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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 is a virus that can still infect individuals and whose deadly 
effects continue despite the current vaccines and drugs. Since 2019, many studies on the pathogenesis of 
the disease have been completed and continue to be done. In addition to the diagnosis and treatment of the 
disease, many molecules that can be markers of the disease have been investigated. In the early stages of 
the pandemic, many nonspecific and infection-related laboratory findings and chest computed tomography 
were used to obtain information about the diagnosis of the disease. The more individual molecules became 
associated with the disease yet. The purpose of this review is to summarize the impact and role of many 
molecules associated with coronavirus disease-2019 infection that have been previously used and newly 
revealed. Numerous studies are summarized in this review. The obtained data show that previously used 
laboratory findings and new potential biomarkers are not specific to the disease. New potential biomark-
ers have been associated with the severity of the disease itself, as can be seen with lung imaging and even 
with routine laboratory findings. One of the important points that are seen frequently in studies is that the 
effectiveness of these molecules has been shown not only in coronavirus disease-2019 infection but also in 
many other diseases. This removes the pathogenesis of the disease from being a unique mechanism created 
by the Severe acute respiratory syndrome coronavirus 2 and provides a general perspective formed by viral 
or bacterial infections. However, there are still many molecular changes that need to be investigated. Future 
studies will continue to update themselves with the mutations of the virus.
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Introduction
Severe acute respiratory syndrome virus 2 (SARS-CoV-2), which caused the coronavirus dis-
ease-2019 (COVID-19) infection that spread from China to the world in 2019, is still a virus that 
shows its effect all over the world and can pose a threat to public health. The virus spreads easily 
from infective individuals to others through the respiratory tract. Infected people may show 
symptoms such as fever, myalgia, fatigue, cough, shortness of breath, headache, and loss of smell 
and taste.1 The severity of the disease varies from patient to patient, depending on many addi-
tional factors.1 Coronavirus disease-2019 disease may present with clinically mild symptoms such 
as a mild upper respiratory tract disease or an asymptomatic infection in some patients.1 Some 
patients may have lung damage, need intensive care, and even go into a process leading to death.1

Virus particles spreading from respiratory mucosal cells to other cells activate the immune sys-
tem and lead to cytokine storms.2 Lymphocytopenia, is part of the this cytokine storm, was 
frequently observed in patients with COVID-19 infection, especially in patients with severe 
disease2,3 .4 Cytokine storm causes the release of proinflammatory cytokines such as interleu-
kin-6 (IL-6), tumor necrosis factor-α (TNF-α), IL-2, and nitric oxide.4,5 The increased amount
of cytokine impairs vascular permeability. This brings along many pathological processes such as 
disruption of tissue perfusion, endothelial damage, and thrombus formation.6,7 Increased vascu-
lar permeability results in acute respiratory failure due to the accumulation of liquid in the lung 
tissue.8 Exacerbated cytokines in the lungs cause alveolar septal fibrous proliferation, alveolar 
epithelial damage, and hyaline membrane formation and as a result hypoxic respiratory failure.8,9 
Coronavirus disease-2019 patients often develop macrophage activation syndrome (MAS), 
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which exacerbates the disease.10,11 MAS caused 
by severe cytokine storm, culminating from a 
complex interplay of genetics, immunodefi-
ciency, infectious triggers, and dominant innate 
immune effector responses. Macrophage acti-
vation syndrome is not specific to COVID-19 
infection; however, they have common features 
such as macrophage overactivation and cytokine 
storm.12 Macrophage activation syndrome and 
cytokine storm are a result of increased cyto-
kine amount and leukocyte infiltration caused by 
tissue damage from SARS-CoV-2.13 Macrophage 
activation syndrome causes inflammation, tissue 
damage, organ failure, and high mortality rate.12

Some of the laboratory findings frequently used 
at the beginning of the pandemic are summa-
rized below. Although these parameters are 
not specific to the disease, they have been used 
to obtain information about disease progres-
sion and severity. Significant associations have 
also been observed between lymphopenia and 
poor patient prognosis.12 A higher incidence 
of lymphopenia has been observed in COVID-
19 patients with severe disease compared to 
moderately ill COVID-19 patients.12 Decreased 
CD8+ T cell, B cell, CD4+ T cell, and naturel 
killer cell counts and basophil, eosinophil, and 
monocytes were also observed in COVID-19 
patients.14 Neutrophilia is another immune 
cell alteration observed in severe COVID-19 
patients.12

C-reactive protein (CRP), procalcitonin (PCT), 
fibrinogen, and ferritin are positive acute-phase 
reactants because their expression is increased 
during inflammation.15 Since the amount of pro-
teins such as albumin and transferrin decreases 
during inflammation, these are called negative 
acute-phase reactants.15 In systemic inflamma-
tion, CRP is secreted from the liver, and its level 
rises rapidly. C-reactive protein is used to follow 
many disease progressions as well as COVID-19 
infections.16,17 Increased CRP value was associ-
ated with disease and disease severity. Comorbid 
diseases also contribute to high CRP levels.18 
C-reactive protein values showed correlation 

with fibrinogen, ferritin, and pulmonary function 
tests.19 Coagulation derangement is a factor that 
is seen together with endothelial damage caused 
by the SARS-CoV-2 virus and has an important 
role in the course of the disease. d-dimer is a 
product of fibrinolysis, and its amount increases 
as a result of the degradation of the clot. Due 
to the coagulation dysregulation that develops 
in COVID-19 infection, blood d-dimer levels are 
elevated and are generally associated with poor 
patient prognosis.5,19 Plasma fibrinogen level was 
also used as another biomarker to predict blood 
coagulation dysregulation and disease severity 
of COVID-19 infection.12 Procalcitonin is a posi-
tive acute-phase reactant, and its level in serum 
may change in viral or bacterial infections.20 The 
PCT level was also used as a marker for COVID-
19 disease, and the decreased PCT level was 
evaluated as a result of treatment efficacy.20 
Vitamin D exerts an anti-inflammatory effect 
by suppressing T helper 1, which is an impor-
tant cell in the cytokine storm.21 It has also been 
reported that angio​tensi​n-con​verti​ng enzyme 2 
(ACE2) receptors increase with vitamin D, thus 
facilitating SARS-CoV-2 infection.22 Coronavirus 
disease-2019 patients with acute respiratory 
distress syndrome (ARDS) showed lower lev-
els of vitamin D than control groups.2 Vitamin 
D may be considered more of an inflammation 
suppressor. Platelet count as laboratory finding 
was associated with disease severity for patients 
in the intensive care unit.23,24 Decreased platelet 
count was reported in COVID-19 patients1 and 
related to mortality.25 Microthrombus formation 
in the lung vessels may be a result of endothelial 
dysfunction and lung damage.26 Numerous labo-
ratory findings such as these were biomarkers 
for the course of the disease albeit nonspecific 
for COVID-19 infection.

The drugs used in the treatment of COVID-19 
infection or the disease itself have also caused 
significant changes in liver enzyme levels. Liver 
enzymes including transaminases gamma-glu-
tamyl transferase were found to be increased 
in COVID-19 patients who develop MAS 
compared to COVID-19 patients who do not 
develop MAS.11 Higher alkaline phosphatase lev-
els were detected in severe COVID-19 patients 
compared to moderately severe patients.12 
One of the organs affected by the infection is 
the kidneys, and the biomarkers of the kidneys 
alone are informative about the prognosis of the 
patient. Serum creatinine level was found to be 
relatively high in COVID-19 patients who devel-
oped MAS compared to those who did not.11

Molecular testing of respiratory fluids obtained 
from patients, showing the presence of the 
virus, was used to prove whether the patients 

were infected with the virus even if they did not 
show any symptoms. The test used to diagnose 
the disease was used all over the world as a stan-
dard, but the prognosis and treatment of the 
disease at the post-diagnosis stage was carried 
out on nonspecific markers.3 Laboratory find-
ings, lung imaging, and other clinical findings that 
are nonspecific to the disease have been used 
for the course of the disease.3 In this review, 
studies involving numerous potential biomarkers 
associated with COVID-19 disease and disease 
course are summarized.

Candidate Biomarkers
Laboratory tests are used to obtain information 
about the health status, disease, and/or progno-
sis of diseases. Some values are used only for 
risk assessment, while others provide precise 
information about the diagnosis and progres-
sion of the disease. Especially in the early stages 
of the pandemic for COVID-19 infection, only 
nonspecific laboratory tests, lung imaging, and 
clinical findings were used as informative factors 
for the course of the disease.1 Among the fre-
quently used laboratory findings are white blood 
cell count, neutrophil, lymphocyte, platelet, fer-
ritin, d-dimer, CRP, and troponin values.19 As a 
result of clinical and laboratory studies on the 
disease, we have seen that many factors such as 
molecular mechanism changes, tissue damage, 
immunopathological changes, alteration in lipo-
protein metabolism, and viral load contribute to 
the course of the disease.27

Although the parameters used routinely were 
not specific to the disease, they were informa-
tive about the course of the disease. However, 
as all diseases have their own molecular changes, 
the specific mechanisms underlying the COVID-
19 infection need to be clarified. Moreover, 
more practical and easily applicable tests and 
biomarkers are needed for the diagnosis and 
course of the disease. Numerous studies con-
ducted for this purpose have revealed that many 
molecules that may be specific to the disease 
change with it.28 Numerous potential biomark-
ers in different categories that may be associated 
with COVID-19 infection from different studies 
and their functions are summarized below.

Genetic Predisposition
Although the severity of COVID-19 disease is a 
result of many pathophysiological processes, the 
underlying genetic predisposition has an impor-
tant role in the course of the disease. Some 
genetic differences may lead patients to develop 
the disease and have the disease more severely. 
SARS-CoV-2 virus uses the ACE2 receptor for 
infection and transmembrane serine protease 
TMPRSS2 for SARS-CoV-2 spike (S) protein 

Main Points

•	 A major molecular mechanism specific to COVID-
19 infection has yet to be elucidated.

•	 The findings obtained are very valuable as a part 
of  this main mechanism.

•	 Data from studies show that biomarkers are not 
specific for a single disease or mechanism.

•	 When evaluating these biomarkers, scientists 
and healthcare professionals should keep in mind 
that more than 1 molecular mechanism time may 
have commonalities and should consider many 
possibilities.
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priming.29 TMPRSS2 rs12329760 and ACE2 
rs2285666 single-nucleotide polymorphisms 
were related to COVID-19 disease severity.30 In 
another study also, ACE2 rs2285666 polymor-
phism was investigated. They found that the GG 
genotype or G-allele was associated with a 2-fold 
increased SARS-CoV-2 infection risk and a 3-fold 
increased risk severity of disease or COVID-
19-caused death.31 Ponti et  al32 suggested that 
MTHFR C677 T polymorphism may impact 
the severity of COVID-19 infection. Interferon 
(IFN) lambda 4 (IFNL4) is an essential antiviral 
protein with activity against RNA viruses.33 In 
the study by Saponi-Cortes et  al.34 the IFNL4 
rs12979860 T allele was found to be relatively 
higher in COVID-19 patients than in other indi-
viduals without the disease. Interleukin-6 is the 
cytokine produced by macrophages and plays an 
essential role in the formation of MAS and has 
been associated with disease severity in COVID-
19 patients.10 Interlleukin-6 can alter vascular 
permeability, causing microthrombus formation, 
endothelial damage, and impaired tissue perfu-
sion.35 In their study, Kerget et al36 showed that 
COVID-19 patients with the IL-6 (–174 G/C) 
genotype have lower serum IL-6 levels than 
patients with the IL-6 (–174 GG) genotype. The 
prevalence of MAS was also found to be higher 
in COVID-19 patients with the IL-6 (–174 GG) 
genotype with high IL-6 levels. Kerget et al10 also 
showed the existence of a significant relation-
ship between increased IL-6 level and MAS and 
ARDS. Genetic disposition may be evaluated not 
only for the genes summarized above but per-
haps for all genes that play a role in the immune 
system. Thus, individuals with a genetically high 
risk of disease can be identified and precautions 
can be taken.

Endothelial Damage
Endothelial dysfunction in COVID-19 infec-
tion is seen in most patients.37 In COVID-19 
patients, autopsy endothelial cell damage and 
apoptosis were observed in blood vessels.38,39 
Endothelial dysfunction biomarkers were found 
to be relatively higher in COVID-19 patients 
than in healthy controls and were associated 
with severe disease.40,41 Nuclear factor ery-
throid 2–related factor 2 (NRF2) is a transcrip-
tion factor that targets antioxidant response 
element and regulates the antioxidant gene 
expression.42 Dysregulation of NRF2 antioxi-
dant defense signaling in endothelial cells may 
be associated with the endotheliopathy associ-
ated with COVID-19 infection.43 Soluble vas-
cular cell adhesion molecule-1 (sVCAM-1) is a 
protein that plays a key role in fibrosis and car-
diac remodeling44 and migration of leukocytes 
to the vessels,45 and it may act in endothelial 
dysfunction.46 Serum levels of sVCAM-1 were 

higher than healthy control regarding COVID-
19 patients.47 Increased inflammation, platelet 
dysfunction, and imbalances in the coagulation 
mechanism in COVID-19 infection have caused 
disruptions in the normal coagulation mecha-
nism.48 Besides d-dimer, fibrinogen, and different 
molecules are thought to be a part of this dys-
regulation. Endothelial damage and dysregula-
tion of angiogenesis may lead to microthrombus 
formation and organ damage, and hence ARDS 
can be considered a marker of COVID-19 
infection.49 Adropin has been a newly identified 
bioactive peptide hormone.50 The relationship 
between adropin and inflammation has been 
studied before51; however the level of adro-
pin was first demonstrated by Aydın et  al18 in 
COVID-19 patients. Adropin level was found to 
be lower in patients with COVID-19 compared 
to healthy controls. In addition, this reduction 
was observed even less in COVID-19 patients 
with diabetes mellitus than in patients with only 
COVID-19.18 Endothelial cell-specific molecule 
1 (endocan) is a proteoglycan involved in inflam-
matory processes .52 Pascreau et al53 showed the 
presence of higher endocan levels in COVID-19 
patients compared to the control group. They 
demonstrated the presence of a significant 
increase in endocan level from day 1 to day 3 in 
COVID-19 patients with mild/moderate ARDS 
after hospitalization. Angiopoietin-2 (Ang-2) is 
a member of angiopoietin/Tie (tyrosine kinase 
with immunoglobulin and epidermal growth fac-
tor (EGF) homology domains) signaling pathway 
that has a main role in angiogenesis.54 Ang-2/
Ang-1 level measured in COVID-19 patients. 
Ang-2/Ang-1 ratio was higher in non-survivor 
COVID-19 patients than survivor COVID-19 
patients.55 Vascular system factors are perhaps 
among the most important factors in this dis-
ease. They are vital not only in the disease stage 
but also in the post-COVID process.

Lung-Related Molecules
The lungs are one of the primary targets of 
COVID-19 infection due to their ACE2 recep-
tors and dense vascular surface. Increased 
amount of cytokines, fibroblast proliferation, 
endothelial and epithelial damage, and hya-
line membrane formation cause hypoxia in 
the lungs.9 Appelberg et  al56 performed an 
integrative prote​o-tra​nscri​ptomi​cs analysis in 
Huh7 cells infected with SARS-CoV-2 virus. 
The authors demonstrated that ErbB, hypoxia-
inducible factor-1α (HIF-1 α), mammalian target 
of rapamycin (mTOR), and TNF pathways were 
more modulated in SARS-CoV-2 infection com-
pared to pathways. Hypoxia-inducible factor-1α 
is a molecule that is induced by increased reac-
tive oxygen species production due to SARS-
CoV-2 infection and enhances the inflammatory 

response.57 In our recent study, we investigated 
the mRNA expression of HIF-1α in COVID-
19 patients. Higher HF-1α expression was 
determined in severe COVID-19 patients 
than healthy individuals.16 This may be a sign of 
decreased oxygen supply in the lungs as well as a 
sign of course in COVID-19 infection.

Transforming growth factor-β is a cytokine 
that exerts profibrogenic, anti-inflammatory, 
and immunosuppressive effects during and 
after both sepsis and COVID-19 infection.58 
Connective tissue growth factor (CTGF) is a 
protein that is involved in fibroblast growth 
and extracellular matrix production, and it is 
induced by TGF-β.59,60 Fibronectin-1 is an extra-
cellular matrix protein that plays a role in wound 
healing and oncogenic transformation.61,62 It has 
important roles in the growth, differentiation, 
and migration of cells.61,62 In the a bioinformat-
ics study, the authors declared that SARS-CoV-2 
infection leads to increasing ACE2, transforming 
growth factor beta 1 (TGFB1), CTGF, and fibro-
nectin-1 mRNA that are involved in lung fibro-
sis.63 Surfactant protein D (SP-D) is a member 
of collectin family proteins and synthesized by 
type 2 alveolar epithelium. Kerget et al10 showed 
that SP-D protein level was higher in COVID-
19 patients with MAS and ARDS than patients 
without MAS and ARDS. Kidney injury mol-
ecule-1 (KIM-1) is a molecule whose expression 
is increased after kidney injury, directing cells to 
apoptosis.64 Kidney injury molecule-1, which has 
also been shown to be present in the lung tissue, 
acts as a receptor mediating the entry of the 
SARS-CoV-2 virus into the cell.65 Kidney injury 
molecule-1 level was found to be consider-
ably higher in COVID-19 patients compared to 
healthy individuals. In addition, it has been shown 
that it is found at a higher level in severe patients 
than in moderate patients.66 Kidney injury mole-
cule-1 has been measured in COVID-19 patients 
as an indicator of kidney health. It was observed 
that the KIM-1 level was relatively higher in sur-
viving patients than in deceased patients.67 In 
addition, it has been shown that it is found at a 
higher level in severe patients than in moderate 
patients.68 Soluble urokinase plasminogen acti-
vator receptor (suPAR) is soluble form of uro-
kinase plasminogen activator which is released 
at condition of inflammation, sepsis, kidney dis-
ease, cancer, and coronary artery disease.69,70 
Urokinase plasminogen activator has a role in 
angiogenesis, inflammatory response, migra-
tion, adhesion, and proliferation.71 In COVID-
19 infection, the suPAR level was increased in 
moderate patients; however, in severe patients 
a lower suPAR level was observed when com-
pared to moderate patients.66 An increased 
suPAR level in COVID-19 patients has also been 
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demonstrated in another study.72 Furthermore, 
increased levels of suPAR were associated 
with stage 1, stage 2, and stage 3 acute kidney 
insuffiencey.73 Numerous lung-related molecu-
lar dysregulations are observed in COVID-19 
infection. Considering that the lungs are one of 
the primary targets for SARS-CoV-2, it may be 
easily said that there are many more molecular 
changes.

Immune Molecules
The immune system may overreact as it fights 
to defend the host from viral and bacterial 
infections and it may damage cells, tissues, and 
organs.74,75 The study by Chen et al27 has shown 
that IFN signaling is high from the onset of the 
COVID-19 disease process to the hospitaliza-
tion period. Interleukin-6, IL-10, and IL-8 levels 
were higher in severe patients compared to 
mild patients. Upregulated genes involved in 
neutrophil extracellular traps contribute to dis-
ease pathogenesis.27 Increased T cell signaling 
at the onset of the disease may be lost in the 
stages of the disease. Several other molecules 
and pathways including IL-17 pathway and p38 
MAPK activation were involved in COVID-
19 infection.27 Increased metabolic activity in 
the immune system may lead to upregulation 
or downregulation in some molecule expres-
sions.76,77 Interleukin-18 is a cytokine that is a 
member of the IL-1 family and is involved in 
IFN-gamma synthesis in natural killer cells and 
T cells.78 Interleukin-1 receptor antagonist 
(IL-1Ra) is a protein that inhibits the activity of 
IL-1, which has an important role in the cytokine 
storm.79 Alpha defensin is another cytokine that 
defends the cell against viral and bacterial infec-
tions.11 Kerget et  al11 demonstrated increased 
IL-18, IL-1Ra, and alpha defensing levels within 
COVID-19 patients with MAS and COVID-19 
patients with ARDS compared with the control 
group. Tumor necrosis factor-α is a cytokine 
that is localized upstream of the inflammation 
cascade and has multiple roles in the immune 
system.80 A higher TNF-α level was shown 
in severe COVID-19 patients than in healthy 
individuals.81 Progranulin (PGRN) is a growth 
factor involved in normal tissue development, 
regeneration, proliferation, and host defense.82 
Endothelial cells and immune system cells 
secrete PRG in case of infections in the body.83,84 
Due to its role in the immune system, it has 
been the focus of many studies including infec-
tious diseases.85,86 Özgeriş et al86 demonstrated 
higher PGRN levels in COVID-19 patients when 
compared to healthy individuals. Their receiver 
operating characteristic (ROC) analysis results 
showed that PRGN discriminated COVID-19 
patients from healthy individuals. Yao et al47 also 
revealed increased PGRN levels in COVID-19 

patients when compared to healthy individu-
als. Macrophage migration inhibitory factor is a 
molecule that is expressed in many cells, and it 
stimulates several cytokine productions includ-
ing IFN-γ, TNF-α, IL-6, and IL-1β.87 Macrophage 
migration inhibitory factor was found in high 
levels in severe COVID-19 patients compared 
with the control group.12 The triggering recep-
tor expressed on myeloid cell (TREM) family 
expressed many cells including immune cells. The 
triggering receptor expressed on myeloid cells 
have roles in inflammation and proinflammatory 
cytokine discharge.9 The triggering receptor 
expressed on myeloid cell 1 and TREM2 levels 
were measured in COVID-19 patients, and the 
results revealed that COVID-19 patients had 
higher TREM1 and TREM2 levels than healthy 
controls. The triggering receptor expressed 
on myeloid cell 1 levels were higher in severe 
patients than in moderate patients.9 This indi-
cates that increased TREM1 may be a sign of 
disease severity in COVID-19 infection. .88,89 The 
level of glucose-regulated protein gp96 (gp96), 
is a heat shock protein, induced by infection 
or inflammation leads to the activation of the 
immune system and the release of cytokines.90,91 
Plasma gp96 level has been associated with IL-6 
and disease severity in COVID-19 patients.92 
Plasma gp96 had reliable power to distinguish 
non-serious COVID-19 patients from severe 
COVID-19 patients.92 Immune system mol-
ecules are among the most studied molecules in 
studies where molecular biomarkers are sought. 
Immune overactivation and cytokine storm are 
part of the COVID-19 infection. Every molecule 
that can play a role in these mechanisms is a can-
didate to be a biomarker.

Discussion
In this review, we summarized disease-associated 
molecules from multiple studies of COVID-
19 infection. We see that the genes studied 
in COVID-19 infection are mostly multifunc-
tional.11,93 No molecule has a single function.94 
Therefore, it is possible to come across many 
studies of these genes in more than 1 disease or 
mechanism.95 Hypoxia-inducible factor-1α mole-
cule is a molecule whose expression is increased 
in hypoxia. However, hypoxia is not only seen 
in COVID-19 infection. Although endocan has 
been seen as a marker of endothelial damage 
in COVID-19, it can also be encountered as a 
part of the disease mechanism in non-infective 
diseases.94 In fact, by arranging their studies, the 
researchers prioritized the study of molecules 
that had previously been shown to be effective 
in viral or bacterial diseases and even cancer.95 
Therefore, most of the molecules that have 
been shown to function for COVID-19 and 
have important roles in this infection are already 

functional in other diseases. This is an important 
data for revealing the common mechanisms 
of COVID-19 infection with other diseases. If 
these intersections are more clearly revealed, 
existing drugs20 can be used or modified instead 
of finding a new drug for COVID-19 infection. 

Studies have shown that there are changes in the 
expressions of molecules that are components 
of many mechanisms in COVID-19 infection.2,28 
As there are molecules with increased expres-
sion, the number of molecules with decreased 
expression is also quite high.77 It is also conceiv-
able that the common points here are symptoms 
rather than molecules. Many diseases contain 
similar symptoms. Hypoxia, endothelial damage, 
cytokine storm, respiratory failure, and excessive 
immune response are pathophysiology that can 
be seen in many diseases.96,97 It is also possible to 
move forward with this perspective when inves-
tigating disease-related molecules or treatments. 
The molecular mechanisms of these pathologies 
have been studied for years. However, the pres-
ence of a large number of molecules involved 
in the pathogenesis of the disease makes it dif-
ficult to identify a biomarker for the disease. 
Considering all the changes in the data obtained, 
the presence of a large number of molecules 
makes the diagnosis and prognosis of the disease 
difficult. Instead of a single biomarker, it may be 
more accurate to consider the mechanisms and 
pathways of potential biomarkers collectively. 
But this is both costly and difficult. Databases 
that can be developed for this can facilitate this 
work. In addition, studies were mostly carried 
out on patient groups. When viewed within the 
framework of individual medicine, a patient-
specific gene expression panel may be studied 
to develop a patient-specific treatment, and 
what the patient needs and does not need can 
be evaluated in this way. Like gene expression 
panels, which are frequently used in cancer diag-
nosis, gene panels can be created in such infec-
tive diseases.

One of the situations we see in the COVID-19 
infection is that the disease or the effects of the 
disease are not completely healed after treat-
ment. Getting rid of the severe effects of the 
disease or being discharged from the hospital 
does not mean getting rid of the disease com-
pletely. The effects of the disease can last for a 
very long time.98 Elimination of the virus does 
not completely remove the damage caused by 
the disease, which leads to the emergence of 
post-COVID symptoms. In particular, cardiovas-
cular system-related disorders are among the 
conditions that occur frequently in the post-
COVID period.99 While doing molecular marker 
research, perhaps by separating the disease into 
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periods, additional studies may be done for peri-
odic markers.

Conclusion
Genetic susceptibility analysis for pre-disease, 
disease-onset molecular changes, disease 
severity-related molecular changes, molecular 
changes for the recovery period, and molecu-
lar changes for post-COVID may be considered 
one by one. In order to reveal the role of a sin-
gle molecule in the entire disease process and 
in the post-disease process, it can be measured 
and followed-up at regular intervals to show the 
disease-specific periodic change of a single bio-
marker. Dysregulated innate or adaptive immu-
nity in SARS-CoV-2 infection might occasionally 
trigger an MAS picture, which awaits full molec-
ular elucidation. In the last 2 years, many studies 
have been carried out on SARS-CoV-2 infection, 
and many mechanisms have been tried to be 
clarified. However, there are still many molecu-
lar changes that need to be investigated. Future 
studies will continue to update themselves with 
the mutations of the virus.
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