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Major comments for authors 
 

In this manuscript, Thompson et al. conducted a multicentre diagnostic evaluation of OnSite COVID-19 Rapid Test (CTK 
Biotech) among symptomatic individuals in Brazil and the United Kingdom. The OnSite Ag-RDT demonstrated a lower clinical 
sensitivity than claimed by the manufacturer. Sensitivity and specificity from the Brazil study fulfilled the performance criteria 
determined by the World Health Organisation but the performance obtained from the UK study failed to. There are some typos 
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Gamma (E484K + T20N), Delta and Kappa (L425R + P681R), Zeta (E484K) and Lambda (L452Q)." Using single mutation to 
differentiate different variants may be not reliable as different variants may share the same mutations, e.g., P681H shared by 
B.1.1.529 (Omicron) and B.1.1.7 (UK). Please provide references to justify this statement in 112-114. 

 
2. Methods: Line 138-146: Analytical sensitivity for SARS-CoV-2 wild type (Pango, B1), Alpha (B.1.1.7), Delta (B.1.617.2), 
Gamma (P.1) and Omicron (B.1.1.529) were tested. It seems that Beta variant, B.1.351 (S. Africa) is missed. Please clarify. 

 
3.1. Table 1: multiple typos/errors were found as below: 
Symptoms present for Brazil: 494/495=99.8% rather than 99.6% as indicated in the Table. 
Gender for UK: "52.1% (110/210)" should be "52.4% (110/210)". 
Vaccinated for UK: "132, 62%": should be 62.6% or 63% (132/211) depending on how many decimal places the author prefer. 
Definitely 62% indicated in the Table 1 is inaccurate. 
Vaccination not disclosed (n, %) for UK :"1%%" should be 0.47% (1/211) 

 
3.2. The total numbers for calculation of different indexes were different, e.g., 496 for age whereas 495 for gender for Brazil, 211 
for age whereas 210 for gender for UK. Please explain. 

 
3.3. There are different formats of data presentation in the Table 1, e.g., "7, 1%" and "6.5%, (32/496)". 
Some percentages have one decimal place (e.g., 99.6%) while others have no decimals (e.g., 4%). The format in the Table 1 
should be consistent among different rows. 

 
3.4. Please correct the corresponding parts in the main text. 

 
4.1. Table 2: invalid rate: 0.6% (3/496): what does "496" come from? There are a lot of 495 samples in Brazil, right? Please 
clarify. 

 
4.2. Table 2: the unexpected lower sensitivity of the OnSite test may be due to a limited number of PCR-confirmed positive 
samples enrolled in this study, e.g., 31 PCR positive samples in Brazil and 77 PCR positive samples in UK. The authors should 
test more PCR-confirmed positive samples by the OnSite test to further examine the clinical sensitivity. 

 
5.1. Table 3: There are different formats of data presentation in the Table 3, e.g., "1, 3%" and "90.5%, 42". 
Some percentages have one decimal place (e.g., 95.0%) while others have no decimals (e.g., 1%). The format in the Table 3 
should be consistent among different rows. 

 
5.2. Ct > 25 (n, %) : 7, 22% should be 22.6% or 23% (7/31) depending on how many decimal places the author prefer. Definitely 
22% indicated in the Table 3 is inaccurate. 

 
6. Statistical analysis: please clarify the statistical analysis were two-tailed or one-tailed. 

Minor comments for authors 

7. Line 46 "clinical sensitivity than claimed by the manufacturer..." Please change "..." to "." 
 

8. Line 58-60 "However, since April 2022 the UK government has ceased free Ag-RDT testing, now requiring the responsibility 
of the acquisition, and performance of tests to be placed on the individual." What does it mean by "now requiring the 
responsibility of the acquisition, and performance of tests to be placed on the individual"? Please clarify. 

 
9. Line 123-125: "Swabs were taken systematically, NP swab samples in UTM (Copan Diagnostics Inc, Italy) were collected for 
the reference RT-qPCR test, this was followed by an NP swab to perform the Ag-RDTs." This sentence has grammatical issue 
so please re-write it. In addition, what does it mean by "swabs were taken systematically"? Please clarify. 

 
10. Line 126-127: "All samples were transported in cooler boxes to the Liverpool School of Tropical Medicine (LSTM) and 
processed upon..." What is the shipment conditions and temperature in the cooler boxes? 
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ABSTRACT (305 words) 
 

The COVID-19 pandemic has given rise to numerous commercially available antigen rapid 

diagnostic tests (Ag-RDTs). To generate and share accurate and independent data with the 
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global community, multi-site prospective diagnostic evaluations of Ag-RDTs are required. 

This report describes the clinical evaluation of the OnSite COVID-19 Rapid Test (CTK Biotech, 

California, USA) in Brazil and The United Kingdom. 

A total of 496 paired nasopharyngeal (NP) swabs were collected from symptomatic 

healthcare workers at Hospital das Clínicas in São Paulo, and 211 NP swabs were collected 

from symptomatic participants at a COVID-19 drive-through testing site in Liverpool, 

England. These swabs were analyzed by Ag-RDT and results were compared to RT-qPCR. 

The clinical sensitivity of the OnSite COVID-19 Rapid test in Brazil was 90.3% [95% Cl 75.1 – 

96.7%] and in the United Kingdom was 75.3% [95% Cl 64.6 – 83.6%]. The clinical specificity 

in Brazil was 99.4% [95% Cl 98.1 – 99.8%] and in the United Kingdom was 95.5% [95% Cl 

90.6 – 97.9%]. Concurrently analytical evaluation of the Ag-RDT was assessed using direct 

culture supernatant of SARS-CoV-2 strains from Wild-Type (WT), Alpha, Delta, Gamma, and 

Omicron lineages. 

This study provides a comparative performance of an Ag-RDT across two different settings, 

geographical areas, and populations. Overall, the OnSite Ag-RDT demonstrated a lower 

clinical sensitivity than claimed by the manufacturer... Sensitivity and specificity from the 

Brazil study fulfilled the performance criteria determined by the World Health Organisation 

but the performance obtained from the UK study failed to. Further evaluation of the use of 

Ag-RDTs should include harmonized protocols between laboratories to facilitate comparison 

between settings. 

Introduction 
 

To meet the immense diagnostic demand of the COVID-19 pandemic, the use of rapid 

diagnostic tests for the detection of SARS-CoV-2 antigens (Ag-RDTs) has become a priority. 

To date, there are currently 321 SARS-CoV-2 Ag-RDTs on the market or in development 

according to the foundation for new innovative diagnostics (FIND) (date accessed March 

2022)[1]. However, clinical evaluation of these Ag-RDTs has been relatively limited and 

performance results differ greatly between studies[2, 3]. In the UK, the use of Ag-RDTs has 

been integral to reducing the spread of COVID-19 [4]. However, since April 2022 the UK 

government has ceased free Ag-RDT testing, now requiring the responsibility of the 

acquisition, and performance of tests to be placed on the individual. 



In Brazil, the national SARS-CoV-2 testing approach has been insufficient in its use of this 

diagnostic tool in the efforts to contain this pandemic [5]. Many initiatives such as recruiting 

capacity in university research laboratories and biotechnological enterprises, investments in 

new laboratory infrastructure, and fast-track regulatory measures were launched to scale up 

SARS-CoV-2 RT-qPCR testing in Brazil. However, the expansion of the quantitative reverse 

transcriptase polymerase chain reaction (RT-qPCR) capacity has not been sufficient to 

control the progress of the pandemic within this country [5]. 

Despite the commercialization of several vaccines for SARS-CoV-2, the COVID-19 pandemic 

is still ongoing due to vaccine inequity [6], uneven vaccine uptake between populations [7], 

and the emergence of new SARS-CoV-2 highly transmissible variants [8]. 

The gold standard for diagnosis of COVID-19 remains the detection of SARS-CoV-2 

ribonucleic acid (RNA). However, RT-qPCR requires skilled laboratory scientists, installed 

capacity, and expensive consumables and reagents which can be challenging to implement 

in low and middle-income countries (LMIC), where the burden of COVID-19 is 

disproportionately felt. Additionally, the turnaround of results of RT-qPCR can take up to 

one week [9]. 

To continue to meet the challenges of testing capacity, prospective diagnostic evaluation 

studies across multiple, independent sites are required to determine the accuracy of COVID- 

19 Ag-RDTs available for purchase to the public. 

In this study, OnSite COVID-19 Rapid Test (CTK Biotech) was evaluated against the SARS- 

CoV-2 diagnostic gold standard RT-qPCR. Testing was undertaken in Brazil and the UK across 

different settings: on healthcare workers (HCWS) at Hospital das Clínicas, a tertiary-care 

hospital affiliated with the University of São Paulo (Brazil), and at a National Health Service 

COVID-19 drive-through community testing center in Liverpool, UK. 

Methods 
 

Clinical evaluation 
 

This was a prospective evaluation of consecutive participants enrolled in two different 

settings: 

Brazil 



Healthcare workers (HCW) with suspected COVID-19 symptoms (fever, cough, shortness of 

breath, tight chest, runny nose, sore throat, anosmia, ageusia, headache, and diarrhea) 

were enrolled at the HCW service of Hospital das Clínicas in São Paulo from July to October 

2021. Ethical approval was obtained from the Hospital´s Ethics Committee with the CAAE 

number 35246720.0.0000.0068. Informed consent was obtained from all study participants 

for respiratory samples and clinical data collection. 

Participants were clinically evaluated and RT-qPCR for SARS-CoV-2 was performed from 

combined nasopharyngeal and oropharyngeal swabs (Goodwood Medical Care LTD/(DG) 

China) following the national standard of care. Following the RT-qPCR swabs, 

nasopharyngeal (NP) swabs were collected for Ag-RDT testing. The OnSite Ag-RDT was 

performed at the point-of-care by HCW following the manufacturer's instructions for use 

(IFU). 

For SARS-CoV-2 RT-qPCR, RNA was extracted from saline solution 0.9% with an automated 

method using magnetic beads (Sample Preparation System RNA, Abbott, Illinois, USA). SARS- 

CoV-2 RT-qPCR was performed using an adapted protocol described by Corman, Victor M et 

al, 2020 [10] to detect the E gene as the first-line screening tool, followed by confirmatory 

testing with an assay detecting the N gene (Abbott, USA) and the commercial SARS-CoV-2 

N1+N2 RT-qPCR kit to detect N1 and N2 genes (Qiagen, USA). SARS-CoV-2 RT-qPCR result 

was considered positive with an amplification cycle threshold (Ct) ≤ 32 and (Ct) ≤ 33, 

respectively. 

Positive samples underwent genotyping for variant identification using TaqPathTM 1-Step 

RT-qPCR Master SARS-CoV-2 Mutation Panel Assay (Thermo Fisher Scientific, Waltham, 

USA). Data were analyzed by QuantStudio™ v2.5.1 design and analysis software in the 

genotyping module following IFU. The mutation panel was customized to detect the 

variants: Alpha (P681H), Beta (E484k + K417N), Gamma (E484K + T20N), Delta and Kappa 

(L425R + P681R), Zeta (E484K) and Lambda (L452Q). 

United Kingdom (UK) 
 

In the UK, adults presenting with symptoms of COVID-19 (fever, cough, shortness of breath, 

tight chest, runny nose, sore throat, anosmia, ageusia, headache, diarrhea, and tiredness) at 

a national community testing facility, the Liverpool John Lennon Airport drive-through 



COVID-19 test center, were asked to participate in the study. Participants were recruited 

between July and August of 2021 under the Facilitating Accelerated COVID-19 Diagnostics 

(FALCON) study. Ethical approval was obtained from the National Research Ethics Service 

and the Health Research Authority (IRAS ID:28422, clinical trial ID: NCT04408170). 

Swabs were taken systematically, NP swab samples in UTM (Copan Diagnostics Inc, Italy) 

were collected for the reference RT-qPCR test, this was followed by an NP swab to perform 

the Ag-RDTs. Due to biosafety restrictions at the drive-through center, Ag-RDT testing was 

not done immediately after sample collection as per the IFU. All samples were transported 

in cooler boxes to the Liverpool School of Tropical Medicine (LSTM) and processed upon 

arrival by trained laboratory researchers following the IFU. Processing happened maximum 

within 3 hours of collection. Ag-RDTs were performed and the UTM NP swab samples were 

aliquoted and stored at -80°C until RNA extraction. RNA was extracted using the QIAamp® 

96 Virus QIAcube® HT kit (Qiagen, Germany) on the QIAcube® (Qiagen, Germany) and 

screened using TaqPath COVID-19 (ThermoFisher, UK) on the QuantStudio 5TM thermocycler 

(ThermoFisher, UK). SARS-CoV-2 RT-qPCR result was considered positive if any two of the 

three targets (N, ORFab, and S) were amplified with cycle threshold (Ct) ≤ 40. 

Analytical Sensitivity (UK only) 
 

Viral culture methods to propagate SARS-CoV-2 isolates and to calculate plaque forming 

units per milliliter (PFU/mL) followed that previously described [11]. Briefly, isolates of 

SARS-CoV-2 from the wild type (Pango, B1) (REMRQ0001/Human/2020/Liverpool, GISAID ID 

EPI_ISL_464183), Alpha (B.1.1.7) (SARS-CoV-2/human/GBR/FASTER_272/2021, GenBank ID 

MW980115), Delta (B.1.617.2) (SARS-CoV-2/human/GBR/Liv_273/2021, GenBank ID 

OK392641), Gamma (P.1) (hCoV-19/Japan/TY7-503/2021, GISAID ID EPI_ISL_792683) and 

Omicron  (B.1.1.529)  (hCoV-19/USA/MD-HP20874/2021,  GISAID  ID  EPI_ISL_7160424) 

lineages were used to evaluate the limit of detection (LOD) of the OnSite Ag-RDT. For the 

determination of the LOD, a fresh aliquot was serially diluted from 1.0x 105 plaque-forming 

units (pfu)/mL to 1.0 x 102 pfu/mL. Each dilution was tested in triplicate. Two-fold dilutions 

were made below the ten-fold LOD dilution to confirm the lowest LOD (LLOD). 

 
Viral RNA was extracted from each dilution using QIAmp Viral RNA mini kit (Qiagen, 

Germany) according to the manufacturer's instructions, and quantified using Genesig RT- 



qPCR (Primer Design, UK). Genome copy number/mL (gcn/mL) was calculated as previously 

described [12]. 

Statistical Analysis 
 

The sensitivity and specificity, with 95% confidence intervals (CIs) were calculated based on 

the results of the reference method by RT-qPCR assay. Statistical analyses were performed 

using R scripts, Epi Info, and GraphPad Prism 9.1.0 (GraphPad Software, Inc, California). The 

95% confidence interval (CI) for the sensitivity and specificity was calculated using Wilson’s 

method. Fisher’s exact and chi-squared tests were used to determine non-random 

associations between categorical variables. Statistical significance was set at < 0.05. 

Results 
 

Clinical Evaluation 
 

The demographics of both the Brazilian and UK study cohorts are shown in Table 1. In Brazil, 

the median days from onset of symptoms was 3 [Q1-Q3, 2-4], with a vaccination rate of 

97.0% (including partial and fully vaccinated participants). In the UK the median days from 

symptom onset was 2 [Q1-Q3, 1-3] and the vaccination rate was 84.4% (including partial and 

fully vaccinated participants). Significantly higher SARS-CoV-2 RT-qPCR positivity was 

detected in the UK (36.5%, CI 0.29-0.43) than in Brazil (6.5%, CI 0.05-0.09) (P < 0.05). 

The clinical sensitivity of the Onsite Ag-RDT across evaluation sites was heterogeneous, with 

a clinical sensitivity of 90.3% [95% Cl 75.1-96.7%] in Brazil and 75.3% [95% Cl 64.6-83.6%] in 

the UK (Table 2). The difference in sensitivities between sites was not statistically significant 

(P = 0.128). The clinical specificity of the Onsite Ag-RDT was 99.4% [95% Cl 98.1-99.8%] in 

Brazil and 95.5% [95% Cl 90.6-97.9%] in the UK. 

In Brazil, of the 496 participants included, 32 were SARS-CoV-2 RT-qPCR positive (6.5%) (see 

Table 2). Twenty-eight of the RT-qPCR positive samples (90.3%) were Ag-RDT positive, while 

3 (9.7%) were Ag-RDT negative and one was invalid (3.1%). Invalid results were removed for 

further analysis. Of the 464 RT-qPCR negative samples, 3 were Ag-RDT positive (0.6%). The 

sensitivity and specificity of the OnSite Ag-RDT test on RT-qPCR were 90.3% [95% Cl 75.1%- 

96.7%] and 99.4% [95% Cl 98.1%-99.8%], respectively (See Table 2). Sensitivity ≤7 days 

symptom onset was 96.2% [95% Cl 81.1-99.3%]. Sensitivity according to Ct value was 95% 



[95% Cl 75.1-99.8%] for Ct ≤25 and 90.3% [95% Cl 75.1%-96.7%] for Ct ≤33 (See Table 3). No 

statistical significance was found in sensitivity between different Ct value groups. 

In the UK, of the 211 participants recruited, 77 (36.5%) were SARS-CoV-2 RT-qPCR positive 

(see Table 2). Fifty-Eight (75.3%) of the 77 RT-qPCR positive samples were also Ag-RDT 

positive, while 19 (24.7%) were Ag-RDT negative. Of the 134 RT-qPCR negative samples, 128 

(95.5%) were also Ag-RDT negative and 6 (4.5%) were Ag-RDT positive. For the UK 

evaluation, the sensitivity and specificity were 75.3% [95% Cl 64.6-83.6%] and 95.5% [95% Cl 

90.6-97.9%], respectively. Sensitivity ≤7 days symptom onset was 76.7% [95% Cl 65.8- 

84.9%]. Ct values of ≤20, ≤25, ≤33, and ≤40 had a sensitivity of 90.5% [95% Cl 77.4%-97.3%], 

80.3% [95% Cl, 69.2%-88.1%], 76.3% [95% Cl 65.5-84,5%] and 75.3% [95% Cl 64.6-83.6%] 

respectively. Sensitivity was statistically higher among samples with Ct values ≤20 

compared with samples with Ct values ≤33 (P = 0.029) and ≤40 (P = 0.044). 

Subgroup analyses of the Brazilian and UK evaluation cohorts (Table 4) were performed to 

determine any associated differences in sensitivity compared to vaccination status and days 

from symptom onset. In the Brazilian cohort, the sensitivity of the OnSite Ag-RDT was 

significantly lower on samples from patients with symptoms onset >7 days compared to 

samples with 0-3 symptoms onset (P = 0.02924) and samples with 0-7 days of onset (P = 

0.03115) but no differences in sensitivity were found between groups of different 

vaccination status. In the UK, no difference in sensitivity was observed between groups of 

different symptoms onset and vaccination status (all P values >0.05). In Brazil, 52% of the 

positive samples were classified as Delta and 39% Gamma. In the UK, the variant 

determination was not performed but at the time of enrollment, 100% of genome 

submissions corresponded to the Delta variant [13]. 



 
 

 
 

Country Brazil United Kingdom 
Age [mean (min-max), N] 38.1 (16-69), 496 40.8 (20-86), 211 
Gender [%F, (n/N)] 71.5 % (354/495) 52.1% (110/210) 
Symptoms present [%Yes, n/N] 99.6% (494/495) 100% (211/211) 
Days from symptom onset [median (Q1-Q3); N] 3 (2-4), 494 2 (1-3), 211 
Days 0-3 (n, %) 294, 60% 169, 80% 
Days 4-7 (n, %) 186, 38% 36, 17% 
Days 8+ (n, %) 14, 3% 6, 3% 
Vaccinated (n, %) 460, 93% 132, 62% 
Partially Vaccinated (n, %) 19, 4% 47, 22% 
Not vaccinated (n, %) 10, 2% 32, 15% 
Vaccination not disclosed (n, %) 7, 1% 1, 1%% 
SARS-CoV-2 Positivity [%, (n/N)] 6.5%, (32/496) 36.5%, (77/211) 

Table 1 

Demographics of Ag-RDT clinical evaluation cohorts for Brazil and United Kingdom 



Results and clinical sensitivity and specificity of the OnSite COVID-19 Ag Device based on 
COVID-19 RT-qPCR result in Brazil and the United Kingdom 

Table 2 
 

 

 Results of 
OnSiteCOVID-19 Ag 

Device 

 
Brazil 

 
United Kingdom 

 

 Confirmed by RT-qPCR 
 Positive Negative Total Positive Negative Total 

Positive 28 3 31 58 6 64 

Negative 3 461 464 19 128 147 

Total 31 464 495 77 134 211 

Clinical Sensitivity 
(95% CI), N 90.3% (75.1-96.7%), 31 75.3% (64.6-83.6%), 77 

Clinical Specificity 
(95% CI), N 99.4% (98.1-99.8%), 464 95.5% (90.6-97.9%), 134 

Invalid Rate (%, n/N) 0.6% (3/496) 0% (211/211) 
 

RT-qPCR = Real-time quantitative polymerase chain reaction, Ct = cycle threshold, CI = 
confidence interval 



Table 3 

COVID-19 RT-qPCR result in Brazil and the United Kingdom  
 
 

 Brazil United Kingdom 
PCR Ct [median (Q1-Q3); N] 19.6 (17.52-23), 31 19.5 (17.3-22.8), 77 
Ct > 33 (n, %) 0, 0% 1, 1% 
Ct > 30 (n, %) 1, 3% 5, 6% 
Ct > 25 (n, %) 7, 22% 11, 14% 
Sensitivity Ct ≤20, N 100%, (76.8-100%),14 90.5% (77.4-97.3%), 42 
Sensitivity Ct ≤25, N 95.0% (75.1-99.8%), 20 80.3% (69.2-88.1%), 66 
Sensitivity Ct ≤33, N 90.3% (75.1-96.7%), 31 76.3% (65.5-84.5%), 76 
Sensitivity Ct ≤40, N NA* 75.3% (64.6-83.6%), 77 
* Maximum RT-qPCR cut off was ≤33 in Brazil 



RT-qPCR = Real-time quantitative polymerase chain reaction, CI = confidence interval 

 
 

 
 

 Brazil United Kingdom 
Ag-RDT 
Positive 

(n, %) 

Ag-RDT 
Negative 

(n, %) 

 
Sensitivity 

 
95% CI 

Ag-RDT 
Positive 

(n, %) 

Ag-RDT 
Negative 

(n, %) 

 
Sensitivitya 

 
95% CI 

Days from symptom onset 
 Days 0-3  16, 5.4% 278, 94.6% 100.0% 76.9-100.0% 52, 30.6% 117, 69.4% 79.7% 67.2-89.0% 
 Days 4-7  12, 6.4% 173, 93.6% 91.7% 61.5-99.8% 10, 27.8% 26, 72.2% 64.3% 35.2-87.3% 
 Days 8+  3, 21.4% 11, 78.6% 60.0% 14.7-94.7% 2, 33.3% 4, 66.7% 66.7% 9.4-99.2% 

Vaccination received 
Vaccinatedb 31, 6.5% 447, 93.5% 93.3% 77.4-99.2% 52, 29.3% 126, 70.7% 78.3% 65.8-87.9% 

Not vaccinated 1, 10.0% 9, 90.0% 0.00% N/A 11, 34.4% 21, 65.6% 62.5% 35.4-84.8% 
Not disclosed 0, 0.0% 7, 100.0% N/A N/A 1, 100.0% 0, 0.0% 100% 2.5-100.0% 

a As compared to RT-qPCR 

bVaccinated defined as 1 or more doses 
 

Table 4 

Ag-RDT results by the onset of symptoms, and vaccinated individuals in Brazil and the UK 



Analytical sensitivity 
 

The LOD of the OnSite Ag-RDT was 1.0x103 pfu/mL, 1.0x103 pfu/mL, 1.0x102 pfu/mL, 5.0x103 

pfu/mL and 1.0x103 pfu/mL when tested on the WT, Alpha, Delta, Gamma and Omicron 

lineages, respectively. This gave a viral copy equivalent of approximately 2.1x105 copies/mL, 

2.1x104 copies/mL, 1.6x104 copies/mL 3.5x106 copies/mL, and 8.7x104 copies/mL for the Ag- 

RDT for the WT, Alpha, Delta, Gamma and Omicron lineages. 

 
Discussion 

 
The study aimed to evaluate the diagnostic performance of the OnSite COVID-19 Ag Rapid 

Test (CTK Biotech) in two different settings. Evaluating rapid diagnostic tests in diverse 

populations is vital to improving diagnostic responses as it indicates the diagnostic accuracy 

in real-world scenarios. In the case of rapid diagnostic testing within this pandemic, lateral 

flow tests which meet the minimum requirements for sensitivity and specificity can play a 

key role in increasing testing capacity, allowing timely clinical management of those infected 

and protecting healthcare systems [14]. This is particularly valuable in settings where access 

to the gold-standard RT-qPCR is often not available. Ag-RDTs are low-cost, easy to use, and 

do not require specialized skills or equipment which is essential to promote universal access. 

The sensitivity and specificity of the OnSite Ag-RDT in a hospital setting in Brazil fulfilled the 

performance criteria determined by the World Health Organisation (WHO). However, 

sensitivity obtained in a community setting at a drive-through testing site in the UK missed 

the minimum recommendations [15] for both sensitivity and specificity. In guidance 

published by the WHO, minimum performance requirements for an Ag-RDT include a 

sensitivity of >80% and specificity of >97% [15]. Analytical evaluation of OnSite Ag-RDT 

detected Wild Type, Alpha, Delta, and Omicron, meeting the recommendations in the WHO 

Target Product Profile for SARS-CoV-2 Ag-RDT of an acceptable analytical LOD of 1.0 x 106 

RNA copies/mL [16] with the Gamma variant, slightly outside this threshold. In the Brazilian 

cohort, the Gamma variant was responsible for 39% of infections and the Delta variant was 

responsible for 52%. This is an interesting finding as it does not reflect the wider variant 

circulation in Brazil during this period as the Gamma variant was responsible for over 93% of 

infections in July 2021 and 70% of infections in August 2021 followed by Delta at 5% rising 

to 29% respectively [17]. In the UK, positive RT-qPCR results were not sequenced but it is 



assumed that all infections were Delta (B.1.617.2) due to the >99% circulation of this variant 

in the UK during the time of collection [18]. 

This study has several strengths, it is a multicentre and multinational evaluation across two 

different settings with differing testing capacities, the prevalence of SARS-CoV-2, and 

population characteristics. In Brazil, samples were taken from a very exclusive population, 

healthcare workers in a healthcare setting with a high vaccination uptake compared to the 

rest of the population [19]. In the UK, data was collected from a diverse population, any 

person over the age of 18 presenting with COVID-19 symptoms at a government-run, drive- 

through COVID-19 testing facility. It is important to evaluate Ag-RDTs in a heterogeneous 

population and setting to obtain meaningful diagnostic accuracy data. 

The main limitation of the study is that the drive-through testing setting in the UK did not 

allow for Ag-RDT testing to be performed at the point-of-care just after sample collection as 

recommended by the IFU. Guidance in the UK restricted testing of suspected COVID-19- 

positive individuals to high containment laboratories. Currently, there are limited studies on 

the stability of Ag-RDT’s. AA systematic review of Ag-RDTs did not find a significant 

difference between Ninety-six data sets that involved fresh specimens for antigen testing, 

and 23 data sets that included freeze/thawed specimens for antigen testing [20] Although it 

is not stated whether the swabs were frozen dried or using transport buffer. However, one 

review of Ag-RDT performance in sub-Saharan Africa suggested that a delay in performing 

the test (CORIS COVID-19 Ag Respi-strip) may impact its stability if stored at 4oC rather than 

frozen at -20oC immediately [21]. Conversely, studies have shown that SARS-CoV-2 RNA 

remains stable for up to 9 days in dry swabs at the ambient temperature of 20°C [22] and 

proteins are shown to be more stable than RNA [23]. Therefore, further investigation must 

take place to determine whether the time from sample collection to Ag-RDT testing has a 

significant impact on the sensitivity. 

Two other limitations of this study are that the RT-qPCR methodologies varied between 

both cohorts and the differences in SARS-CoV-2 prevalence. These factors have been 

attributed to a major cause of index case diagnostic accuracy [24]. For future evaluations, 

quantification of the viral copy numbers rather than Ct values is recommended to mitigate 

differences in RT-qPCR assay performances. This Ct variability has been estimated to be > 



1000-fold in viral copy numbers/mL [24], as the RT-qPCR used in the UK has a LOD 10-fold 

more sensitive (10 genome copies/mL) than the RT-qPCR used in Brazil (100 genome 

copies/mL) [25]. The higher sensitivity of the RT-qPCR assay used in the UK, together with 

the higher cut-off used (Ct 40 versus Ct 32-33 in Brazil) could have contributed to higher 

numbers of false negatives in the index test compared to the Brazilian cohort. Additionally, 

there is a significant difference in sample size and in confirmed RT-qPCR positives (SARS- 

CoV-2 prevalence) between the two cohorts, with a low number of positive samples found 

in the Brazilian evaluation (6.3%) compared to the UK (36.5%). It has been reported that 

differences in prevalence can affect the sensitivity and specificity of index tests [26, 27]. 

In conclusion, the data indicate that OnSite Ag-RDT had lower performance quality than 

published by the manufacturers for the detection of SARS-CoV-2 in clinical samples and 

varied greatly between the two settings in this study. Further evaluation of the use of Ag- 

RDTs should strictly follow the IFUs of the test and include harmonized protocols between 

laboratories to facilitate comparison between settings. In particular, the use of viral copy 

numbers rather than Ct values has been suggested to minimize the variability between 

laboratories. 
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Reviewer comments: 
 

Reviewer #1 (Comments for the Author): 
 

Major comments for authors 
 

 
1. Methods: Line 112-114: "The mutation panel was customized to detect the variants: Alpha 

(P681H), Beta (E484k + K417N), Gamma (E484K + T20N), Delta and Kappa (L425R + P681R), 
Zeta (E484K) and Lambda (L452Q)." Using single mutation to differentiate different variants 
may be not reliable as different variants may share the same mutations, e.g., P681H shared 
by B.1.1.529 (Omicron) and B.1.1.7 (UK). Please provide references to justify this statement 
in 112-114. 

 
Thank you for your suggestion. 

 
In Brazil, the patients were enrolled from July to October 2021 before the emergence of the 
Omicron variant. The first Omicron cases in Brazil (and South America) were described on 
November 25, 2021 and the third wave of COVID-19 pandemic started at the end of 
December 2021 (1). 

 
The TaqPathTM SARS-CoV-2 Mutation Panel Assay was customized to test different S-gene 
mutations (P681H, E484K, K417N, L452R, T20N, P681R and L452Q) to identify each variant. 
Later, the Omicron variant emerged with several mutations previously described in different 
VOCs as P681H, K417N, etc. 

 

1. da Silva MS, Gularte JS, Filippi M, et al. Genomic and epidemiologic surveillance of SARS-CoV- 
2 in Southern Brazil and identification of a new Omicron-L452R sublineage. Virus Res. 
2022;321:198907. doi:10.1016/j.virusres.2022.198907 

 
 

The RT-qPCR genotyping method has been complemented to clarify this point as follows: 
 

“For the detection of SARS-CoV-2 variants, samples were amplified using TaqPathTM 1-Step RT- 
qPCR Master SARS-CoV-2 Mutation Panel Assay (40X) (Thermo Fisher Scientific, Waltham, 
USA) following manufacturer instructions. RT-qPCR was prepared, and samples were tested 
for the presence of each S-gene mutation. The mutation panel was customized to detect each 
variant as follows: Alpha (P681H[+], E484K[-], K417N[-], L452R[-], T20N[-], P681R[-], L452Q[- 
]), Beta (E484K[+], K417N[+], P681H[-], L452R[-], T20N[-], P681R[-], L452Q[-]), Gamma 
(E484K[+], T20N[+], K417N[-], L452R[-], P681H[-], P681R[-], L452Q[-]), Delta and Kappa 
(L452R[+] P681R[+], E484K [-], K417N[-], T20N[-], P681H[-], L452Q[-]), Zeta (E484K[+], K417N[- 
], L452R[-], T20N[-], P681H[-], P681R[-], L452Q[-]) and Lambda (L452Q[+], E484K[-], K417N[-], 
P681H[-], L452R[-], T20N[-], P681R[-]) (2-4). Data was analyzed by QuantStudio™ design and 
analysis software v2.5.1. in the genotyping module. The variant was identified according to 
the positivity for each mutation tested” (Lines 110-121) 

 
References N° 2, 3 and 4 were added as suggested in the method section: 



2. Ashford F, Best A, Dunn SJ, et al. SARS-CoV-2 Testing in the Community: Testing Positive 
Samples with the TaqMan SARS-CoV-2 Mutation Panel To Find Variants in Real Time. J Clin 
Microbiol. 2022;60(4):e0240821. doi:10.1128/jcm.02408-21 

3. Castro GM, Sicilia P, Bolzon ML, et al. Tracking SARS-CoV-2 Variants Using a Rapid Typification 
Strategy: A Key Tool for Early Detection and Spread Investigation of Omicron in 
Argentina. Front Med (Lausanne). 2022;9:851861. Published 2022 May 17. 
doi:10.3389/fmed.2022.851861 

4. Neopane P, Nypaver J, Shrestha R, Beqaj SS. SARS-CoV-2 Variants Detection Using TaqMan 
SARS-CoV-2 Mutation Panel Molecular Genotyping Assays. Infect Drug Resist. 2021;14:4471- 
4479. Published 2021 Oct 27. doi:10.2147/IDR.S335583 

 
 

2. Methods: Line 138-146: Analytical sensitivity for SARS-CoV-2 wild type (Pango, B1), Alpha 
(B.1.1.7), Delta (B.1.617.2), Gamma (P.1) and Omicron (B.1.1.529) were tested. It seems that 
Beta variant, B.1.351 (S. Africa) is missed. Please clarify. 

 
Thank you for this comment. You are correct, this Beta variant, B.1.351 (S.Africa) was not 
included in the analytical evaluation of this test as this variant accounted for less than 0.01% 
of SARS-CoV-2 infections in the UK during July-August 2021 at the time of recruitment for 
this study. 

 
1. Next Strain. Genomic epidemiology of novel coronavirus ‐ Global subsampling. 2022; 
Available from: https://nextstrain.org/ncov/gisaid/global?f_country=United%20Kingdom 
2. Our World Data. SARS‐CoV‐2 variants in analyzed sequences, United Kingdom. 2022 [cited 
2022; Available from: https://ourworldindata.org/grapher/covid-variants- 
area?country=~GBR. 

 

3.1. Table 1: multiple typos/errors were found as below: 
Symptoms present for Brazil: 494/495=99.8% rather than 99.6% as indicated in the Table. 
Gender for UK: "52.1% (110/210)" should be "52.4% (110/210)". 
Vaccinated for UK: "132, 62%": should be 62.6% or 63% (132/211) depending on how many 
decimal places the author prefer. Definitely 62% indicated in the Table 1 is inaccurate. 
Vaccination not disclosed (n, %) for UK :"1%%" should be 0.47% (1/211) 

 
Thank you for this feedback. Table 1 has been updated to correct these errors and to ensure 
all percentages are to 1 decimal place. 

 
3.2. The total numbers for calculation of different indexes were different, e.g., 496 for age 
whereas 495 for gender for Brazil, 211 for age whereas 210 for gender for UK. Please 
explain. 

 
Thank you for this observation. 496 patients were enrolled in Brazil and 211 patients were 
enrolled in the UK. We have one patient in Brazil and one patient in the UK who did not 
want disclosed their gender. This has been clarified on the Table footnotes. 

 
3.3. There are different formats of data presentation in the Table 1, e.g., "7, 1%" and "6.5%, 
(32/496)". 



Some percentages have one decimal place (e.g., 99.6%) while others have no decimals (e.g., 
4%). The format in the Table 1 should be consistent among different rows. 

 
Thank you for this observation, all data has now been amended to a format to a one decimal 
place percentage. 

 
3.4. Please correct the corresponding parts in the main text. 

 
Thank you for this feedback. All discrepancies with the data in the tables have been 
amended and corrected in the corresponding parts in the main text. 

 
4.1. Table 2: invalid rate: 0.6% (3/496): what does "496" come from? There are a lot of 495 
samples in Brazil, right? Please clarify. 

 
Thank you for this observation. To clarify, there were 496 participants enrolled (also 
indicated in Table 1) Of these 496 participants, 495 had valid PCR results, therefore one 
participant was removed due to not having reference test results (PCR). The data was 
incorrectly reported for invalid rate and was 1/496, 0.2% rather than 3/496, 0.6%. This has 
been updated in the manuscript. 

 
4.2. Table 2: the unexpected lower sensitivity of the OnSite test may be due to a limited 
number of PCR-confirmed positive samples enrolled in this study, e.g., 31 PCR positive 
samples in Brazil and 77 PCR positive samples in UK. The authors should test more PCR- 
confirmed positive samples by the OnSite test to further examine the clinical sensitivity. 

 
We appreciate this observation and we acknowledge that this is a limitation of the study. 
However, the low number of positives reflected the low prevalence of COVID-19 at the time 
of recruitment in the UK and Brazil. We enrolled participants over a defined time period; in 
the UK between July and August 2021, in Brazil between July and October 2021. In future 
studies, we will ensure minimum positivity rates are required to examine clinical sensitivity. 

 
5.1. Table 3: There are different formats of data presentation in the Table 3, e.g., "1, 3%" 
and "90.5%, 42". 
Some percentages have one decimal place (e.g., 95.0%) while others have no decimals (e.g., 
1%). The format in the Table 3 should be consistent among different rows. 

 
Thank you for highlighting this discrepancy, the data in Table 3 has been updated to a one 
decimal place format. 

 
5.2. Ct > 25 (n, %): 7, 22% should be 22.6% or 23% (7/31) depending on how many decimal 
places the author prefer. Definitely 22% indicated in the Table 3 is inaccurate. 

 
Thank you for highlighting this error, the manuscript has been updated to the correct value 
and a one decimal place percentage in line with the rest of the data. 

 
6. Statistical analysis: please clarify the statistical analysis were two-tailed or one-tailed. 



Thank you for this comment. This should have been clarified in that the fishers exact and Chi 
Squared data analysis was two-tailed. This has been updated in the manuscript to reflect this 
clarification (LINE 162) 

 
 

Minor comments for authors 
 

7. Line 46 "clinical sensitivity than claimed by the manufacturer..." Please change "..." to "." 

Thank you for highlighting this error. This has been amended. 

8. Line 58-60 "However, since April 2022 the UK government has ceased free Ag-RDT testing, 
now requiring the responsibility of the acquisition, and performance of tests to be placed on 
the individual." What does it mean by "now requiring the responsibility of the acquisition, 
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temperature in the cooler boxes? 
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¬ Italicize all the "et al., or et al." and scientific words (line 105). 

Thank you for highlighting this error. This has been amended. 

 
¬ The discussion part needs a more detailed analysis of the results. 

Thank you for this feedback, the discussion has been expanded to give a more detailed analysis of 
the results. 
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