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A B S T R A C T   

For the last two years, the SARS-CoV-2 virus spread all around the world and led to the COVID-19 
pandemic. The need of methods to control the pandemic and to propose rapid and efficient 
diagnostic tools has emerged. In this perspective, SARS-CoV-2 rapid antigen detection tests 
(RADT) have been developed. We performed a retrospective study on 638 collected nasopha-
ryngeal samples used for reference RT-qPCR diagnosis to compare the AQ + COVID-19 Ag Rapid 
Test” from InTec (AQ + InTec test) performance with other commercially available RADT (Abbott 
Panbio, Roche SDBiosensor and Siemens Clinitest). We analysed the sensitivity and specificity of 
the different tests and showed a better overall performance of the AQ + InTec test, which was 
confirmed on the SARS-Cov-2 Omicron variant. We then conducted a prospective study on 
844patients, to evaluate the sensitivity and specificity of the AQ + InTec test on nasal and 
nasopharyngeal samples in a point of care setting. We showed that sensitivity and specificity 
reach acceptable criteria (respectively 94.4% and 99.6% on nasal samples) regarding the official 
recommendations of the MDCG 2021-21 in both symptomatic and asymptomatic patients. 
Overall, the results of these two studies confirm that the AQ + InTec test is a valuable tool for 
testing in a pandemic context with a high proportion of asymptomatic patients who are potential 
carriers for the SARS-CoV-2 virus and is performant on the most current circulating variant 
Omicron.   

1. Introduction 

In late 2019, in Wuhan China, a new type of respiratory infection caused by a novel coronavirus strain, the SARS-CoV-2, emerged. 
The disease was named COVID-19 for CoronaVirus Disease 2019. Since then, it has spread to the entire global population and was 
given the pandemic status on March 11, 2020 by the World Health Organization (WHO) [1]. 
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The pandemic has become a major public health problem worldwide and therefore, a rapid and accurate identification of patients 
requiring supportive care and isolation was important for the management of COVID-19 [2]. 

The Reverse Transcription-Polymerase Chain Reaction (RT-qPCR) from a nasopharyngeal swab sample became the current gold 
standard [3,4]. 

Quickly, rapid antigen detection tests (RADT) have emerged as part of the “Test-Alert-Protect” strategy [5]. In 2020, the French 
National Authority for Health (HAS) published a favourable opinion on RADT for the diagnosis of symptomatic patients up to 7 days 
after the onset of symptoms, as an alternative to RT-qPCR on nasopharyngeal swabs, and for asymptomatic individuals in the context of 
large-scale operations, targeting high-risk of infection populations [6,7]. Furthermore, the HAS supports the deployment of antigenic 
self-tests based on oropharyngeal or nasal swabs as a complementary tool in the SARS-CoV-2 screening strategy [8]These tests are 
rapid, inexpensive, easy to use, with an estimated reading time of 15 min but less sensitive than the PCR. During the successive waves 
of the epidemics, several antigenic rapid tests were developed by manufacturers. It was then crucial, for clinicians and virologists to 
choose antigenic tests with the highest performances. However, comparison studies are limited and difficult to conduct. InTec 
PRODUCTS has developed the RADT AQ + COVID-19 Ag Rapid Test (AQ + InTec test). 

The present study was divided into three parts. The parts 1 and 2 of the study were comparing RADT kits using archived specimens 
and serial dilution respectively, the part 3 of the study was evaluating the test performance of the AQ + COVID-19 Ag Rapid Test on 
fresh nasal and nasopharyngeal samples from patients prospectively recruited according to the European Guidelines for validation of 
COVID-19 RADTs [9,10]. 

2. Material and methods 

Part one: performance comparison between four RADT kits using archived samples The study was approved by the Orleans regional 
Hospital ethics committee and notified to the French data protection authority. The study was retrospective, on collected samples and 
aiming at validating the performances (sensitivity and specificity) of the “AQ + - SARS- CoV-2 Antigen Rapid Qualitative Test” (InTec), 
compared to the reference method (RT-qPCR) and comparative antigen detection-based tests. 

2.1. Reference method (also used for part 2 and 3) 

The reference method was a RT-qPCR test performed on nasopharyngeal sample in subjects who came to the investigative center to 
perform a COVID-19 molecular test (RT-qPCR, nasopharyngeal swab) with or without symptoms. 

The RT-qPCR test for SARS-CoV-2 was performed in the virology unit of the CHR Orléans, France. Nucleic acid extraction was 
performed with an automated sample preparation system MGISP-960 (MGI, China). Real-time PCR detection of SARS-CoV-2 RNA 
targeting the ORF1ab, S and N genes was performed with the TaqPath V2 Covid-19 Multiplex RT-PCR kit (Thermofisher). Amplifi-
cation was performed on QuantStudio5 (Applied Biosystems). The results of the assay were analysed according to the manufacturer’s 
instructions. The assay includes an internal RNA extraction control and an amplification control. The samples were analysed 
considering the new positivity criteria of the French Microbiology Society’s expert committee [11], in particular considering the 
specific characteristics of the Thermofisher kit used for the RT-qPCR measurement. 

2.2. AQ + - SARS- CoV-2 Antigen Rapid Qualitative Test (InTec) and comparative rapid tests 

The AQ + COVID-19 Ag Rapid Test (GJ22020185 (25T/Kit)) is a colloidal gold immunochromatographic test for the qualitative 
detection of SARS-CoV-2 core antigens potentially present in human nasal swabs from individuals suspected of having COVID-19 
within the first 7 days of symptom onset or that without symptoms. The test is used as an aid in the diagnosis of SARS-CoV-2 infec-
tion. It is suitable for use under healthcare professional supervision. Remote healthcare professional supervision can be used with 
appropriate clinical governance once training has been completed and verified. 

If SARS-CoV-2 antigens are present in the sample, an antibody-antigen complex will form upon contact with anti-SARS-CoV-2 
monoclonal antibodies conjugated with coloured particles. This coloured complex migrates by capillary action across the mem-
brane to the test line (T). If no SARS-CoV-2 antigen is present in the sample, no colour appears on the test line (T). The control line (C) is 
a control that should appear if the test procedures are performed correctly. 

Sample collection was performed from subjects who came to the investigative center to perform a COVID-19 molecular test (RT- 
qPCR, nasopharyngeal swab) with or without symptoms. After testing, sample leftovers were frozen in Viral Transport Media (VTM, 
Dasky) and subsequently used to carry out the AQ + InTec test and the commercial comparatives RADT. 

The following RADT were used as comparatives: Panbio™ COVID-19 Ag Rapid Test Device (Abbott, Chicago, IL, USA), Roche SD 
BIOSENSOR SARS-CoV-2 Antigen Rapid Test (Roche, Rotkreuz, Switzerland) and CLINITEST® Rapid COVID-19 Antigen Test (Orient 
Gene, Shanghai, China). 

2.2.1. Part 2: limit of detection (LOD) analysis 
LOD is defined as the lowest concentration of the analyte that can be reliably detected. A well documented respiratory specimen 

(delta variant, symptomatic patient, Ct = 20) was used for the LOD analysis. Serial dilutions were made of thes sample collected in 
VTM, using the leftovers after RT-qPCR reference testing (from 1,00E+06 to 3,20E+01 gcn/mL). Independent swabs were immersed in 
the diluted sample collected in the VTM, and the RADT test previously described were performed according to each manufacturer 
instructions, especially the volume of buffer to perform the rapid tests (InTec, Orient Gene, Roche, Abbott). Four different replicates 

T. Prazuck et al.                                                                                                                                                                                                       



Heliyon 9 (2023) e18088

3

were performed for each rapid test in the same day. 

2.2.2. Part 3: prospective study 
The prospective study was approved in April 2022 by the Sud Ouest et Outre Mer ethics committee (N◦ 2022-A00503040) and was 

notified to French data protection authority. In accordance with the Declaration of Helsinki, all adult participants or legal repre-
sentative for participating children provided written informed consent before undergoing any study-specific procedure. The study was 
prospective, aiming at validating the performances (sensitivity and specificity) of the “AQ + - SARS- CoV-2 Antigen Rapid Qualitative 
Test” (InTec), compared to the reference method (RT-qPCR). 

The study was carried out between April 4th, 2022 and July 30th, 2022 in Orleans University hospital, France. Patients were those 
attending at the COVID screening center, the emergency unit and hospitalization wards. When a COVID test was indicated for the 
patient, the study was presented to the patient. After informed consent, the trained study nurses collected a nasal sample from both 
nostrils to perform the RADT and also asked to the patient if he could accept an additional NP sample for a second RADT, which 
occurred in two third of patients. Additional data were collected such as age, gender, presence or absence of symptoms, and if any, date 
of first symptoms declared by the patient himself. 

2.3. Reference method 

The RT-PCR test for SARS-Co V-2 was performed in the virology unit of the CHR Orleans, France. Nucleid acid extraction was 
performed with an automated sample preparation system MGISP-960 (MGI, China). Real-time PCR detection of SARS-CoV-2 RNA 
targeting the ORF1ab, S and N genes was performed with the TaqPath V2 Covid-19 Multiplex RT-PCR kit (Thermofischer, Illkirch, 
France). Amplification was performed on QuantStudio 5 (Applied Biosystems). The assay included an internal RNA extraction control 
and an amplification control. The determination of the VOC (variant of concern) was done on each RT-qPCR positive samples which 
underwent spike protein variant–specific polymerase chain reaction (PCR) to differentiate between present spike protein using the 
VirSNiP SARS-CoV-2 Spike N501Y, del 69/70, E484K, N501Y, L452R, T478K, and 371L 373P 452R kits (Thermofischer, Illkirch, 
France). 

2.4. AQ + - SARS- CoV-2 Antigen Rapid Qualitative Test (InTec) 

The AQ + - SARS-CoV-2 Antigen Rapid Qualitative Test (InTec) was performed on fresh nasal or nasopharyngeal swab collected in 
subject obtained during the participant’s visit for RT-qPCR testing, according to manufacturer instructions. 

2.4.1. Statistical methods 
Analyses were performed with SAS V9.4, on locked databases, after reviewing the data to identify protocol deviations and their 

potential impact on the analysis criteria. 
The description of all parameters was done on the global population called Full Analysis Set (FAS). 
Quantitative parameters have been described using the following statistics: number of non-missing data, mean, standard deviation, 

median, first and third quartiles, minimum and maximum. 
Qualitative parameters have been described using counts and percentages, and were calculated from the number of non-missing 

observations. The intrinsic performance of each test was assessed by calculating the sensitivity with a 95% confidence interval. 

3. Results 

3.1. Part 1: performance comparison between four RADT kits using archived samples 

The study was conducted on 638 samples from 638 different patients tested with the reference RT-qPCR method: 329 were negative 
and 309 were positive. 

The results obtained with the AQ + InTec test were compared with other SARS-CoV-2 RADT from Orientgene, Roche and Abott 
(Table 1). 

The sensitivity of the AQ + InTec test was higher, with the detection of 218 positive patients out of 309 (70.6%; compared to 168, 
51 and 45 respectively with the Orient Gene, Roche, and Abbott tests). 

Table 1 
Comparison analysis of sensibility and specificity of AQ + Intec test compared with other brand antigenic based rapid tests.  

Rapid tests’ brands  Intec (1) Orient Gene (2) Roche (3) Abbott (4) 

Sensitivity Overall (n = 309) 70.6% [65.5–75.6] 51.1% [45.6–56.7] 19.7% [15.3–24.2] 14.6% [10.7–18.5]  
Omicron (n = 249) 73.9% [68.4–79.3] 53.4% [47.2–59.7] 20.9% [15.8–25.9] 15.3% [10.8–19.7]  
Delta (n = 51) 51% [37.3–64.7] 33.3% [20.4–46.3] 15.7% [5.7–25.7] 11.8% [2.9–20.6] 

Specificity Overall (n = 309) 100% 100% 100% 100% 

Statistical test on overall sensitivity: P value 1 vs 2: <0.0001; P value 2 vs 3: <0.0001; P value 3 vs 4: non-significant. 
Chi2: 274; Global p value: P < 0.0001. 
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This difference of sensitivity was observed for both SARS-CoV-2 Omicron and Delta variants (Fig. 1). Of note, the difference be-
tween AQ + Intec test and the other RADT used, especially Roche and Abbott’s, was more marked as the CT level was lower (Table 1) 
(see Fig. 2). 

Considering the conditions in which the sample was obtained (storage in VTM and freezing), the sensitivity of the AQ + InTec test 
was quite high but did not reach the criteria defined in the MDCG 2021–21 12 which places diagnostic sensitivity threshold higher than 
80% (RADT) relative to the SARS-CoV-2 RT-qPCR test. 

All the tests had a specificity of 100% and no difference was observed. 

3.2. Part 2: limit of detection (LOD) analysis 

The limit of detection (LOD) of the AQ + InTec test has been evaluated and compared with the three other RADT. Results are shown 
in Table 2. The lower LOD was observed with the AQ + InTec test (1.60E+02), followed by Orient Gene (2.00E+04). 

In all, the AQ + InTec test showed a higher sensitivity on samples from symptomatic and asymptomatic patients, compared to other 
RADT commercially available [12–15]. 

3.3. Part 3: prospective study 

Considering the promising results of the retrospective study, it was foreseen to evaluate the performance of the AQ + InTec test, by 
trained professional in a point of care setting. 

Overall, 844 patients attending at the screening centre, the emergency unit and hospitalization wards (Orleans University hospital) 
were prospectively included in the study. All of them underwent a nasopharyngeal sample for RT-qPCR. In addition, all 844 patients 
had a nasal sample for antigen rapid testing using AQ + Intec device. Among them 584 underwent an additional nasopharyngeal 
sampling to perform a second antigen rapid test to compare how nasal or nasopharyngeal sampling could influence the performances 
of the rapid test. Among the 844 patients included, 391 had a positive rt-qPCR (true positive) and 453 had a negative rt-qPCR (true 
negative). The AQ + InTec test sensitivity analysis was performed on 391 patients with known SARS-CoV-2 infection (nasophar-
yngealsample positive with RT-qPCR). The specificity analysis was performed on 453 patients with no SARS-CoV-2 infection (naso-
pharyngeal sample negative with RT-qPCR). 

3.3.1. AQ + InTec test sensitivity: comparison with CT level of the reference test 
To evaluate the performance of the AQ + InTec test on nasal and nasopharyngeal samples, the results obtained with the test were 

compared to the reference RT-qPCR results. Two groups of patients were analysed: nasal and nasopharyngeal samples. In the first 
group, the sensitivity of the AQ + InTec test was measured on nasal samples of 391 patients. Among these, SArS-Cov2 antigen was 
detected in 396 patients by the AQ + InTec test compared with the reference method (RT-qPCR), with an overall sensitivity of 94.4% 
(95% CI [92.1–96.7]). Interestingly, the sensitivity was as high as 99.6% (95% CI [98.9–100.0]) when the CT level was below 25 in the 
reference test (Table 3) (see Table 4). 

The sensitivity of the AQ + InTec test was also measured on nasopharyngeal samples of 269 patients detected positive for SArS- 
Cov2 by the reference RT-qPCR test. Among these, 262 were positive with the AQ + InTec test, with a sensitivity of 97.4% (95% 
CI [95.5–99.3]). The sensitivity increased to 100% (95%CI [100− 100]) on samples with a CT level below 25. 

In both nasal and nasopharyngeal samples, the sensitivity of the AQ + InTec test was lowered when the CT level was high. 
Nevertheless, the sensitivity was always higher with nasopharyngeal samples compared with nasal samples (Table 3). 

3.3.2. AQ + InTec test sensitivity in symptomatic and asymptomatic patients 
On nasal samples of the 308 symptomatic positive patients, the sensitivity of the AQ + InTec test was as high as 95.8% and 89.2% 

on the 83 asymptomatic patients. On nasopharyngeal samples of the 203 symptomatic positive patients, the sensitivity of the test was 
as high as 97.5% and 97% on the 66 asymptomatic patients. 

Fig. 1. Comparative sensitivity of SARS-CoV-2 antigen detection-based commercial tests.  
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Fig. 2. Sensitivity of the AQ + InTec test on nasal and nasopharyngeal samples and corresponding CT levels of the reference RT-qPCR test.  

Table 2 
Limit of detection analysis.   

Intec Orient Gene Roche Abbott Total 
N = 1 

Estimated gcn/mL 

PCR CT (N gene) 25 Positive Positive Negative Negative 1,00E+06 
27 Positive Positive Negative Negative 5,00E+05 
29 Positive Positive Negative Negative 1,00E+05 
31 Positive Positive Negative Negative 2,00E+04 
32 Positive Negative Negative Negative 4,00E+03 
34 Positive Negative Negative Negative 8,00E+02 
36 Positive Negative Negative Negative 1,60E+02 
Undet. Negative Negative Negative Negative 3,20E+01  

Table 3 
Sensitivity of the AQ + InTec test on nasal and nasopharyngeal samples and corresponding CT levels of the reference RT-qPCR test.    

Positive RT-qPCR (nasopharyngeal) Positive AQ + Intec test Sensitivity 
% [95% CI] 

Nasal samples 
Overall  391 369 94.4 [92.1–96.7] 
CT level <25 259 258 99.6 [98.9–100.0] 

25–30 100 88 88.0 [81.6–94.4] 
>30 32 23 71.8 [56.3–87.5] 

Nasopharyngeal samples 
Overall  269 262 97.4 [95.5–99.3] 
CT level <25 168 168 100 [100–100.0] 

25–30 77 74 96.1 [91.8–100] 
>30 24 20 83.3 [68.4–98.2]  

Table 4 
Sensitivity of the AQ + InTec test on nasal and nasopharyngeal samples in symptomatic and asymptomatic patients.   

Date of symptoms Positive RT-qPCR Positive AQ + Intec test Sensitivity 
% [95% CI] 

Nasal samples 
Asymptomatic  83 74 89.2 [82.5–95.8] 
Symptomatic  308 295 95.8 [93.5–98.0]  

<3 days 176 168 95.5 [92.4–98.3] 
3–5 days 100 98 98.0 [95.3–100] 
>5 days 32 29 90.6 [80.5–100] 

Nasopharyngeal samples 
Asymptomatic  66 64 97.0 [92.8–100] 
Symptomatic  203 198 97.5 [95.4–99.7] 

<3 days 113 111 98.2 [95.8–100]  
3–5 days 67 66 98.5 [95.6–100]  
>5 days 23 21 91.3 [79.8–100]  
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3.3.3. AQ + InTec test specificity 
To evaluate the diagnostic specificity of the AQ + InTec test, an analysis was conducted on 453 subjects with a negative RT-qPCR 

reference test who had a nasal sample and 315 subjects with a negative RT-qPCR reference test who had a nasopharyngeal sample. 
Two subjects out of 453 (nasal sample) had a positive result with the AQ + InTec test with a negative RT-qPCR result, giving a 

specificity of 99.6%. 
All patients with a negative RT-qPCR who had a nasopharyngeal sample were also negative with the AQ + InTec test, giving a 

specificity of 100% Table 5). 

4. Discussion 

Retrospective studies on SARS-CoV-2 RADT evaluation allow comparison of different tests on the same sample, as multiple sam-
pling from the same patient raises ethical issues. Indeed, as it is compulsory to use the specific test buffer, it would necessitate a number 
of swabs equal to the number of RADTs to evaluate for each patient. In this retrospective study, four independent swabs were immersed 
in a previously collected nasopharyngeal samples, then placed in each of the specific buffers before performing the RADTs allowing 
statistical comparison, which is not possible in independent studies. However, retrospective studies reduce the real sensitivity because 
the swab is immersed in 3 mL of VTM which dilutes the collected [16]. The present retrospective study revealed an overall better 
sensitivity of the AQ + InTec test compared to the other commercial tests (Orient Gene, Roche, Abott) included in the analysis. 
Moreover, the LOD analysis revealed a lower LOD for the AQ + InTec test, followed by Orient Gene, which is consistent with a better 
sensitivity [17,18]. However, considering the points raised above, these results need to be considered carefully. Of note, in this 
experimental setup, none of the RADTs, including the AQ + InTec tests reached a satisfying sensitivity regarding of the acceptance 
criteria defined in the MDCG 2021–21 (sensitivity >80%) [19]. This lack in performance is easily explained by the experimental setup 
itself, however, it sheds light on the difference of detection limits that exists between the commercially available SARS-CoV-2 RADT as 
previously reported [18]. Another concern has emerged regarding the potentially different limits of detection for different SARS-CoV-2 
variants between the RADTs [17]. Our study supports that the performance of commercially available RADTs for SARS-CoV-2 
detection varies with the variant type, but this should also be considered in perspective with the experimental setup. 

In the prospective study aiming at evaluating the sensitivity and specificity test in a point of care setting, the AQ + InTec test 
exhibited high sensitivity on nasal samples (94.4%) and nasopharyngeal samples (97.4%) and high specificity (99.6 to 100%) which 
fulfil the acceptance criteria defined in the MDCG 2021–21 “Guidance on performance evaluation of SARS-CoV-2 in vitro diagnostic 
medical devices” [19]:  

⁃ - Diagnostic sensitivity: >80% (rapid tests) relative to the SARS-CoV-2 RT-qPCR test;  
⁃ - Diagnostic specificity: >98% (rapid tests). 

Another point of interest was to compare the results obtained on symptomatic and asymptomatic patients to determine whether the 
AQ + InTec test was as sensitive when patients were asymptomatic. Indeed, it has been shown in a study comparing the results of 78 
studies on SARS-Cov2 antigenic tests, that the sensitivity of this method is reduced by 13.8% points on average for asymptomatic 
patients [12–15]. 

It is important to note that the sensitivity of the AQ + InTec test is particularly high on asymptomatic patients compared to other 
RADTs available on the market. Indeed, an analysis of 12 studies, reported an average sensitivity of 58.1% (95% CI 40.2% to 74.1%) 
[12], placing the AQ + InTec test above in terms of sensitivity on both nasal and nasopharyngeal samples in asymptomatic patients 
(respectively 89.2% and 97.0%) and making it a valuable tool for testing in an epidemic context with a high proportion of asymp-
tomatic patients that are potential carriers for the SARS-CoV-2 virus [12–15]. 

However, the high performance of the results may also be related to the high viral load samples collected, as 369 among the 391 
patients (94.3%) having a nasal sample had a viral load Ct 30 or below and 242 among 262 patients (92.4%) having a nasopharyngeal 
sample had a viral load Ct 30 or below. 

5. Conclusion 

During these two studies, the AQ + Intec antigen rapid test showed better sensitivity compared with three commercialized antigen 
tests in the retrospective study and very high performances reaching 95% sensitivity in the prospective study. Nasal and nasopha-
ryngeal samples provide quite equivalent level of antigen detection in terms of sensitivity. Retrospective studies are useful to compare 
antigen rapid tests but, as samples are diluted compared to fresh samples, they do not give true level of sensitivity. 
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