
ACTA MICROBIOLOGICA BULGARICA Volume 38 / 3 (2022)

157

Volume 37 / 1 (2021)

* Corresponding author: elaya.u@gmail.com

Review

A Review on the Role of RT-PCR in Covid-19 Pandemic
Jayanthi Krishnaraj, Elaya Perumal Ulagalantha Perumal*, Vinaya Sugumar
Annakkili Amma Research Institute, Medavakkam, Chennai – 600100, Tamil Nadu, India
Abstract

Covid-19 became one of the most severe pandemics in the twenty-first century, inflicting massive 
human mortality. This most destructive disease spread by viral transmission from animal to human and then 
went on to spread from human to human. The Covid-19 virus disease was discovered through a series of 
symptoms. Since these symptoms are prevalent in most respiratory tract disorders, the Covid-19 condition 
is confirmed with a molecular study. RT-PCR is widely utilized for this purpose all over the world. Given 
the importance of RT-PCR in the pandemic, this review paper examines the major approaches utilized in 
RT-PCR techniques.
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Резюме

Covid-19 се превърна в една от най-тежките пандемии през двадесет и първи век, причинявайки 
огромна човешка смъртност. Тази най-разрушителна болест се разпространява чрез предаване на ви-
рус от животно на човек, след което се разпространява от човек на човек. Вирусната болест Covid-19 
е открита чрез поредица от симптоми. Тъй като тези симптоми преобладават при повечето заболя-
вания на дихателните пътища, състоянието на Covid-19 се потвърждава с молекулярно изследване. 
RT-PCR се използва широко за тази цел в целия свят. Като се има предвид значението на RT-PCR в 
пандемията, този обзорен документ разглежда основните подходи, използвани в техниките RT-PCR.
Introduction

Reverse transcription-polymerase chain reac-
tion (RT-PCR) is a laboratory technique that com-
bines reverse transcription of RNA into DNA (also 
known as complementary DNA or cDNA) with 
polymerase chain reaction (PCR) amplification of 
particular DNA targets (Freeman et al., 1999). For 
identifying, tracking, and investigating the Cov-
id-19 virus, RT-PCR is one of the fastest and most 
accurate laboratory procedures. When an infected 
person comes into close contact with another per-
son, the virus spreads widely. When an infected in-
dividual breathes, coughs, or even speaks, the virus 
enters the mouth, nose, or eyes of another person. 
However, this may also be possible when small 
droplets linger in the air for minutes to hours within 
enclosed spaces that have inadequate ventilation.

When the Covid-19 pandemic began, RT-
PCR tests were the first to be developed and widely 
utilized and have remained the first tool for diagno-
sis (Corman et al., 2020). SARS-CoV-2, RT-PCR 
identifies viral RNA; a positive result is extremely

specific for the presence of the virus, and this is ac-
countable for Covid-19, a novel beta coronavirus, 
which was identified as SARS-CoV-2 and which 
causes not only severe but also asymptomatic in-
fections in some individuals.

The purpose of this study was to go over the 
key approaches, processes, and reasons for using 
RT-PCR to detect the novel coronavirus Covid-19.
Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR)

RT-PCR is the gold standard for identifying 
the SARS-CoV-2 virus because of its capacity to 
amplify a small quantity of viral genetic material 
in a sample. The present SARS-CoV-2 RT-PCR 
techniques are only intended for the qualitative 
detection of virus-specific gene targets and not for 
quantitative measurement. RT-PCR tests for COV-
ID-19 typically use swabs to obtain samples from 
the upper respiratory system. A few investigations 
have also been conducted utilizing serum, feces, or 
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ocular secretions (Xia et al., 2020; American Col-
lege of Physicians, 2020; Kujawski et al., 2020). 
Rutgers Clinical Genomics Laboratory created an 
RT-PCR assay (TaqPath Covid-19 Combo kit) that 
employs self-collected saliva samples, which is 
faster and less unpleasant than existing sample col-
lection methods, lowers healthcare provider haz-
ards, and may allow for higher-volume testing (US 
FDA, 2020; Rutgers University, 2020).
One-step and two-step assay in quantitative 
qRT-PCR

When the starting material is RNA, quanti-
tative reverse transcription PCR (qRT-PCR) is uti-
lized. RNA is reverse-transcribed into complemen-
tary DNA (cDNA) from total RNA or messenger 
RNA (mRNA) in this approach, and the cDNA is 
then utilized as the template for the qPCR reaction. 
It can be discovered and detected? using two meth-
ods: RT-PCR and one-step assays, which combine 
reverse transcription and PCR amplification in a 
single tube, making it quicker and repeatable. The 
reactions are carried out sequentially in two sepa-
rate tubes in a two-step assay, which is time-con-
suming yet sensitive as compared to the one-step 
assay format shown in Fig. 1 below.
One-Step Rt-PCR method

•	 Simple and fast analysis
•	 Errors and contamination steps reduced by 

less pipetting
•	 Improved data reproducibility
•	 For high-throughput application

Two-Step Rt-PCR method
•	 The RNA sample due to separate reactions 

from multiple targeting from the same RNA 
sample due to separate reactions

•	 The RT enzymes and DNA polymerases for 
PCR were selected with greater flexibility. 

•	 Store cDNA for later use
•	 Limited amount of starting material (i.e. sin-

gle-cell analysis) (Thermo Fischer Scientific 
weblink).

Fig. 1. One-step and two-step RT-qPCR

RT PCR works with Covid-19 sample
Sample collection

A collar point swab is used to obtain speci-
mens from both nostrils of the asymptomatic pa-
tient. Insert the swab into one nostril until the swab 
collar contacts the surface of the nose with the pa-
tient’s head inclined. Once the swab is in place, ro-
tate it two times in a circular motion and keep it 
there for 15 seconds. Using the same swab, repeat 
the procedure for the second nostril, and then re-
move the swab and place it in an appropriate viral 
transport medium.
Coronavirus RNA extraction
Viral RNA extraction

SARS-CoV-2 is an RNA virus with only one 
strand. For accuracy and sensitivity, viral RNA 
must be extracted from the collected sample. Both 
manual and automatic extraction options are avail-
able in the Westburg Application.
Manual Virus RNA extraction

The innuPREP Virus TS RNA Kit takes 
around 25 minutes to manually isolate viral RNA 
from tracheal swabs such as nasopharyngeal and 
oropharyngeal samples. The substance begins to 
lyse and binds to the RNA surface of a spin filter 
membrane. The viral RNA is eluted from the mem-
brane in a tiny volume of RNase-free water follow-
ing washing. Table 1 shows the extraction process 
and chemicals that were optimized for maximum 
yields.
Automated viral RNA extraction

The innuPure C16 kit extracts viral RNA 
from swabs and cell-free bodily fluids (e.g. serum, 
plasma, liquor) with medium throughput, while 
other kits such as the CyBio Felix liquid handling 
robot, the KingFisherTM Flex Purification System, 
and the Thermo Scientific are also available. The 
AniPath product line from Innu PREP enables the 
simultaneous extraction of viral and bacterial nu-
cleic acids from a variety of sample sources.
RT-PCR conventional metods

The polymerase chain reaction is a conven-
tional method used for DNA replication and thus 
enables the “target” DNA sequence to be selective-
ly amplified several million-fold in only a couple of 
hours. The amplification of PCR is predetermined 
during the fragment of DNA. The PCR requires 
various components and reagents, including a DNA 
template, which accommodates the DNA region 
(target) to be amplified by Taq polymerase, a DNA 
polymerase, which is heat resistant and remains in-
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tact during the DNA denaturation process. These 
two primers are complementary to the 3’ ends of 
every function and anti-sense strand of the DNA tar-
get (DNA polymerase, which binds and elongates 
from a double-stranded region of DNA, and with-
out primers there is no double-stranded initiation 
site for the polymerase to bind). Deoxynucleoside 
triphosphates (dNTPs, sometimes called “deoxy-
nucleotide triphosphates”; nucleotides containing 
triphosphate groups), are the building blocks from 
which the DNA polymerase synthesizes a replace-
ment DNA strand. The DNA polymerase activity 
and stability are optimized by the buffer solution. 
Bivalent cations, magnesium or manganese ions; 
generally, Mg2+ is used, but Mn2+ can be used for 
PCR-mediated DNA mutagenesis, high Mn2+ con-
centration may increase the inaccuracy rate during 
DNA synthesis.

PCR runs as many as 25-45 repeated tem-
perature changes known as cycles, and each cycle 
consists of 3-4 discrete temperature steps which are 
operated at high temperature (>90°C) and followed 
by one hold at the end and extension of the final 
product. The temperatures used and therefore the 
length of time depends on various parameters: the 
enzymes used for DNA synthesis, the divalent ion 
concentration, dNTPs within the reaction, and the 
melting temperature (Tm) of the primers.

Initialization step (Only required for DNA 
polymerases that need heat activation by hot-start 
PCR): this step consists of heating the reaction to 
a temperature of 94–96°C or 98°C in an extreme-
ly thermostable polymerase used and done in 1-9 
minutes.

Denaturation step: This step includes heating 
the reaction to 94–98°C for 20–30 seconds, which 
causes the melting of DNA and DNA template 
by disrupting the hydrogen bonds between com-
plementary bases, and thus yields single-stranded 
DNA molecules.

Annealing step: this temperature is lowered 
to 50–65°C for 20 - 40 seconds allowing the prim-

ers to anneal the single-stranded DNA template.
Extension/elongation step: the DNA pol-

ymerase used depends on temperature, and Taq 
polymerase has its optimum activity temperature 
at 75–80°C, and usually a temperature of 72°C 
is applied with this enzyme. During this step, the 
DNA polymerase synthesizes a replacement DNA 
strand complementary to the DNA template strand 
by adding dNTPs that are complementary to the 
template in the 5’ to 3’ direction, condensing the 
5’-phosphate group of the dNTPs with the 3’-hy-
droxyl group at the tip of (extending) DNA strand 
and it depends both on the DNA polymerase and 
the length of the DNA fragment to amplify.
Rt PCR Mixed Kit

Premix Ex Taq master mix is used for the 
probe-based real-time PCR or 5’ nuclease assays. 
This 2X master mix includes Takara Ex Taq HS 
- a sweltering PCR enzyme together with an an-
ti-Taq antibody - in a qPCR-optimized buffer. This 
suppresses nonspecific amplification and permits 
high-efficiency detection and sensitivity during re-
al-time PCR analyses. Additionally, Ti RNase H, a 
heat-resistant RNase enzyme, is within the real-time 
PCR premix to attenuate PCR inhibition thanks to 
the presence of residual mRNA in the input cDNA. 
This master mix is perfect for high-speed PCR, 
for target quantification and detection over a wide 
range, and has reproducible and reliable real-time 
PCR analyses.
Real-Time PCR equipment

The instrumentation of real-time PCR re-
quires a thermal cycler, a computer, optics for flu-
orescence, excitation, emission, collection, data 
acquisition, and analysis software. These machines 
have several manufacturers, which differ in sam-
ple capacity (96-well standard format, other a 
little sample and require specialized glass capil-
lary tubes), method of excitation (lasers, others 
broad-spectrum light sources with tunable filters), 
and complete sensitivity. 

Table 1. Manual extraction methods
Sample 

throughput Extraction platform RNA Extraction kit

Medium, 
Automated

InnuPure C16 
touch Up to 15 samples / 30 - 84 min innuPREP AniPath DNA/RNA Kit - IPC16

innuPREP Virus DNA/RNA Kit - IPC16
High, 
Automated

KingFisher™ Flex
(Thermo Scientific) Up to 95 samples / 60 min innuPREP AniPath DNA/RNA Kit - KFFLX

innuPREP RNA Virus PLUS Kit – KFFLX
High, 
Automated CyBio FeliX Up to 95 samples / 62 - 72 min

Extraction + (q)PCR setup innuPREP Virus TS RNA Kit 2.0 - FX
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Primer and probes
SARS-CoV polymerase 1b and nucleocapsid 

gene sequences have various primers and probes 
are designed from the Urbani strain, by using spe-
cific software during a default setting, and the prim-
er melting temperature (TM) set at 60°C; probe TM 
set at 10°C greater than the primers at approximate-
ly 70°C; and no guanidine residues permitted at the 
5′ probe termini. The primers and probes are con-
solidated by standard phosphoramidite chemistry 
techniques. TaqMan probes were labeled at the 5′-
end of the reporter molecule 6-carboxy-fluorescein 
and 3′-end with the quencher Blackhole Quencher 
1. SARS-CoV RNA was purified by twofold dilu-
tions of each primer against cross titration which 
the optimal primer and probes are determined 
(Shannon and Emery, 2004). 
Real-Time PCR sensitivity and reproducibility

The copy detection limits and dynamic range 
of improved real-time RT-PCR assays were eval-
uated using serial dilutions of the polymerase and 
nucleocapsid RNA transcripts that were examined 
tenfold. For SARS2 and SARS3, which have two 
transcript copies per reaction, and SARS1, which 
has 7.5 copies per reaction, it almost reaches the 
lower limit of feasible detection. Typically, three 
confirmatory tests using various primer and probe 
sets (N3, 3′NTR, and M) were used. These assays 
had potential detection limits that were comparable 
to those of the SARS2 and SARS3 assays. For the 
three primer/probe sets, CT values and transcript 
quantities showed strong linear correlations (r2 
0.99) spanning at least a 6-log range, from roughly 
102 to 107 copies per reaction.
Vaccine discovery and steps involved in vaccine 
development

Vaccine development is moving at unprece-
dented speed, with more than 200 candidates, and 
manufacturing often proceeding before even know-
ing whether a given vaccine candidate will succeed 
(Park et al., 2020). Here are some actions and steps 
involved to ensure a new vaccine development is 
safe and works well, and this is shown in Fig. 2. 
Now for SARS-CoV-2 we are still learning, we are 
still observing, and our knowledge is evolving. 

Some vaccines are currently in development 
and other vaccines could protect against the var-
iants, and these vaccines elicit a fairly broad im-
mune response, a host of antibodies, and cell-medi-
ated immune responses (John et al., 2020).

Certain studies have provided evidence that 
individuals exposed to the virus can acquire immu-

nity even without manifesting clinical symptoms, 
others have reported the absence of acquired im-
munity even after post-infection recovery (Iyer et 
al., 2020; Isho et al., 2020; Gao et al., 2021; WHO, 
2021; Giorgia, 2020). 

Fig. 2. Steps involved in vaccine development

Discussion
During this SARS outbreak, real-time RT-

PCR assay is based on multiple primers and probes 
on different genomic targets to ease the sensitivi-
ty and specific detection of SARS-CoV in clinical 
specimens. The increased sensitivity of the real-time 
RT-PCR assay compared to conventional RT-PCR 
and the mixed kit method aid the detection of the 
virus at earlier stages of infection when the virus is 
present at a low titer in respiratory secretions (Liu 
et al., 2020). The amplification plot was derived 
from the above serial 10-fold dilutions of severe 
acute respiratory syndrome-associated coronavirus 
RNA transcripts, using TaqMan reverse transcrip-
tion-polymerase chain reaction primer/probe sets 
SARS1, SARS2, and SARS3. A PCR Base Line 
Subtractive Curve Fit of the data was plotted against 
the cycle number. This standard deviation of fluo-
rescence in every well over the baseline cycles was 
used to calculate the threshold cycle, or CT value, 
for a positive reaction (horizontal line). This study 
shows standard curve analysis of the RNA amplifi-
cation plots with CT values plotted against starting 
copy number, plots derived from dilutions contain-
ing 2 x 106 to 20 transcript copies for SARS2 and 
SARS3, and 7.5 x 106 to 75 copies for SARS1. The 
real-time amplification curve was studied by using 
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positive and negative plots and these assays includ-
ed an indeterminate zone, the Ct range of which 
falls in between the cut-offs for detected obscure 
results (e.g. Ct 38.1 to 39.9 for the PHO LDT). 
Indeterminate results are those Ct values that fall 
between the cut-offs for detected and not detected 
in the amplification process. Therefore, eliminating 
the need for post-amplification product processing, 
the real-time RT-PCR format permitted shortened 
turnaround time for reporting results, which proved 
critical during the SARS outbreak.
Conclusion

In conclusion, real-time RT-PCR makes it 
easier to detect disorders based on genetic mate-
rial. The approach of the real-time RT-PCR kit is 
improved by the sample techniques and high-qual-
ity extraction. During the most recent Covid-19 
outbreak, the real-time RT-PCR assay has proved 
its ability to quickly, sensitively, and specifically 
detect SARS-CoV in clinical measurements. The 
most sophisticated and accurate way to identify 
and confirm viral-based disorders like Covid-19 
is the RT-PCR assay. As a result of the widespread 
usage of RT-PCR to identify COVID-19, it is now 
possible to use this technology globally to identify 
any upcoming viral infections and protect people’s 
lives.
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