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 ABSTRACT  
SARS-CoV-2, Viral Load, In 

vitro Transcription 

 SARS-CoV-2 with various reported variants has infected more than 216 

million people worldwide with clinical symptoms from asymptomatic, 

mild, moderate, and severe. SARS-CoV-2 detection becomes very 

important to evaluate the spread of the virus in the community. The gold 

standard of SARS CoV-2 detection is viral nucleic acid using real-time RT-

PCR. The most frequently used is the real-time qualitative PCR test. For a 

better understanding of COVID-19 pathogenesis, a quantitative assay to 

measure viral load is necessary. To meet this need, a viral load assay was 

developed using RNA standard transcribed in vitro. In addition, we 

evaluated the sensitivity and specificity of this assay using clinical 

specimens from Jakarta, Indonesia. The target of this assay was 

nucleocapsid gene (N) SARS CoV-2 and human protein gene RNase P (RP) 

as internal control, respectively. The specimens were taken from 44 patients 

with clinical symptoms of COVID-19 on the first day of presentation in 

Sari Asih Hospital, Jakarta, from June-November 2021. In comparison with 

CDC’s primers and probes as a gold standard in Indonesia, the sensitivity 

and specificity of this assay was 100% with limit of detection 6,5 copy 

number/µL. In our study, there was no difference CT value and viral load 

mean ratio in patients with mild and severe symptoms (p > 0.05). In 

conclusion, this assay with in vitro transcript RNA standard can be used to 

determine viral load of SARS-CoV-2. Further studies are needed to 

evaluate this assay with more various SARS CoV-2 in other places in 

Indonesia. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 



Alawiyyah, et.al, 2022                                                                                                   Teikyo Medical Journal 

 

5394 
 

1. INTRODUCTION 

At the end of 2019, a group of patients with pneumonia with undetermined cause appeared in Wuhan, Hubei 

Province, China. Since that time, the outbreak has resulted in more than 385 million confirmed cases in almost 

all countries in the world, with the highest case number in United States [1]. According to data from the 

National Agency for Disaster Management (BNPB), as of February 2022, COVID-19 in Indonesia cause 

more than 5 million reported as confirmed cases, with more than 100.000 death [2]. 

 

The new disease of pneumonia is caused by a new type of Coronavirus named 2019-nCoV, also known as 

SARS-CoV-2 [3], [4]. Coronavirus is a RNA virus containing ssRNA strand positive. Coronavirus belongs 

to the family Coronaviridae [5]. The SARS-CoV-2 genome encodes 4 main structural proteins:  spike (S), 

envelope (E), membrane (M), and nucleocapsid (N). Similar to the nucleocapsid in SARS-CoV, nucleocapsid 

protein of SARS-CoV-2 has a similarity of more than 90% with nucleocapsid protein of SARS-CoV [6]. 

 

Currently, WHO recommends molecular method which is based on the detection of the sequence of the RNA 

of the virus through NAAT (Nucleic Acid Amplification Test) using real-time reverse-transcription 

polymerase chain reaction (real-time RT-PCR). Viral genes targeted so far includes N, E, S, and RdRp genes 

[1]. Different from the WHO, the CDC currently only used primer N and RP in molecular assay. Several 

studies using nucleocapsid gene for the screening test, while the other genes, for example, Orf1b is used for 

the confirmation test. Nucleocapsid gene-based PCR showed a sensitivity 10 times higher than Orf1b gene-

based PCR in detecting SARS-CoV-2 clinical specimens [7]. Real-time RT-PCR that currently routinely used 

in the diagnosis of COVID-19 in Indonesia is a semi-quantitative assay, based on CT value. However, this 

method cannot be used to determine the copy number of the target. The use of real-time RT-PCR for 

quantitative tests can be used for the determination of the viral load in COVID-19 patients. For RNA viruses 

such as SARS-CoV-2, the standard quantitation number can be in the form of a plasmid carrying the target 

DNA, amplicon PCR, genomic DNA, or in vitro-transcribed RNA [8]. T7 RNA polymerase can be used to 

produce a RNA transcripts from cDNA or PCR products [9]. 

 

Studies to predict the severity of COVID-19 disease will be very useful to know the pathogenesis of the 

disease and the risks involved. The role of viral load test to predict the severity of a viral infection still be 

debated [10], it may predict severity and can be used to study the efficacy of a drug and vaccines. Data about 

the correlation between viral load and severity still limited. The previous study, show with hospitalized patient 

diagnosed with COVID-19 were correlated with viral load. Several studies have shown an association 

between viral load and the severity of COVID-19 disease where high viral load is associated with severe 

infection and the presence of multiple organ dysfunction [11]. Factors considered in cohort study included 

time of sampling, age and comorbidities. Samples for the longitudinal cohort study were obtained by taking 

samples at admission and a few days after testing positive for SARS-CoV-2. Patients with severe disease 

have more abnormal laboratory test results, so further laboratory tests are needed to determine the severity of 

the patient's disease [12]. 

 

In this research we engineered PCR products containing SARS-CoV-2 nucleocapsid and further transcribed 

in vitro to produce a standard RNA in viral load assay. Furthermore, in this preliminary study, we evaluated 

the correlation between viral load and disease severity of COVID-19. 

 

2. Materials and methods 

 

2.1 Speciments 

RNA was extracted from nasopharynx and oropharynx swab from confirmed COVID-19 patients using 
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Qiagen RNA extraction kit (Qiagen, Hilden, Germany). For viral load assay, we used 36 confirmed COVID-

19 patients with each 18 samples from mild and severe symptoms and 8 sampels negative COVID-19. The 

criteria for mild and severe symptoms have been described by The Ministry of Health of the Republic of 

Indonesia. Mild symptoms include fever, cough, fatigue, anorexia, shortness of breath, myalgia, sore throat, 

headache, diarrhea, anosmia or aguetia. Severe symptoms with clinical signs of pneumonia (fever, cough, 

shortness of breath, rapid breathing) and respiratory distress [13]. The sample obtained was confirmed using 

CDC standards with a nucleocapsid gene target to ensure the sample used was positive for SARS-CoV-2 so 

that later it could be compared with the kit used in the study. Ethical clearance was obtained from the Health 

Research Ethics Committee, Faculty of Medicine Universitas Indonesia No. 

378/UN2.F1/ETIK/PPM.00.02/2020. 

 

2.2 Primer and Probe 

Primer and probe sequence were designed using online software primer blast from NCBI (ncbi.gov), Eurofins 

genomic, snap gene, and primer3plus online. The primer pair was selected by considering the melting 

temperature (Tm), the percentage of the number of G and C (%GC), hairpin, repeat, and accuracy. The design 

results were then aligned with Blast to ensure the product from the primer recognizes the desired target gene. 

The qRT-PCR test in this study used a probe to increase the specificity of the amplification process. The 

reporter dye for N2 probe was HEX and for RP probe was Cy5. RP gene was used in qRT-PCR as an internal 

control to indicate the success of the extraction and specimen collection process. A T7 sequence promoter 

were added at the upstream of the forward primers to enable in vitro transcription proccess (Table 1). N2 and 

RP primers were optimized to determine the optimal temperature at the annealing stage in qRT-PCR by 

temperature gradient. 

 

Table 1. Primer used to amplify N and RP genes with T7 promoter sequence. 

Gene Primer Fluorescent Product size (bp) 

N2 
T7 promoter N2 F 

HEX 146 
T7 promoter N2 R 

RP 
T7 promoter RP F 

CY5 211 
T7 promoter RP R 

 

The nucleotide sequence is not shown because it was included in the patent. Both primers use different 

fluorescents so both genes can be detected simultaneously in one assay (multiplex qRT-PCR). With different 

product sizes, it can also be used for verification of amplification products using gel electrophoresis. 

 

2.3 Synthesis of RNA standard using in-vitro transcription 

In vitro transcribed RNA was used to generate standard curves for real-time RT-qPCR. Each PCR product of 

N2 and RP gene were used as a template for in vitro transcription.  SensiFAST™ Probe No-ROX One-Step 

Kit (Bioline Ltd, London, United Kingdom) was used for one-step qRT-PCR, following the manufacturer 

recommendation with modification of volume and annealing temperature. The total reaction volume was 50 

µl consisting of 25 µl 2x Sensifast Buffer, 14 µl NFW, 2 µl for each of the forward and reverse primers (0,4 

pmol), 0.1 µl probe (1 pmol), 0,5 µl RT enzyme, 1 µl RNase Inhibitor, and 5 µl RNA template. Singleplex 

qRT-PCR was performed on a MA6000 machine (Sansure Biotech Inc). The PCR reaction temperature cycle 

is 45°C for 10 minutes (RT), 95°C for 2 minutes, and 45 cycles of 95°C for 5 s, and 60°C for 30 s. The results 

of the qRT-PCR product were then analyzed by electrophoresis in 2% agarose gel to confirm the product size. 

Purification of the PCR product was performed using the kit Wizard® SV Gel and PCR Clean-Up System 

(Promega Corporation, Madison, WI, USA) following the manufacturer recommendations. Purified DNA 

was measured using Nanodrop to determine the concentration and purity of DNA. 
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To obtain RNA standard of N2 and RP genes that could be used as a positive control during the real-time RT-

PCR, amplicon from each gene and the commercial T7 RiboMAX ™ Express Large Scale RNA Production 

System (Promega, Madison, WI, USA) were used, following the manufacturer recommendation. 0,2 µg 

purified product of DNA RP and 10 ng purified product of DNA N2 as a template. In 20 µl reaction mix was 

incubated at 37°C for 30 minutes. Residual DNA after in vitro transcript proccess was cleaved with 2U of 

RQ1 RNase-free DNAse in a final volume of 20 µl at 37°C for 1 hour, followed with enzyme inactivated at 

65°C for 5 minutes. Then, RNA transcript was extracted using 1 volume of phenol: chloroform: 

isoamylalcohol (25:24:1) and 1 volume of chloroform: isoamylalcohol (24:1). The RNA was precipitated by 

added to 0.1 volume of 3M sodium acetate and 1 volume of isopropanol, then washed using 1 ml of 70% 

ethanol. The sample was dissolved by adding Nuclease Free Water (NFW) up to 20 µl. The Subsequent 

standard RNA was purified using QIAamp® Viral RNA Mini Kit (Qiagen, Hilden, Germany), following the 

manufacturer’s recommendation. The Standard RNA was quantified using Nanodrop to determine the 

concentration and purity of RNA. The concentration of RNA in units of ng/µl is then converted into copy 

number with the calculation: number of copies = {X ng*6,0221x1023 molecule/mole}/{(N*330 

g/mole)*1x109 ng/g, where X is the concentration of RNA and N is the length of the RNA. Purified RNA 

was stored at -80°C and diluted from 1012  up to 101 copy number/µl for working solution before test. 

 

2.4 Standard RNA Verification 

After obtaining optimal reaction condition, we evaluate the complete elimination of DNA from standard RNA 

after in vitro transcription. RNA was performed real time qRT-PCR and qPCR using Sensifast Probe No-Rox 

and Sensifast Probe No-Rox One-Step (Bioline Ltd., London, United Kingdom). Standard RNA for this 

experiment was diluted from 101 up to 103 copy number/µl. qRT-PCR and qPCR were performed 

simultaneously using MA6000 real time PCR machine using optimized reaction condition.  

 

2.5 Standard curve generation and determination of LOD (Limit of detection) 

The standard curve was generated with amplification of dilution series 101-109 copy number/µL of RNA 

standard with 3 replicates each concentration. Then the CT value formed is plotted on the Y-axis and the 

RNA concentration on the X-axis so that a linear line will be formed. The limit of detection value is obtained 

by determining the minimum concentration of RNA standard that can be amplified. LOD was calculated 

based on the standard deviation of the response (Sy) of the curve and the slope of the calibration curve (S) at 

levels approximating the LOD according to the formula: LOD = 3.3(Sy/S). 

 

2.6 Determination of viral load in patient samples 

A viral load test was carried out by amplification of samples of patients confirmed SARS-CoV-2 using a 

primer and probe with the target N and RP gene using duplex qRT-PCR. The CT value obtained is then 

plotted on a standard curve that was previously formed and calculated into a copy number/µL. To normalize 

the variance of viral load, we used mean ratio of N2/RP of CT value and viral load.  

 

2.7 Data Analysis 

Standard curve were estimated using software from qPCR machine MA6000. The limit of detection (LOD) 

at 95% probability. Testing for normality of data was using Kolmogorov Smirnov test and statistical 

significance between the group for mean values by independent t-tes IBM-SPSS software (version 20). 

 

3. Result 

 

3.1 Primer and Probe 

The homology of the N1 and N2 primer positions with 9 SARS-CoV-2 strains from Indonesia and 7 new 
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strains such as Alpha, Beta, Gamma, Delta, Mu, Lambda and Omicron variants showed good sensitivity 

where there were no nucleotide differences so that this primer could be used for all strains of SARS-CoV-2. 

 

 
Figure 1. Homology of Target N Genes with 16 SARS-CoV-2 Variants 

 

3.2 Optimization of qRT-PCR conditions 

Primer N2 targeted the SARS-CoV-2 Wuhan 01 nucleocapsid gene (Query ID: MN908947.3) with a product 

length of 115 bp. The results of the annealing temperature optimization using the temperature gradient 

technique showed that the qRT-PCR results at annealing temperature of 60°C could be well amplified, 

indicated by a lower CT value. We used these temperatures in subsequent qRT-PCR processes. The results 

of electrophoresis showed that there was a match in the size of the PCR product, which was 115 bp. 

 

Table 2. CT value of temperature optimization results in singleplex qRT-PCR 

Termperature Gradient 

(°C) 

CT Value 

N2 

62 25.71 26.12 

61.4 26.10 24.73 

60.3 24.53 24.30 

58.4 23.00 22.89 

55.9 25.19 25.21 

54 24.61 26.12 

52.7 24.64 17.92 

52 27.02 24.31 

 

3.3 Confirmation of SARS-CoV-2 infection 

 

Table 3. Comparison CT Value RP and N2 using study kit and CDC molecular assay 

Patient number CT Value CT Value CDC 

RP N2 RP N2 

Patient 1 25.53 19.22 11.62 12.03 

Patient 2 28.43 27.38 25.40 29.54 

Patient 3 28.87 26.26 18.22 18.00 

Patient 4 28.24 26.03 26.49 31.91 

Patient 5 27.04 27.77 25.55 30.74 

Patient 6 25.17 26.23 18.99 18.15 
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Patient 7 27.26 28.27 24.86 30.01 

Patient 8 26.51 24.29 19.24 19.71 

Patient 9 29.24 28.95 24.06 23.79 

Patient 10 27.27 28.06 26.62 36.38 

Patient 11 26.19 25.39 28.16 33.51 

Patient 12 27.22 25.4 26.19 27.71 

Patient 13 25.16 25.19 29.09 29.56 

Patient 14 27.17 25.56 27.76 29.49 

Patient 15 29.84 25.09 23.82 28.96 

Patient 16 28.54 25.73 23.71 23.60 

Patient 17 27.16 25.7 23.39 24.20 

Patient 18 27.17 25.58 25.41 31.57 

Patient 19 29.26 28.19 31.95 31.41 

Patient 20 27.08 27.85 29.38 30.24 

Patient 21 30.75 28.18 27.51 23.34 

Patient 22 29.15 27.98 28.84 29.43 

Patient 23 29.60 28.67 30.05 28.14 

Patient 24 29.48 28.17 26.78 27.71 

Patient 25 29.03 27.94 26.88 26.41 

Patient 26 28.42 27.98 28.01 26.85 

Patient 27 27.82 28.66 28.55 26.74 

Patient 28 27.35 28.36 26.23 27.08 

Patient 29 28.06 25.51 29.45 29.68 

Patient 30 26.63 25.35 25.85 29.38 

Patient 31 37.44 25.75 30.71 29.60 

Patient 32 35.62 25.88 30.55 25.97 

Patient 33 27.94 25.88 26.79 29.03 

Patient 34 33.94 25.17 31.99 29.98 

Patient 35 30.31 25.92 29.67 29.60 

Patient 36 26.67 24.17 27.32 27.82 

Patient 37 33.58 - 29.07 - 

Patient 38 32.65 - 30.45 - 

Patient 39 33.31 - 30.62 - 

Patient 40 28.38 - 28.87 - 

Patient 41 31.23 - 29.01 - 

Patient 42 32.22 - 30.61 - 

Patient 43 36.81 - 31.05 - 

Patient 44 27.41 - 27.86 - 

 

Positive (number 1-36) and negative (number 37-44) samples were confirmed using the CDC molecular 

diagnostic assay to determine the specificity kit used for the study. From Table 3, we known that both positive 

and negative samples gave the same qualitative results between the kits used for research with CDC standards. 

This indicates that the specificity of the kit used in the study is 100%. The high CT value obtained using the 

CDC molecular assay can still be amplified using the kit used in the study. The confirmation results were 

then used to know the relationship between viral load and disease severity. 

 

3.4 RNA standard by run-off In vitro transcription 

With the addition of 2 DNAse units, RP DNA contaminants were not detected in standard RNA as evidenced 

by the absence of amplification during qPCR. Meanwhile, in standard N2, qPCR without RT still gave 

positive amplification results. This probably happened because the N2 primer was sensitive so that even at 

low concentrations there was still DNA remaining. In addition, contamination from transcription reagents 

may also occur. Efforts to remove contaminants in RNA transcripts were carried out by adding DNase I to 

the RNA transcript reaction, purification of RNA transcripts with a combination of phenol extraction and 

using an RNA purification kit [14]. 
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3.5 Standard curve and determination of LOD (Limit of detection) 

After ensuring that there was no DNA contamination in the RNA standard, a standard curve was made by 

performing serial dilution of RNA concentrations of 103-108 copy number/µL. The equation from the standard 

curve (Fig. 2) can determine the efficiency of qRT-PCR using N2 and RP primers. The percentage efficiency 

of this test is 122% (N2) and 142% (RP). Efficiency is obtained using the formula [9]: 

 

E = 10-1/slope – 1 
 

Efficiency is affected by the kit used for qRT-PCR. Research from [15] showed that there were variations in 

efficiency values from 103.3% to 113.5% using the Allplex 2019-nCoV assay and 105.0% to 107.9% using 

the CDC molecular assay. Linear regression of this standard RNA showed with R2 value of N2 and RP 

standard curve were 0.99 and 0.95, respectivily. Limit of detection of N2 with this assay was 6,5 copy 

number/µL. 

 

 

Figure 2. qRT-PCR performance using In vitro Transcript RNA standard. Standard curves showing 

efficiency and linearity were obtained from six serial dilutions of the RNA standard. 

 

3.6 Viral load from clinical samples 

Using the standard RNA curve, we measured the viral load of clinical specimens. qRT-PCR was performed 

in duplex (N2 and RP). All samples were successfully amplified using RP primers, while N2 primers showed 

positive results in 36 samples that were confirmed positive for SARS-CoV-2. Eight negative samples could 

not be amplified in the N2 gene but positive amplification using RP primer (Fig.3). The mean CT value of 

RP in patients with mild symptoms was 27.33 (±1.34, 95Cl 26.66 to 28.00) which was lower than the mean 

CT RP value in patients with severe symptoms of 28.50 (±1.3, 95Cl 27.79 to 29.21). The mean CT N2 value 

in patients with mild symptoms of 26.24 (±1.2, 95Cl 25.61 to 26.88) was also lower than the mean of severe 

symptoms of 28.50 (±1.3, 95Cl 27.79 to 29.21). 
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Figure 3. SARS-CoV-2 CT value among mild and severe patient 

 

 
Figure 4. SARS-CoV-2 viral load distribution among mild and severe patient 

 

The mean RP viral load described as copy number/µL in patients with mild symptoms was 447.7 (±366.07, 

95Cl 252.63 to 642.77) higher than the mean RP viral load in patients with severe symptoms 166.96 (±183.30, 

95Cl 69.29 to 264.64). The mean N2 viral load in patients with mild symptoms was 4.35 copy number/µL 

(±2.7, 95Cl 2.96 to 5.73) higher than the mean in severe symptoms 2.8 copy number/µL (±2.65, 95Cl 1.44 to 

4.191). 
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Figure 5. Ratio of CT value Viral Load SARS-CoV-2 

 

The ratio of N2/RP CT value in patients with mild symptoms was 0.96 (±0.056, 95Cl 0.93 to 0.98) which 

was similar with the ratio of N2/RP CT value in patients with severe symptoms 0.96 (±0.051, 95Cl 0.93 to 

0.98). Meanwhile, the ratio of N2/RP viral load (copy number/µL) in patients with mild symptoms was 0.089 

(±0.046, 95Cl 0.06 to 0.11) was lower than the ratio of N2/RP viral load in severe symptoms 0.091 (±0.045, 

95Cl 0.06 to 0.12). The ratio of CT value and viral load generated from the sample with the grouping of mild 

and severe symptoms was not significantly different (p > 0.05) (Figure 5). N2 viral load range of these 36 

patients from 2.000 to less than 10 copy number/µL. 

 

4. Discussion 

Although currently testing for the detection of SARS-CoV-2 has spread widely, the development of detection 

methods still be a serious concern to increase effectiveness. In Indonesia, almost all COVID-19 detecting 

laboratories use semi-quantitative qRT-PCR based on CT values. Absolute quantitative qRT-PCR tests need 

to be carried out to determine the patient's viral load in swab samples. However, until now the statement about 

viral load that can be used to predict disease severity is still debated because some researchers gave 

significantly different results and some did not significantly differ between viral load and disease severity. In 

vitro transcribed RNA with the right sequence length and can be quantitated accurately based on its molecular 

weight [16]. In this study, we developed a method of testing a SARS-CoV-2 viral load assay using standard 

RNA synthesized by in vitro transcription from the N2 and RP genes. Previously, RNA standard for viral 

load testing using S and E genes had been developed [16]. The sensitivity and specificity of the kit used in 

this study was 100% after being compared with the CDC standard. Samples with a CT value of more than 30 

using the CDC standard can also be detected using a research kit, so this method can be used to determine 

COVID-19 infection. 

 

RNA can be synthesized by in vitro transcription method using a component of bacteriophage, namely RNA 

polymerase (RNAP). Using the T7 RNAP, it was possible to create transcripts from sizes less than 30 nt to 

more than 104 nt or on a number scale from µg to mg. Standard curves are needed in viral load testing to 

determine the amount of virus in the sample, as well as to assess the efficiency of PCR amplification [17]. 

Because standard RNA was obtained by In vitro synthesis, so that the validation process can be carried out 

by giving RT treatment to the qRT-PCR protocol. The success of the In vitro transcription stage was 

confirmed by the elimination of DNA after DNAse I treatment. The next process was the creation of a 

standard curve by serial dilution of standard RNA. The linearity of the method was assessed by the linear 

behavior through a broad dynamic range (6 logs). The resulting equation from the standard curve shows the 

percentage value of efficiency more than 100%. This method still potentially be improved. The limitation of 

this study was that sampling was not carried out at a time when peak viral load was high. Information 

regarding the patient's age, gender and comorbidities should be included in the informed consent. 

 

To improve the sensitivity of this assay, we designed primers and probe in the conserve region of N gene and 

evaluated with nine SARS-CoV-2 strain from Indonesia and seven new strains such as Alpha, Beta, Gamma, 

Delta, Mu, Lambda and Omicron. The nucleotide sequence of the primers and probes position was no 

substitution. Furthermore, to improve the specificity we blast the primers and probe sequence followed by 

assessment using negative COVID-19 specimens. To validate the outcome of this assay, 36 COVID-19 

positive samples (mild and severe symptoms) and negative samples were tested. Both the sensitivity and 

specificity of this assay were 100%. This indicated that the qRT-PCR was high performance as a qualitative 

or diagnostic kit using designed RP and N2 primer. In this study, we used N2 primer at positions of 30610-

30725. [18] found three different mutations affecting the N detection: deletion (28877-28894); a substitution 
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of GGG to AAC (28881-28883); and a frameshift mutation caused by deletion (28877-28878). 

 

The study from [10] found a relationship between low Cq values and disease risk in hospitalized patients. 

However, other researchers reported no relationship between viral load and severity. The study from [19], 

[20] found that viral loads in symptomatic and asymptomatic patients had similar CT values, this can be 

associated with the possibility of transmission that can occur also in asymptomatic patients. Several study 

assessed a significant correlation between viral load and disease severity.  It is possible that the patient came 

to hospital with severe symptoms who had developed the disease at home for a certain period time before 

deciding to have a COVID-19 test [21]. [22] reported that the highest viral load from upper respiratory tract 

samples was found at the onset of symptoms and after 1-3 weeks the viral load decreased. Therefore, it is 

important to consider time since onset of symptoms, clinical symptoms and comorbidities in studying the 

relationship between viral load and disease severity. 

 

5. Conclusion 

Since the culture of the SARS-CoV-2 require a BSL-3 lab, RNA obtained by in vitro transcription with T7 

promotor can be used as an alternative to obtaining standard RNA. Proper primer and probe design, 

optimization of annealing temperature, good working process and reagents is necessary to produce good qRT-

PCR efficiency. Viral load does not correlate with the severity of COVID-19 disease. Furthermore, the 

standard RNA obtained from N2 dan RP gene transcript could be used in viral load testing in clinical samples. 
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