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1. Introduction 

Although rapid antigen detection (RAD) kits are inferior to RT-PCR 
for detection of SARS-CoV-2 in terms of sensitivity, these kits satisfy 
the demand for an early diagnosis due to the ease of use and rapid results 
[1]. 

The SARS-CoV-2 is continuously evolving, different strains with 
different phenotypic and genotypic changes were identified. Different 
systems were proposed to call these SARS-CoV-2 strains such as ‘variant’ 
[2, 3]. We have evaluated different RAD kits and found that the per-
formance of RAD kits varied between different brands [4–6]. However, 
there is very limited data on parallel comparison of the performance of 
RAD kits against different SARS-CoV-2 strains. The aim of this evalua-
tion is to assess analytical sensitivity of RAD kits by means of limit of 
detection (LOD) using serial dilution of clinical specimens. 

2. Methods 

2.1. Respiratory specimens 

Two clinical specimens were selected for this evaluation. Throat 
saliva was obtained from a Hong Kong COVID-19 patient (hCoV-19/ 
Hong Kong/VB20097960/2020) collected on 9 Jul 2020. Another throat 
saliva was obtained from a COVID-19 patient returned from UK (hCoV- 
19/Hong Kong/CM20000424/2020) collected on 7 Dec 2020. It was a 
501Y.V1 variant as confirmed by the presence of key non-synonymous 

substitutions in spike (S) gene. 
To note: at the time of starting the evaluation, our lab was capable of 

detecting two variants 501Y.V1 [7] and 501Y.V2 [8]. Since there is no 
universal nomenclature system to name SARS-CoV-2 variants, the names 
501Y.V1 and 501Y.V2 are used throughout this publication. 501Y.V1 
and 501Y.V2 were first identified by the intensive surveillance system 
targeting returning travelers to Hong Kong [9, 10]. They are different 
from the SARS-CoV-2 strains detected in Hong Kong. Our S gene sur-
veillance [11] showed that these two variants harbored ≥10 
non-synonymous substitutions, while the Hong Kong cases sequenced 
between Jan 2020 and Dec 2020 harbored only a maximum of four 
non-synonymous substitutions [12]. Since the viral load of clinical 
specimens for 501Y.V1 were high, serial dilution could be performed 
and hence, 501Y.V1 was selected in the present study. 

2.2. RAD kits for SARS-CoV-2 detection 

A total of eight kits were selected in the present study, all of them 
were commercially available in Hong Kong. Six of them were supplied 
by local suppliers during the period from October 2020 to November 
2020 which have not been evaluated by us before. The remaining two 
were previously evaluated [5, 6]. These two kits were also under the 
‘WHO Emergency Use Listing for In vitro diagnostics Detecting 
SARS-CoV-2′ [13]. All of the kits were procured by the Public Health 
Laboratory Services Branch of center for Health Protection, Department 
of Health (Hong Kong Special Administrative Region) for this 
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evaluation. 
All of the kits employ a lateral flow test format to detect viral antigen 

by the immobilized coated SARS-CoV-2 antibody on the device. The test 
results can be interpreted without a reader. The details for each kit was 
summarized in Table S1. For the ease of communication, ‘Aegle’, 
‘ARISTA’, ‘Biosynex’, ‘INDICAID’, ‘LumiraTEK’, ‘Wondfo’, ‘Standard Q’, 
‘Panbio’ stand for these kits. 

2.3. Limit of detection 

There were two dilution sets. Each set was a serial tenfold dilution 
from 10− 1 to 10− 8. Within each dilution from 10− 1 to 10− 5, further 
dilution of 1:2 and 1:5 were also performed for each point. 

In order to unify the input volume, a fixed amount of throat salvia 
was used. Regarding the input volume, we previously evaluated two 
input volumes, 100 μL and 350 μL. The result bands were more intense 
when using 350 μL specimen volume [6] and was selected for accessing 
analytical sensitivity in the present study. Each test was carried out first 
by mixing the 350 μL specimen volume with the kit’s extraction buf-
fer/diluent. Then the subsequent procedures were carried out according 
to manufacturer’s instructions. The intended use for RAD kits is for swab 
samples. Although throat saliva is not intended use for RAD kits, we 
previously found that viral load in sample is the main factor affecting the 
performance of RAD kits. If the sample is not viscous in nature, sample 
type is not the significant issue in our evaluation [4–6]. 

Virus concentrations in each dilution were estimated from cycle 
threshold (Ct) value as described [4]. 

The LOD of the RAD kits and RT-PCR for the two dilution sets were 
performed in two different days. Within the same set of dilution, both 
RAD kits and RT-PCR were performed on the same day without freeze 
and thaw cycle. For RAD test, one replicate was performed for each 
dilution point due to limited quantity of kits procured. For RT-PCR, 
duplicates were performed for each dilution point. 

3. Results 

The LOD results were summarized in Table 1. 
When RAD kits were tested against the local strain, five of them 

shared similar sensitivity, the LOD were between 10− 3 and 10− 3.3 (Ct 
values 28.25 and 28.82). The remaining three kits were less sensitive 
that those five kits, the LOD were between 10− 1.7 and 10− 2.3 (Ct values 
ranging from 23.26 to 25.76). 

When the RAD kits were tested against the variant strain, decrease in 
sensitivity was observed for all of the kits. The LOD for four of them were 
10− 2 (Ct value 24.39), the other four were 10− 1 and 10− 1.7 (Ct values 
ranging from 21.29 to 22.78). 

4. Discussion 

The purpose of this study is to evaluate the analytical sensitivity of 
different commercially available RAD kits for diagnosing SARS-CoV-2 
infection including the variant strain. Our study demonstrated that 
three of them shared similar analytical sensitivity to the two kits rec-
ommended by WHO when tested against the local strain. This local 
strain represented the peak of COVID-19 cases detected in Hong Kong 
between July-August 2020 which was characterized by the 12F amino 
acid in the spike protein. It was only detected in this specific time in-
terval and then disappeared [12]. 

The sensitivity of RAD kits was decreased when testing against the 
501Y.V1 variant. However, the decrease in sensitivity was not signifi-
cant, with a maximum of 10 fold difference. RAD kits detected lowest 
concentrations at Ct 24 and 28 for the 501Y.V1 variant and the local 
strain respectively. We have ruled out the effect of diluent used to 
perform the serial dilution when tested with the two WHO recom-
mended kits (Table S2). In addition, the decreased in sensitivity was 
reproducible when testing with another 501Y.V1 strain from the pooled 
nasopharyngeal and throat swab which was obtained from a COVID-19 
patient (hCoV-19/Hong Kong/VM21000371/2021) returned from 
France collected on 3 January 2021 [14]. Similar decrease in sensitivity 
was also found when tested with the two WHO recommended kits 
(Table S3). However, the impact on clinical sensitivity remains 
unknown. 

The limitations of this study include the fact that we only assess 
analytical sensitivity of RAD kits and the LOD results do not directly 
reflect clinical sensitivity. However, our previous studies showed that 
LOD results were correlate well with clinical sensitivity [4–6]. The LOD 
approach provides a quick screening method when numerous kits are 
considered for an extended evaluation. Other limitations include the fact 
that we did not test for specificity for RAD kits. However, data on 
specificity for the currently available RAD kits were consistently re-
ported to be high [1]. On the other hand, due to the limited availability 
of SARS-CoV-2 variants, it was not sure if the decreased in sensitivity 
would appeal in other SARS-CoV-2 strains. Unlike RT-PCR which detects 
nucleic acids, antigen tests depend on the amount of viral proteins 

Table 1 
Comparison of RT-PCR and rapid antigen detection kits for the limit of detection against two SARS-COV-2 strains.  

Dilution hCoV-19/Hong Kong/VB20097960/2020a hCoV-19/Hong Kong/CM20000424/2020b 

RT-PCRd Rapid antigen detection kitsc RT-PCRd Rapid antigen detection kitsc 

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 

original 16.13 ND ND ND ND ND ND ND ND 16.20 ND ND ND ND ND ND ND ND 
10− 1 20.95 + + + + + + + + 21.29 + + + + + + + +

10− 1.3 22.16 + + + + + + + + 22.17 + NEG + + + + + +

10− 1.7 23.26 + + + + + + + + 22.78 + NEG + + NEG + + +

10− 2 24.38 + NEG + + + + + + 24.39 NEG NEG + + NEG NEG + +

10− 2.3 25.76 + NEG + + + NEG + + 25.50 NEG NEG NEG NEG NEG NEG NEG NEG 
10− 2.7 27.18 + NEG + + NEG NEG + + 26.64 NEG NEG NEG NEG NEG NEG NEG NEG 
10− 3 28.25 + NEG + + NEG NEG + + 28.08 ND ND ND ND ND ND ND ND 
10− 3.3 28.82 NEG NEG + NEG NEG NEG + + 28.86 ND ND ND ND ND ND ND ND 
10− 3.7 30.27 NEG NEG NEG NEG NEG NEG NEG NEG 29.84 ND ND ND ND ND ND ND ND 
10− 4 31.55 NEG NEG NEG NEG NEG NEG NEG NEG 31.66 ND ND ND ND ND ND ND ND 
10− 4.3 32.66 ND ND ND ND ND ND ND ND 32.00 ND ND ND ND ND ND ND ND 
10− 4.7 34.27 ND ND ND ND ND ND ND ND 34.55 ND ND ND ND ND ND ND ND 
10− 5 35.79 ND ND ND ND ND ND ND ND 34.79 ND ND ND ND ND ND ND ND 
10− 6 NEG ND ND ND ND ND ND ND ND NEG ND ND ND ND ND ND ND ND 

Abbreviations: + means positive; NEG means negative; ND means not done. 
a Throat saliva collected from a Hong Kong COVID-19 patient on 9Jul2020. 
b Throat saliva collected from a COVID-19 patient returned from UK on 7Dec2020, the 501Y.V1 variant. 
c 1 = Aegle; 2=ARISTA; 3 = Biosynex; 4 = INDICAID; 5 = LumiraTEK; 6 = Wondfo; 7 = Standard Q; 8 = Panbio. 
d RT-PCR were tested twice with identical results. The Ct values shown were the mean of both runs. 
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expressed in the sample. 
In conclusion, understanding the performance of RAD kits can guide 

us to implement the test appropriately. Irrespective of different SARS- 
CoV-2 strains, our study showed that RAD kits were good at detecting 
high viral load samples and was in-line with other head to head RAD 
kits’ comparisons [15, 16]. It is expected that many RAD kits for diag-
nosing SARS-CoV-2 infection are emerged in this exploding field. Some 
RAD kits can be available over the counter and can be self-tested at 
home. In our setting, around 1/3 of the SARS-CoV-2 positive specimens 
were above Ct 28 (Table S4). There is no evidence that COVID-19 cases 
above Ct 28 are not infectious [17]. Inappropriate use of RAD kits is 
deleterious to our COVID-19 control strategy and hence RAD kits should 
be used with cautions. 
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