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ABSTRACT 
 
Background: RT-PCR—the current reference standard to detect SARS-CoV-2—is costly and 
slow, requiring a sophisticated laboratory with an average test turnaround time of one to two 
days.  Rapid at-home and point of care (POC) testing is urgently needed to prevent COVID-19 
transmission throughout the world, particularly in low and middle-income countries.   
 
Objective: We assessed the diagnostic accuracy of an at-home rapid lateral flow antigen assay 
(Cellex) with artificial intelligence interpretation by smartphone (Gauss) to detect SARS-CoV-2 
antigen (Lateral flow with AI read; LFAIR). We also serially assessed the diagnostic accuracy of 
the LFAIR in SARS-CoV-2 positive individuals over several days and compared the LFAIR 
results with polymerase chain-reaction cycle threshold (CT) value.  
 
Methods: We recruited 33 individuals from two clinical treatment trials of COVID-19 and 88 
participants from a population-based surveillance study. Individuals recruited from the clinical 
trials were asked to complete the LFAIR daily for five days. Participants from the population-
based study completed one LFAIR. All participants were provided kits with no instructions from 
study personnel and were asked to complete the tests at home. The LFAIR results were 
compared to RT-PCR, the current reference standard, as either dichotomous outcome or as 
continuous CT value. We also assessed LFAIR results by days since symptom onset.  
 
Results: Using the first test completed by each subject, the LFAIR was 86.2% sensitive (95% CI 
73.6% - 98.8) and 94.3% specific (95% CI 88.8% - 99.7%). With a GEE model that adjusted for 
days since symptom onset and repeat testing, the sensitivity was predicted to be 97.78% (95% CI 
89.9% - 99.5%) on the first day with a 0.89% (95% CI 0.30 - 1.61%) decrease in sensitivity with 
each additional day after symptom onset. The LFAIR test line intensity decreased inversely with 
CT value, a proxy for viral load (McFadden pseudo R2 = 0.49; Nagelkerke pseudo R2 = 0.99) 
 
Conclusions: An at-home LFAIR shows high levels of diagnostic accuracy. Intensity of the at-
home antigen test line is inversely related with an individuals’ SARS-CoV-2 viral load. The test 
has potential for broad-scale implementation to minimize the spread of SARS-COV2.  
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INTRODUCTION 
COVID-19 

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the lineage B 

betacoronavirus, SARS-CoV-2. As of May 17th, 2021, 163 million people have suffered from 

SARS-CoV-2, with 3.3 million deaths worldwide. In the United States (US) 31 million people 

have had confirmed cases with about 560,000 deaths.1 Although many countries, including the 

US, have seen a decline in cases following widespread vaccine rollout, cases are still surging 

around the world. Recently, Asian countries have experienced acute spikes in their number of 

cases per day. Additionally, the testing rates are low in many countries, so the full extent of the 

pandemic is not well known.1  

While COVID-19 vaccine rollout is underway, diagnostic testing remains of paramount 

importance for various reasons. Diagnostic testing is critical to isolating SARS-CoV-2 cases, 

quarantine and potentially vaccinate exposed people, investigate outbreaks, and identify new 

variants. Since not all countries have equitable access to vaccines, it is projected that only 20% 

of the population in low-resource settings will receive a vaccine this year. This vaccine forecast 

is far off from the estimated 70-85% of the global population that needs to be vaccinated to 

achieve herd immunity.2  

Regardless of vaccine availability, not everyone will get vaccinated. A recent systematic 

review on vaccine acceptance found that some countries had less than 60% acceptance rates 

among the general public, including the US.3 In April, a Monmouth University Poll reported 

21% of Americans intend to never get the vaccine.4 Therefore, testing will be especially critical 

in low-income settings and unvaccinated populations.  

Moreover, with new variants emerging, notably the B.1.17, SouthAfricaV501.V2 clade, 

and B 1.1.28 variants, there is growing fear that these mutations could eventually lead to 
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vaccine-resistant strains.5 Diagnostic testing is necessary to identify these new variants and 

investigate novel outbreaks. With such low global vaccine rates and hesitancy in the general 

public about the vaccine, testing will remain critical both domestically and around the world for 

the foreseeable future.   

 

SARS-CoV-2 Diagnostic Tests 

In order to contain infectious outbreaks like COVID-19, rapid and accurate diagnostic 

testing is critical.6 Reverse transcriptase polymerase chain reaction (RT-PCR), a form of nucleic 

acid test, is the reference or “gold” standard. This test converts viral RNA into DNA through 

reverse transcription before amplifying the DNA via polymerase chain reaction (PCR).6 The 

most common viral genomic sequence targets for SARS-CoV-2 are the N1 and N2 gene, E gene, 

S gene, Orf1ab gene, and RdRP gene.  

In addition to nucleic acid tests, there are two other diagnostic approaches to COVID-19: 

serological and antigen tests. Serological tests look for immunoglobulins or antibodies (IgG, IgA 

or IgM) in blood using lateral flow assay (LFA). These tests indicate if someone has developed 

an immune response to viral proteins but do not detect the viral proteins themselves. Therefore, 

they are not helpful to identify active cases of SARS-CoV-2, but rather provide information 

about whether an individual had previously been infected or obtained immunity through 

vaccination.  

Antigen tests are used to detect the viral proteins (nucleocapsid N or S). Many of these 

tests also use an LFA, but instead of looking for antibodies like the serological tests, these 

antigen tests contain antibodies on the reagent pad that bind to the target antigen proteins. 

Antigens are detectable in upper respiratory specimens during the acute phase of SARS-CoV-2 
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infection, so antigen tests, like nucleic acid tests, can be used to detect active infections. Antigen 

tests vary in diagnostic accuracy, so it is important to assess the validity of novel antigen tests 

compared to the reference standard, RT-PCR, to understand the relative benefit of their 

widespread implementation.  

 

Access to SARS-CoV-2 testing 

Although it is the gold standard, RT-PCR testing falls short of being a perfect test for a 

number of reasons. Even where widely available, RT-PCR can take hours to complete and days 

to get results, is expensive, and requires trained healthcare personnel. 

In the US, turnaround time for RT-PCR is 1-2 days during which time, infection is likely 

to be transmitted. 7 The average incubation period of SARS-CoV-2 is 5 days, ranging from 2-14 

days. Individuals infected with SARS-CoV-2 can be symptomatic or asymptomatic with 

symptoms typically starting about 12 days (range of 8-16 days) after exposure to the virus.6 

Individuals usually take diagnostic nucleic acid tests after symptoms arise, so the 1-2 day 

turnaround time for results leads to several days when individuals can expose others. On the 

other hand, antigen tests provide results in 15-20 minutes. This rapid time to results facilitates 

quicker isolation of infected individuals.  

Beyond the time needed for RT-PCR, it is also expensive and requires trained laboratory 

technicians. The average cost of one RT-PCR test ranges from $100-$300 in the US.8 To conduct 

an RT-PCR test, a professional collects the swab, and a certified laboratory runs the tests using 

expensive equipment and reagents. In low and middle income countries (LMICs), cost and 

personnel constraints can make RT-PCR screening for COVID prohibitive.9–11Antigen tests are 

less expensive; the average cost of antigen tests in the US is $25 per test kit with the global cost 
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around $5.10 The World Health Organization (WHO) also predicts the price of these rapid tests 

will decrease.10 Additionally, antigen tests do not require trained healthcare professionals. To 

date, three antigen tests have even been earned Emergency Use Approval (EUA) from the U.S. 

Federal and Drug Administration (FDA) for at-home use.12,13 

In comparison to RT-PCR, antigen tests take less time, do not require trained 

professionals, and are less expensive. Since RT-PCR is not easily accessible around the world, 

especially in low- and middle-income countries (LMICs), rapid antigen testing that does not 

require laboratories or specialized medical personnel provide inexpensive, effective means to 

fight the COVID-19 pandemic.  

 

Diagnostic testing for surveillance 

Surveillance, the systematic collection of data with public health response, is critical to 

controlling outbreaks. In the context of COVID-19, testing regimens and isolation of SARS-

CoV-2 positive individuals is critical to curbing the spread of the virus. Traditional measures of a 

diagnostic test’s accuracy, while important, do not capture the entire picture of a surveillance 

program’s efficacy. The frequency of the test, cost of the test, and whether or not the results are 

returned in time to minimize the spread of disease are key factors to consider in surveillance 

programning.10 For example, if an individual receives an RT-PCR at a low frequency, they are 

unlikely to get their test results while they have peak viral loads. In June 2020, it was estimated 

that only 10% of SARS-CoV-2 cases were detected through RT-PCR surveillance.  

Despite high analytic sensitivity, RT-PCR tests are ineffective for surveillance because of 

slow turnaround and limited availability.14 A recent study assessing various surveillance 

approaches through simulation models found that the speed of case identification was far more 
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important than test sensitivity.15 The Centers for Disease Control and Prevention (CDC) has 

recently published interim guidelines for the use of antigen tests instead of PCR as an effective 

testing solution.16 To understand why RT-PCR is ineffective for surveillance, it is helpful to 

compare two example testing regimens (See Figure 1).  

 
 
 
Figure 1: The blue line delineates viral load over time with the red and green circles 
indicating a positive and negative test result, respectively. COVID-19 is thought to be 
infectious for the first 10 days with decreasing infectiousness over time. Peak 
infectiousness occurs when viral load is high, within the first few days after exposure and 
symptom onset. RT-PCR (black in Figure) can detect SARS positive before infectiousness 
and for a really long-time past the infectious period, so someone can test positive with 
low amounts of virus even after they are no longer considered contagious by the CDC. 
The arrows in the RT-PCR testing regime indicate time to results. Therefore, if you get a 
test in the infectious period, individuals may get your results when they are no longer 
contagious. The antigen test (organ in figure) that is done more frequently, there is a 
higher chance of the positive being detected earlier. Although both testing regimens 
detect the infection, only the high-frequency antigen test, despite its lower analytic 
sensitivity, detects the SARS-CoV-2 during the critical infectious window.  
 
 

With RT-PCR testing positive for too long, even after an individual is no longer 

considered contagious, widespread use of RT-PCR testing is not only an ineffective surveillance 

strategy but also can negatively impact the economy and individuals’ livelihood. For an 
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individual infected with SARS-CoV-2, the CDC recommends self-isolating until 10 days after 

symptom onset or first positive viral test if asymptomatic.17 If an individual is no longer able to 

transmit the disease to others, yet gets a positive RT-PCR result, they are still required to isolate 

for 10 days. These positive test results in the late stage of infection can negatively impact the 

economy by restricting individuals from returning to work or school in a timely manner.10 

The global shift towards the use of antigen tests is evident in the $65 pledge by the US 

government for rapid diagnostic testing and the 120 million tests pledged by the Bill and 

Melinda Gates foundation to LMICs.10 With the rising emphasis on rapid diagnostic testing, it 

will be critical to expand the arsenal of available tests and ensure the diagnostic accuracy of new 

antigen tests before widespread implementation.  

 

LFAIR Test 

Recently, two biotechnology companies, Cellex and Gauss, have partnered to create a 

twenty-minute, lateral flow antigen test that is read by an artificial intelligence algorithm 

accessed through a smartphone application (Lateral Flow with AI Read; LFAIR).  

Of the existing EUA approved antigen tests, only three are approved for at-home use.12,13 

This LFAIR test could be a helpful addition to expand the availability of at-home tests. Since the 

artificial intelligence determines results through a smartphone application, the rapid test can 

provide the users with their results at home, while simultaneously providing digital results to 

healthcare providers and public health authorities. The LFAIR’s artificial intelligence also has 

the potential to improve the diagnostic accuracy of antigen tests because the algorithm has the 

potential to interpret test results more accurately than the human user.  
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The LFAIR has the potential not only to make SARS-CoV-2 testing available to anyone 

with a smartphone and a cellular connection, whether in the US or in resource limited settings, 

but also to enhance the diagnostic accuracy of antigen tests through its use of artificial 

intelligence.  

 

Summary and Study Aims 

Given the importance of fast and cost-effective diagnostic testing in the US and around 

the world, understanding the validity of the LFAIR test developed by Cellex and Gauss can not 

only improve access to SARS-CoV-2 testing but also enhance the sensitivity of antigen tests 

through the use of artificial intelligence.  

To understand the diagnostic accuracy of the Cellex and Gauss LFIAR to detect SARS-

CoV-2, we assess the following four primary aims.  

1) What is the diagnostic accuracy of the LFAIR compared to the reference 

standard, RT-PCR, for the first test irrespective of days since symptom onset?  

2) How accurate is artificial intelligence algorithm compared to the human eye in 

interpreting their antigen results?  

3) How accurate is the LFAIR test over the course of days since symptom onset?  

4) What is the relationship between the LFAIR test line intensity and SARS-CoV-2 

viral load as approximated by RT-PCR cycle threshold (CT) values?  

To understand the validity of the LFAIR test in various populations, secondary analyses 

explored how LFAIR accuracy varied by participants, age, education level, and viral load.  
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METHODS AND MATERIALS 

Participants 

Participants were recruited from two study populations that were obtaining nasal swabs 

for RT-PCR:  

1) Subjects (N=37) with mild to moderate COVID-19 symptoms who had tested positive 

for SARS-CoV-2 within 72 hours of enrollment and were initiating participation in 

one of two outpatient COVID treatment trials [NCT04524663 and NCT04346628]; 

these subjects underwent anterior nares swab by study personnel on days 1, 5, and 10 

of study participation and self-swabbed themselves on days 2-4 and 6-9.  

Accumulated samples were refrigerated in viral transport medium before being sent 

for RT PCR on days 1, 5 and 10. Subjects in this group were provided with five kits 

and asked to conduct them on five days on which nasal swabs were obtained for RT-

PCR.  

2) Subjects (N=88) participating in a large, longitudinal study of COVID-19 incidence 

(TrackCOVID); these latter subjects were typically uninfected with SARS- CoV-2.  

Study personnel swabbed their anterior nares and sent them for RT-PCR on the same 

day that they were provided with a single LFAIR kit to be performed on that day at 

home.  

Inclusion criteria included fluency in English, age over 18 years, and reported comfort 

using smartphone applications. Exclusion criteria included receiving treatment with convalescent 

plasma or other antibody therapy related to SARS-CoV-2 infections, participating in a SAR-

CoV-2 vaccine study, and testing positive for SARS-CoV-2 more than two weeks prior to 

enrollment without an interim negative RT-PCR test. Eligible participants were recruited from 
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December 2020 to March 2021 until 30 SARS-CoV-2 positive individuals and 88 SARS-CoV-2 

negative individuals were enrolled.  

All subjects provided informed consent and the study was approved by Stanford’s 

Institutional Review Board (protocol #58444). 

 

Methods 

 Participants completed a survey with demographic information, symptom status, and if 

symptomatic, date of symptom onset and of prior positive RT-PCR (See Table 1). If a participant 

did not own an iPhone, one was loaned to them.  

 Each home test kit had a unique quick response (QR) code that was recorded before 

participants took them home. Researchers did not provide instructions for the rapid antigen test 

to simulate individuals purchasing kits on their own. A brief instruction sheet directed subjects to 

download the Gauss app by scanning the QR code.  The app then provided detailed video 

instructions to complete the test.  A timer within the application indicated when 15 minutes had 

transpired and an image of the LFAIR should be uploaded to Gauss with the smartphone camera.  

Only the image, no PHI is transferred. Participants were not provided with their results due to the 

experimental nature of this antigen test. 

Results for RT-PCR results, including CT values, were provided to this study by the PIs 

of the parent studies using study IDs connected to the QR codes. Subjects in NCT04346628 had 

their RT-PCR assays performed by Quest which amplifies two sequences of the nucleocapsid 

gene (N1 and N3); all other RT-PCR assays were performed at the Stanford clinical lab using an 

RT-PCR of the E gene. Deidentified antigen test results, both binary and the intensity score for 

the LFA antigen test line, were collected from Gauss using QR codes.  
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LFAIR Test 

At-home antigen test kits include a SARS-CoV-2 antigen test device, a buffer solution, a 

sterile swab, an extraction tube, and an instruction sheet. The plastic antigen test device includes 

the LFA test strip, consisting of a sample pad, reagent pad, reaction membrane, and absorbing 

pad. The reagent pad is made of colloidal-gold conjugated with monoclonal antibodies that bind 

to SARS-CoV-2 nucleocapsid protein (N protein), antigens detectable in upper respiratory 

specimens during the acute phase of SARS-CoV-2 infection. The reaction membrane contains 

secondary antibodies for the N protein. After swabbing their noses, subjects place the nasal swab 

into the buffer solution. After one minute, three drops of the buffer are added to the sample well 

on the test device. When SARS-CoV-2 antigen is present in the sample, the antibody conjugates 

and the N protein will form an antibody-antigen complex, which is captured by the monoclonal 

antibodies on the test line (T) region. Presence of the T line indicates a positive test result. All 

valid test strips must also have a control line (C) to indicate that the sample had sufficient 

volume and that membrane wicking was successful (See Figure 1).18  

Table 1: Name, type, definition, and data source for each variable measured per participant.  
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Gauss’ artificial intelligence algorithm determines if a test is positive, negative, or invalid 

by determining the intensity of both the C and T lines. Test results are stored as either positive, 

negative, or invalid. The algorithm also stores the test line intensity value, which reflects the 

amount of SARS-CoV-2 antigen that bound to the antibody in the LFA device. This test line 

intensity value ranges from 0 (no line visible) to 1.0 (most intense line).  

 

Statistical Analysis 

We report distribution and mean (standard deviation) of participant demographics, 

symptom characteristics, disease status determined by RT-PCR results, RT-PCR CT values, and 

antigen test line intensity.  

RT-PCR results were used as the reference test to determine the sensitivity and 

specificity with 95% confidence intervals for each participant’s first antigen test regardless of 

symptom status. In the context of diagnostic testing, sensitivity is the probability that the new 

Figure 1: Example antigen test device results after sample has 
developed for 15 minutes. C indicates control line and T indicates test 
line. Invalid test strips do not have a C line, meaning there was 
insufficient sample volume or unsuccessful membrane wicking.10  
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test correctly identifies a SARS-CoV-2 positive individual when the RT-PCR test detects SARS-

CoV-2. Specificity refers to the likelihood that the index test correctly identifies a SARS-CoV-2 

negative individual in the absence of SARS-CoV-2 according to the RT-PCR results.  

To understand the diagnostic accuracy of the LFAIR versus a human user interpreting the 

antigen test results, we compared the accuracy of LFAIR with that of the test user read. The 

participants were asked if they could see a line next to the control (C) and test (T) markers. We 

were only able to determine sensitivity because the TrackCOVID participants were not asked for 

their visual read, so we only had data on the SARS-CoV-2 positive individuals on their human 

eye read.  

Since SARS-CoV-2 positive participants underwent multiple reference and index tests, 

ranging from one to five pairs of tests, we also estimated sensitivity using a repeated-measures 

analysis including each index-reference pair completed on the same day. To understand how the 

LFAIR sensitivity varies over time, we stratified test sensitivity over days since symptom onset. 

Date of symptom onset was based on self-report. We also used the generalized estimating 

equation (GEE) approach of Lian and Zeger to estimate sensitivity and robust standard errors for 

correlated observations.19,20 GEE models build on quasi-likelihood methodology, where the 

estimates are produced through an iterative algorithm. We implemented a GEE model with a 

binary distribution and logit link function.  

We also used a linear regression to investigate the relationship between antigen test line 

intensity and RT-PCR CT values, which is an indicator of an individual’s SARS-CoV-2 viral 

load; higher loads result in lower CT values.  

Due to RT-PCR results remaining positive beyond what the Centers for Disease Control 

and Prevention has determined as an infectious timeframe, sensitivity and specificity were also 
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calculated compared to CT values.17 One analysis was run using CT value < 30 as an indication 

of SARS-CoV-2 positive. We chose cutoffs of 30 and 25 cycles in accordance with a recent 

study that assess the BinaxNOW rapid antigen test with these cutoffs.21 We also plotted LFAIR 

test results by E gene CT value and found most false negatives occur when CT > 30. Another 

analysis was run using CT value < 25 as an indication of SARS-CoV-2 because this value was 

cited in a recent paper by Asai et al as a threshold value above which participants were unlikely 

to transmit virus.22 

 Finally, we determined the LFAIR diagnostic accuracy compared to RT-PCR results 

stratified by participant age and education level. All data was analyzed using statistical programs 

R (Version 1.2.5019) and Stata (Version 16.1, StataCorp, College Station, TX). 

 

RESULTS 

Descriptive 

Of 37 participants recruited from the COVID treatment trials, 33 (89%) completed at 

least one antigen test successfully with a total of 119 assays (mean 3.6 per person) performed. 

The laboratories provided matching RT-PCR data for 110 of these 119 LFAIR results (mean 3.3 

per person). Of the 88 individuals from the longitudinal TrackCOVID study, 66 (75%) 

completed their LFAIR successfully and all 66 had matching PCR results. The primary reasons 

for the non-compliance with the study protocol was a technical error on one day of recruitment, 

where the smartphone application did not work correctly.  

The mean age of participants was 47.7 years (SD = 14.8) and 55.1% were female (Table 

2). Of all 185 rapid LFA antigen tests completed, there was one invalid result. 
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Overall, 29 participants—28 of whom were in the treatment trials–were positive for 

SARS-CoV2 by RT-PCR on at least one swab. Among the 70 SARS-CoV-2 negative 

participants, 65 (92.9%) were recruited from the population-based study. Only one SARS-CoV-2 

positive individual, recruited from the TrackCOVID trials, was asymptomatic at the time of their 

first test.  

Among RT-PCR positives, the mean CT values for the N1, N3, E, and RNaseP control 

genes were 23 (SD =4.9), 24 (SD = 4.9), 24.7(SD=6.8), and 21.3 (SD=3.2), respectively.  

 

Table 2: Descriptive statistics of participants’ 
demographic information: age, race, ethnicity, sex, 
and education level.  
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Primary Aim 1: Diagnostic accuracy of first LFAIR test 

Stanford Clinical Laboratory and Quest report any positive RT-PCR up to 40 cycles. 

Using this RT-PCR cutoff and only the first test from each person in study, the sensitivity of the 

LFAIR was 86.2% (95% CI 73.6% - 98.8%) and specificity was 94.3% (95% CI 88.8% - 99.7%) 

(Table 3).  

 

 

Primary Aim 2: LFAIR Sensitivity over time 

Since almost all (96.4%) SARS-CoV-2 positive individuals received multiple testing, we 

assessed sensitivity with RT-PCR results as the reference test stratified over days since symptom 

onset. The at-home rapid LFA antigen test has a high sensitivity over the first few days after 

symptom onset, and the sensitivity declines as the days progress (Figure 2).  

Table 3: Test characteristics of index test–LFAIR–compared to reference test–RT-PCR–for all 
participants first test. Sensitivity of the LFAIR was 86.2% (95% CI 73.6% - 98.8%) and 
specificity was 94.3% (95% CI 88.8% - 99.7%) 
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The GEE model used all 97 tests from 28 individuals in the treatment trial population. 

The model, adjusted for repeated measures, predicted a sensitivity of 97.8% (95% CI 89.9% - 

99.5%) on the first day of symptoms and a 0.9% (95% CI 0.3- 1.6%) decrease in sensitivity with 

each additional day since symptom onset (Model and coefficient estimates available in 

Supplementary Appendix).  

 

Primary Aim 3: LFAIR accuracy compared to human eye 

We assessed the sensitivity of LFAIR compared to human user interpretation (insufficient 

data for specificity). The sensitivity of the test using artificial intelligence was 86.2% (95% CI 

Figure 2: At-home LFA rapid antigen test sensitivity by days since symptom onset. Sensitivities 
are illustrated with open circles with confidence intervals included. Data for this figure is in 
Supplement.  
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73.6% - 98.8%) and the sensitivity of the test with user interpretation was 71.4% (95% CI 54.7% 

- 88.2%) (Table 4).  

 
 
 

 

Primary Aim 4: LFAIR test line intensity relationship with viral load 

Out of the three gene targets (E gene, N1 gene, and N3 gene) CT values collect, the E 

gene CT values were the only ones normally distributed. We also had more samples with E gene 

CT values (N=58), compared to the N1 and N3 genes (N=14). Therefore, we only assessed the 

relationship of the E gene CT value with the LFAIR test line intensity.  

We detected a linear relationship between the E gene CT value and LFAIR test line 

intensity and calculated the pseudo R2 using both the McFadden and Nagelkerke calculations 

from a generalized linear model using (McFadden R2 = 0.49; Nagelkerke R2 = 0.99) (Figure 3). 

The LFAIR test line intensity decreased linearly as CT value, a proxy for viral load, 

increased (Model and coefficient estimates available in Supplementary Appendix) 

Table 4: At-home LFAIR test sensitivity compared to human eye sensitivity in detecting 
positive antigen test result.  
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Secondary Aims 

 To understand how the diagnostic accuracy of LFAIR in different populations, we 

stratified each participant’s first LFAIR test by CT value, age, and education level. E gene values 

were used for NCT04524663 and N1 gene values were used for NCT04346628. Using cycle 

threshold value < 30 as an indication of COVID-19 positive, the rapid at-home antigen test had 

sensitivity of 86.4% (95% CI 76.6%-93.3%). The index test had a sensitivity of 94.3% (95% CI 

86.6%-100%) with a cycle threshold value < 25 as the value defining COVID-19 positivity 

(Table 5). 

Figure 3: E gene CT value plotted by LFAIR test (T) line strength. Test line intensity 
McFadden R2 = 0.49; Nagelkerke R2 = 0.99 
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At higher CT values, there are fewer false negatives, but there are also more false 

positives. There were 10 false negatives and 8 false positives with a cutoff of 30 cycles and 3 

false negatives and 19 false positives with a cutoff of 25 cycles. When plotting the LFAIR test 

results by E gene CT value, it is evident that most false negatives occur when CT > 30 (Figure 

4).  

Table 4: Test characteristics of index test–LFAIR–compared to reference test–RT-
PCR–for all participants first test, stratified by CT values. Sensitivity of the LFAIR was 
86.4% (95% CI 76.6%-93.3%) and specificity was 90.2% (95% CI 85.3% - 95.1%) with 
a CT cutoff of 30. The LFAIR sensitivity was 94.3% (95% CI 86.5%-100%) and 
specificity was 80.8% (95% CI 73.1% -88.6%) for a CT cutoff of 25.  
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We also stratified LFAIR diagnostic accuracy by participant age, specifically whether or 

not a participant was 18-40 years old or greater than 40 years old. The sensitivity and specificity 

for the 18-40 age group was 84.6% (95% CI 65.0% - 100.0%) and 91.3% (95% CI 72.0% - 

98.9%), respectively.  For individuals over 40 years old, the LFAIR test sensitivity was 87.5% 

(95% CI 61.7% - 98.5%) and specificity was 95.7% (95% CI 85.5% - 99.5%) (Table 5).  

Figure 4: E gene CT value plotted by LFAIR test line intensity. Blue circles indicate an LFAIR 
true positive whereas the red triangles represent LFAIR false negatives. 8 out of 10 false 
negatives occur when CT values are greater than 30.  
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Finally, we stratified LFAIR diagnostic accuracy by education level. We defined less 

than a four-year college degree as anyone who had less than or equal to a high school education 

or an associate degree. Individuals with a four-year degree or greater earned a four-year degree 

or a graduate degree. For the less than four-year degree group, the sensitivity was 87.5% (95% 

CI 47.4%-99.7%) and the specificity was 100.0% (95% CI 54.0% - 100.0%. For the more highly 

educated group, The LFAIR sensitivity was 85.7% (95% CI 63.6%-97.0%) and specificity was 

93.8% (95% CI 84.8% -98.3%) (Table 6).  

Table 5: Test characteristics of index test–LFAIR–compared to reference test–RT-
PCR–for all participants first test, stratified by age. Sensitivity of the LFAIR was 
84.6% (95% CI 65.0%-100.0%) and specificity was 91.3% (95% CI 72.0% - 98.9%) for 
participants between 18 and 40 years old. The LFAIR sensitivity was 87.5% (95% CI 
61.7%-98.5%) and specificity was 95.7% (95% CI 85.5% -99.5%) for participants older 
than 40 years old.  
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Table 6: Test characteristics of index test–LFAIR–compared to reference test–RT-
PCR–for all participants first test, stratified by education level. Sensitivity of the 
LFAIR was 87.5% (95% CI 47.4%-99.7%) and specificity was 100.0% (95% CI 54.0% - 
100.0%) for participants with an associate degree, high school degree, or less than a 
high school degree. The LFAIR sensitivity was 85.7% (95% CI 63.6%-97.0%) and 
specificity was 93.8% (95% CI 84.8% -98.3%) for participants with a four-year college 
degree or graduate degree.   
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DISCUSSION  

Conclusions 

In our study cohort we found the LFAIR test had a sensitivity and specificity comparable 

to other antigen tests with FDA EUA approval. The sensitivity of 85.7% and specificity of 94.3 

for the first LFAIR test completed, ignoring days since first symptom onset, is similar to the 

reported sensitivities and specificities ranging from 64%-95% and 96-100%, respectively.   

We also found that the LAIR was more sensitive, meaning correctly identified more 

SARS-CoV-2 positive individuals, than the human users. These data are important when 

considering at-home use of antigen tests. If people are interpreting their results at home, there is 

a wider margin for error than if the results are assessed using artificial intelligence. Given there 

are a couple antigen tests currently approved by the FDA used for at-home, this artificial 

intelligence could be a more effective alternative to existing home testing.  

When accounting for days since symptom onset, we found that the at-home rapid antigen 

test sensitivity was much higher over the first few days after symptoms began. We saw this trend 

not only when we stratified the first test per participants but also when we accounted for all data 

collected, including all repeat LFAIR and RT-PCR tests. When accounting for the consecutive 

testing, the GEE model indicated an initial test sensitivity of 97.78% when accounting for 

repeated testing and days since symptom onset in the model.  

Both the crude stratification and GEE model indicate that LFAIR is more sensitive in 

early stages of disease onset when SARS-CoV-2 viral loads are likely higher in nasopharyngeal 

and salivary samples and, therefore, individuals are more likely to transmit the virus to others. 

False negatives in later stages of disease (higher CT values) when individuals are less likely to 

transmit SARS-CoV-2 to other is less problematic from a public health perspective. A study 
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assessing virus cultures of respiratory tract as a proxy for virus shedding found that shedding was 

undetectable at high RNA load thresholds above 7 log10 RNA copies per milliliter.23  These 

findings of high sensitivity in early stages of SARS-CoV-2 infection, when viral load is high, 

suggest that this rapid antigen test can serve as an effective surveillance tool to mitigate the 

spread of SARS-CoV-2.  

Finally, the linear relationship between the antigen test line intensity and the E gene CT 

value demonstrate the antigen test can tell an individual more than a binary answer if they are 

positive or not for SARS-CoV-2. The intensity of the line has potential to provide a qualitative 

value for how infectious a person may be, as represented by their CT values, a proxy for viral 

load.  

Our secondary analyses do not suggest any differences in LFAIR accuracy by age or 

education level. When assessing test accuracy across CT values, our findings suggest that false 

negatives are more common at high CT values or low viral loads. These results align with our 

previous finding that sensitivity is higher in the early stages of disease course.  

 

Strengths & Limitations 

A key strength of our study is the real-life conditions of our testing. Participants 

completed all of their LFAIR tests at-home, which is the setting for which these tests were 

developed.  

 Although these conclusions point towards the at-home rapid LFA antigen test being a 

useful public health tool for COVID-19, we note that the generalizability of our findings are 

limited by spectrum bias, smartphone application use, and low racial and ethnic diversity of our 

sample. For spectrum bias, since we only had one asymptomatic SARS-CoV-2-positive 



 28 

individual, we could not estimate sensitivity in asymptomatic individuals. Moreover, most 

participants were tested three or more days after symptom onset, when viral load peaks. 

Therefore, it is unclear how sensitive the at-home LFA rapid antigen test is in the first two days 

after symptom onset. This spectrum bias may mean that LFAIR’s sensitivity will be lower in 

practice.24 All LFAIRs were completed through an iPhone application, so the accuracy of the 

artificial intelligence algorithm has yet to be studied in other smartphone applications. Similarly, 

the diversity of our cohort does not adequately reflect the general public, which also limit the 

generalizability of our findings. Additional research is needed to understand the diagnostic 

validity of this new at-home LFA antigen test in asymptomatic and populations not represented 

in our sample.  

 We would also like to point out how RT-PCR results testing positive for a long time after 

the infectious period can affect our results. Since RT-PCR tests can come back positive even 

when an individual is no longer contagious, there may be LFAIR false negatives who have non-

viable or non-transmissible virus. Although the LFAIR test is technically a false negative, the 

negative result may actually more accurately reflect the individual’s public health risk. Due to 

the long tail of RT-PCR positivity, our sensitivity and specificity analyses could be artificially 

low. We tried to assess this bias in our analyses, looking at the test sensitivity stratified by days 

since symptom onset and by CT values.  

 

Closing Remarks  

Results from this study indicate that this LFAIR test could be integral to improving 

SARS-CoV-2 screening and slowing the spread of and deaths caused by SARS-CoV-2. 

Moreover, this rapid testing has the potential to improve access to diagnostic testing because 
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compared to the current reference standard, RT-PCR, it is less expensive and can produce test 

results in the absence of laboratories and medical personnel.  

We recommend additional diagnostic accuracy research and disease progression 

modeling to ensure the safety of widespread use of this at-home rapid antigen test.  
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SUPPLEMENTARY APPENDIX 

Data for Table 2 

 

 
GEE Model Equation 
 

𝐿𝑜𝑔(𝑂𝑑𝑑𝑠) = 𝛼 − 	𝛽	(𝑑𝑎𝑦𝑠	𝑠𝑖𝑛𝑐𝑒	𝑠𝑦𝑚𝑝𝑡𝑜𝑚	𝑜𝑛𝑠𝑒𝑡) 
𝐿𝑜𝑔(𝑂𝑑𝑑𝑠) = 3.5 − 	0.35	(𝑑𝑎𝑦𝑠	𝑠𝑖𝑛𝑐𝑒	𝑠𝑦𝑚𝑝𝑡𝑜𝑚	𝑜𝑛𝑠𝑒𝑡) 

 
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 97.8% − 	0.9%	(𝑑𝑎𝑦𝑠	𝑠𝑖𝑛𝑐𝑒	𝑠𝑦𝑚𝑝𝑡𝑜𝑚	𝑜𝑛𝑠𝑒𝑡) 

 
 
Linear Equation (Figure 3) 
 

𝐸	𝑔𝑒𝑛𝑒	𝐶𝑇	𝑣𝑎𝑙𝑢𝑒 = 	27.8 − 	2.16	(10%	𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒	𝑖𝑛	𝐿𝐹𝐴𝐼𝑅	𝑡𝑒𝑠𝑡	𝑙𝑖𝑛𝑒	𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦) 
 
 
 
 

LFAIR test sensitivity by days since symptom onset. Sensitivities and confidence intervals are 
included. Data used for Figure 2.  
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