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ABSTRACT  

Real time PCR (RT-PCR) detection method is the widely used for COVID-
19 virus detection. This includes sample collection in viral transport 
medium (VTM), viral RNA extraction followed by detection of virus using 
fluorescence dye-based system using RT-PCR machine. Several studies 
have demonstrated a new method which replaces the extraction step by a 
simple method involving DTT and Proteinase-K and heat treatment. ICMR 
and few other governing bodies have approved such protocols but are they 
appropriate in clinical context? In present study, we tried to evaluate one 
such protocol by using ICMR and WHO approved COVID-19 detection 
protocol (of CoviPath™ COVID-19 RT-PCR Kit) by replacing RNA 
extraction step. We used 228 clinical COVID-19 samples for studying 
method which includes 176 positive (CT values from 14 to 23; 24 to 31 and 
32 to 37 were considered as high, moderate and low positive respectively) 
and 52 negative nasopharyngeal and oropharyngeal swabs samples. We got 
100% concordant results with negative samples and 92% concordant and 
8% non-concordant results for positive samples. Non-concordant results 
are with low positive samples. Low level of positivity in the samples could 
indicate the initial/end stage of COVID-19 disease. If they are at the initial 
stage, they can be the potential carrier and spread the disease. Authors 
believe that direct methods can be used for screening bit not for diagnosis 
of COVID-19 disease. 
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I. INTRODUCTION 

The SARS-CoV-2 (Severe Acute Respiratory Syndrome 
Coronavirus 2) is the causative agent of the global pandemic 
Coronavirus Disease (COVID-19). To prevent the spread of 
the infection in the community, high-volume testing together 
with case isolation and contact tracing is one of the most 
effective strategies adapted by most countries worldwide [1]. 

SARS-CoV-2 is an enveloped RNA virus of the beta-
coronavirus genus the family Coronaviridae, and the order 
Nidovirales [2]. Four subfamilies of coronaviruses are 
known: alpha, beta, gamma, and delta. Alpha and beta 
coronaviruses originate from mammals, especially bats 
whereas gamma and delta originate from birds and pigs [3]. 
As per the whole-genome sequencing analysis studies, 
SARS-CoV-2 is genetically related to SARS-CoV of the 
2003 outbreak [4]. SARS-CoV-2 was found to infect more 
human beings than either of its predecessors that include the 
SARS-CoV and the Middle East respiratory syndrome virus 
(MERS) [5]. The SARS-CoV-2 carries non-segmented 
positive strand RNA genome of 30 kb belonging to subgenus 
Sarbecoviruses. The viral contains four structural proteins 
and sixteen nonstructural proteins [6]. The four major 
structural genes encode the nucleocapsid protein (N), spike 
protein (S), membrane glycoprotein (M), and small 
membrane protein (SM) [3]. 

SARS-CoV-2 is the most infectious amongst all the 
reported pathogens till now. The virus enters the host cells 
through the angiotensin converting enzyme-2 (ACE2) 
receptor using the receptor-binding domain of the S protein 
[7]. Upon infection, beta-coronaviruses use a virus-encoded 
RNA-dependent RNA-polymerase to generate a minus-
strand RNA copy of their genome in the host cell [8]. Infected 
host cells contain plus and minus strand RNAs of the 
coronavirus with excess of transcripts derived from the 3’ end 
of its genome as virus synthesizes sub genomic minus strand 
RNAs, which are complementary to the 3’ end of the viral 
genome [8]-[10]. After 2 to 14 days of viral exposure, 
symptoms will start appearing which includes fever, cough, 
shortness of breath, chills, muscle, pain, pressure in the chest, 
headache, sore throat, confusion, bluish lips on the face, 
anosmia and impaired taste [7]. Though a very few of the 
infected individuals develop serious symptoms, such as 
severe pneumonia, acute respiratory distress syndrome 
(ARDS), and sepsis, leading to the death of the infected 
patient, this virus is considered highly pathogenic. 

Similar to other pathogenic RNA viruses, confirmation of 
COVID-19 infection depends upon the molecular biological 
detection of the viral genome and its transcripts in patient 
samples by nucleic acid amplification techniques (NAATs) 
[11]. To allow sensitive and accurate detection of viral 
ribonucleic acids, primary patient samples such as 
nasopharyngeal and oropharyngeal swabs are further 
processed to isolate the total RNA. The RNA is then reverse 
transcribed into cDNA by using one step reverse transcriptase 
enzyme followed by PCR amplification of targeted viral 
genes by a thermo-stable DNA-dependent DNA polymerase 
using specific primers-probes to detect and analyze the 
presence of SARS-CoV-2 sequences. As per WHO 
recommendations, RT-PCR amplifications in two regions of 
the viral genome is required for testing the clinical samples to 
confirm SARS-CoV-2. The structural E region and the non-
structural RdRp region are the mostly used regions for 
detection of virus followed by genes encode the nucleocapsid 
protein (N) and spike protein (S). Viral emergence and global 
spread of infection led to high demand for testing kits and 
reagents. This caused delay in development and supply of 
testing kits, reagents and ultimately the screening of infected 
individuals. The extraction free processing of COVID-19 
detection attracted the laboratory authorities due to reduced 
turnaround time, less manual handling errors and cost 
efficacy.  

Several studies have reported use of direct PCR methods 
without extraction to detect SARS-CoV-2 in clinical samples. 
One study [12] used pre-heating of sample at 70 degrees 
before RT-PCR Amplification which resulted an average 
increase in the Ct values of 6, leading to a false negative rate 
of 12%. Another study [13] used direct RT-PCR for sputum 
and nasopharyngeal exudates spiked with a plasmid 
containing the SARS-CoV-2 N gene. They found lowest limit 
of detection (LOD) of 2 copies per reaction for spiked sputum 
and 20 copies per reaction for spiked nasal exudates. One of 
the studies reported to obtain best sensitivity by using 140 μl 
sample volume with heat treatment of respiratory samples 
followed by RT-PCR [14]. Their results were evident enough 
to replace existing extraction protocol. Reference [15] found 
that heat inactivation of the samples at 95°C prior to PCR 
reactions resulted better results than the incubation at 65°C. 
Few studies conducted on the similar protocol omitting the 
extraction step have found lower sensitivity and are listed in 
Table I. 

 
TABLE I: LIST OF STUDIES COMPARED STANDARD COVID-19 DETECTION METHOD WITH DIRECT (WITHOUT RNA EXTRACTION 

STEP) PROTOCOL WITH SOME MODIFICATIONS, HEAT TREATMENT OR BY USING ALTERNATIVE REAGENTS/ CHEMICALS 

S.N. Reference Number of 
samples 

Concordance 
with Standard 

methods 
Comments 

1 [16] 59 98% Compared direct RT-qPCR with four different RNA extraction kits Qiagen, Invitrogen, BGI 
and Norgen Biotek and found that BGI extraction free protocol provided 78.4% sensitivity 

2 [17] 130 100% Tested on 130 samples, found 100% concordance with the standard protocol with an average 
difference in Ct values of 4.38 for the E gene and 3.85 for the RdRp gene 

3 [18] 185 95% 185 samples were analyzed with sensitivity of 79%, a specificity of 100% 

4 [14] 135 95% 135 samples tested with the limit of detection (CT value at which 95% of known positives are 
correctly identified) for the without extraction approach to be a clinical CT of 32 

5 [19] 30 95% 
30 patient samples with high viral load (Low CT values < 30) were found to be 100% 

correlation in results but the sensitivity was slightly reduced in samples with high CTs (CT 
value >30) 

6 [20] 130 94% 
Authors concluded that direct RT-qPCR protocol can be a safe alternative for SARS-CoV-2 

diagnosis but only in the case of a shortage of reagents for RNA extraction with some clinical 
impact. 
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Commonly used lab tests for detection of COVID-19 in 
patient sample includes two major steps: 1) RNA extraction 
and purification from biological sample (nasopharyngeal 
swab, sputum, or other); followed by 2) targeted detection of 
SARS CoV 2 RNA by reverse transcription-quantitative PCR 
(RT qPCR) assay. By mid-March of 2020 many countries 
have witnessed the shortage of extraction kits and reagents 
for manual kits as well as reagents and supplies for the larger 
automated instruments with uncertain supply chains [21]-
[23]. In present study, we developed a method for direct RNA 
extraction from samples transported in viral transport 
medium (VTM) using two chemicals: Proteinase-K (PK) and 
dithiotheritol (DTT) and high temperature incubation. DTT 
protects the RNA by deactivating RNases [24] and PK 
increases yield by digesting proteins in the samples which are 
bound with RNA. We used 1:1 diluted samples and treated 
them with aforementioned two chemicals followed by RT-
PCR reaction set up using TaqPath™ COVID-19 Combo Kit 
(cat no. A47814). We used 228 clinical COVID-19 samples 
for studying new method which includes 176 positive and 52 
negative nasopharyngeal and oropharyngeal swabs samples 
in viral transport medium. We got 100% concordant results 
with negative samples and 91.23% concordant results for 
positive samples, approx. 8% of non-concordant results are 
with low positive samples. Studies have shown that, patients 
with low viral loads are less infectious, and several studies 
suggest that while patients with Ct values ≤ 25 are likely to be 
infectious, those with clinical Ct values above 33–34 are not, 
but strong clinical data is not available [25]–[27]. Results of 
this study and review of literature of related studies showed 
lesser sensitivity and specificity while using COVID-19 
detection without RNA extraction step; this raises serious 
concerns about usage of the same in clinical context. 

II. MATERIALS AND METHODS 

A. Patient Samples and Ethics Statement 
Nasopharyngeal and oropharyngeal swab samples of 

patients were collected in VTM as per Indian Council of 
Medical Research (ICMR) guidelines at state government 
authorized COVID-19 test centre–Unipath specialty 
laboratories, Ahmedabad, Gujarat. 

B. Samples 
Total 228 clinical COVID-19 samples were used in the 

current study which includes 176 positive and 52 negative 
samples. Samples were processed for automated RNA 
extraction using KingFisher™ Flex Magnetic Particle 
Processor with 96 DeepWell Head followed by RT-PCR 
reaction using TaqPath™ COVID-19 Combo Kit (cat no. 
A47814). Generated results were considered as reference 
results for new protocol under study. 

C. Experimental Design 
All the clinical samples included in the study were 

subjected to RNA extraction using 200μL sample volume 
protocol following instruction manual. Isolated RNA was 
subjected to COVID-19 detection using TaqPath™ COVID-
19 Combo Kit (cat no. A47814) on QuantStudio™ Real-Time 
PCR Instrument using half reaction volume i.e. 12.5μL than 
recommended reaction volume (25μL) in the user manual 
(Publication Number MAN0019181). In RT-PCR assay 

using mentioned kit, we have already validated the results 
comparison of 12.5μL reaction volume and 25μL reaction 
volume and got 100% concordance terms of CT values (data 
not provided). Results analyzed based on cycle threshold 
(CT) values obtained from RT-PCR analysis. CT values 
between13 to 37 were considered as positive and rest were 
considered as negative.  

D. Methodology 
In present study, positive samples were divided into three 

parts: samples with CT values from 14 to 23 were termed as 
high positive, samples with CT values from 24 to 31 were 
termed as moderate positive and samples with CT values 
from 32 to 37 were termed as low positive. Same samples 
have been used for the experiment in current study. Results 
were co-related clinically with the disease symptoms. In 
present study, we use the RT-PCR results based clinically 
confirmed 228 samples for the modified extraction protocol. 
Briefly, 10μL samples were taken from VTM and diluted 1:1 
with nuclease free water in 96 well PCR plate. A master mix 
was prepared containing 0.1μL of 0.1M Dithiotheritol (DTT) 
(Invitrogen, P/N y00147) and 2μL of 20mg/ml of Proteinase-
K (Cat no. 19131) per sample and added to diluted sample. 
Samples were than subjected to heat incubation at 56°C for 
15 minutes, 70°C for 10 minutes and 95°C for 10 minutes in 
a thermal cycler. After incubation was completed, 5μL of 
sample was subjected to RT-PCR reaction using TaqPath™ 
COVID-19 Combo Kit as per user manual. RT-PCR reaction 
used was comprising of 3.125μL of TaqPath™ 1‑Step 
Multiplex Master Mix (No ROX™)(4X), 0.625μL of 
COVID-19 Real Time PCR Assay Multiplex, 3.75μL of 
nuclease free water and 5μL of RNA. Known positive and 
known negative control samples were included in the PCR set 
up to avoid false results. After the reaction set up, PCR plate 
was inserted into QuantStudio™ Real-Time PCR Instrument 
following the COVID-19 PCR program according to the 
manufacturer’s instructions. The kit detects S gene, N gene 
and ORF gene from SARS-Cov-2 and MS2 gene as internal 
PCR control. Samples were analyzed with CT values for each 
gene and results were recorded. Illustrative image of 
methodology part is presented in Fig. 1. 

 
 

 
Fig.1. (A) COVID-19 Sample collection using nasopharyngeal and 

oropharyngeal swab, (B) Heating with proteinase-K and DTT in verity 
thermal cycler, (C) Real time PCR detection using TaqPath™ COVID-19 
kit on QuantStudio™ system (D) Analysis of results for target detection. 



  RESEARCH ARTICLE 

European Journal of Medical and Health Sciences 
www.ejmed.org  

 

  
DOI: http://dx.doi.org/10.24018/ejmed.2022.4.1.1164  Vol 4 | Issue 1 | January 2022 44 

 

III. RESULTS 
Evidence of an acute SARS-CoV-2 infection depends on 

the detection of viral RNA species inpatient samples, by 
targeted amplification and detection of viral genes. The kit 
used for detection of SARS-CoV-2 infection in clinical 
samples targets some structural genes and proteins of virus. 
Positive detection indicates the presence of virus in the given 
sample. Despite of the limitations of RT-PCR method in 
analyzing viral load for evaluating disease progression and 
prognosis, CT value is also important criteria for reporting 
purpose. Though SARS-CoV-2 detection by RT-PCR is not 
a quantitative assay but CT values is considered for the 
therapy purpose and disease progress monitoring. Viral load 
depends upon the CT values obtained in the RT-PCR results 
and is inversely proportional to viral load. CT value for 
captured in present study was ranging from 14 to 37. 

Resulted CT value of each gene was recorded for all the 
238 samples. The samples which were negative showed no 
CT value in any of the genes except MS2 which is used as 
internal control. In positive samples, sigmoidal curve was 
observed for each gene (Fig. 1) along with the CT values. CT 
values of all three genes for each sample extracted using 
modified method are considered for comparing with 
reference CT value results of the same sample. For reference 
CT values of the samples isolated using standard extraction 
procedure (King Fisher Flex protocol), average CT value of 
all three genes was considered for the specific sample. For 
example, if onesample showed CT value of 21, 22 and 21 for 
S gene, N gene and ORF gene, then 22 will be considered as 
reference CT value for that sample. More than one CT 
difference was not observed in the results in case where 
standard extraction process was used. In few samples, for all 
the negative samples tested, results are in 100% concordance 
but for positive samples concordance were found to be 
91.23%. All discordant results (8.77%) are attributed to low 
positive samples as we found 20 out of 56 samples resulted 
negative which were actually low positive (Table II). 

 
TABLE II: RT-PCR BASED COVID-19 DETECTION RESULTS USING 
NEW EXTRACTION PROTOCOL WITH DTT AND PROTEINASE-K 

AND HEAT TREATMENT 

Results 
Samples 
Tested 

Concordant 
Results 

Discordant 
Results 

Concordance 
% 

High 
Positive 58 58 0 100 

Moderate 
Positive 

62 62 0 100 

Low 
Positive 56 36 20 64.29 

Negative 52 52 0 100 
Total 228 208 20 91.23 

 
Amplification curves representing all three genes S gene, 

N gene and ORF gene are presented in Fig.2a, Fig.2b and 
Fig.2c. 

 

 

 
Fig. 2. Amplification curve for three representative samples from whole 

experiment. 2a: Amplification curve for S gene, 2b: Amplification curve for 
N gene, 2c: Amplification curve for ORF gene. 

 

IV. DISCUSSION 
Public health laboratories, hospital laboratories, and 

commercial laboratories are experiencing exceptional strain 
in current COVID-19 pandemic as they attempt to keep up 
with demands for SARS-CoV-2 testing. Despite the 
availability of many methods like antibody or antigen-based 
tests, currently, viral nucleic acid detection by reverse 
transcription–polymerase chain reaction (RT-PCR) is 
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regarded as the gold standard for diagnosis of COVID-19 
[WHO 2020, National health commission 2020]. As per 
current recommendations of the Centers for Disease Control 
and Prevention (CDC) in the United States and the World 
Health Organization (WHO), traditional reverse 
transcription–quantitative polymerase chain reaction (RT-
qPCR) is the best method for COVID-19 detection. The assay 
requires 2 steps: an RNA extraction from patient 
nasopharyngeal (NP) swab material, followed by RT-qPCR 
amplification of the extracted RNA to detect viral RNA [28], 
[29]. Results are concluded based on the CT values obtained 
from the assay. 

All the samples with CT value from 14 to 37 were 
considered positive. Clinical disease progression, response to 
treatment, cure, and relapse etc. can be monitored by 
quantification of viral load from tissue samples [30], [31]. 
There are studies available which reported similar viral load 
in upper respiratory track of diseased patient samples and 
asymptomatic patients [3], but still viral load monitoring is 
very important. In our study using newly developed 
extraction method, we found 11.36% false negative results in 
samples with very low viral load i.e. CT values more than 33. 

Of the 228 samples analyzed by new extraction protocol, 
no false positive results were found. Samples were divided 
into four categories for analysis purpose which are low, 
moderate and high positive and negative samples. Criteria for 
defining low, moderate and high positive and negative sample 
is already mentioned in the methodology section. Out of 228 
samples, 58 samples were found high positive, 62 were 
moderate positive, 56 were low positive and 52 samples were 
found negative, results are graphically represented (Fig. 3a). 
Overall, 91.23% results were found to be concordant which 
includes 100% concordant results for negative samples and 
88.64% concordant results for positive samples (Fig. 3b). 
Discordant results of positive samples are in case of low 
positive samples where the reference CT value for more than 
33. Reason for these false negative results may be because of 
RNA quality issues. As the samples used for extraction by the 
modified protocol were tested first with standard extraction 
protocol. Of the 56 low positive samples (having CT values 
from 33 to 37) tested with the new extraction method, 36 
samples were found to be positive, but CT value was 
increased by 2. Rest positive samples including 58 high and 
62 moderate positive samples were detected with 1 value 
higher than reference CT value.  

 

 

 
Fig. 3. RT-PCR results using new extraction method. 3a: Comparison of 

RT-PCR results obtained using new extraction method and existing method 
among low, moderate and high positive and negative samples. 3b: Overall 

comparison of RT-PCR results obtained using new extraction method. 
 
In the initial experiments, samples were tested without 

dilution and CT value obtained were +3 compared to 
reference CT values, which may lead to false negative results 
in low positive samples. The reason for the false negative 
results when used without dilution is the presence of 
inhibitors in the samples. Other studies have also reported 
impact of diluted samples in reducing the inhibitors and 
improving CT values [15]. In traditional extraction system, 
either silica column based, or magnetic bead-based extraction 
methods are used for viral RNA isolation from VTM tubes 
[15], which removes impurities from the samples. Only heat 
treatment might cause coagulation of the proteins, so we used 
heat inactivation method with DTT and Proteinase-K for 
isolating RNA from nasopharyngeal or oropharyngeal swab 
containing VTM. DTT inactivates Ribonucleases (RNases) 
which degrade RNA during an extraction procedure, 
stabilizes enzymes and other proteins, which possess free 
sulfhydryl groups [24]. Other chelating agents like guanidine 
salts, EDTA and urea also performs similar functions but 
need to be removed by purification methods as they inhibit 
PCR reactions [24]. On the contrary, DTT will not interfere 
with PCR reaction and is widely used in reverse transcription 
reactions along with other PCR reagents. All the studies 
conducted globally omitting RNA extraction step, have 
shown decreased specificity and sensitivity. If any direct 
method (without extraction) has to be used in clinical context 
than optimal conditions for use with the direct protocol must 
be previously tested for each kit [20]. Anika et al., have 
analyzed 324 samples to study the kinetics of viral RNA 
detection from the respiratory tract and the relation of RT-
PCR detection with cultivable virus, which can be used as a 
proxy for infectiousness to support decisions making on 
infection control [25]. They concluded that asymptomatic and 
pre-symptomatic patients can be a source of infectious virus. 
Furthermore, they added that the significance of low titres of 
infectious virus for human-to-human transmission remains 
uncertain because the human infectious dose remains 
unknown. Patients with CT value >30 or >33 cannot be ruled 
out for spreading infection until with observational 
epidemiological data analyzing known infector–infectee 
pairs is available to fully understand the dynamics of 
infectiousness and viral transmissibility. 

 



  RESEARCH ARTICLE 

European Journal of Medical and Health Sciences 
www.ejmed.org  

 

  
DOI: http://dx.doi.org/10.24018/ejmed.2022.4.1.1164  Vol 4 | Issue 1 | January 2022 46 

 

V. CONCLUSION 
To conclude, the present study suggests that COVID-19 

RT-PCR test can be performed using proteinase-K and DTT 
based heat inactivation method instead of extraction kits 
without affecting the results. This method is easy, cost 
effective and faster compare to traditional extraction system. 
Moreover, it decreases manual steps and requirement of 
extraction systems, kits and reagents which are supply deficit 
during peak pandemic period. Not having the capability of 
detecting low positive samples which can be either at the 
beginning or at end of the disease stage and can be potential 
carrier of the virus, increases the risk of disease spread in 
population. But less specificity and sensitivity of such 
methods raises questions of using the same for diagnostic 
purpose. However, we believed that such methods can be 
used for mass screening purpose but not as a clinical 
diagnostic assay of such an important disease like COVID-
19. 
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