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Abstract

Context: As a contagious acute respiratory disease, COVID-19 was announced by the World Health Organization (WHO) as a pan-
demic on 11 March 2020. The clinical manifestation of COVID-19 includes fever, cough, taste/smell loss, and acute respiratory distress
syndrome (ARDS) due to viral pneumonia. The severity of symptoms varies among patients ranging from asymptomatic to acute
pneumonia. Predicting patients at risk and disease severity in the different patients is controversial. The prevention of rapid pro-
gression of the disease, better prognosis, and decline of mortality are possible by knowing the risk factors of the disease. There is an
essential question about different patients experiencing the infection from asymptomatic to acute disease.
Methods: For this study, we searched the databases including ISI Web of Science, Scopus, and PubMed with a combination of key-
words COVID-19, COVID-19 risk factors, COVID-19 causes, and personalized medicine in COVID-19. All studies related to our study were
searched for data collection.
Results: The clinical variability of COVID-19 infection is associated with various risk factors like age, sex, comorbidity, lifestyle, virus
mutation, host immune response, and genetic background.
Conclusions: The studies reported the significant heterogeneity in risk and outcome of COVID-19 infection among patients. Indi-
vidualized therapy can occur by unraveling various phenotypes and underlying pathobiology of COVID-19 infection.

Keywords: COVID-19, Coronavirus, SARS-CoV-2, Personalized Medicine, Precision Medicine, Host Genetics, Viral Genome, Risk
Factors

1. Context

The World Health Organization (WHO) announced the
coronavirus disease 2019 (COVID-19) pandemic on 11 March
2020 (1). The sudden onset of the disease resulted in mil-
lions of infected patients and hundreds of thousands of
deaths worldwide (2). The clinical manifestation of COVID-
19 includes fever, cough, taste/smell loss, and acute res-
piratory distress syndrome (ARDS) due to viral pneumo-
nia. Symptoms vary among patients ranging from asymp-
tomatic to mild and acute pneumonia (1).

Identification of risk factors for severe outcomes of dis-
ease potentially helps to make more accurate predictions
and treatment approach. Some important risk factors such
as age and male gender for COVID-19 severity and mortality
were indicated in previous research (2). Underlying med-
ical comorbidities, including diabetes mellitus, chronic
respiratory disease, cardiovascular disease, cancer, and hy-
pertension are reported as potential predictive factors for

severe COVID-19 and increased rate of mortality (2). In cur-
rent study we aimed to discuss about most important risk
factor for severe COVID-19 cases.

2. Methods

For this study, we searched the databases including ISI
Web of Science, Scopus, and PubMed with a combination of
keywords COVID-19, COVID-19 risk factors, COVID-19 causes,
and personalized medicine in COVID-19. All studies related
to our study were screened for data collection.

3. Results

3.1. Risk Factors

Recent studies indicated that conditions such as long
COVID-19 could lead different patients with COVID-19 infec-
tion to experience acute to mild disease (3). For instance,
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a number of COVID-19 patients experience long COVID-19
which refers to symptoms that endure long after recovery
from initial coronavirus infection. Long COVID-19 can in-
fluence various organs in respiratory, cardiovascular, neu-
rological, gastrointestinal, and musculoskeletal systems.
Symptoms like cardiac abnormalities, dyspnea, cognitive
impairment, fatigue, stress disorder, muscle pain, con-
centration problems, and headache are common in long
COVID-19 patients (3).

Furthermore, risk factors such as neutrophil count,
white blood cell count, lymphocyte count, D-dimer, albu-
min, high body temperature, dyspnea symptoms, respira-
tory rate, and procalcitonin were indicated to be associ-
ated with the risk of ICU admission in COVID-19 patients
(4).

The declines of lymphocytes and D-dimer and the in-
creases of CK, PT, and creatinine are among other risk fac-
tors that are reported to be associated with the progres-
sion of the disease (4). Myocardial injury, renal injury, early
cellular immunodeficiency, and abnormal coagulation are
also demonstrated to be involved in the progression of
COVID-19 (4).

Identification of these risk factors can be helpful in pre-
vention of rapid progression of the disease, timely inter-
vention of patients at high risk, and decreasing the mor-
tality rate (4). Studies have showed that revealing the inter-
actions between SARS-CoV-2 and host is essential in under-
standing the mechanisms of the infectious process, trans-
mission and resistance, as well as difference in disease out-
comes (5). Currently, different factors including gender,
age, viral load, blood groups, comorbidity conditions, and
genetic variants are reported to be influential on COVID-19
sensibility and outcomes (6).

Along with host and viral factors, environmental fac-
tors such as air pollution may indirectly affect susceptibil-
ity to SARS-CoV-2 (5) via weakening of immune responses.

3.1.1. Genetic Factors

Recognizing host’s genetic and genomics susceptibil-
ity to infection potentially helps in the precise treatment
of COVID-19 (5). Using genome-wide association studies
(GWAS) several susceptibility alleles in numerous genes
have been recognized to have associations with severe
and/or life-threatening COVID-19 phenotypes (5). Some
indicators were known as predictive genomic markers;
while, some genes with high penetrance alleles might
be proper for patient classification and pharmacological
treatment and may be considered as prognostic markers.

Understanding the intricate link between genotypes
and phenotypes along with pathway analysis are the main
approaches for studying the risk factor genes. For exam-
ple, innate and humoral immune responses to COVID-19 in-

volve various genetic and epigenetic factors (7-9). Thus, not
surprisingly the immune system deficits can lead to differ-
ent outcomes in patients with COVID-19 and heterogeneity
of clinical phenotypes. Identifying the pathogenic mech-
anisms of different variants of virus and their functions
in COVID-19 development are helpful for development of
treatment and predictive test in personalized medicine (5).

For instance, available studies have revealed that mu-
tations in genes involved in the regulation of type I beta
interferon response and the presence of anti-interferon an-
tibodies in the serum is associated with the risk of ICU ad-
mission and severity of COVID-19 outcomes (5). Therefore,
studying the genomic aspects of COVID-19 patients in sera
can lead to identification of valuable risk factors and im-
prove the diagnostic as well as treatment approaches (10).

Several available studies have indicated that the
pathogenesis of COVID-19 is associated with a ‘cytokine
storm’ characterized by dysregulated production of
pro-inflammatory cytokines and chemokines such as
CCL2/MCP-1, CXCL10/IP-10, CCL3/MIP-1A, and CCL4/MIP1B
(10). Thus, revealing the genetic basis of variation in im-
mune mechanisms that lead to cytokine storm provides a
precision medicine approach that is likely to yield benefits
for subpopulations or even individual patients at the risk
of sever COVID-19 (10).

High-throughput RNA sequencing (RNAseq) technolo-
gies, transcriptomic analyses of patients with COVID-19,
and studies about the diagnostic and therapeutic values of
miRNAs and lncRNAs have demonstrated the differentially
expressed genes (DEGs) in the host immune system and re-
lated signaling pathways (10).

In their study Li et al. indicated 25,482 DE mRNA, 23
DE miRNA, and 410 DE lncRNAs in peripheral blood sam-
ples of patients with infection compared to controls. AKT1,
TNFRSF1B, FCGR2A, CXCL8, STAT3, and TLR2 are among the
several genes that positively regulate the cytokine produc-
tion. Besides, numerous miRNAs and lncRNAs involved
in regulation of the immune effector process and NIK/NF-
kappaB signaling have been identified in their work (10).

In a cohort study at university of Ankara, Turkey, killer
immunoglobulin-like receptor (KIR) and ligands were
genotyped from asymptomatic to severe COVID-19 patients
(11). The results showed that clinical parameters such as
age, CRP, comorbidities number, D-dimer, telomeric cen-
tromeric KIR genotypes (t AA, t AB1, and c AB1) and lig-
ands were different between cohorts (11). According to this
study, two prediction models were designed, composed of
age, blood group, and the number of comorbidities in the
first model and the same parameters in addition to KIR
genotypes and their cognate ligands in the second one.
This risk model may help predict the disease severity in
COVID-19 infection before disease appearance (11).
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Other studies performed in Spain and Italy on a gene
cluster at chromosome 3 identified a risk locus for immune
genes including CCR9, CXCR6, XCR1, CCR1, and CCR2 (12).
Furthermore, the GenOMICC study reported other genetic
variants in IFNAR2 and OAS2. The patients with TLR3, IRF7,
and IFNAR1 variants had innate immune response dysfunc-
tion. Further, Beksac and colleagues, found the rare loss of
function variants of TLR7 on X-chromosomal affects inter-
feron responses. So, a potential relationship between the
severity of the disease and inherited variants is found (11,
13).

Using system biology and genetic technologies was
promising for determining the genetic factors of the virus
and host involved in predisposition to infection and in-
creasing the severity of disease (14). Coronavirus pathogen-
esis was surveyed using the SARS-CoV model, disease phe-
notypes, and different dynamic transcriptional pathways
in various genetic backgrounds (14).

In a study by Asgari and Pousaz (15) 13 loci in the hu-
man genome were identified among which four loci in-
fluence the susceptibility to COVID-19 and nine loci influ-
ence disease severity. Also, more than 40 candidate genes
were effective in immune and lung function that might af-
fect COVID-19 outcome. Variants of TYK2 gene was among
the genes associated with infection susceptibility and in-
creased risk of being hospitalized. Variants in DPP9 were
also associated with serious SARS-CoV-2 outcomes (15).

3.1.2. Immune Response Risk Factors

Several studies have revealed that host immunity vari-
ation is related to susceptibility to infectious diseases. The
relationship between the development of SARS and HLA-
B*4601, HLA-B*0703, and HLA-DRB1*0301 was found in an
available case-control study (16).

Adaptive immune response against COVID-19 is a vital
defense mechanism via antibodies production, which is
however a time-consuming process (20 days on average)
(17).

In previous study on severe acute respiratory syn-
drome coronavirus (SARS-CoV) infection Zhang et al. (17)
evaluated the effect of mutations in Mannose-binding Lectin
(MBL), a gene involved in the innate immune response on
susceptibility to SARS-CoV. They showed one mutation in
codon 54 and three polymorphisms in MBL gene were re-
lated to susceptibility to COVID-19 (17).

The COVID-19 virus enters host cells through an endo-
cytic pathway. The main viral protein known as SARS-CoV-2
spike protein causes the fusion of the virus particles to the
host cell using Angiotensin-converting Enzyme 2 (ACE2).
ACE2 has an essential function in renal, vascular and my-
ocardial physiology. A number of studies have demon-
strated the effect of several ACE2 variants on protein stabil-

ity and communication between spike protein and ACE2.
Also, the variations of proteolytic cleavage site are indi-
cated to affect virus infection, declining or increasing affin-
ity between ligand-receptors can occur by other variants as
well. ACE2 polymorphisms in regulatory and non-coding
regions such as promoters can be involved in various ex-
pression levels of ACE2 among different individuals (18).

3.2. Genome-Wide Association Studies in COVID-19

Today, it is essential to understand the risk factors of
COVID-19 infection and find proper treatment and vaccines
(19). The proteins involved in the viral life cycle and host
defense as genetic factors have a vital function in infection
and disease severity. GWAS has been used to determine the
genetic risk factors in the infection, such as mapping HLA
peptide binding cleft amino acid variants. While, GWAS
generally fails to identify rare variation that may influence
disease susceptibility, it can provide significant informa-
tion for a substantial proportion of the common genetic
variation underlying a range of traits. For instance, GWAS
based pharmacogenomics approaches have indicated that
rare variants on specific drug targets have significant im-
pact on receptor-drug interactions (20, 21).

As mentioned, ACE2 have major role in SARS-CoV-2
pathogenesis. The studies showed that ACE2 truncation
variants are essential for viruses’ entry into human cells,
but CCR5 and FUT2 deletion/truncation variants are pro-
tective against pathogens. Men are hemizygous for ACE2
variants because ACE2 is on the X chromosome. The ex-
tracellular Peptidase Domain (PD) and cytoplasmic do-
main of ACE2 are separated via a single transmembrane
helix of ACE2 (22). An essential receptor for coronaviruses
is PD, which interacts with the Receptor-binding Protein
(RBD) that is the C-terminal of the S protein (22). Mapping
of RBD-PD interface with Genome Aggregation Database
(gnomAD) showed that missense variants of ACE2 includ-
ing Ser19Pro, Ile20Val, Thr27Ala Glu37Lys, Gly326Glu, and
Glu329Gly (23). A number of studies have indicated that
various missenses with medium-range depletion or en-
richment could cause weak or enhanced PD-RBD (24). How-
ever, non-missense variants of PD truncation and struc-
tural perturbations have adverse effects on PD–RBD com-
munication and viral entry in carrier individuals (19). Chen
and Brest’s studies demonstrated that ACE2, TMPRSS2, and
ADAM17 variants are involved in disease severity (25, 26).
On the other hand, studies showed that a high level of IFN-
III production in the upper airways of patients causes a
mild pathology of infection in the patients and leads ef-
ficiently to the transcription of genes that prevent SARS-
CoV-2. However, the overexpression of IFNs was exhibited
in the lower airways of patients with severe COVID-19 that
demonstrate gene pathways related to higher apoptosis
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and lower proliferation (27).

3.3. OMICS Technologies in COVID-19

Genomics, transcriptomics, proteomics, and
metabolomics as Omics technology can be used to find the
pathogenic mechanisms, diagnosis, and target therapy of
COVID-19 (28).

The studies in males and females with COVID-19
showed that metabolites regulate part of immune re-
sponses. Furthermore, the metabolic reprogramming of
cells is performed via immune-stimulating, leading to dis-
ease outcomes through altering metabolic plenty. A posi-
tive correlation has been indicated among kynurenic acid
(KA) and a high KA to kynurenine (K) ratio and age, in-
flammatory cytokines, and chemokines, but the negative
relationship was observed between KA and a high KA to
K ratio with T cell responses, indicating that immune re-
sponses in males are related to KA production. Male pa-
tients with acute infection had a higher KA to K ratio than
patients with the stabilized conditions. There was no rela-
tionship between age, disease severity, and the KA: K ratio
in females, but this ratio had a positive correlation with
T cell responses. Moreover, there was lower serum gluta-
mate in patients with severe COVID-19 than in patients with
the stabilized condition because KA inhibits glutamate re-
lease. Also, the relationship of cytokine levels and aryl
hydrocarbon receptor activation with Kynurenine amino-
transferase expression was found in older males (28). Some
studies found that metabolites such as palmitoleic and
arachidonic acid positively correlate with inflammatory
function, and some of them have neurologic roles like glu-
tamate and cysteine-S-sulfate. However, metabolites that
have a negative effect on COVID-19 are related to the urea
cycle and nitric oxide (NO) synthesis pathway, such as pro-
line, citrulline, and glutamine (28).

The studies demonstrated an increased risk of sec-
ondary bacterial infections in acute patients with COVID-
19. The diagnosis of secondary infection in patients
with COVID-19 is challenging and increases mortality (29).
Lactate, C-reactive protein (CRP), and procalcitonin are
biomarkers for acute sepsis, but no specific biomarker was
found for a secondary infection. Therefore, the determina-
tion and compliment of disease-specific biomarkers may
help diagnose secondary bacterial infections in COVID-19.
So, metabolomics may aid in using personalized antimi-
crobial therapy in patients. The patient metabolic profile
was determined via metabolomics analysis that shows the
patient’s metabolic condition (29).

Mutations and new variants of SARS-CoV-2 have been
found via genomic analysis. Transcriptome sequences de-
termine gene expression changes of SARS-CoV-2 in vari-
ous biological samples. Proteomics and metabolomics ap-

proaches are used to determine the pathogenic mecha-
nisms, potential target drugs, and vaccines (30). Two crit-
ical applications of proteomics in COVID-19 infection are
(1) virus identification, pathogen diagnosis, mutation de-
termination, and identification of posttranslational mod-
ification and (2) investigation of the effect of the virus on
host cells at the protein level such as finding drug tar-
gets, diagnosis of pathologic pathway, immunogenicity,
and biomarkers identification (30). Proteomics studies in
SARS-CoV-2-infected ACE2-expressing A549 cells showed ab-
normalities in many antiviral pathways. Polymerase (RNA)
II polypeptide B, the production of ephrin-B1, thymidylate
synthase, and dihydrofolate reductases were declined via
ubiquitination. Studying the correlation between ubiq-
uitination and viral pathogenesis can help to discover
potential drug targets. Moreover, the analysis of trans-
latome and proteome indicated that SARS-CoV-2 infection
may intervene with various pathways such as translation,
proteostasis, glycolysis, splicing, and nucleotide synthesis
pathways (30).

Metabolomics studies have showed that glu-
cose metabolism, lipid metabolism, and amino acid
metabolism have vital roles in COVID-19 infection (30).
Moreover, gut metabolites regulate immune and neu-
roendocrine systems that connect the gut-liver, lung,
and gut-brain axes. Furthermore, changes in the fe-
cal metabolome indicate gastrointestinal metabolism
and absorption, which has a crucial role in identifying
pathogenesis, diagnostic and prognostic markers, and
therapeutic targets (31).

3.4. Prcision Medicine in COVID-19

The studies report significant heterogeneity in risk and
outcome of COVID-19 infection. Individualized therapy can
be developed by unraveling the various phenotypes and
underlying pathobiology of virus. Today, there is no proper
antiviral drug, specific and effective vaccine, or antibody
against COVID-19. However, hundreds of treatments have
experimented with different drugs and pharmacological
agents with various mechanisms to prevent virus function
in the host (32). Predictive approaches lead to determining
target phenotypes and precision therapies proportional
to patients’ requirements (33). For instance, personalized
treatment has been indicated to lower mortality rates in
COVID-19 hospitalized patients (32).

4. Conclusions

Clinical variability of COVID-19 infection has been re-
ported to be associated with various risk factors like age,
sex, comorbidity, lifestyle, virus mutation, host immune
response, and genetic background variation. Determining
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biomarkers and drug targets that help to early diagnosis
and timely treatment of critical patients are of crucial im-
portance. Determining the various-host phenotypes, pre-
cise mechanism of pathogenesis and taking advantages of
omics approaches will help to develop individualized ther-
apy.
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