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Abstract—The ongoing COVID-19 epidemic has emphasised
the critical need for a thorough understanding of the disease’s
pathophysiology environment. This article explores the complex
relationship between SARS-CoV-2, the virus responsible for
COVID-19, and the human body, offering light on the underlying
mechanisms that determine illness susceptibility, development,
and severity. The genetic, immunological, and physiological
aspects that contribute to the different clinical presentations
of COVID-19 using a multidisciplinary approach have been
discussed. This article aims to provide significant insights that
pave the way for potential therapeutic options addressing the
core pathophysiological processes by deciphering these complex
pathways. As the global community attempts to combat the epi-
demic, a fuller knowledge of COVID-19’s molecular complexities
holds the prospect of new interventions that can effectively lessen
its effects. In addition, a case study featuring Quantitative Poly-
merase Chain Reaction (QPCR) amplification curves and Cycle
Threshold (CT) values is shown to demonstrate the significance
of making an accurate diagnosis. This diagnostic approach lets
physicians to distinguish between positive and negative cases,
assess viral load, and offer informed treatment recommendations.
By combining QPCR results with clinical data, we can acquire a
greater understanding of COVID-19’s progression and influence
the development of novel therapy methods. This research aims
to aid the global effort to eradicate COVID-19 by elucidating
its pathophysiological intricacies and employing sophisticated
diagnostic techniques such as (QPCR).

Index Terms—COVID-19, , SARS-CoV-2, Pathophisiological,
therapeutic treatment

I. INTRODUCTION

HE COVID-19 pandemic has left an indelible effect on
T worldwide public health, with its origins traceable to
December 2019 in Wuhan, China. As of August 16, 2023, the
World Health Organization (WHO) releases staggering statis-
tics: 769,806,130 confirmed illnesses and 6,955,497 deaths

globally. As of the 19th of August, 2023, 13,499,865,692
vaccine doses had been provided to address this catastrophic
health epidemic [1]. Figure 1 depicts the 7-day rolling average
of daily hospitalizations of patients with COVID-19 diagnosis.
At the centre of this global problem is SARS-CoV-2, a member
of the Coronaviridae family responsible for COVID-19, a new
Coronavirus disease that emerged in 2019. With a genomic
size between 29.8 and 29.9 kilobytes [2], this virus resembles
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Fig. 1. Daily Hospitalization with COVID-19 Diagnosis

its predecessor, SARS-CoV-1, which triggered a respiratory
pandemic in the early 2000s [2].

Pathophysiology has a crucial link between the development
of a disease and the manifestation of its symptoms. Consider,
for example, the complex gear of the human respiratory
system, a symphony of inhalation, oxygen exchange, and
exhalation. Any discord in this symphony can result in a
variety of lung illnesses, upsetting the delicate equilibrium of
our respiratory physiology. Disease related to lungs, such as
chronic obstructive pulmonary disease (COPD) and pneumo-
nia, disrupt the respiratory harmony. In COPD, the airways
become constricted, making breathing increasingly difficult,
whereas pneumonia causes inflammation and fluid accumula-
tion in the air sacs of the lungs, affecting their function. During
the current pandemic, researchers have worked relentlessly to
uncover the pathophysiological secrets of COVID-19. Antivi-
ral medications, immunomodulatory therapy, and vaccines owe
a debt of gratitude to their accomplishments. Recent studies
and published literature are analysed in this work to understand
the pathophysiological landscape of COVID-19 and potential
therapeutic strategies that may lead us to safer shores. To
effectively navigate COVID-19, we must first understand its
structure and invasion mechanisms, which will lead us through
the phases and clinical stages of the disease and into the intri-
cacies of the immune response, including the potentially lethal
cytokine storms. We investigate the associations between age,
gender, and genetic background and the severity and suscep-
tibility to COVID-19. In addition, we investigate COVID-19
detection and monitoring options that make use of imaging and
diagnostic methods. This essay finishes with a study of existing
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therapy choices and developing initiatives, from antiviral drugs
to immunological regulators, in order to present a holistic
assessment of the ongoing struggle against this worldwide
health issue. To put an end to this unprecedented global
health disaster, we need a comprehensive understanding of
the pathophysiological complexities of COVID-19 to drive the
development of innovative therapies and direct our concerted
efforts.
The contribution of this paper are as follows:

- Analysed the complicated interplay between viral compo-
nents, immune responses, and cellular pathways related
to the pathophysiological environment of COVID-19.

- Evaluated therapy targets within the pathophysiology of
COVID-19 including reducing viral replication, calming
cytokine storms, and restoring endothelial function.

- Presented a QPCR case study on COVID-19 pathophys-
iology which provides a precise and accurate diagnostic
method for identifying carriers and revealing viral load
and infection state. These insights advance diagnostics
and establish the framework for potential therapeutic
approaches to reduce viral replication and its pathophys-
iological effects, as the article’s goal.

The rest of the paper is organized as follows: Introduction
section is followed by section II which discusses the struc-
ture and invasion system of COVID-19. Section III presents
incubation time, typical symptoms, and transmission stages of
COVID-19. In section 1V, we analysed the body’s reaction
to COVID-19, paying special attention to the cytokine storm
and the development of ARDS. It stresses the need of a well-
functioning immune system and the risks associated with
inefficient responses. Blood clot formation and the role of
COVID-19 are studied in section V. This section also examines
the role of endothelial dysfunction in this process. In section
VI, we explore the role that age and gender play in determining
one’s susceptibility to COVID-19 and the severity of the
condition. Detection methods for COVID-19 are covered in
section VII. These include PCR testing, serological assays,
and imaging procedures including chest X-rays and CT scans.
Antiviral drugs, corticosteroids, monoclonal antibodies, and
convalescent plasma are just some of the treatment options
for COVID-19 that are described in section VIII. Insight into
potential therapy targets is provided in section IX on the basis
of pathophysiological discoveries, including cytokine storms,
endothelial dysfunction, and antiviral host factors. Section X
presents a case study to analyse the significance of quantitative
polymerase chain reaction (QPCR) in the diagnosis of COVID-
19 and subsequent patient management. Finally, section XI
concludes the study and presents future directions.

II. STRUCTURE AND INVASION SYSTEM

When a person coughs, sneezes or touches an object, the
droplets of this virus is passed from that person to another.
Figure 2[10] represents the structure of Coronavirus. It has the
following structural components which are Spike protein (S),
membrane protein (M), Envelope protein (E) and nucleocapsid
protein (N) [2]. The receptors which provide way for different
infections in human are ACE2, APN, Neu5 etc. [3]. Different
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Fig. 2. Structure of Coronavirus

experiments were carried out which revealed that SARS-COV-
2 uses ACE2 receptor (Angiotensin-converting Enzyme 2) for
infecting humans [4]. The origin of infection is considered
to be in the host bat (RaTG13) which is quite similar to
the genomic sequence of SARS-COV-2 and the virus in bats.
Coronavirus consists of positive sense single stranded DNA.
The most noticeable feature of this virus is club shaped spike
proteins protruding from the exterior of the virus [5]. The
S protein has two components: S1 which acts as a receptor
binding domain, and S2, which forms the stalk that makes up
the spike structure. The M protein is a protein in a virus that
helps give it its shape. It is about 25-30kilo daltons [6], [7].
ACE2 receptor is found mostly in lungs, kidney and heart. S-
proteins binds with ACE2 receptor which introduces COVID-
19’s RNA into the cell. This binding also serves as a potential
target for treatments and vaccinations [8], [9].

A. Clinical Symptoms and Disease Severity

The incubation period of COVID-19 is 5-6 days but can be
up to 14 days. This period is also known as pre-symptomatic
period. In this, the individual infected with the virus is
contagious and has the ability to spread or transmit the virus
to other individuals [11]. The common symptoms appearing
in patients aged 40-60 years are fever, general body pain, dry
cough, breathlessness and sometimes pneumonia in immuno
compromised individuals or people battling an ongoing under-
lying disease [12], [13]. Similar to other aerosol transmitted
diseases, the transmission rate of COVID-19 is high. Gathering
in a certain place can lead to transmission of this virus from
one individual to another. Using different types of matricidal
agents like ethanol (70%) can reduce the transmission rate
[14].

III. PHASES/ CLINICAL STAGES OF COVID-19

There are three phases which indicate how COVID-19 pro-
gresses. Figure 3 indicates these phases which are incubation,
symptomatic early and late pulmonary phase [15]. The late
phase of incubation is the stage where patients infected with
SARS-COV-2 are highly infectious. Human ACE2 receptor
is expressed on ciliated epithelium of the nasopharynx and
other nascent areas. ACE2 expression is much more in up-
per respiratory tract than lower [16]. After association with
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ACE-2, the engaged spike protein goes through a proteolytic
cleavage which is infused by host membrane-anchored protein,
the transmembrane protease serine 2 (TMPRSS2) [17]. There
is spike mediated fusion at this stage, the virus then deliv-
ers the RNA genome and thus replication cycle starts [18].
Throughout the incubation and clinical phases, SARS-CoV-2
infects principally the ciliated epithelium of the nasopharynx
and upper airways. Control of viral propagation is dependent
on interactions between epithelial cells and immune cells,
which are controlled by cytokine signalling and cell-to-cell
contact. Viral infections are initially fought by innate im-
munity. Utilizing pattern recognition receptors, infected cells
identify aberrant RNA structures upon virus entry (PRRs).
These activate nuclear factor B (NF-B) and interferon regulator
factors (IRFs). IRFs enhance antiviral defences by inducing
type 1 and type III interferons (IFN). The expression of pro-
inflammatory cytokines and chemokines is triggered by NF-B,
which recruits immune cells. However, SARS-CoV-2
suppresses the production of type I and type III IFN. Viral gene
products such as NSP1, ORF6, ORF3B, and nucleocapsid (N)
proteins inhibit signal transducer and activator of transcription
1 (STAT1), hence diminishing interferon synthesis. The out-
come of an infection is contingent upon viral load, replication
rate, interferon response, and proinflammatory mediators [19],
[20].

Patients with efficient interferon responses efficiently erad-
icate the infection. A function is played by a rapid reaction
and robust innate immunity. A severe infection is the result
of high viral replication and inadequate interferon responses.
Its transmissibility is facilitated by the increased replication
of the delta variant in the nasopharynx. Infected epithelial
cells produce chemokines that attract immune cells such as
macrophages, T cells, and mast cells [21], [22]. In severe
situations, the virus may enter the lungs and infect type II
pneumocytes and alveolar macrophages. This prepares for the
pulmonary phase. Blood monocytes are drawn to infected
lung tissue by a combination of a poor IFN response and
increased chemokines. Macrophages express the enzymes nec-
essary for viral fusion, ACE-2 receptor, furin, and TMPRSS2.
Macrophages may function as Trojan horses, allowing viruses
to anchor in the lungs [19].

Variability in ACE-2 expression among macrophages has
the potential to affect the severity of an infection. Lower
airway macrophages release pro-inflammatory cytokines and
chemokines, which contribute to lung inflammation by re-
cruiting additional immune cells. Activated platelets interact
with monocytes to stimulate their recruitment. This chain of
events contributes to lung inflammation [23]. In conclusion,
SARS-interaction CoV-2’s with the respiratory epithelium and
the dynamics of the immune response play a critical role in
determining the course of COVID-19 infection. Virus evasion
of the interferon response, in conjunction with increased
inflammation, leads to disease severity.

IV. IMMUNE RESPONSE AND CYTOKINE STORM

A cytokine storm often manifests as a flu-like symptom,
which can develop more complicated as a result of injury to

many organs. In extreme circumstances, a high fever is a com-
mon symptom, especially severe. Common symptoms include
weariness, headache, joint discomfort, diarrhoea, lymph node
enlargement, liver or spleen enlargement, altered feeling, and
skin rashes. Frequently, fast respiration and low blood oxygen
levels occur, which may lead to acute respiratory distress
syndrome (ARDS). In severe situations, kidney disease, liver
impairment, and stress-related cardiac problems may also
occur [24].

The complications of a cytokine storm include capillary leak
syndrome, which causes extensive edoema, and neurological
complications such as encephalopathy. Blood clotting and
bleeding irregularities develop, with the possibility of de-
velopment to disseminated intravascular coagulopathy (DIC).
Various blood cell count abnormalities and elevated levels of
indicators such as C-reactive protein (CRP), ferritin, triglyc-
erides, and D-dimer are detected by laboratory analysis [33].
Essentially, a cytokine storm begins with flu-like symptoms
but can progress to serious organ damage and catastrophic
problems involving several body systems. This may result in
a range of clinical symptoms and test abnormalities.

A. Cytokine Storm and COVID-19

SARS-CoV-2 is a member of the family Coronaviridae,
which includes enveloped, single-stranded, positive-sense ri-
bonucleic acid (RNA) viruses that infect humans and other
mammals [25]. It is airborne and mostly affects the respiratory
system. Prior research showed that both severe acute respi-
ratory syndrome coronavirus 1 (SARS-CoV-1) and Middle
East respiratory syndrome coronavirus (MERS) are capable of
inducing cytokine storms [26]. Following the development of
SARS-CoV-2, the hypothesis of a cytokine storm gained atten-
tion as a significant contributor to COVID-19. I indicates key
cytokines and regulatory mediators as presented the existing
studies [26]-[30]. Multiple studies have found that COVID-19
patients have elevated levels of inflammatory cytokines such as
IL-1, IL-2, IL-6, IL-10, IFN-, TNF-, IFN—inducible protein
10 (IP-10), granulocyte macrophage-colony-stimulating factor
(GM-CSF), and monocyte chemoattractant protein-1 (MCP-
1) [27]. Both biopsies and autopsy [28] have demonstrated
the presence of inflammatory infiltrates in several tissues of
COVID-19 patients. While the majority of cases demonstrate
a self-limiting flu-like symptom, vulnerable individuals with
infection in lung cells, particularly type Il pneumocytes, might
experience an extensive influx of neutrophils, macrophages,
CD8+ and CD4+ T lymphocytes, as well as considerable
cytokine production. This chain of events results in bilateral
pneumonia, acute respiratory distress syndrome (ARDS), and
multi-organ dysfunction [29].

Insufficient immune response may account for the appear-
ance of cytokine storms during SARS-CoV-2 infection. In-
fected cells generate large quantities of chemokines that recruit
neutrophils and macrophages [30]. Interferon synthesis, which
is essential for a successful antiviral response, is impaired in
infected cells, while neutrophils and macrophages are recruited
by the chemokines. Researchers have shown that COVID-
19 patients produce autoantibodies against immune-regulatory
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Fig. 3. Phases of COVID-19

proteins, in particular anti-type I interferon antibodies, which
are associated with severe illness and mortality [31]. As
seen in macrophages [32], the innate immune system may
have difficulty clearing infected cells during the first phase,
allowing the virus to proliferate freely. A following period of
immunological recovery could result in an excessive response
if viral multiplication continues unchecked.

Also hypothesised as a contributing factor [33] is the renin-
angiotensin-aldosterone system (RAAS). SARS-CoV-2 enters
human cells largely via angiotensin-converting enzyme 2
(ACE2), a member of the RAAS. By attaching to the AT1
receptor, ACE2 normally counteracts the pro-inflammatory,
prothrombotic, and profibrotic actions produced by angiotensin
II. Virus binding to ACE2 may result in its downregulation
within cells, potentially upsetting the equilibrium. This distur-
bance may result in reduced anti-inflammatory, antithrombotic,
and anti-fibrotic effects, as well as enhanced angiotensin II-
AT axis activity, possibly contributing to the cytokine storm
and thrombo inflammatory condition observed in COVID-19.

B. The progression of ARDS

Acute respiratory distress syndrome (ARDS) is a se-
vere form of lung injury characterised by inflammation and
increased permeability of the alveolar-capillary membrane,
which leads to fluid accumulation in the lungs. The virus-
induced inflammatory response can contribute to the develop-
ment of ARDS in COVID-19 patients. The concentration of
immune cells, including neutrophils and macrophages, in lung
tissue can increase inflammation and result in the destruction
of the lung’s delicate structure [34], [35]. As lung tissue gets
more inflammatory and fluid builds, the ability of the lungs to
exchange oxygen and carbon dioxide is impaired. This causes
significant respiratory distress, manifesting as shortness of
breath, fast breathing, and low blood oxygen levels. In extreme

circumstances, patients may need artificial ventilation to assist
their breathing [36], [37].

V. LINK BETWEEN COVID-19 AND BLOOD CLOTTING
DISORDERS

Emerging data suggests that SARS-CoV-2 can cause in-
dividuals to develop a prothrombotic condition. It has been
discovered that the virus directly infects endothelial cells,
which line blood arteries. This endothelial infection can result
in endothelial dysfunction, a condition in which the endothe-
lium lacks the ability to maintain a healthy balance between
vasodilation (increasing blood vessels) and vasoconstriction
(narrowing blood vessels) (narrowing blood vessels). Endothe-
lial dysfunction is a crucial element in the production of blood
clots [38].

- Role of Endothelial Dysfunction: Endothelial cells serve
a crucial function in controlling blood flow, inhibiting
platelet aggregation, and maintaining blood channel in-
tegrity. However, in COVID-19, the inflammation and
immunological response caused by the virus might harm
these cells, resulting in malfunction. When the endothe-
lium is dysfunctional, it secretes fewer vasodilators (such
as nitric oxide) and more vasoconstrictors, causing blood
vessel constriction and contributing to clot formation [39].
Hypercoagulability associated with COVID-19: The en-
dothelial dysfunction caused by SARS-CoV-2 infection
can pave the way for hypercoagulability. Endothelial
cells that have been compromised reveal tissue factor, a
potent starter of the coagulation cascade. This increases
the activation of platelets and the coagulation system.
In addition to boosting the release of pro-inflammatory
cytokines and chemokines, the inflammation associated
with COVID-19 exacerbates clot formation [40], [41].
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TABLE I
KEY CYTOKINES AND REGULATORY MEDIATORS IN COVID-19

Cytokines/Inflammatory Mediators | Role in COVID-19 Possible Therapeutic Targets

IL-6 Extreme production associated with cytokines storm | Monoclonal antibodies, IL-6 suppressor
TNF-a Pro-inflammatory cytokines TNF suppressor

IFN-y Linked with immune dysregulation Immune regulator

IL-18 Influences inflammation IL-1 suppressor

IL-10 Inhibits immune response Immune regulator

MCP-1 Attracts monocytes and macrophages MCP-1 suppressor

GM-CSF Excites immune cell response Immune regulator

VL. GENETIC VARIATIONS AND COVID-19
SUSCEPTIBILITY

Variations in genetics can influence the interaction between
the SARS-CoV-2 virus and the host immune system. Vari-
ations in genes producing the ACE2 receptor, which the
virus utilises to enter cells, and genes involved in immune
responses can affect an individual’s vulnerability to infection,
for instance. Genetic variations in the human leukocyte anti-
gen (HLA) system, which is responsible for delivering viral
antigens to immune cells, can also alter the effectiveness of
the immune response against the virus.

1) Genetic Variations and COVID-19 Severity: Variability
in illness severity among COVID-19 patients is attributable
in part to genetic variables. Genetic variations can affect the
severity of the immune response, deciding whether a person
mounts a protective response or develops an overactive inflam-
matory reaction, resulting in severe effects such as cytokine
storms and acute respiratory distress syndrome (ARDS) [42]-
[44].

2) Age and Gender as Modifiers: Important variables of
COVID-19 severity are age and gender. Due to a reduced
immune system and potential associated health issues, elderly
adults are typically more prone to serious disease. Addition-
ally, sex disparities in COVID-19 results have been noted, with
males typically suffering from a more severe condition. It is
hypothesised that genetic and hormonal factors contribute to
these disparities [45], [46].

VIL METHODS OF DIAGNOSIS AND IMAGING FOR
COVID-19 DETECTION

In contemporary medical practise, molecular diagnostics is
a crucial frontier, with nucleic acid testing as its foundational
technology. Among the many applications of nucleic acid
testing, the accurate detection of the coronavirus has proven to
be particularly effective. Nucleic acid amplification tests, such
as Polymerase Chain Reaction (PCR) or isothermal nucleic
acid amplification, antigen testing and other serological tests
are the principal approaches for nucleic acid detection at
present. The renowned sensitivity and specificity of PCR in
detecting viruses requires heat cycling. Isothermal nucleic acid
amplification, in contrast, provides rapid detection capabili-
ties, operates at a constant temperature, and eliminates the
requirement for a thermocycler [47]. Notably, as of March 24,
2020, the genome and proteome structures of the virus had
been identified, however a thorough knowledge of the host’s
response to SARS-CoV-2 remained difficult [48]. Over one
thousand COVID-19 sequences are currently available to the

public. Figure 5 indicates the common diagnostic and imaging
methods used for the detection of COVID-19.

1) Polymerase Chain Reaction (PCR) Testing: The gold
standard for diagnosing COVID-19 is PCR testing. It recog-
nises the genetic material of the virus in respiratory samples.
It possesses a high degree of sensitivity and specificity, but
requires specialised laboratories and a lengthy turnaround time
[49]. DNA-amplification-based Polymerase Chain Reaction
(PCR) tests are utilised for coronavirus identification. The
reverse transcription of viral RNA into complementary DNA
(cDNA) is a vital first step in these procedures, followed by
PCR amplification for quantitative detection [50]. There are
two ways to implement reverse transcription PCR (RT-PCR):
(a) One-Step Assay: This single-reaction technique includes
cDNA synthesis and PCR amplification, decreasing mistakes
but rendering it unsuitable for analysing many samples due
to rapid RNA degradation. b) Two-Step Assay: This method,
however more sensitive than the one-step approach, isolates
reverse transcription from PCR amplification, enhancing sen-
sitivity but increasing the danger of DNA contamination and
necessitating more time [51]. Researchers have created highly
sensitive and selective RT-PCR tests. Notably, the RdRp and
E gene-based assays are frequently employed because of their
high sensitivity, with a limit of detection (LOD) of 3.9 and 3.6
copies per 25 L reaction, respectively, whereas the N gene-
based assay is less sensitive at 8.3 copies per 25 L reaction
[52]. Real-time quantitative reverse transcription-PCR (rqRT-
PCR) is preferred over traditional RT-PCR for coronavirus
detection due to its superior specificity, quantitative analysis,
and sensitivity. Numerous enhancements have been made to
rqRT-PCR testing procedures. During amplification, the CDC
uses one-step rqRT-PCR experiments that yield real-time fluo-
rescence signals [53]. Researchers have created numerous rRT-
PCR assays targeting distinct genes for the detection of SARS-
CoV-2. The RdRp/Hel assay is distinguished by its lower LOD
of 11.2 RNA copies per reaction and the absence of cross-
reactivity with other coronaviruses. In addition, innovative
assays such as OSN-qRT-PCR and in-house real-time PCR
techniques have shown great sensitivity [54]. In conclusion,
PCR-based technologies, such as RT-PCR and rqRT-PCR,
have become standard for sensitive and specific coronavirus
identification, allowing a vast array of applications in the
diagnosis of COVID-19. Researchers continue to improve the
efficacy and dependability of these procedures.

2) Antigen Testing: Antigen testing detect viral proteins

and deliver results quickly. They are less sensitive than PCR,
but provide rapid findings, making them useful for preliminary
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Fig. 4. SARS COV-2 Antibodies

screening [55]. Rapid and extensive surveillance approaches
are judged more effective than depending simply on nucleic
acid amplification testing for suspected cases in controlling
the spread of the virus [56]. Therefore, the development of
reliable onsite detection technologies is urgently required.

By directly detecting viral antigens (Figure 1) or by recog-
nising antibodies (Figure 4)[58], SARS-CoV-2 infection can
be di- agnosed. However, the possibility for cross-reactivity
between SARS-CoV-2 antibodies and those developed in
response to other coronaviruses poses a difficulty in generating
appropriate serological testing. Lv et al. observed cross-
reactivity between SARS-CoV-2 and SARS-CoV antibodies,
which means that antibodies against SARS-CoV can be
detected in plasma samples from SARS-CoV-2 patients [58].
This cross-reactivity is a substantial design challenge for
serological diagnostics.

3) Serological Assays:: Serological tests detect SARS-
CoV-2 antibodies in blood specimens. Due to the delay in
antibody generation, they are less efficient for early detection
but suggest past infection [49].

4) X-rays:: X-rays of the chest can indicate lung abnormal-
ities such as infiltrates, opacities, and consolidation. Although
they are not particular to COVID-19, they are useful for early
evaluation [59].

5) CT Scan:: CT scans provide comprehensive images of
lung tissue. They are sensitive in detecting lung abnormalities,
aiding in the diagnosis of COVID-19 and determining the
severity of the condition [60].

6) Lung ultrasound:: Lung ultrasound can highlight dis-
tinctive features such as B-lines and consolidations, aiding in
early diagnosis and monitoring lung involvement [61].

VIII. EXISTING THERAPEUTIC METHODS

In the midst of the global struggle against the COVID-
19 pandemic, researchers and medical experts have actively
investigated numerous therapeutic techniques to minimise the
impact of the SARS-CoV-2 virus on affected persons. These
tactics include a variety of pharmaceutical interventions and
treatments that try to target various components of the disease,
such as reducing viral replication and regulating the immune
system. In this section, we examine the current COVID-19
treatment options, highlighting their mechanisms of action
and potential benefits. From antiviral medications such as

RT-PCR
Antigen Testing
|
Covid-19 Serological Tests
Diagnostic and |
Imaging Chest X-Rays
Methods
CT-Scans
Lung Ultrasound

Fig. 5. COVID-19 Diagnostics and Imaging Methods

remdesivir through the use of corticosteroids and monoclonal
antibodies, we examine how these treatments have played
a crucial role in illness management. In addition, we will
investigate the viability of convalescent plasma obtained from
recovered COVID-19 patients as a potential intervention in
the ongoing war against the virus. Figure 6 indicates existing
therapeutic methods for Covid-19.

AR

Fig. 6. COVID-19 Diagnostics and Imaging Methods

1) Antiviral Agents: Drugs such as remdesivir are designed
to prevent the SARS-CoV-2 virus’ replication. Although they
cannot eliminate the virus entirely, they can potentially lessen
its spread and severity [62].

2) Remdesivir: Remdesivir, a C-adenosine nucleoside
analog-derived monophosphoramidate prodrug, has emerged
as a promising contender in the fight against COVID-19. It
inhibits viral RNA replication by integrating itself into viral
RNA chains, hence causing premature termination. Notably,
remdesivir has significant anti-coronavirus action in the lab-
oratory [63]. Previous research on coronaviruses, such as
SARS-CoV and MERS-CoV, as well as bat CoV strains,
indicated remdesivir’s capacity to block reproduction in human
airway epithelial cells. Additionally, it controls viral entry via
the hACE2 receptor, indicating its ability to inhibit infection
[64], [65]. Importantly, remdesivir acts in the early phases
of infection, lowering RNA levels and virus titers dose-
dependently [66]. In laboratory tests, remdesivir was effective
against SARS-CoV-2, exhibiting an EC90 (90 percent effective
concentration) value of 1.76 M in Vero E6 cells, which
is comparable to its efficacy in non-human primates [67].
Remdesivir’s capacity to covalently bind to the RdRp gene,
an essential component for SARS-CoV-2 replication, effec-
tively halts the chain elongation process [68] is responsible
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for its efficacy. In addition, it possesses antiviral activity in
human liver cancer cells, a cell line sensitive to SARS-CoV-
2 [67]. With good outcomes, remdesivir has been delivered
to COVID-19 patients for compassionate use outside of the
laboratory. In these individuals, a 10-day course of the antiviral
medication (beginning with 200 mg on day 1, followed by 100
mg daily for 9 days) has demonstrated prospective clinical
advantages [69]. Remdesivir’s diverse antiviral activity makes
it a promising candidate for further research in the fight against
COVID-19.

3) Corticosteroids: such as dexamethasone, have been
demonstrated to reduce an overactive immune response, par-
ticularly in severe cases, thereby minimising cytokine storms
and their associated consequences [70].

4) Monoclonal Antibodies: Antibodies such as bam-
lanivimab and casirivimab/imdevimab can neutralize the virus,
providing passive immunity and lowering viral load [71].

5) Convalescent Plasma: Plasma from recovered COVID-
19 patients includes antibodies that can aid in the battle against
the virus in infected individuals, however its effectiveness is
still being studied [72].

INSIGHTS

IX. PATHOPHYSIOLOGICAL FINDINGS

Recent pathophysiological research on COVID-19 have
Uncovered intriguing possibilities for therapeutic intervention.
These investigations have extensively explored the complex
mechanisms behind the infection and progression of the virus,
suggesting possible therapeutic targets. By interpreting the
molecular and cellular processes behind COVID-19, scientists
have identified vulnerabilities that can be exploited to create
innovative therapeutics. These results provide renewed hope
to both patients and medical professionals, as they pave
the way for more effective and individualized approaches
to managing and combating the global health crisis. With
continued research and worldwide cooperation, these new
findings may eventually lead to game-changing advances in
our fight against COVID-19. Table II presents summary of
emerging therapeutic strategies as presented in existing studies
[49], [55].

1) Inhibition of Cytokine Storms: Given the importance of
cytokine storms in severe COVID-19 cases, targeted medicines
to limit excessive inflammation, such as IL-6 inhibitors, could
reduce the severity of the condition [73].

2) Endothelial Dysfunction: Since endothelial dysfunction
leads to clotting problems, medications that target endothelial
function may aid in the management of COVID-19-related
coagulopathy [74].

3) Antiviral Host Factors: Comprehending the host factors
necessary for viral replication could lead to the creation of
medications that inhibit these factors, thereby halting virus
propagation.

X. QPCR ANALYSIS FOR COVID-19 DETECTION: A
CASE STUDY

In order to explain the complex pathophysiology of COVID-
19 and pave the way for the development of novel therapeutic
solutions, it is crucial to emphasize the necessity of precise

TABLE 11
SUMMARY OF EMERGING THERAPEUTIC STRATEGIES
};herapeutlc Mode of Action Potential Benefits
pproach
Monoclonal Neutralize specific Reducing cytokine
Antibodies Cytokines storm

Antiviral Agents Suppress viral replication | Decrease in viral load

Regulation of immune
response

Prevention of hyper

Immune Regulators inflammation

ACE Suppressors MO(.iulate.remn- Managmg'
angiotensin system inflammation
RNA Vaccines Eliciting immune Immunization

response against virus

and highly sensitive diagnostic approaches. These diagnostic
methods serve as the basis for our understanding of the disease
and play a crucial role in determining the development of
novel treatments. These can provide the means to identify and
analyse the virus’s activities within the human body, allowing
healthcare practitioners and researchers to track its evolution
and investigate the possibility of targeted interventions. The
refinement and use of such accurate and sensitive diagnostic
methods are essential to our scientific journey to understand
COVID-19’s pathophysiological mechanisms and find novel
treatment options. This case study examines the use of Quan-
titative Polymerase Chain Reaction (QPCR) for detecting the
presence of SARS-CoV-2, the agent responsible for COVID-
19, and demonstrates how these findings contribute to a greater
knowledge of the disease.

A. Experimental Procedure

Using a specialist SARS-CoV-2 promoter kit or Meril
COVID-19 one step PCR kit, BSL-3 containment-level labora-
tory conducted QPCR analysis. This diagnostic method targets
particular genomic areas, such as the nucleocapsid (N) gene,
the envelope protein (E) gene, and the ORFlab gene. FAM,
HEX and ROX are components of Meril COVID-19 pcr kits.
FAM targets ORFlab gene in Meril COVID-19 kit while it
targets N gene if promotor kits are being used. Similarly, HEX
targets N gene while in promotor kit, VIC dye is used which
targets E gene. ROX in Meril COVID-19 Kkits target RNase P
(IC) gene while ROX in promotor kit targets ORFlab gene.
Human RnaseP gene (IC) is the endogenous human positive
control, it must be amplified in each sample. For promotor
kit, for a patient’s sample to be positive, the CT value must
be below 40 while for Meril kits, CT valye should be below 35.
The QPCR analysis requires reverse transcription to convert
viral RNA into complementary DNA (cDNA), followed by
amplification with specified primers and fluorescence probes
tagged with different dyes. Monitoring fluorescence signals in
real time enables the detection of viral genetic material.

B. qPCR graphs analysis

Establishing a key criterion is essential when analysing
qPCR graphs, especially those from Meril COVID-19 Kkits.
This important criterion involves ROX amplification, an assay
reference signal. A strong ROX signal in every sample is
most important. ROX amplification ensures test accuracy and
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reliability as an internal control. If ROX fails to amplify in
any sample during qPCR, the test may be flawed. In such
cases, discretion and diligence are needed. The patient’s test
must be redone if ROX amplification is absent. The sample
cannot be deemed positive or negative until ROX amplification
is achieved. This thorough method ensures diagnostic validity
and reduces the chance of incorrect or misleading outcomes.
When using Meril COVID-19 kits, qPCR graph interpretation
requires consistent ROX amplification. It ensures the diagnos-
tic process’s precision and reliability, ensuring COVID-19 test
results’ accuracy. Figure 7 indicates a highly positive case of
COVID-19 of a patient. The value of ORFlab gene is 22.65
and value of N gene is 23.08. This indicates that the viral
load of patient is very high. Thus confirming that the patient
is COVID positive.

Amplification

RFU

Cyéles

Fig. 7. PCR result in which ROX was deselected, FAM and HEX channels
were selected. Result of a sample indicated a sharp sigmoid curve indicating
positive case

C. Results and Discussion

Table III presents 96 samples, including positive and neg-
ative controls, on which qPCR was performed to assess the
presence or absence of COVID-19. Table displays the Cycle
Threshold (CT) values obtained for the samples under study.
Sample 75 and Sample 49 had CT values of 16.00 and
24.64, respectively. These numbers indicate the amount of
viral RNA present in the samples. Sample 75 had a lower
CT value, indicating a larger viral load, whereas Sample 49
had a CT value that was moderately higher, indicating a lower
viral load. Following standard laboratory procedures, these CT
results were utilised to determine the presence (CT [threshold
value]) or absence (CT [threshold value]) of COVID-19in
the suspect samples (CT [threshold value]). The QPCR study
produced amplification curves, each of which indicated a
distinct consequence. Positive controls displayed sigmoidal
curves with distinct peaks, which indicated the presence of
the virus. Negative controls, on the other hand, exhibited no
sigmoidal curve, showing the absence of the virus. Observing
the amplification curves and calculating the cycle threshold
(CT) values were used to evaluate patient samples. CT values
represent the cycle at which detectable viral genetic material is
first detected. A good result is indicated by a CT value lower
than 38 together with a sigmoidal curve. The appearance of
a sigmoidal curve that does not meet the CT value criteria
necessitates confirmation testing.

1) Significance of the QPCR analysis: QPCR analysis
is a crucial diagnostic method for identifying COVID-19
individuals with precision and efficiency. The amplification
curves and CT values provide information regarding viral
load and infection state, hence facilitating patient care and
epidemiological surveillance. By combining QPCR data with
clinical data, researchers acquire a full knowledge of the
course and severity of disease.

The use of QPCR in the case study corresponds with the
article’s main objective of revealing the pathophysiological
landscape of COVID-19. By identifying the presence of viral
genetic material, QPCR illuminates the complex interplay
between the virus and the molecular machinery of the host.
These findings not only contribute to diagnostics, but also
provide a platform for the development of novel therapeutic
techniques aiming at reducing viral replication and its associ-
ated pathophysiological effects. As the goal of understanding
the complexity of COVID-19 continues, QPCR is a crucial
approach for revealing the disease’s molecular complexities,
hence influencing the development of innovative medicines
and therapy modalities.

Figure 8 indicates a clear indication of the patient being
Covid negative. The ORF1lab and N gene are targets of covid-
19 but both came out negative. The curved lines below indicate
noise.

Amplification

RFU

Cycles

Fig. 8. Patient sample from the same qPCR result indicating a negative result

XI. CONCLUSION

In conclusion, the pathophysiology landscape of COVID-19
must be clarified for the development of successful therapeutic
strategies. The wide spectrum of clinical consequences is
driven by the intricate interactions between viral components,
immunological responses, and cellular pathways. Although
current therapy options are beneficial, they frequently focus on
symptom management rather than addressing the underlying
causes. Understanding the mechanism of the disease provides
unique insights for treatment innovation. By targeting key
pathways such as the cytokine storm, endothelial dysfunction,
and viral replication, a new generation of treatments can
be developed to tackle COVID-19’s underlying processes.
As the global scientific community continues to progress,
interdisciplinary collaborations will be essential for translating
these insights into concrete and effective therapeutic strategies.
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TABLE III
PATIENTS SAMPLE CHECKED THROUGH QPCR TO FIND -IVE AND +IVE COVID PATIENTS.
1 2 3 4 5 6 7 8 9 10 | 11 12
A | 26616 | 24 | 32 | 40 | 48 56 | 64 | 72 80 | 88 | 96 04
49
B 17 25| 33 | 41 57| 65| 73 81 89 | 97 05
(24.64)
C 18 26 | 34 | 42 | 50 58 | 66 | 74 82 | 90 | 98 06
75
D 19 27 | 35| 43 | 51 59 | 67 83 | 91 | 99 07
(16)
E | 20 28 | 36 | 44 | 52 60 | 68 | 76 84 | 92 | 26700 | 08
F 21 29 | 37 | 45| 53 61 | 69 | 77 851 93 | 01 09
G | 22 30 | 38 | 46 | 54 62 | 70 | 78 86 | 94 | 02 +ve
H | 23 31 | 39| 47 | 55 63 | 71 | 79 87 1 95| 03 -ve

Note: The values in small brackets in cells indicate CT values of samples showing positive result.

A. Future Directions/Perspectives

Future study is necessary to fill in the gaps in our un-
derstanding of COVID-19’s pathogenesis. Investigating the
genetic variants that affect disease susceptibility, elucidating
the complex immune responses, and dissecting the mecha-
nisms driving severe consequences will continue to be crucial.
Integration of omics technologies, such as genomes and pro-
teomics, can offer a comprehensive perspective on host-virus
interactions. Utilizing cutting-edge computational approaches
and artificial intelligence will aid in identifying prospective
medication candidates. In order to translate pathophysiolog-
ical findings into novel therapeutics, collaborations between
researchers, doctors, and pharmaceutical corporations will be
crucial. Ultimately, the development of creative therapeutic
techniques guided by a thorough comprehension of COVID-
19’s biology gives promise in the fight against this unique
worldwide health disaster.
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