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Abstract  Background: The use of effective, consistent, and sensitive PCR assays is a foundation to truly identify the 

virus during this pandemic related to SARS-CoV-2. The SARS-COV-2 laboratory diagnosis depends highly on the RT-PCR 

technique. This study proposed a new modified protocol (fast) that describes a shorter time profile for the RealStar®  

SARS-CoV-2 RT-PCR Kit. The study aimed to evaluate the performance of The RealStar®  SARS-CoV-2 RT-PCR Kit 1.0 

under a shorter time protocol in terms of sensitivity and specificity. Methods: 200 nasopharyngeal SARS-COV-2 samples 

were subjected to RealStar®  SARS-CoV-2 RT-PCR Kit 1.0 test using two different protocols (original VS. fast). We 

assessed the performance of faster protocol on clinical samples of the RealStar®  SARS-CoV-2 RT-PCR Kit for both the E 

gene and S gene in comparison with the kit's recommended profile. For analysis, the threshold cycle (CT) > 40 or no 

amplification was considered as negative, while the CT value < 40 with an S-shape amplification curve was considered 

positive. Results: The results demonstrated the specificity of 100%, sensitivity of 100% using both original and modified 

protocols. We found that modified protocol helps in getting the results within an hour and 10 minutes instead of two hours, 

which constitutes a fifty-minute difference. The overall agreement between the two protocols was 100% with negligible 

differences in the cycle threshold (CT) values for S and E genes. We also found a perfect correlation in the CT values with R2 

of 0.98. Conclusions: The modified protocol provides promising results with better sensitivity and specificity in lesser time. 

Therefore, we suggest a testing strategy that can be done in lesser time and can be used to screen a larger number of 

individuals. 
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1. Introduction 

The coronaviruses belong to the group of large-sized, 

positively sense, single-stranded RNA with a genome size of 

26-32kb, spherical, and non-segmented. The coronaviruses 

have been grouped into four different genera (γ-gamma, 

β-beta, δ-Delta, and α-alpha). Out of the four genera in which 

the coronaviruses have been grouped, only alpha and    

beta contains CoV-NL63 & CoV-229E and CoV-OC43, 

CoV-HKU1, respectively. Therefore, it has been proven that 

the genome of the COVID-19 virus constitutes more than 

29,900 nucleotides typically [1]. In many cases, upon 

mapping and fresh reannotation of such RNA sequences, 

more than 123,613 of the reader’s assembly will be obtained. 

They were seen to be similar to those of the SL-CoVZC45, 

which was an already known strain on the bat, as well as the 

SARS-CoV [2]. Currently, the total COVID-19 cases, which 

are recorded globally stand at 105 million, and out of these  
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total cases, 58.5 million have been recovered with the death 

cases globally stand at 2.29 million people [3]. 

The prevention of the COVID-19 and viral transmission 

can be inhibited by employing the total lockdown and 

identification of the infected and asymptomatic individuals 

at the initial stage to allow early control and a cure. The 

symptoms were usually confusing with those of the common 

flu. The asymptomatic carriers will escalate the disease 

transmission to an uncontrollable manner when they go 

unidentified and taken to the quarantine. Mass screening   

of the persons will be necessary for such situations,  

allowing for selecting those who have contacted the virus. 

Simultaneously, the detection approaches are typically based 

on the personal travel history from the areas that are affected; 

thus, their clinical symptoms are to be identified as well as 

some of the auxiliary examinations are to be done on such a 

person [4]. 

Timely Laboratory testing is fundamental in disease 

diagnosis and control. Clinicians desire precise and rapid 

results, medical laboratories strive to obtain accurate results 

within the turnaround time (TAT) and biomedical companies 

are competing to develop robust assays [5]. During the 

COVID-19 pandemic, early diagnosis remarkably enables 
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doctors to help patients who are at higher threat for growing 

more complications from COVID-19. It is critical to have 

effective testing of disease to distinguish COVID-19 patients 

from those with different sicknesses. This eliminates 

pointless isolation of negative people and the spread of the 

virus by infected patients [6].  

The commercially available kits mainly depend on nucleic 

acid or antibody detection principles [6]. The Real-Time 

Polymerase Chain Reaction (RT-PCR) approach is 

considered as the gold standard for SARS-COV2 detection, 

remains the method of choice, and is approved by World 

Health Organization (WHO) and Center for disease control 

(CDC) [6,8]. It depends on targeting a specific sequence of 

the gene, including nucleocapsid (N), envelope (E), open 

reading frame (ORF), RNA-dependent RNA polymerase 

(RdRP), or spike (S) protein [9]. Various approaches aim to 

reduce the time of testing by amplifying the nucleic acid at a 

constant temperature to minimize the time of multiple cycles 

of cooling and heating [10]. We optimized a new protocol 

condition for The RealStar®  SARS-CoV-2 RT-PCR Kit 1.0, 

and we considered a fast protocol that may work equally well 

in a short time. This study aims to evaluate the performance 

of The RealStar®  SARS-CoV-2 RT-PCR Kit 1.0 under a 

shorter time protocol in terms of sensitivity and specificity. 

2. Material and Methods 

A total of 200 nasopharyngeal samples previously 

confirmed were selected (100 positives and 100 negatives for 

SARS COV-2). 200 µl of each specimen was subjected to 

extraction using ExiPrep 96 Viral RNA Kit and ExiPrep 96 

Lite Automated NA Purification System (Bioneer, Korea). 

The master mix, reaction setup, and results interpretation 

were carried out according to the manufactures’ instructions 

of use.  

Initially, we aimed to evaluate different cycling protocols 

on a small number of samples. A pilot study was done on 8 

positive SARS-CoV-2 samples with shorter time protocols 

of RT-PCR steps. Annealing time (10,15,20) seconds, RT 

time (5,10,15) minutes, and denaturation time (5,10) seconds. 

Each time we change only one variable of the original 

protocol and hold the rest and compare the CT values and 

amplification curves with the same samples on unmodified 

original protocol. The acceptable values, which gave same 

results of original protocol in a shorter possible time, 

combined together as a modified and tested against the 

original protocol. The acceptable shorter protocol then tested 

on larger number of samples. 

The RT-PCR reactions were performed simultaneously on 

the Light Cycler 480 II instruments (Roche). The cycling 

protocol for each method is summarized in table 1. For 

analysis, the threshold cycle (CT) > 40 or no amplification 

was considered as negative. CT value <40 with an S-shape 

amplification curve was considered positive. 

For statistical analysis, data were collected and analyzed 

using IBM SPSS version 25. Sensitivity and specificity 

statistical measures were used to compare the original    

and fast RT-PCR results. RT-PCR assay Descriptive  

analysis was done on the reported Cycling Threshold (Ct).  

T Paired test was used to determine significant factor,      

P values reported are 2-sided < 0.05, and 95% confidence 

were considered. We also calculated the coefficient of 

determination (R2) to determine the relationship between CT 

values using modified and original protocol.  

3. Results 

We used 200 nasopharyngeal samples, 100 each identified 

positive and negative for both cycling protocols, respectively. 

While taking the RealStar®  kit protocol as the gold standard, 

our fast protocol demonstrated sensitivity of 100% and 

specificity of 100% with no false-positive and false-negative 

results. The fast and original protocols resulted in equally 

sensitive and specific results with very minor and negligible 

differences in the absolute values of the CT with an 

agreement of 100% between the two results. Our data 

confirmed that both protocols are equal, and the new 

protocol is conformed with the kit with no compromise on 

sensitivity and specificity. In addition, we also found that  

the modified or fast protocol gave similar results as that of 

the original protocol in about one hour which saved an 

additional hour to produce similar results. 

 

Table 1.  RT-PCR protocol 

 RT Step Denaturation 
Amplification 

(45 cycles) 

Method 
Temperature 

[°C] 

Time 

[min:sec] 

Temperature 

[°C] 

Time 

[min:sec] 
[°C] [min:sec] 

Original 55 20:00 95 02:00 

95 00:15 

55 00:45 

72 00:15 

Fast 

(Modified) 
55 05:00 95 05:00 

95 00:05 

60 00:15 

72 00:15 
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We compared the cycle threshold values for both S and  

E genes, and the amplification curve shape. Overall, the 

modified protocol showed better amplification S-shaped 

curves in comparison to the original protocol see figures 

(6&7). The wavelength that read the targeted S and E genes 

were labeled as CY5 and FAM, respectively. The results for 

S gene showed a negative value for Bias (-0.1967) with a 

standard deviation of 0.8848 with 95% limits of agreement 

ranging between -1.93 to 1.537 with significant results 

(P-value: 0.0285). Likewise, the results for E gene showed a 

negative value for Bias (-0.3255) with a standard deviation 

of 1.016 and we are confident that the true value for the 

estimate falls between 95% limits of agreement ranging 

between -2.317 to 1.666 with significant results (P-value: 

0.0018) as shown in table 2. While assessing the 

performance of faster protocol on clinical samples of the 

RealStar®  SARS-CoV-2 RT-PCR Kit for S and E genes 

against the kit's recommended profile, an identical sensitivity 

and specificity were found for both protocols with 100% 

agreement. In terms of time duration. It was found that 

RealStar®  SARS-CoV-2 RT-PCR Kit took a shorter time  

to perform the required number of tests as opposed to the 

kit's recommended profile. More specifically, the kit's 

recommended profile took approximately an additional one 

hour to perform the same number of tests as opposed to 

RealStar®  SARS-CoV-2 RT-PCR Kit. 

Several graphs were plotted against the cycles of the 

amplification of the PCR tests (CT value) that helps us to 

identify the virus and S and E genes for both original and 

modified protocol. For example, figure 1 reveals the 

clustering of CT values for the positive samples by the type 

of protocol. 

Table 2.  Estimates for the bias with important summary statistics for S 
and E genes 

 S gene E gene 

Number of pairs 100 100 

Bias -0.1967 -0.3255 

SD of bias 0.8848 1.016 

95% Limits of Agreement -1.931 to 1.537 -2.317 to 1.666 

P value 0.0285 0.0018 

One- or two-tailed Two-tailed Two-tailed 

T, df T=2.223, df=99 T=3.203, df=99 

The graph shows that almost all of the positive CT values 

for S-gene for both protocols were clustered around the same 

range with minor and negligible differences. A homogenous 

pattern for the CT values was found for both regular/original 

protocol and modified/fast protocol. More specifically, the 

CT values to detect S-gene using regular protocol fall 

between 13.89 to 36.8 and the same values ranged between 

14.62 to 36 using a modified protocol as shown in Figure 1. 

The mean CT value for S-gene was 24.5085 (SD: 6.042) 

using the original protocol, while it was 24.7052 (SD: 6.25) 

with the modified protocol. 

 

Figure 1.  Clustering of CT values to detect S-gene using modified and the 

original protocols 

Likewise, Figure 2 illustrates that almost all the positive 

CT values for E-gene for both protocols were clustered 

around the same range with minor and negligible differences. 

A consistent pattern for the CT values were observed for 

both regular/original protocol and modified/fast protocol. 

More specifically, the CT values to detect E-gene using 

regular protocol fall between 13.06 to 36.5 and the same 

values ranged between 14.59 to 36.03 using modified or the 

fast protocol as shown in Figure 2. The mean CT value for 

E-gene was 24.8461 (SD: 6.124) suing original protocol, 

while it was 25.172 (SD: 6.091) with the modified protocol.  

 

Figure 2.  Pattern for the CT values to detect E-gene using modified and 

the original protocols 

Apart from looking at the clustering or pattern of CT 

values for S and E genes, we plotted the graphs to examine 

the difference in CT for both S and E genes using original 

and modified protocols. As expected, there was a greater 

degree of overlap in the distribution of CT values for S-gene 

with very few non-significant outliers as shown in Figure 3. 

Likewise, there was a greater degree of overlap in     

the distribution of CT values for E-gene with very few 

non-significant outliers as shown in Figure 4.  
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Figure 3.  Difference in the CT values for S-gene using modified and the 

original protocols 

 

Figure 4.  Difference in the CT values for E-gene using modified and the 

original protocols 

 

Figure 5.  Correlation in the CT values for S and E-genes using modified and the original protocols 

In addition, we also assessed the correlation between   

CT values for S and E genes using the coefficient of 

determination (R2) and we found a linear and positive 

correlation between CT values both for E and S genes using 

original and modified protocols (figure 5). The magnitude 

for the value of the coefficient of determination for the 

correlation in the CT values for S genes using both original 

and modified protocols was 0.98, indicating a perfect 

correlation in the CT values for S genes using both protocols. 

Similarly, the magnitude for the value of the coefficient of 

determination for the correlation in the CT values for E genes 

using both original and modified protocols was 0.98, 

signifying a perfect correlation in the CT values for E genes 

using both protocols as shown in figure 5.  

4. Discussion 

The current pandemic is still a considerable challenge for 

the healthcare system and policymakers all around the globe. 

The number of new cases of COVID-19 increases day by day 

mostly due to asymptomatic carriers [11]. It is also reported 

that mutation also plays a role in high spread [12]. In 

European countries, some Asian countries' sudden rise in 

COVID-19 cases was observed from late September 2020 

because of the mutated version of coronavirus. In such a 

situation, there is an urgent need of the availability of a fast 

and reliable method for the detection, identification of 

infected persons. Accessibility and consistency of strong 

assays offering sensitive identification of diseased people 

would be considered as the foremost step in isolating the 

patients with COVID-19, diagnose the same to take the 

appropriate corrective actions. Furthermore, this will be the 

first step for the prevention of spread COVID-19 at a greater 

pace. So far, PCR has been considered as the gold standard 

test for the detection and confirmation of coronavirus [13]. 

However, most cases are presented at a late stage, and in 

some cases, there is a lack of viral antigen [14]. All these 

points highlight the importance of rapid and highly sensitive 

PCR assay for the diagnosis of coronavirus.  

Therefore, we suggested a testing strategy that can be  

done in lesser time and can be USED to screen a larger 

number of asymptomatic individuals with high viral loads. 
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The annealing time usually is between 15-30 seconds and  

for the original protocol it is 45 seconds which is long [15]. 

We assessed the performance of faster protocol on clinical 

samples of the RealStar®  SARS-CoV-2 RT-PCR Kit     

for both the E gene and S gene in comparison with the   

kit's recommended profile. We completed an impartial 

assessment of the RealStar®  SARS-CoV-2 RT-PCR Kit 

(Altona) to detect SARS-CoV-2. The sensitivity and 

specificity for both protocols appeared similar with 100% 

agreement on 200 nasopharyngeal samples. This protocol 

takes only an hour and 10 minutes, while the original 

protocol takes two hours. There is about one-hour deference, 

which helps in performing more tests and releasing more 

results.  

5. Strengths and Limitation 

Our study was the first of its kind that assessed the 

sensitivity and specificity of a modified protocol in a setting 

such as Saudi Arabia. This study has contributed to the 

existing literature to prevent the spread of the virus by timely 

detecting the disease among other groups of people. 

Secondly, we conducted an independent and impartial 

validation of the modified protocol for the detection of the 

virus and comparing the same with existing conventional 

method. This in turn gave a pathway to introduce some 

modified protocols in the laboratories to screen and diagnose 

the virus. We also carried out the screening and confirmatory 

tests by detecting S and E genes to make sure that those who 

were positive for the screening tests were positive on the 

diagnostic test. However, our study findings need to be 

interpreted with some caveats such as limited sample size.  

Main limitation of our study is supply shortage and for 

future work we aim to assess the efficacy of the modified 

protocol on larger number of samples. Further study needs to 

be done to evaluate our finding.  

6. Conclusions 

The modified protocol provides promising results with 

better sensitivity and specificity in lesser time. Therefore, we 

suggest a testing strategy that can be done in lesser time and 

can be used to screen a larger number of asymptomatic 

individuals with high viral loads. The modified protocol 

offers a vigorous alternative for laboratories working in 

virology or molecular biology, that can help to detect virus in 

a smaller time. This will not only save time but also will help 

to detect the cases quickly that could help to make necessary 

actions in a timely manner to prevent the spread of the virus.  
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Abbreviations  

SARS-CoV-2  Sever Acute Respiratory Syndrome  

Corona Virus 2 

RT-PCR      Real-Time Polymerase Chain Reaction 

N gene       Nucleocapsid gene  

ORF1ab gene    Open Reading Frame gene 

S gene       Spike gene 

E gene       Envelop gene. 

CT       Cycling Threshold 
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B) Cy5 (S-Gene) 

Figure 6.  (A & B) Concordance of cycles values for RealStar®  SARS-CoV-2 RT-PCR Kit 1.0 fast protocol. The modified protocol showed better 

amplification S shape 

 

C) Fam (E-gene) 

 

D) CY5 (S-gene) 

Figure 7.  (C & D) Concordance of cycles values for RealStar®  SARS-CoV-2 RT-PCR Kit 1.0 original protocol 
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