was applied until the 10th of December 2021. We
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since reverted to twice-weekly testing until present (the timeline is displayed in Figure 1).
Booster shots of the Pfizer mRNA were administered to staff from the end of September
2021 onwards. Over the entire period (August 2021 to the present), none of our staff tested
positive for SARS-CoV-2 with either twice- or thrice-weekly antigen testing.

Diagnostics 2022, 12, x FOR PEER REVIEW 3 of 6 
 

 

the end of November 2021. With an increasing number of COVID-19 cases in our hospital 
staff, regular screening with rapid antigen tests was increased to three times a week in 
the hope of improving detection rates. This regimen was applied until the 10th of De-
cember 2021. We since reverted to twice-weekly testing until present (the timeline is dis-
played in Figure 1). Booster shots of the Pfizer mRNA were administered to staff from the 
end of September 2021 onwards. Over the entire period (August 2021 to the present), 
none of our staff tested positive for SARS-CoV-2 with either twice- or thrice-weekly an-
tigen testing. 

 
Figure 1. Timeline of SARS-CoV-2 rapid antigen testing from August 2021 to present. 

4. Discussion 
In COVID-19 screening programs that use antigen testing, the optimal time interval 

between tests is an open question. Studies on viral kinetics seem to offer some insight 
into this conundrum. In a recent study [14] where volunteers were inoculated with a 
wild-type virus intranasally, viral loads rose steeply and peaked at 5 days 
post-inoculation, with symptoms beginning 2–4 days and viral shedding around 2 days 
post-inoculation. LFIA results were strongly associated with the viral loads, with all in-
fected individuals having positive LFIAs ≥ 2 days post-inoculation, with a median time to 
detection of 4 days when using daily LFIA tests. In their modeling data, twice-weekly 
LFIA testing could diagnose infection before 70–80% of the viable virus was generated, 
further supporting the validity of performing LFIAs roughly every 3 days. 

This finding has been confirmed in another study [15] where RT-PCR positive cases 
(n = 43) were followed for up to 14 days in quarantine with daily salivary and nasal 
swabs for RT-PCR, Sofia SARS antigen fluorescence immunoassay, and viral cultures. 
For all 3 tests, sensitivity remained >98% when tested at least every third day. Daily an-
tigen testing at any stage of infection had a sensitivity of 100% when performed every 
other day or every third day, but declined to 79.7% when only used once weekly. This 
demonstrates the non-inferiority of frequent antigen tests to RT-PCR tests in COVID-19 
screening. Indeed, one study [16] estimated disease transmission rates based on a fully 
mixed model of 20,000 individuals with zero initial infections and a constant 1/N 
per-person probability of becoming infected from an external source. They predicted that 
population screening with self-testing every three days can achieve an approximately 
40% reduction in disease reproduction numbers, compared to weekly testing. Another 
modeling study [17] used a simple compartmental epidemic model, based on a hypo-
thetical cohort of 5000 unvaccinated college students followed over a period of 80 days 
using a test that was 70% sensitive and 98% specific. They found that twice- and 
thrice-weekly testing led to 379 and 243 cumulative infections, respectively, compared to 
1840 cumulative infections with weekly screening (assuming a reproduction number of 

Figure 1. Timeline of SARS-CoV-2 rapid antigen testing from August 2021 to present.

4. Discussion

In COVID-19 screening programs that use antigen testing, the optimal time interval
between tests is an open question. Studies on viral kinetics seem to offer some insight into
this conundrum. In a recent study [14] where volunteers were inoculated with a wild-type
virus intranasally, viral loads rose steeply and peaked at 5 days post-inoculation, with
symptoms beginning 2–4 days and viral shedding around 2 days post-inoculation. LFIA
results were strongly associated with the viral loads, with all infected individuals having
positive LFIAs ≥ 2 days post-inoculation, with a median time to detection of 4 days when
using daily LFIA tests. In their modeling data, twice-weekly LFIA testing could diagnose
infection before 70–80% of the viable virus was generated, further supporting the validity
of performing LFIAs roughly every 3 days.

This finding has been confirmed in another study [15] where RT-PCR positive cases
(n = 43) were followed for up to 14 days in quarantine with daily salivary and nasal
swabs for RT-PCR, Sofia SARS antigen fluorescence immunoassay, and viral cultures.
For all 3 tests, sensitivity remained >98% when tested at least every third day. Daily
antigen testing at any stage of infection had a sensitivity of 100% when performed every
other day or every third day, but declined to 79.7% when only used once weekly. This
demonstrates the non-inferiority of frequent antigen tests to RT-PCR tests in COVID-19
screening. Indeed, one study [16] estimated disease transmission rates based on a fully
mixed model of 20,000 individuals with zero initial infections and a constant 1/N per-
person probability of becoming infected from an external source. They predicted that
population screening with self-testing every three days can achieve an approximately 40%
reduction in disease reproduction numbers, compared to weekly testing. Another modeling
study [17] used a simple compartmental epidemic model, based on a hypothetical cohort of
5000 unvaccinated college students followed over a period of 80 days using a test that was
70% sensitive and 98% specific. They found that twice- and thrice-weekly testing led to 379
and 243 cumulative infections, respectively, compared to 1840 cumulative infections with
weekly screening (assuming a reproduction number of 2.5, with 10 exogenous infections
each week). Of note, the incremental cost-effectiveness ratio of twice-weekly testing proved
superior to thrice-weekly testing, at $600 per infection averted compared to $5700 per
infection averted. Another mathematical modeling study [18] compared the performance
of a low sensitivity test (60% sensitivity) performed twice weekly in low (constant rate of
introduced infections) and high (high-growth external community prevalence) community
prevalence settings, in a relative population of 1500 individuals (assumed reproduction
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number of 2.5, average period of infectiousness 4.5 days). This resulted in a 58.2% and
48.9% reduction in cumulative infections. Together with our findings, these studies lend
support to the notion that twice or thrice weekly strategies are non-inferior to each other;
in fact, twice-weekly antigen testing may be sufficient. It is also important to note that
the performance of these LFIAs is dependent on the user’s proficiency in performing the
test on these home-based test kits. Thus, the users must familiarize themselves with the
instructions for use of the test kits. The staff in our laboratory have been performing
self-administered LFIAs from May 2021 to March 2022, and with increased frequency
of testing (of at least twice a week), positive cases would be more likely to be detected.
Furthermore, both the Panbio and SD Biosensor LFIAs have been evaluated in the latest
Cochrane review [19].

The most appropriate use for frequent rapid antigen testing would be in the detection
of early COVID-19 infection when patients have the highest viral loads (lower Ct counts)
or are just becoming symptomatic. Indeed, twice-weekly antigen testing has excellent
sensitivity (96.2%) when compared with RT-PCR testing in early disease (days 0 to 3 of
symptom onset) [20]. A meta-analysis [21] also demonstrated that rapid antigen tests
had superior sensitivities in patients with RT-PCR Ct counts ≤ 25 (sensitivity of 96%,
compared to 69% if >25) and in symptomatic individuals (sensitivity 82%, compared to
68% in asymptomatic subjects). In another real-world study [22] of 10 rapid antigen test
kits, the overall sensitivity was greater in samples with Ct counts ≤ 25 than in samples
with counts of ≤30 (88.1% vs. 76.9%), with the Vazyme SARS-CoV-2 Antigen Detection
Kit having the greatest sensitivity (72.0%) and the Viva-Diag SARS-CoV-2 Ag Rapid Test
having the lowest sensitivity (43.0%). In a similar vein, antigen testing was 90% sensitive in
subjects with positive viral cultures [15], with sensitivity peaking during the days in which
infectious virus shedding was detectable.

The most optimal method of screening for COVID-19 would be to use both antigen and
RT-PCR testing in an orthogonal fashion, especially in settings of low disease prevalence
to minimize false-positive antigen results. All “positive” antigen tests would be retested
with RT-PCR and only those positive on both tests would considered true positives. Low
disease prevalence would greatly reduce the positive predictive value of any individual
test, leading to an increase in false-positive results. Orthogonal testing can greatly reduce
the false positive rate [23]. This is supported by reports in the real-world setting; RT-PCR
testing with twice-weekly LFIAs over a period of 3 weeks ruled out 11 false-positive
antigen tests (0.007%) in 156,000 subjects (20 true-positive cases, 0.013%) [24]. In another
report [25], RT-PCR testing of positive cases from twice weekly LFIA testing detected
462 false-positive (0.05%) results in 903,408 rapid antigen tests, out of 1322 initially positive
results (0.15%). Such examples inform the ability of orthogonal testing to reduce false-
positive cases effectively and avoid unnecessary patient treatments and admissions.

The strength of our study is that we compared twice- vs. thrice-weekly COVID-
19 screening using LFIAs in a disease-free population, which supplements studies that
compared twice vs. thrice weekly testing in infectious cases [15], or reports that compare
daily vs. twice-weekly antigen testing [13]. Our laboratory staff commute from their homes
to work each day. In the community in Singapore, we faced rising COVID-19 from the
ascent of delta cases. Daily confirmed COVID-19 cases per million people rose from 100 in
mid-September to peak at 650 by the end of October before declining to 50 towards the end
of December 2021 (data from the John Hopkins University CSSE COVID-19 database at ‘Our
World in Data’). In fact, the first booster doses began to be administered in mid-September.
During the period of our study, no cases were detected amongst our staff in the face of
rising cases in the community. This fact of testing frequency has been clearly described
in the literature [15] when daily PCR is compared to daily antigen testing. When one of
our staff members contracted COVID-19 in August 2021, all lab staff were required by our
hospital infection control team to undergo daily antigen testing and PCR on days 1, 4, 7,
and 10 [13]. Our hospital authorities again mandated antigen testing 3 times a week from
the end of November for 2 weeks before reverting to twice-weekly antigen testing. While



Diagnostics 2022, 12, 1039 5 of 6

antigen testing 2 or 3 times a week may be equivalent in the face of significant cases in
the community the outcomes are probably a reflection of good personal hygiene, effective
public health measures, and vaccine boosters.

One limitation of our study is that two different rapid antigen testing kits were used by
our staff over the time period, due to logistical supply constraints at our institution. Despite
the varying positive predictive values of both tests differing at various levels of disease
prevalence (see Table 1), we did not detect any positive cases on both tests over the entire
study period, as both have high test specificities of over 99%. Furthermore, Table 1 also
demonstrates that the negative predictive value of both tests is similar even with variable
disease prevalence, although a small change in specificity would result in quite a drastic
change in positive predictive values.

Table 1. The effect of disease prevalence on the positive and negative predictive values of the Panbio
and Standard Q rapid antigen tests.

Prevalence

Panbio (Sensitivity 98.1%,
Specificity 99.8%)

Standard Q (Sensitivity 82.7%,
Specificity of 99.1%)

Positive
Predictive

Value

Negative
Predictive

Value

Positive
Predictive

Value

Negative
Predictive

Value

0.1% 32.90% 100% 8.40% 100%

0.5% 71.10% 100% 31.60% 99.9%

1.0% 83.20% 100% 48.10% 99.8%

5. Conclusions

More frequent SARS-CoV-2 antigen testing can allow antigen testing to be an important
surrogate for RT-PCR testing. However, performing antigen testing twice or thrice a week
did not detect any new cases; thus, two tests per week may suffice.

Author Contributions: Conceptualization, T.-C.A.; methodology, T.-C.A.; investigation, C.S.L.; re-
sources, T.-C.A.; writing—original draft preparation, C.S.L. and T.-C.A.; writing—review and editing,
C.S.L. and T.-C.A.; supervision, T.-C.A. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study as
this was a service audit and all results were de-identified.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Ct Cycle threshold
LFIA Lateral flow immunoassay

References
1. Leli, C.; Matteo, L.D.; Gotta, F.; Cornaglia, E.; Vay, D.; Megna, I.; Pensato, R.E.; Boverio, R.; Rocchetti, A. Performance of a

SARS-CoV-2 antigen rapid immunoassay in patients admitted to the emergency department. Int. J. Infect. Dis. 2021, 110, 135–140.
[CrossRef] [PubMed]

2. Saito, K.; Ai, T.; Kawai, A.; Matsui, J.; Fukushima, Y.; Kikukawa, N.; Kyoutou, T.; Chonan, M.; Kawakami, T.; Hosaka, Y.; et al.
Performance and usefulness of a novel automated immunoassay HISCL SARS-CoV-2 Antigen assay kit for the diagnosis of
COVID-19. Sci. Rep. 2021, 11, 23196. [CrossRef] [PubMed]

3. Lau, C.S.; Phua, S.K.; Hoo, S.P.; Jiang, B.; Aw, T.C. Evaluation and Validation of the Roche Elecsys SARS-CoV-2 Antigen
Electro-Chemiluminescent Immunoassay in a Southeast Asian Region. Vaccines 2022, 10, 198. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ijid.2021.07.043
http://www.ncbi.nlm.nih.gov/pubmed/34302961
http://doi.org/10.1038/s41598-021-02636-x
http://www.ncbi.nlm.nih.gov/pubmed/34853366
http://doi.org/10.3390/vaccines10020198
http://www.ncbi.nlm.nih.gov/pubmed/35214657


Diagnostics 2022, 12, 1039 6 of 6

4. Mitchell, S.L.; Orris, S.; Freeman, T.; Freeman, M.C.; Adam, M.; Axe, M.; Gribschaw, J.; Suyama, J.; Hoberman, A.; Wells, A.
Performance of SARS-CoV-2 antigen testing in symptomatic and asymptomatic adults: A single-center evaluation. BMC. Infect.
Dis. 2021, 21, 1071. [CrossRef] [PubMed]

5. Routsias, J.G.; Mavrouli, M.; Tsoplou, P.; Dioikitopoulou, K.; Tsakris, A. Diagnostic performance of rapid antigen tests (RATs)
for SARS-CoV-2 and their efficacy in monitoring the infectiousness of COVID-19 patients. Sci. Rep. 2021, 11, 22863. [CrossRef]
[PubMed]

6. Alghounaim, M.; Bastaki, H.; Essa, F.B.; Motlagh, H.; Al-Sabah, S. The Performance of Two Rapid Antigen Tests During
Population-Level Screening for SARS-CoV-2 Infection. Front. Med. 2021, 8, 797109. [CrossRef] [PubMed]

7. Mina, M.; Parker, R.; Larremore, D.B. Rethinking COVID-19 test sensitivity—A strategy for containment. N. Engl. J. Med. 2020,
383, e120. [CrossRef]

8. Forde, J.E.; Ciupe, S.M. Quantification of the Tradeoff between Test Sensitivity and Test Frequency in a COVID-19 Epidemic-A
Multi-Scale Modeling Approach. Viruses 2021, 13, 457. [CrossRef]

9. Centers for Disease Control and Prevention. Interim Guidance for Antigen Testing for SARS-CoV-2, Updated 20 January 2022.
Available online: https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html#:~{}:text=Those%
20who%20are%20not%20up,7%20days%20for%2010%20days (accessed on 23 February 2022).

10. Bigouette, J.P.; Ford, L.; Pray, I.; Langolf, K.; Kahrs, J.; Zochert, T.; Tate, J.E.; Gieryn, D.; Kirking, H.L.; Westergaard, R.; et al.
Application of a Serial Antigen-Based Testing Strategy for Severe Acute Respiratory Syndrome Coronavirus 2 and Student
Adherence in a University Setting: Wisconsin, October-November 2020. Open Forum Infect. Dis. 2021, 8, ofab472. [CrossRef]

11. Lee, J.; Kim, S.Y.; Huh, H.J.; Kim, N.; Sung, H.; Lee, H.; Roh, K.H.; Kim, T.S.; Hong, K.H. Clinical Performance of the Standard
Q COVID-19 Rapid Antigen Test and Simulation of its Real-World Application in Korea. Ann. Lab. Med. 2021, 41, 588–592.
[CrossRef]

12. Gremmels, H.; Winkel, B.M.F.; Schuurman, R.; Rosingh, A.; Rigter, N.A.M.; Rodriguez, O.; Ubijaan, J.; Wensing, A.M.J.; Bonten,
M.J.M.; Hofstra, L.M. Real-life validation of the Panbio™ COVID-19 antigen rapid test (Abbott) in community-dwelling subjects
with symptoms of potential SARS-CoV-2 infection. EClinicalMedicine 2021, 31, 100677. [CrossRef] [PubMed]

13. Lau, C.S.; Aw, T.C. Frequent Severe Acute Respiratory Syndrome Coronavirus 2 Antigen Testing in a Disease-Free Population. J.
Infect. Dis. 2021, 224, 1986–1987. [CrossRef] [PubMed]

14. Killingley, B.; Mann, A.; Kalinova, M.; Boyers, A.; Goonawardane, N.; Zhou, J.; Lindsell, K.; Hare, S.S.; Brown, J.; Frise, R.; et al.
Safety, tolerability and viral kinetics during SARS-CoV-2 human challenge. Res. Sq. 2022, preprint.

15. Smith, R.L.; Gibson, L.L.; Martinez, P.P.; Ke, R.; Mirza, A.; Conte, M.; Gallagher, N.; Conte, A.; Wang, L.; Fredrickson, R.; et al.
Longitudinal Assessment of Diagnostic Test Performance Over the Course of Acute SARS-CoV-2 Infection. J. Infect. Dis. 2021, 224,
976–982. [CrossRef]

16. Larremore, D.B.; Wilder, B.; Lester, E.; Shehata, S.; Burke, J.M.; Hay, J.A.; Tambe, M.; Mina, M.J.; Parker, R. Test sensitivity is
secondary to frequency and turnaround time for COVID-19 screening. Sci. Adv. 2021, 7, eabd5393. [CrossRef]

17. Paltiel, A.D.; Zheng, A.; Walensky, R.P. Assessment of SARS-CoV-2 Screening Strategies to Permit the Safe Reopening of College
Campuses in the United States. JAMA Netw. Open. 2020, 3, e2016818. [CrossRef]

18. Lyng, G.D.; Sheils, N.E.; Kennedy, C.J.; Griffin, D.O.; Berke, E.M. Identifying optimal COVID-19 testing strategies for schools and
businesses: Balancing testing frequency, individual test technology, and cost. PLoS ONE 2021, 16, e0248783. [CrossRef]

19. Dinnes, J.; Deeks, J.J.; Berhane, S.; Taylor, M.; Adriano, A.; Davenport, C.; Dittrich, S.; Emperador, D.; Takwoingi, Y.; Cunningham,
J.; et al. Rapid, point-of-care antigen and molecular-based tests for diagnosis of SARS-CoV-2 infection. Cochrane Database Syst.
Rev. 2021, 3, CD013705.

20. Harmon, A.; Chang, C.; Salcedo, N.; Sena, B.; Herrera, B.B.; Bosch, I.; Holberger, L.E. Validation of an At-Home Direct Antigen
Rapid Test for COVID-19. JAMA. Netw. Open 2021, 4, e2126931. [CrossRef]

21. Khalid, M.F.; Selvam, K.; Jeffry, A.J.N.; Salmi, M.F.; Najib, M.A.; Norhayati, M.N.; Aziah, I. Performance of Rapid Antigen Tests
for COVID-19 Diagnosis: A Systematic Review and Meta-Analysis. Diagnostics 2022, 12, 110. [CrossRef]

22. Nora, M.; Deri, D.; Veres, D.S.; Kis, Z.; Barcsay, E.; Palyi, B. Evaluating the field performance of multiple SARS-CoV-2 antigen
rapid tests using nasopharyngeal swab samples. PLoS ONE 2022, 17, e0262399. [CrossRef] [PubMed]

23. Lau, C.S.; Aw, T.C. Disease Prevalence Matters: Challenge for SARS-CoV-2 Testing. Antibodies 2021, 10, 50. [CrossRef] [PubMed]
24. Wu, S.; Archuleta, S.; Ming, L.S.; Somani, J.; Chye, Q.S.; Fisher, D. Serial antigen rapid testing in staff of a large acute hospital.

Lancet Infect. Dis. 2022, 22, 14–15. [CrossRef]
25. Gans, J.S.; Goldfarb, A.; Agrawal, A.K.; Sennik, S.; Stein, J.; Rosella, L. False-Positive Results in Rapid Antigen Tests for

SARS-CoV-2. JAMA 2022, 327, 485–486. [CrossRef] [PubMed]

http://doi.org/10.1186/s12879-021-06716-1
http://www.ncbi.nlm.nih.gov/pubmed/34663212
http://doi.org/10.1038/s41598-021-02197-z
http://www.ncbi.nlm.nih.gov/pubmed/34819567
http://doi.org/10.3389/fmed.2021.797109
http://www.ncbi.nlm.nih.gov/pubmed/35004772
http://doi.org/10.1056/NEJMp2025631
http://doi.org/10.3390/v13030457
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html#:~{}:text=Those%20who%20are%20not%20up,7%20days%20for%2010%20days
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html#:~{}:text=Those%20who%20are%20not%20up,7%20days%20for%2010%20days
http://doi.org/10.1093/ofid/ofab472
http://doi.org/10.3343/alm.2021.41.6.588
http://doi.org/10.1016/j.eclinm.2020.100677
http://www.ncbi.nlm.nih.gov/pubmed/33521610
http://doi.org/10.1093/infdis/jiab529
http://www.ncbi.nlm.nih.gov/pubmed/34644383
http://doi.org/10.1093/infdis/jiab337
http://doi.org/10.1126/sciadv.abd5393
http://doi.org/10.1001/jamanetworkopen.2020.16818
http://doi.org/10.1371/journal.pone.0248783
http://doi.org/10.1001/jamanetworkopen.2021.26931
http://doi.org/10.3390/diagnostics12010110
http://doi.org/10.1371/journal.pone.0262399
http://www.ncbi.nlm.nih.gov/pubmed/35157700
http://doi.org/10.3390/antib10040050
http://www.ncbi.nlm.nih.gov/pubmed/34940002
http://doi.org/10.1016/S1473-3099(21)00723-4
http://doi.org/10.1001/jama.2021.24355
http://www.ncbi.nlm.nih.gov/pubmed/34994775

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

