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	 The quality control of the COVID-19 Rapid Diagnostic Test (Ag-RDT) product is 
regarded as one of the government’s responsibilities. The Indonesian government establishes 
rules for Ag-RDT post-market validation, where it should be performed by two designated 
laboratories, using the spiking technique. The usage of this technique raises concerns, especially 
if it does not represent the precise product quality, due to the sample dilution. In addition, the 
requisite of using fresh samples that should be prepared for less than 48 hours is considered 
costly and time-consuming. In response to this, we tested two samples from different age groups 
on the Ag-RDT brand recommended by the World Health Organization (WHO); Panbio™ Covid-19 
Ag Rapid Test (Abbott) and standard Q Ag-RDT (SD Biosensor, Roche). In both Ag-RDT products, 
the samples observed in the cycle threshold (Ct) values=25 groups exhibit >80%sensitivity and 
>97% specificity as in compliance with the WHO recommendation. Meanwhile, as observed in 
the Ct>25 groups, the sensitivity of the two Ag-RDT products was below 25%, which was not 
in compliance with the WHO recommendation. Overall, this study indicated that the Spiking 
technique is eligible to be used for evaluating the performance of Ag-RDT, especially at Ct=25. 
Additionally, the samples’ life span of up to 2 weeks of storage at -80oC can be used for post-
market validation of Ag-RDT. Furthermore, the quality control assay for longer sample storage 
is interesting to be carried out.
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	 The rapid chromatographic immunoassay 
for the qualitative detection of specific antigens 
of SARS-CoV-2 can be performed by antigen-
detecting rapid diagnostic tests (Ag-RDT)1, 2, 3. 
The number of Ag-RDTs on the market is recently 
increased in order to meet the demand for this 
product 4, 5, 6, 7. This situation forces the government 

to assess the safety, quality, and performance 
of distributed Ag-RDT products. Each country 
holds its own regulation for the implementation 
of Ag-RDT, including Indonesia. The Indonesian 
government has established testing rules to ensure 
the validity of Ag-RDT in the context of contact 
tracing, diagnosis, and Covid-19 screening8. The 
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assay is carried out by two designated laboratories 
using a predetermined Standard Operational 
Procedure (SOP) as described in the decree of the 
Minister of Health of the Republic of Indonesia9. 
The testing result is required to obtain marketing 
authorization from the Minister of Health9, 10. The 
established protocol to validate the Ag-RDT kit 
is urgently needed due to the increasing demand 
from industries, societies, and laboratories during 
a prolonged Covid-19 pandemic.
	 Based on the regulation in Indonesia, the 
samples used for Ag-RDT kit validation must be 
fresh, and should be prepared within 2x24 hours9. 
Freshly prepared samples are better for clinical 
testing in that there is no limitation due to storage 
or transportation. The tested samples included 
30 positive samples with Cycle Threshold Value 
(Ct) valuesd”25, 30 positive samples with Ct>25, 
and 30 negative samples. However, employing 
freshly prepared samples was sometimes difficult 
particularly when the Covid-19 case was declined. 
Therefore, other alternative protocols, which 
are highly validated should be established. In 
appropriate storage conditions at “80oC or “20oC, 
the stored biological samples can still be feasibly 
used. In previous studies, nasopharyngeal and 
oropharyngeal swabs stored in Viral Transport 
Media (VTM) or sterile saline can be feasibly 
stored at “70 °C for more than 12 days11. Gulec et 
al. reported that swab samples for both positive 
and negative samples, can be stored and retained 
their quality at 4°C for up to 12 days12. A significant 
effect on the sample’s Ct value was observed after 
10 cycles of freeze-thawed13. Within a week of 
the time limit, not all laboratories were ready to 
supply the test samples, thus the comparison assay 
of the Ag-RDT validation was carried out using 
fresh samples and the spiking method using 2 
weeks old samples. In this study, we reported the 
implementation of the spiking method using swab 
samples with a longer shelf life on two brands of 
Ag-RDT kits recommended by WHO, which were 
Panbio™ Covid-19 Ag Rapid Test (Abbott) and Q 
Ag-Standard, RDT (SD Biosensor, Roche)14, 15.

Methods

	 The assay was carried out by the “Spiking 
Method” which examined the flock swabs from the 
nasopharyngeal/oropharyngeal specimens in VTM 

that were previously dipped into the Ag-RDT buffer 
kit. As a comparison, an RT-PCR assay was carried 
out on the same sample using QIAamp Viral RNA 
Kits (Qiagen) to isolate the viral RNA with N1 and 
N2 genes became the PCR-targeted genes. The 
reverse transcription and cDNA amplification were 
carried out using SuperScript™ III Platinum™ 
One-Step qRT-PCR Kit (Invitrogen). The Ag-RDT 
assay was carried out on 2 brands, namely Panbio™ 
Covid-19 Ag Rapid Test (Abbott) and Standard Q 
Ag-RDT (SD Biosensor, Roche) using the spiking 
technique on specimens that were confirmed 
positive with Ctd”25 and Ct>25, as well as negative 
specimens. The assay examined 2 different sample 
sets prepared from different time courses, including 
2-week sand <48 hours samples.
RT-PCR
	 Samples were extracted using QIAamp 
Viral RNA Kits, which were then analyzed by RT-
PCR using SuperScript™ III Platinum™ One-Step 
qRT-PCR Kit and Agilent AriaMx Real-Time PCR 
system.
Sample collection
	 The nasopharyngeal/oropharyngeal 
specimens in VTM were obtained through the 
C.29 laboratory (National Reference Laboratory, 
Covid-19 Testing No. 29), Universitas Padjadjaran-
Indonesia. Samples were taken from two different 
time courses; 90 samples of BBT (2 weeks) were 
taken on February 25-28, 2021, and 66 fresh 
samples (<48 hours) were taken on March 24, 
2021. The old samples were obtained from several 
hospitals in Bandung, Indonesia, while the fresh 
samples were obtained from regular patients in our 
laboratory. 
Spiking method assay
	 The sterile flocked swab from each of the 
tested Ag-RDT kits was dipped and rotated to make 
sure all sides of the tip were coated. Then, the swab 
tip was taken out from the sample and swirled in the 
buffer fluid. The next step was dropping the spiked 
sample on the test device following each kit’s 
reference instructions. The result can be obtained 
within 15 minutes.  
Sensitivity and specificity analysis
	 The sensitivity percentage was calculated 
by the number of specimens identified as positive 
by the Ag-RDT assay divided by the number of 
specimens identified as positive by the RT-PCR 
reference assay. The specificity percentage was 
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calculated by the number of specimens identified 
as negative by the Ag-RDT test divided by the 
number of specimens identified as negative by the 
RT-PCR reference assay.

Results and Discussion

	 Initially, the 2-week-old sample was 
validated using two brands of Ag-RDT kits, namely 
Panbio™ and SD Biosensor. The validation assay 
was carried out by the “Spiking Method”, which 
resulted in both high sensitivity and specificity 
values from both kit brands. According to the 
standard of the sensitivity and specificity values set 
by WHO, the results shown in Table 1 have passed 
the standard qualifications. It has been proved that 
the dilution which performed at the validation assay 
using the “Spiking Method” did not substantially 
reduce the quality of the antigen testing.
	 Based on the sensitivity values obtained 
at CT<25 and CT>25, the application of the 
antigen test is more accurate when employed in 
symptomatic patients with CT<25, while for CT>25 
the sensitivity value did not successfully meet the 
WHO standard. Previous studies suggested that Ag-
RDT was not accurate in the samples with Ct value 
of over 25 as it contained low viral loads16, 17. A high 
sensitivity value is influenced by a good sample 
storage condition so that it retained the sample 
quality. There were no false positives observed 
from all the negative samples. However, there 
were some false negative results were obtained 
in both Ag-RDT tests. Overall, the sensitivity 
and specificity values for both kit brands still met 
the required WHO standard for the samples with 
CTd”25.
	 Furthermore, a comparison assay was 
conducted with samples aged <48 hours or fresh 
samples collected sometime after evaluating the 
2-week-old sample. The total of collected samples 
was 66 samples which was considered as less than 

the 2-week old sample since collecting the fresh 
samples at the same time as the desired number of 
positive and negative samples was quite difficult, 
especially when the Covid-19 cases began to 
decline. All samples were treated the same way 
using the “Spiking Method” in both the Ag-RDT 
brands. As shown in Table 1, it can be observed 
that the sensitivity and specificity values were very 
high at CTd”25 for both kit brands.
	 There are many factors must be considered 
when selecting an appropriate method to improve 
the evaluation of new devices in the clinical 
laboratory. In previous studies, spiking techniques 
have been reported to be successful used for a 
variety of different spiked-samples18. Dong et al. 
reported spiking pathogens into whole blood and 
virus into plasma showed acceptable reproducibility 
and can be followed by assay developers who are 
targeting low prevalence pathogens19. Detection 
of Mycoplasma pneumoniae in spiked respiratory 
samples also showed high sensitivity20. The present 
study and other studies suggest that the spiking 
method is effective and applicable. The spiking 
technique can be an alternative method for Ag-RDT 
evaluation when the fresh samples are difficult to 
obtain if the samples are well-preserved at 200C or 
–800C with only one freeze-thaw cycle allowed.
	 The spiking technique offered advantages, 
such as the ability to get rapid result due to its 
ability to test several Ag-RDT brands at the same 
time, which also required only a set of experiments 
and a low-cost system. However, this technique 
raises concerns, especially for the companies,  
as the validation that is carried out may not 
represent the true quality of the product that is 
being tested. It might be due to the dilution of the 
viral RNA which decreased the concentration. In 
addition, the compatibility of the buffer utilized 
for storing the sample with the Ag-RDT product 
has been brought into question. It has been noted 
that the transport medium may comprise guanidine 

Table 1. Ag-RDT performance according to storage time of samples

Characteristics		               Fresh Samples(n=66)	                               2 	Weeks Old Samples(n=90)
	                  Panbio™		                  Standard™ Q	                  Panbio™		                  Standard™ Q
	 Ct<25	 Ct>25	 Ct<25	 Ct>25	 Ct<25	 Ct>25	 Ct<25	 Ct>25

Sensitivity	 90%	 19%	 85%	 13%	 93%	 10%	 90%	 7%
Specificity	 100%	 100%	 100%	 100%	 100%	 100%	 100%	 100%
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salt, which possesses the property of a protein 
denaturant21. This may lead to a decrease in the 
activity of the protein or the complete denaturation 
of the protein due to the strong interaction between 
guanidine and the catalytic residues of the protein22. 
Atienzar et al. have reported that 6 of 19 Ag-RDT 
brands were incompatible with Amies media and 
the sensitivity decreased up to 2 to 20 times23. 
It emphasizes the importance of choosing the 
appropriate sample matrices and assays for each 
specific use, particularly when employing Ag-RDT, 
as it can greatly affect the effectiveness of isolation 
and tracing measures.

Conclusion

	 The C.29 Laboratory of Universitas 
Padjajaran has conducted an assay on two Ag-RDT 
kits that specifically met the WHO criteria with 
e”80% sensitivity and e”97% specificity, namely 
Panbio™ Covid-19 Ag Rapid Test (Abbott) brand 
and Q Ag-Standard, RDT (SD Biosensor, Roche) 
using the “Spiking Method” on the samples with 
Ct value d”25, >25, and RT-PCR-confirmed 
negative samples. In these studies, Panbio™ and 
SD Biosensor showed  93% sensitivity for the 
samples with CT value d”25 and 90% sensitivity 
for the 2 weeks-old samples. The evaluation and 
validation of Ag-RDT using this spiking technique 
are deemed required as it can gain more benefits 
when testing several Ag-RDT brands at the same 
time, as it can utilize the same sample set for 
multiple validations.
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