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Reverse transcription polymerase chain reaction (RT-PCR) has emerged as the
cornerstone of diagnostic efforts in the detection of corona viruses, particularly the
formidable SARS-CoV-2 responsible for the COVID-19 pandemic. This review article
provides a comprehensive overview of the diverse applications of RT-PCR in corona
virus detection. The sensitivity and specificity of RT-PCR render it indispensable in
early-stage diagnosis, enabling prompt isolation and treatment of infected individuals.
Moreover, RT-PCR's ability to quantitatively analyze viral load allows for dynamic
tracking of infection progression and the evaluation of therapeutic interventions. In
addition to its clinical utility, RT-PCR plays a pivotal role in population-wide screening
and surveillance programs, offering crucial insights for public health interventions. The
adaptability of RT-PCR to detect specific genetic markers associated with viral variants
is paramount in monitoring viral evolution and understanding its spread. Furthermore,
this review highlights the pivotal role of RT-PCR in the development and evaluation of
vaccines and antiviral drugs, providing invaluable data for vaccine efficacy studies and
immune response assessments.

INTRODUCTION

stranded RNA enclosed in an envelope 2. The

COVID-19, declared a pandemic by the World
Health Organization on March 11, 2020, has been
a significant catastrophe for humanity ') It is an
ailment affecting the respiratory and vascular
systems, triggered by a virus known as Severe
Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) belonging to the beta-coronavirus
family. This virus is characterized by a single-

virus is transmitted from animals to humans and
between humans through respiratory droplets and
physical contact ). When an infected person
coughs, sneezes, or even talks, they emit both large
droplets and small aerosols. The transmission
through droplets is a significant pathway for
infection. These droplets can infect a person in
close proximity, while aerosols remain suspended
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in the air and can lead to infection when inhaled by
someone at a distance [“l. When a healthy
individual comes into close contact with an
infected person, their nasal, oral, and conjunctival
mucosa are exposed to respiratory droplets
containing the virus. Certain studies indicate that
the virus can persist on various surfaces for several
days B Infection can be transmitted through
contact by touching one's face, specifically the
nose, mouth, and eyes, either directly after close
contact with an infected person or through contact
with contaminated objects (fomites) used by the
infected individual ”. The form of transmission
where a person's own contaminated hands come
into contact with other parts of their body, thereby
introducing the contaminated material to those
areas, is referred to as self-inoculation 1. It has
been observed that all respiratory infection viruses
have the potential for transmission through self-
inoculation. On average, an individual tends to
touch their own face approximately 23 times in an
hour, with their eyes being touched around 3 times
per hour 1% Prevention is more effective than
treatment. In April 2020, the Government of India
issued an advisory urging every individual to wear
face masks due to the sudden surge in COVID-19
cases 1. The Centers for Disease Control and
Prevention (CDC) also recommended people to
practice social distancing, maintain proper hand
hygiene, and use face masks in order to mitigate
the spread of the virus 1],

Correct and proper usage of a face mask by a
healthy individual can substantially lower the risk
of virus transmission. It acts as a barrier,
preventing virus-containing droplets and aerosols
from entering the nose and mouth. Additionally, it
decreases the release of respiratory droplets and
aerosols from an infected person when they cough,
sneeze, or talk. Moreover, a face mask provides a
safeguard against self-inoculation of the virus, as
it reduces the likelihood of touching one's nose and
mouth '3, You're absolutely right. Wearing a face
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mask alone doesn't offer protection for the eyes
against viral infection through respiratory droplets
or self-inoculation. The conjunctival mucosa,
being directly exposed to external pathogens, can
potentially be the initial site of infection.
Moreover, the presence of angiotensin-converting
enzyme-2 (ACE-2) receptors on the conjunctival
mucosa makes it a possible entry point for the virus
(141 The SARS-CoV-2 virus gains entry into host
cells by binding to angiotensin-converting
enzyme-2 (ACE-2) receptors. These receptors
serve as the entry point for the virus, allowing it to
infect and replicate within the host cells [!%,
HOWARD TEMIN'S DISCOVERY OF
REVERSE TRANSCRIPTASE

From his early days as a student, Howard Temin
demonstrated a keen interest in biology. This
fascination was honed during his participation in a
specialized biology program at the Jackson
Laboratory in Bar Harbor, Maine, during his
summers 1%, After graduating from Swarthmore
College in 1955, Howard Temin served as a
counselor for a group of students, one of whom
was David Baltimore, who was on the brink of
starting at Swarthmore. Temin later pursued
graduate studies at the California Institute of
Technology (Caltech) and became a member of
Renato Dulbecco's laboratory. During this time, he
collaborated closely with Harry Rubin, a
postdoctoral fellow in the same research group.
Caltech was a hub for pioneers in molecular
biology, including notable figures from the phage
group like Max Delbriick and Matthew Meselson.
[17] Renato Dulbecco, who later shared the 1975
Nobel Prize with Temin and Baltimore, made
significant contributions to the field of quantitative
animal virology. He achieved this by pioneering
the development of the first plaque assays for
animal viruses, such as poliovirus. Additionally,
Dulbecco played a pivotal role in demonstrating
the oncogenic transformation of tissue culture cells
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following infection with DNA tumor viruses. ¥

19]

DISCOVERY OF REVERSE
TRANSCRIPTASE BY DAVID BALTIMORE
David Baltimore's interest in animal virology took
root during his time in graduate school. He made a
pivotal move from MIT to the Rockefeller
University to study under the mentorship of
Richard Franklin. Franklin was a trailblazer in
investigating genome replication of
picornaviruses, which are small, positive-sense
RNA viruses, including notable examples like
poliovirus and mengovirus. These viruses were
particularly suitable for study in the era before
molecular cloning because they replicate in the
cytoplasm and induce a shutdown of host protein
and RNA synthesis. Additionally, their RNA
synthesis remains unaffected by actinomycin D,
making it easy to experimentally halt host RNA
synthesis and detect viral RNA synthesis shortly
after infection. Baltimore focused on studying
viral RNA and protein synthesis by concentrating
on cytoplasmic fractions and employing pulse-
labeling with radioactive precursors for RNAs or
proteins. Through this rigorous approach,
Baltimore successfully identified cytoplasmic
RNA polymerase activity in virus-infected cells
(201 As a postdoctoral fellow in James Darnell's
laboratory at MIT, Baltimore furthered this
research and showed that the RNA polymerase
activity could indeed be identified in in vitro
reactions [21],

Early Detection

RT-PCR, or Reverse Transcription Polymerase
Chain Reaction, is a crucial diagnostic tool for
detecting the virus in the early stages of infection,
sometimes even before symptoms manifest. This
early detection is pivotal for promptly isolating
infected individuals and implementing measures
to halt further transmission.

Diagnosis of SARS-CoV-2 Infection
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The current diagnostic methods for identifying
individuals infected with SARS-CoV-2 primarily
employ two distinct approaches 1221,

Indeed, direct detection methods like culture,
protein detection, and RT-PCR techniques are
widely employed during the current pandemic for
identifying the components.
Immunological tests gauge the host's immune

virus or its

response, while whole-genome sequencing aids in
the identification of variants. These techniques
play a vital role in addressing the ongoing
pandemic and formulating an effective response to
the virus 1231,

Direct virus detection methods, such as culture,
detection, and RT-PCR
can be costly when wused for

protein/component
techniques,
understanding disease transmission and severity.
In contrast, immunological assays like ELISAs
(Enzyme-Linked Immunosorbent Assays), CLIAS
(Chemiluminescent Immunoassays), and LFAs
(Lateral Flow Assays) are frequently employed in
studying virus epidemiology and factors
contributing to viral spread. These immunological
assays provide a more cost-effective alternative for
large-scale epidemiological studies >4,

Virus detection encompasses the direct
identification of the virus or its components, which
can be achieved through methods like culture,
protein/component  detection, or RT-PCR
techniques. Virus neutralization tests are used to
identify neutralizing antibodies, which are
valuable for assay validation and research
purposes. ELISA assays have been found to
exhibit a strong correlation between antibody titers
and the presence of virus-neutralizing antibodies.
This makes ELISA a valuable tool in studying
immune responses to viruses [2°1,

Certainly, in addition to the mentioned assays,
numerous other diagnostic tests and assays have
been developed. For more detailed information,
it's recommended to refer to summaries and
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in relevant literature or

COVID-19 Diagnostic Test through RT-PCR
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Figure 1: Covid-19 Diagnostic Test through RT-PCR

Diagnostics for COVID-19

Depending on factors like age, immune responses,
and any underlying health conditions, infection
with SARS-CoV-2 can result in highly varied
responses across individuals. This spectrum ranges
from asymptomatic cases to individuals displaying
a wide array of symptoms. Young and healthy
individuals often experience no or mild symptoms,
yet they can unknowingly spread the virus, leading
to covert infections. On the other hand, severe
cases of COVID-19 can lead to hospitalization,
with some patients requiring assistance from
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mechanical ventilation. Unfortunately, in certain
instances, the disease can be fatal [27-281,
Diagnostic Confirmation

RT-PCR (Reverse Transcription Polymerase
Chain Reaction) is frequently employed to confirm
suspected cases of COVID-19, particularly when
rapid tests produce inconclusive or negative
results. It is considered a highly reliable method
for detecting the presence of the SARS-CoV-2
virus in a sample.

Preanalytical Issues Affecting the Diagnosis of
COVID-19:-
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Indeed, it is widely recognized that pre-analytical
factors play a significant role in influencing the
accuracy and reliability of laboratory testing.
These factors encompass various steps and
conditions before the actual analysis of a sample
takes place, and they are crucial in ensuring the
validity of test results *°). An accurate overview of
the pre-analytical factors that can significantly
impact the accuracy of laboratory testing. These
factors include issues such as improper collection
of biological material, inadequate sample storage
or transportation, pipetting errors, contamination,
and sample mismatch. Among these, sample
contamination is particularly critical, as even tiny
amounts of foreign nucleic acids can compromise
the accuracy of RT-PCR assays. Additionally,
using procedures  for  collecting
nasopharyngeal specimens is crucial. This
involves inserting the swab deep into the nostril
parallel to the palate to reach the target area,
allowing for secretion absorption, and promptly
placing the swab into a sterile tube. Following
these procedures diligently is vital for obtaining
reliable test results 9. Failure to adhere to the

correct

recommended pre-analytical practices can lead to
various diagnostic errors. These errors can range
from inaccurate test results to false positives or
negatives, potentially leading to incorrect
diagnoses and subsequent treatment decisions. It
underscores the critical importance of strict
adherence to established protocols in sample
collection, handling, and storage for accurate and
reliable laboratory testing 1),

Quantitative Analysis

RT-PCR not only identifies the presence of the
virus but can also quantify the viral load. This
information is crucial for gaining insights into the
development of the infection and for assessing the
efficacy of treatments. Monitoring changes in viral
load over time can be a valuable tool in managing
and tailoring treatment strategies for individuals
with COVID-19.
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Screening and Surveillance

RT-PCR plays a pivotal role in large-scale
screening programs and in monitoring the
prevalence of the virus within a population. This
data is of utmost importance for public health
interventions and for informing policy decisions.
It helps authorities gauge the spread of the virus,
identify  hotspots, and targeted
measures to mitigate transmission. Additionally, it

implement

provides valuable information for planning and
adjusting healthcare resources and responses to the
ongoing pandemic.

Time Dependency and False-Negative Results
The kinetics of viral load, or the pattern of how the
amount of virus changes over time, is a variable
factor influenced by several elements. This
includes an individual's epidemiological history,
their immune response, and any treatments or
medications they may be receiving. These factors
collectively contribute to the unique progression of
viral load in different individuals, making it an
important consideration in understanding and
managing the course of infection ), It is another
factor that can contribute to false-negative results.
A false-negative case of SARS-CoV-2 infection
occurs when an individual, initially suspected of
being infected, receives a negative result from the
RT-PCR test, but subsequently tests positive on a
follow-up test. This phenomenon garnered
significant attention, particularly in hospitalized
patients during the early stages of the COVID-19
pandemic, especially when clinical and
radiographic findings conflicted with negative test
results. These false-negative results can often be
attributed to the dynamic nature of viral load over
time. Viral RNA is typically undetectable during
the first two weeks after infection, a period when
the patient is usually asymptomatic, as well as two
to four weeks after the onset of clinical symptoms.
Furthermore, viral RNA load tends to decrease
rapidly in the second and third weeks following
symptom onset. This underscores the importance
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of timing in testing for the virus, as there is a
limited window during which it is detectable. Tests
conducted outside this window may yield false-
negative results [,

In a literature review and pooled analysis, Kucirka
et al. B4 analyzed the rate of false-negative RT-
PCR performed on nasopharyngeal swabs of
symptomatic patients, with respect to the timing of
symptom onset. The probability of a false-negative
result decreased from 100% on day 1 to 67% (CI,
27-94%) on day 4. On the day with onset of
symptoms the probability of a false-negative rate
was 38% and then decreased to 20% 3 days after
symptom onset), while, during the asymptomatic
stage (14 days), the false-negative rate ranged
from 100 to 94%.

Overall, the sensitivity of RT-PCR testing is
therefore severely limited. The sensitivity in
identifying SARS-CoV-2 bearing individuals by
RT-PCR test ranges from 44% to 80% %1, as being
significantly influenced by viral shedding and by
the time of sample collection when compared to
the onset of the infection, as already observed for
other corona viruses *®. Exactly, due to the
dynamics of viral load and the timing of testing,
it's highly likely that a significant number of mild,
individuals in the pre-
symptomatic phase of COVID-19 may not be
identified through current testing efforts. This is a
critical consideration in the broader context of

asymptomatic, or

understanding and managing the spread of the
virus. It emphasizes the need for a multi-faceted
approach to control and monitor the pandemic,
which includes not only testing but also measures
like contact tracing, vaccination, and public health
interventions 7,
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Figure 2: Analytical Performance of Covid-19
Virus Detection with RT-PCR Test
Variant Detection
RT-PCR can be customized to target specific

genetic markers associated with different variants
of the virus. This capability is vital for monitoring
the evolution of the virus and gaining insights into
its dissemination. By identifying specific genetic
signatures unique to various viral strains, scientists
can track the prevalence and distribution of
different variants, which is instrumental in shaping
public health responses and vaccine development
strategies.

Research and Vaccine Development

RT-PCR plays a fundamental role in the research
and development of vaccines and antiviral drugs.
It enables scientists to evaluate vaccine efficacy by
measuring viral load reduction in vaccinated
individuals. Additionally, it aids in understanding
the immune response triggered by vaccines. This
information is crucial for advancing vaccine
development efforts and ensuring their
effectiveness in controlling the spread of the virus.
Similarly, in the development of antiviral drugs,
RT-PCR is used to assess the drug's ability to
inhibit viral replication, providing valuable data
for drug testing and refinement.

Limits of Current RT-PCR Tests

Reports have indicated that RT-PCR tests for
SARS-CoV-2 may have varying levels of
diagnostic accuracy. Factors such as proper primer
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and probe design, technical proficiency in
conducting the test, and the absence of third-party
validation can all contribute to potential
inaccuracies. It's essential to ensure that these tests
are rigorously developed, validated, and
performed by trained professionals to obtain
reliable results in diagnosing COVID-19 cases %],
The Emergency Use Authorization (EUA) and
Instructions for Use (IFU) documents provide
guidelines for currently approved virology tests for
SARS-CoV-2. However, it's worth noting that
these tests can vary significantly in their design
and methodology. This lack of standardization can
present challenges in interpreting and comparing
results across different testing platforms and
laboratories. Therefore, it's crucial for healthcare
professionals to be well-informed about the
specific characteristics and performance metrics of
the tests they use 1),

The data from the FDA on Emergency Use
Authorization (EUA) SARS-CoV-2 virology tests
does indeed indicate a notable variation in the
limits of detection (LoDs) among different assays.
Tests with higher LoDs are more likely to miss
detecting infected individuals, which in turn
increases the risk of false-negative results. This
highlights the significance of understanding the
sensitivity and specificity of different testing
methods, as well as the potential impact on
diagnostic accuracy. It underscores the importance
of selecting and utilizing tests with appropriate
sensitivity for the specific clinical context and
population being tested 47!,

Various primer-probe sets have been created, and
they exhibit high specificity in differentiating
samples that are positive for SARS-CoV-2 from
those positive for other respiratory viruses.
Moreover, these assays demonstrate high
sensitivity, meaning they are effective at
accurately detecting the presence of SARS-CoV-2
in samples. This balance of high specificity and
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sensitivity is crucial in ensuring accurate and
reliable diagnostic results '],

Variations in primer concentrations and DNA
probe lengths, which may not adhere strictly to
FDA guidelines, could potentially lead to false
positive results in SARS-CoV-2 detection assays.
It underscores the importance of adhering to
standardized protocols and ensuring that testing
procedures are meticulously followed to maintain
the accuracy and reliability of results. This also
highlights the need for thorough validation and
quality control measures in diagnostic testing

processes (421,
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Figure 3: Structure of Corona Virus

MATERIALS AND METHODS

RNA isolation from clinical samples. Clinical
samples, including nasopharyngeal aspirates
(NPAs) (n = 131) and stool specimens (n = 5),
were providled by the Department of
Microbiology, The University of Hong Kong
(HKU). In addition, tracheal dispersion fluid and
lung biopsies from index patient A, who was
described previously, were also collected at three
time points. Sample collection was conducted
from 1 April to 28 April 2003 in local hospitals by
a previously described procedure. Collected
samples were stored at 4°C prior to RNA
extraction, and viral RNAs were extracted within
a few days of arrival. Briefly, total RNA extraction
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from clinical samples was performed with the SV
Total RNA isolation system and the SV96 Total
RNA isolation system (Promega, Madison, Wis.),
with the following modifications to the
manufacturer's protocol. Five hundred microliters
of an NPA or stool sample in viral transport
medium (containing, per litre, 2 g of sodium
bicarbonate, 5 g of bovine serum albumin, 200 pg
of vancomycin, 18 pg of amikacin, and 160 U of
nystatin in Earle's balanced salt solution) was
mixed with an equal volume of SV RNA lysis
buffer containing 100 pl of pig kidney epithelial
(PK-15) cells (ATCC CCL-33; 5.0 x 105 cell/ml)
in complete minimum essential medium with
Earle's salt (Invitrogen) as an internal control. The
mixture was transferred to the wells of an SV96
binding plate or an individual binding tube for the
SV RNA isolation system. After being washed
with 500 pl of SV RNA wash solution prior to the
elution step, the plate or tube was spun at 3,000 x
g for 30 s to remove any residual wash solution.
The RNA was then eluted with 50 pl of nuclease-
free water and was collected in a clean 96-well
PCR plate or 1.5-ml micro centrifuge tube by
spinning of the plate or tube at 3,000 x g for I min.
The eluted RNA was then concentrated by
incubation on ice for 15 min in the presence of 5
pl of 3 M sodium acetate and 200 pl of 95%
ethanol. After centrifugation at 3,000 x g at 4°C
for 15 min, the RNA pellet was washed with 200
ul of 75% ethanol and dissolved with 12 ul of
nuclease-free water. Extracted RNAs were
immediately reverse transcribed to first-strand
cDNAs [43-44],

ELISA Immunoassay

The ELISA method for detecting IgM and IgG
antibodies has demonstrated high specificity and
sensitivity in identifying COVID-19 thus far.
ELISA, short for enzyme-linked immunosorbent
assay, involves binding enzymes to specific
antibodies to identify different proteins and
pathogens within the system.
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This system is versatile, capable of detecting either
the COVID-19 viral antigen or the antibodies
produced against COVID-19 within the host body.
It utilizes micro titer plates with 96 wells, where
the antibody is immobilized on the surface. The
sample containing the specific analyte (such as
virus, proteins, or antigens) is introduced, allowing
the fixed antibody-analyte conjugate to be
recognized by an enzyme-tagged antibody in the
presence of a specific substrate. This interaction
generates a visible indication, such as color,
fluorescence, or luminescence, allowing for easy
identification ™. For COVID-19 antibody
detection, a process is employed.
Companies like Bio-Rad and Euroimmun US Inc
have already created ELISA-based techniques for
diagnosing COVID-19 infection by detecting IgG
and IgM antibodies 46471,

CONCLUSION

In conclusion, this review underscores the
paramount importance of Reverse Transcription
Polymerase Chain Reaction (RT-PCR) in the
detection and management of corona viruses,
particularly in the context of the unprecedented
COVID-19 pandemic. RT-PCR has proven to be a
highly sensitive and specific diagnostic tool,
enabling early identification and isolation of
infected individuals. Its quantitative capabilities
have furthered our understanding of infection
dynamics and facilitated timely therapeutic

similar

interventions.

Beyond clinical applications, RT-PCR has played
a pivotal role in population-wide screening and
surveillance efforts, providing crucial data for
public health decision-making. Its adaptability for
variant detection has been instrumental in tracking
viral evolution and assessing the impact of
emerging strains.  Additionally, RT-PCR's
contribution to vaccine development and
evaluation cannot be overstated, providing critical
insights into immune response and vaccine
efficacy.

267 |Page



S. Agrawal, Int. J. in Pharm. Sci., 2023, Vol 1, Issue 11, 260-271 | Review

However, it is essential to acknowledge the

challenges associated with RT-PCR, including the

need for skilled personnel, adequate resources, and

potential issues related to false negatives or

positives. Moreover, as new technologies and

approaches continue to emerge, ongoing research

and development are vital for refining and

expanding our diagnostic arsenal.

In light of the ongoing battle against COVID-19

and the potential for future viral threats, a

comprehensive understanding of RT-PCR's

capabilities and limitations remains crucial.

Continued investment in research, infrastructure,

and training will ensure that RT-PCR continues to

be a cornerstone in our global efforts to detect and

control corona viruses.
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