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ABSTRACT

An agent that emerged with a series of pneumonia cases of unknown etiology in China in December 2019 and caused the coronavirus disease-2019 
pandemic, has been defined as severe acute respiratory syndrome coronavirus 2 as a result of studies conducted in a group of patients presenting 
with cough, dyspnea, and pyrexia. Viral entry into host cells starts and affects critical steps of pathogenesis. This step includes host receptor-viral 
spike protein interaction and enzyme activity. Varying degrees of host responses to viral entry are observed among individuals. Polymorphisms, 
that may be detected in communities and attributed to host cells, have a role in the pathogenesis of coronavirus disease infection. The reason 
why this has been considered is that receptors, enzymes, and other physiological response mechanisms’ structures are idiosyncratic. Genetic 
variants that aid spike 1 protein and angiotensin-converting enzyme 2 binding are associated with susceptibility to infection because it is easier 
for the viruses to enter cells. On the contrary, genetic variants that inhibit binding are related to better outcomes because it is harder for the 
virus to invade. The transmembrane protease serine gene is another region for genetic polymorphisms. When there is a genetic variant in the 
regulatory region two outcomes can occur: up-regulation or down-regulation. Since the transmembrane protease serine gene oversees viral entry, 
up-regulation or high expression of this gene causes worse outcomes. Specifically, the rs2285666 variant of the angiotensin-converting enzyme 
2 gene is found to decrease expression, making it protective, while the rs12329760 variant of the transmembrane serine protease gene makes 
patients more susceptible to worse consequences. Many other variants of genes are associated with coronavirus disease, but they require further 
careful investigation to understand the mechanism behind the relation. Human leukocyte antigen and AB0 blood group genes, vitamin metabolism 
genes, and others are found to have a role in coronavirus disease pathophysiology. This study aims to show most of the probable polymorphic sites 
of host cell genetics that may influence the pathogenesis of coronavirus disease.
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INTRODUCTION

In December 2019, in Wuhan, China, the number of pneumonia 
cases presenting with cough, high temperature, and dyspnea 
suddenly increased. The etiologic agent has been identified as the 
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) 
as a result of studies conducted on groups of pneumonia patients 
(1). The coronavirus disease-2019 (COVID-19) pandemic, caused 
by the SARS-CoV-2 novel virus, was officially declared by the 
World Health Organization (1). After two and a half years 
of the outbreak, many vaccines were developed and applied 
to humans. Various variants of the virus have had different 

impacts on the public and health systems. The presentation of 
COVID-19 can vary from being completely asymptomatic to 
death. Commonly seen symptoms of the infection are pyrexia, 
dry cough, and fatigue (1). The disease is transmitted via 
respiratory droplets, mostly due to close contact (2). Studies 
showed that viral nucleic acid is found in patients’ feces, urine, 
blood, serum, ocular secretions, and semen, however, it is not 
clear, yet that disease may be transmitted via these routes 
(2). Also, no information about sexual transmission is present 
(2). To confirm COVID-19 infection, a real-time quantitative 
polymerase chain reaction test is extensively used (3). Since the 
primary system affected by the virus is the respiratory system, 
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nasopharyngeal swabs are used to detect viral nucleic acid 
(3). Non-specific markers of inflammation, such as C-reactive 
protein and erythrocyte sedimentation rate, are also useful for 
diagnosis (3). Radiological images show ground glass opacity, 
which is not pathognomonic of COVID-19 infection (4). 
Microscopic bilateral diffuse alveolar damage due to loss of 
both type 1 and type 2 pneumocytes with cellular fibromyxoid 
infiltrates and interstitial mononuclear inflammatory infiltrates 
with lymphocyte dominance is seen in patients (3, 4). When 
cases in China were studied, it showed that the mean incubation 
period of SARS-CoV-2 is 5-6 days (range 2-14 days) (5). The 
disease burden is not limited to the death toll and confirmed 
cases. It is extensively related to the economy, social activities, 
and education in the world (6, 7). Countries whose economies 
depend on factors that are affected by the global shock that 
the pandemic created are more susceptible to indirect losses 
(e.g., tourism) (8). Direct losses are due to illness and mortality 
(8). Countries get affected by the virus to different extents, 
just like individuals. One of the most important differences 
between individuals is genetics. Everyone has a unique genetic 
sequence that is inherited from their parents. Individuals might 
have genetic mutations sporadically (9). Some variants are more 
common than mutations and they are called polymorphisms 
(9). It is known that genetic polymorphisms have an important 
role in the binding of an agent to a host cell, the response of 
the host cell to the disease, and its susceptibility to the disease 
(9). This study aims to present the latest data about the effect 
of detected genetic polymorphisms on COVID-19 infection 
pathogenesis and prognosis.

Virology

Coronaviruses have four major structural protein-coding genes: 
Spike protein (S), envelope protein (E), membrane protein (M), 
and nucleocapsid protein (N) (10). As we know from literature, 
viral spike protein (S protein) uses the angiotensin-converting 
enzyme 2 (ACE2) receptor in human tissues (3). This makes 
tissues that have high ACE2 expression susceptible to viral 
invasion. Coronaviruses have relatively large (~30 kb), single-
stranded, and positive-sense genomes (3). We have encountered 
a variety of variants since the beginning of the coronavirus 
pandemic. Since humans are made of the same universal code 
as viruses, they are at risk to have genetic mutations. While 
some mutations are functional, some are not. These variants of 
the virus caused different outcomes, such as worse prognoses 
and enhanced contagiousness. 

Pathogenesis Mechanisms and Possible Polymorphism Sites

Since genetic polymorphisms are alterations in the genetic 
sequence, structural and functional proteins which are encoded 
by these altered genes may be linked to overall diagnosis, 
prognosis, and sequelae of the disease. Not only proteins 
themselves but also mechanisms that are involved in the 
infectious process and immune response may be genetically 
polymorphic. Many sites in the human body are prone to being 
polymorphic because all levels of functionality are controlled 

on a genetic basis. When we started collecting data, we were 
faced with the fact that the most studied polymorphism in 
the human body is ACE2 receptor polymorphisms regarding 
COVID-19 pathogenesis. ACE2 receptor mutations are studied 
more in number when compared to other mutations regarding 
COVID-19 disease prognosis. Virus entry is possible via the 
ACE2 receptor for both SARS-CoV-1 and SARS-CoV-2 (11). 
The virus binds to the ACE2 receptor with its S protein (1). The 
S protein has two subunits, each with its distinct function. A 
complete spike protein consists of a trimer of S1-S2 subunits 
(12). The S1 subunit binds to the ACE2 receptor via its receptor-
binding domain (RBD), while the S2 subunit helps with the 
fusion (12, 13). Two processes are crucial for viral entry: binding 
of S1 to the ACE2 receptor and S protein priming by host cell 
Transmembrane Protease Serine 2 (TMPRSS2) (14-16). Another 
process for the virus to enter a cell may be endosomal/lysosomal 
cysteine proteases cathepsin B and L (CTSB, CTSL) activity, 
however, it is not mandatory (14). Several studies stated that 
furin protease, cellular receptor neuropilin-1, and the CD147 
receptor are involved in SARS-CoV-2 disease infection as well 
(17-20). The ACE2 receptor is the main receptor of the Renin-
Angiotensin System (RAS) and its expression in cells is regulated 
by several pro and anti-inflammatory cytokines (21). RAS and 
opposing systems in the human body regulate the cardiovascular 
system, blood pressure control mechanism, neural and renal 
functions (21). ACE2, TMPRSS2, and CTSB/L genes are mostly 
expressed in kidney, heart, respiratory, gastrointestinal tract 
tissues, and even blood cells (21). Thus, the symptoms can be 
seen more readily in these systems and tracts that express the 
ACE2 receptor due concentrated viral entry and proliferation 
(21). Still, tissues that have relatively low expression of the 
receptor have been affected via indirect mechanisms, such 
as the immune response of the host (21). The ACE receptor is 
found in healthy respiratory vascular endothelial cells, and 
therefore, a pathology in those cells may cause elevated serum 
ACE levels, as previous studies showed (22). The ACE genotype 
is considerably polymorphic, however, the extent of thoracic 
involvement is not found to be significantly related to the ACE 
receptor polymorphisms (22). According to recent studies, new 
hypotheses are posed for discussion. The relationship between 
the ACE2 receptor and hypertensive drugs (ACE inhibitors) looks 
concerning to healthcare providers, and new research studies 
are being performed. According to the Council on Hypertension 
of the European Society of Cardiology, people on hypertension 
medication who use ACE inhibitors should continue using their 
drugs with no changes (23). Viral invasion of vascular endothelial 
cells, lung cells, and myocytes causes inflammatory changes 
such as edema, degeneration, and necrosis (3). Cardinal signs 
of inflammation may be seen. Thus, invasion starts an act on 
the body via pro-inflammatory cytokines. Interleukins (IL) such 
as IL-6 and IL-10, tumor necrosis factor (TNF)-a, granulocyte 
colony-stimulating factor (GCSF), monocyte chemoattractant 
protein I, macrophage inflammatory protein 1α, programmed 
cell death protein I, T-cell immunoglobulin, and mucin domain 3 
(Tim-3) are the main molecules that have a role in pathogenesis 
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(24). Increased release of pro-inflammatory cytokines is the 
etiology of cytokine storm and lymphocyte depletion (25). 
Degeneration of lungs, myocytes, endothelial cells, cardiac 
tissue, intestinal lining, and systemic effects experienced by 
the host are due to these circulating messenger molecules (24). 
Cardiopulmonary changes may cause a decrease in oxygen 
saturation, and eventually, cellular damage and cyanosis occur 
in distal parts of the body. Sensitive but not specific biomarkers 
are usually elevated, and troponin-T, natriuretic peptides, 
and IL-6 are prognostic factors related to poor results (3). 
Cardiac complications such as myocarditis, heart failure, and 
arrhythmias are among the causes of mortality. Gastrointestinal 
(GI) system-related symptoms are mainly nausea, vomiting, 
diarrhea, and abdominal pain (3). Hepatic injury is usually 
seen, which is detected by elevated enzyme levels of serum 
alanine aminotransferase, aspartate aminotransferases, 
bilirubin, and g-glutamyl transferase (3). Hepatic injury is 
related to hepatotoxic medication, which can cause systemic 
inflammation, sepsis, respiratory distress syndrome-induced 
hypoxia, or multiple organ failure. Another system involved 
in the pathogenesis of COVID-19 is the nervous system (3). 
Symptoms are migraine, dizziness, seizure, decreased level of 
consciousness, acute hemorrhagic necrotizing encephalopathy, 
agitation, and confusion, accompanied by anosmia, hyposmia, 
and dysgeusia (3). Two important demographic prognostic 
factors are sex and age (26). After COVID-19 infection, 
developing severe complications is more common in men than 
women (26). As age increases hospitalization increases but not 
in a directly proportional manner: 0.1% in children and 10% or 
more in the elderly (26).

Complications of COVID-19 disease may be ordered as 
laryngeal edema and laryngitis, necrotizing pneumonia caused 
by a staphylococcal toxin (Panton-Valentine leukocidin), 
acute pericarditis, ventricular dysfunction, acute myocardial 
injury, arrhythmias, heart failure, acute respiratory failure, 
acute respiratory distress syndrome, ventilation-associated 
pneumonia, sepsis, multiple organ failure, and pulmonary 
embolism due to acute right-sided heart failure (3). 
When polymorphisms are studied in COVID-19 infection 
pathogenesis, it is seen that the ACE2 receptor, TMPRSS2, and 
HLA are commonly studied polymorphism sites. Viral entry is 
mediated by the RBD surface network of polar contacts which 
are Lys417, Gly446, Tyr449, Asn487, Gln493, Gln498, Thr500, 
Asn501, Gly502, and Tyr505 (27). Variable susceptibility to 
COVID-19 infection and different outcomes can be explained 
by age, sex, and race differences between patient groups. When 
reviews are studied, it is inferred that the ACE2 and TMPRSS2 
polymorphisms, male sex, and HLA-B*15:03 genotype are 
more vulnerable to COVID-19 (27). Male sex, old age, and the 
presence of comorbidities increase vulnerability (27). Both 
diabetes and hypertension are controlled by the ACE2 receptor 
and are the most common comorbidities in COVID-19 patients 
(28). Because of various conditions, the ACE2 receptor number 
decreases over time, and a deficiency of ACE2 should favor 
disease progression (28). The ACE2 receptor gene is located on 

the X chromosome (29). Males have higher expression of the 
gene and higher conversion of Angiotensin II than females (30). 
Therefore, it is concluded that female patients might have lower 
sensitivity to viral infection (30). In a study, two distinct DNA 
sequences were found linked to the decreased binding capacity 
of the S protein to the ACE2 receptor, thus a favorable outcome 
and increased resistance to viral entry are reported (31). Also, 
some specific variants of the ACE2 gene are found to be a factor 
in the reduction of expression. The rs2285666 variant of ACE2 
reduces the expression and thus might be protective against 
viral entry (31). In COVID-19 infection, excessive production 
of immune mediators causes a cytokine storm. The cells 
that have a role in the cytokine storm also express the ACE2 
receptor (32). There are many functional variants of the ACE2 
receptor gene that are related to increased binding affinity to 
the S protein. However, some functional variants are found to 
be linked to decreased affinity (33). Regulatory variants of the 
ACE2 receptor gene increase the expression of the ACE2 and 
TMPRSS2 genes (33). It is found that 13 gene variants increase 
interaction between S1 and ACE2: H378R and S19P, European 
and African variants, respectively (34). In the same study, some 
other 18 single nucleotide polymorphisms were found to be 
related to inhibition of the interaction between S1 and ACE2: 
Q388 L and M82I, American and African variants, respectively 
(34). An association between the TMPRSS2 p.Val160Met variant 
and COVID-19 infectivity has been identified in a study, but this 
study showed no correlation between increased polymorphism 
and the severity of disease (35). Another study showed that 
TMPRSS2 deficiency reduces the severity of disease (36). 
Distinct variants were investigated, which showed that variants 
that highly expressed the gene were more susceptible to disease 
(36). East Asian populations have a lower frequency of genotypes 
that are associated with high expression compared with 
American and European populations (36). Studies revealed that 
the ABO system of blood groups may have an impact on disease 
pathogenesis (37-43). In chromosome location 9q34.2, there 
is a polymorphism known as rs657152 which causes a higher 
risk of infection for blood group A compared to non-A blood 
groups and a lower risk of infection for blood group O compared 
to non-O blood groups (37). A polymorphism (in 19q13.32, 
rs429358) that alters the gene sequence of Apolipoprotein E 
causes severe disease in patients with comorbidities such as 
dementia, diabetes, and cardiovascular disease (38). In the 
HLA loci, two polymorphisms are found to be associated with 
disease vulnerability and immunity: B*46:01 and B*15:03, 
respectively (39). A polymorphism (in the 11p15.5 location, 
rs12252) found in interferon-induced transmembrane protein 3 
(IFITM3) is associated with mild-to-moderate disease (40, 41). 
Polymorphisms in the TLR7 and TMEM189-UBE2V1 genes were 
also associated with severe disease (37). Polymorphisms of the 
Interleukin-6 gene are associated with increased susceptibility 
to chronic obstructive pulmonary disease, pneumonia, various 
viral infections, and idiopathic pulmonary fibrosis among 
different populations via different variants (42). These diseases 
might present as co-morbidities in COVID-19-infected patients. 
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Co-morbid diseases also affect the progression and prognosis of 
the main course of the infection. Some polymorphisms might 
have an indirect effect, as mentioned above, via increasing the 
risk of probable co-morbid diseases.

A recent genome-wide association study reported that 
polymorphisms in the SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6, 
and XCR1 genes were found to be related to severe respiratory 
failure (43). “Two polymorphisms, the rs11385942 insertion/
deletion polymorphism of the leucine zipper transcription 
factor-like protein 1 (LZTFL1) gene and the rs657152 SNP of 
the ABO gene, are related to severe COVID-19 cases with 
respiratory failure” (43). The gene responsible for producing 
methylenetetrahydrofolate reductase (MTHFR) is polymorphic 
among Latinx populations (44). The number of people carrying 
the MTHFR 677 T-allele is found to be high in this group, as 
is the mortality from COVID-19 infection (44). Thus, a strong 
correlation between the C677T variant and mortality from 
COVID-19 infection was found (44). It is seen that 8 genetic 
polymorphisms are associated with COVID-19 mortality. 
These genetic variants were seen on chromosomes 2, 6, 7, 
8, 10, 16, and 17 (45). Genes related to ciliary dysfunction 
(DNAH7 and CLUAP1), cardiovascular diseases (DES and SPEG), 
thromboembolic disease (STXBP5), mitochondrial dysfunction 
(TOMM7), and the innate immune system (WSB1) were found 
to be related to susceptibility to severe disease (45). DNAH7 
was found to be the most down-regulated gene in COVID-19 
infection of bronchial epithelia (45). In a study conducted by 
Turkish researchers, it was hypothesized that vitamin D binding 
protein (DBP) polymorphisms might affect COVID-19 infection 
(46). DBP is known as the most polymorphic protein (46). DBP 
affects biological functions. Polymorphism of this protein gene 
is associated with susceptibility to different diseases such as 
Hepatitis C and metabolic syndrome (46). It was hypothesized 
that this highly polymorphic gene may be associated with 
COVID-19 infection. As the result of the study, they found 
that there is a significant positive “correlation between the 
prevalence and mortality rates and the GT genotype, while there 
is a significant negative correlation between the prevalence and 
mortality rates and the TT genotype at the rs7041 locus among 
all populations” (China, Japan, Nigeria, Kenya, Mexico, Italy, 
Türkiye, Finland, Germany, Czech Republic) (46). A relationship 
is found between the OAS1 (oligoadenylate synthetase 1) gene 
variations and Alzheimer’s and COVID-19 (47). The single 
nucleotide polymorphisms rs1131454 (A) and rs4766676 (T) are 
associated with Alzheimer’s disease while rs10735079 (A) and 
rs6489867 (T) are associated with severe COVID-19 (47). OAS1 is 
found to be functional in limiting the pro-inflammatory response 
of myeloid cells (47). A decrease in OAS1 gene expression 
should increase the susceptibility to cytokine storm (47). It is 
found that the GG genotype of the patatin-like phospholipase 
domain-containing protein 3 (PNPLA3) (rs738409 locus) gene is 
associated with a severe outcome when sex influence is adjusted 
(27). Also, the same genotype was found linked to being more 
vulnerable to tissue damage in cases of inflammation and up-
regulation of the NLR family pyrin domain containing 3 (NLRP3) 

inflammasome. However, in the same study, no association 
between the interferon (IFN) lambda system and the outcome of 
COVID-19 was detected. Previous studies revealed that the IFN 
lambda system may be associated with reduced viral clearance 
in African children with coronavirus and rhinovirus infections 
(27). In the infection state, the lung parenchyma is extensively 
infiltrated with macrophages and T helper cells (27). Mer tyrosine 
kinase (MERTK) is a receptor for macrophage subpopulation M2 
(27). In this study, it was found that MERTK polymorphisms 
do not affect patients in terms of the severity of the outcome 
(27). Other different studies suggest that the PNPLA3-rs738409 
polymorphism might be protective against severe COVID-19 
disease (48-50). Although these studies suggest a protective 
effect, the PNPLA3-rs738409 variant has been found to have a 
higher risk for severe disease, as mentioned earlier (27). Overall, 
it is difficult to understand how exactly this polymorphism alters 
disease pathogenesis and further studies are warranted (51).

Study Limitations

The subject of this study is a novel topic that needs further 
analysis of samples taken from COVID-19-infected patients 
of different groups in populations. Limited information about 
DNA polymorphisms causes restricted treatment options. 
Personalized medicine needs to know the differences among 
human populations to provide more effective treatment. 
Experimental clinical studies may obtain more data among 
world populations to determine which polymorphisms cause 
severe disease and which do not. Not only for COVID-19 disease 
but other diseases are thought to be related to genetic variants 
and heritage. It is incontrovertible to say that most diseases 
have a genetic background and that severity may be affected by 
environmental exposures. This study is also devoid of articles 
that we had to pay for to be able to read. With appropriate 
funding, more studies can be examined, and more extensive 
research can be done.

CONCLUSION 

Gene polymorphisms and mutations may play a role in disease 
progression and sequelae. A novel virus, SARS-CoV-2 is one 
of them. Diseases should be investigated thoroughly to not 
miss any factors that might contribute to the pathogenesis 
and prognosis. This is possible via scientiface2 studies. In this 
study, we aimed to determine whether genetic polymorphisms 
affect COVID-19 disease pathogenesis and prognosis. It 
was concluded that genetic polymorphisms among human 
populations are associated with COVID-19 disease, and they 
partly determine disease outcome and severity via both 
direct and indirect mechanisms during the disease state. Most 
common polymorphisms are attributed to the ACE2 gene 
because of its essential role in viral entry mechanisms. Genetic 
variants that aid the S1 protein and ACE2 binding may be 
associated with susceptibility to infection because it is easier for 
viruses to enter cells. On the contrary, genetic variants which 
inhibit binding are related to better outcomes. The another 
gene encoding TMPRSS2 is highly polymorphic. When there is a 
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genetic difference in the regulatory gene region, two outcomes 
can occur: up-regulation or down-regulation. Since TMPRSS2 
oversees viral entry, up-regulation or high expression of this 
gene may cause worse outcomes. Other polymorphic sites and 
variants among ancestry groups and smaller populations need 
further clinical experimental studies to gather more data for 
understanding the reality behind disease pathogenesis. One 
should never dismiss the concept of having comorbidities and 
underlying causes of the apparent disease state. Nevertheless, 
while the variant increases the main course of the disease, there 
might be factors that aid patients in healing.

Ethics Committee Approval: N/A

Informed Consent: N/A

Conflict of Interest: The authors declared no conflict of interest.

Author Contributions: Concept: E.Ş., A.D., F.E., Design: E.Ş., A.D., F.E., Data 
Collection and/or Processing: E.Ş., A.D., Analysis and/or Interpretation: E.Ş., A.D., 
F.E., Literature Search: E.Ş., A.D., F.E., Writing: E.Ş., A.D., F.E.

Financial Disclosure: The authors declared that this study received no financial 
support.

REFERENCES
1.	 Forchette L, Sebastian W, Liu T. A comprehensive review of Covid-19 virology, 

vaccines, variants, and therapeutics. Curr Med Sci 2021;41(6):1037-51. [Crossref]

2.	 Buruk K, Ozlu T. New Coronavirus: SARS-COV-2. Mucosa 2020;3(1):1-4. [Crossref]

3.	 Azer SA. COVID-19: pathophysiology, diagnosis, complications and investigational 
therapeutics. New Microbes New Infect 2020;37:100738. [Crossref]

4.	 Parasher A. COVID-19: Current understanding of its pathophysiology, clinical 
presentation and treatment. Postgrad Med J 2021;97(1147):312-20. [Crossref]

5.	 Backer JA, Klinkenberg D, Wallinga J. Incubation period of 2019 novel coronavirus 
(2019-nCoV) infections among travellers from Wuhan, China, 20-28 january 
2020. Euro Surveill 2020;25(5):2000062. [Crossref]

6.	 Haseler TWL. Effect of Covid-19 and social isolation on disease burden in the over 
70s: We must act soon. BMJ 2022;377:o906. [Crossref]

7.	 Sharma D, Bhaskar S. Addressing the Covid-19 burden on medical education 
and training: the role of telemedicine and tele-Education during and beyond the 
pandemic. Front Public Health 2020;8:589669. [Crossref]

8.	 Noy I, Doan N, Ferrarini B et al. Measuring the economic risk of Covid-19. Global 
Policy 2020;11(4):413–23. [Crossref]

9.	 Öztürk R, Taşova Y, Ayaz A. COVID-19: pathogenesis, genetic polymorphism, 
clinical features and laboratory findings. Turk J Med Sci 2020;50(SI-1):638-57. 
[Crossref]

10.	 Brian DA, Baric RS. Coronavirus genome structure and replication. Curr Top 
Microbiol Immunol 2005;287:1-30. [Crossref]

11.	 Sironi M, Hasnain SE, Rosenthal B et al. SARS-CoV-2 and COVID-19: A genetic, 
epidemiological, and evolutionary perspective. Infect Genet Evol 2020;84:104384. 
[Crossref]

12.	 Bai C, Warshel A. Critical differences between the binding features of the spike 
proteins of SARS-CoV-2 and SARS-CoV. J Phys Chem B 2020;124(28):5907-12. 
[Crossref]

13.	 Huang Y, Yang C, Xu XF et al. Structural and functional properties of SARS-
CoV-2 spike protein: potential antivirus drug development for COVID-19. Acta 
Pharmacol Sin 2020;41(9):1141-9. [Crossref]

14.	 Hoffmann M, Kleine-Weber H, Pöhlmann S. A Multibasic cleavage site in the spike 
protein of SARS-CoV-2 ıs essential for ınfection of human lung cells. Mol Cell 
2020;78(4):779-84. [Crossref]

15.	 Wu F, Zhao S, Yu B et al. A new coronavirus associated with human respiratory 
disease in China. Nature 2020;579(7798):265-9. [Crossref]

16.	 Ozono S, Zhang Y, Ode H et al. SARS-CoV-2 D614G spike mutation increases entry 
efficiency with enhanced ACE2-binding affinity. Nat Commun 2021;12(1):848. 
[Crossref]

17.	 Hoffmann M, Kleine-Weber H, Schroeder S et al. SARS-CoV-2 cell entry depends 
on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell 
2020;181(2):271-80. [Crossref]

18.	 Cantuti-Castelvetri L, Ojha R, Pedro LD et al. Neuropilin-1 facilitates SARS-CoV-2 
cell entry and infectivity. Science 2020;370(6518):856-60. [Crossref]

19.	 Zamorano Cuervo N, Grandvaux N. ACE2: Evidence of role as entry receptor for 
SARS-CoV-2 and implications in comorbidities. Elife 2020;9:e61390. [Crossref]

20.	 Qiao J, Li W, Bao J et alB. The expression of SARS-CoV-2 receptor ACE2 and 
CD147, and protease TMPRSS2 in human and mouse brain cells and mouse brain 
tissues. Biochem Biophys Res Commun 2020;533(4):867-71. [Crossref]

21.	 Trougakos IP, Stamatelopoulos K, Terpos E et al. Insights to SARS-CoV-2 life 
cycle, pathophysiology, and rationalized treatments that target COVID-19 clinical 
complications. J Biomed Sci 2021;28(1):9. [Crossref]

22.	 Gören T. Acil servise Başvuran Viral pnömonili Hastalarda Serum Ace (anjiyotensin 
Dönüştürücü Enzim) Düzeyi ve Ace Gen Polimorfizminin araştırılması 
(dissertation). Denizli: Pamukkale Üniversitesi Tıp Fakültesi. 2022. [Crossref]

23.	 de Simone G. Position statement of the ESC Council on hypertension on ACE-
inhibitors and angiotensin receptor blockers. European Society of Cardiology 
(online) 2020 March 13 (cited 2022 Dec 27): 1(1). Available from: URL: https://www.
escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-
of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang. [Crossref]

24.	 Chiappell F. Putative Natural History of COVID-19. Bioinformation 
2020;16(5):398-403. [Crossref]

25.	 Cron RQ, Chatham WW. The Rheumatologist’s role in COVID-19. J Rheumatol 
2020;47(5):639-42. [Crossref]

26.	 Promislow DEL. A Geroscience perspective on COVID-19 mortality. J Gerontol A 
Biol Sci Med Sci 2020;75(9):e30-3. [Crossref]

27.	 Grimaudo S, Amodio E, Pipitone RM et al. PNPLA3 and TLL-1 polymorphisms as 
potential predictors of disease severity in patients with COVID-19. Front Cell Dev 
Biol 2021;9:627914. [Crossref]

28.	 SeyedAlinaghi S, Mehrtak M, MohsseniPour M et al. Genetic susceptibility of 
COVID-19: a systematic review of current evidence. Eur J Med Res 2021;26(1):46. 
[Crossref]

29.	 Tipnis SR, Hooper NM, Hyde R et al. A human homolog of angiotensin-
converting enzyme. Cloning and functional expression as a captopril-insensitive 
carboxypeptidase. J Biol Chem 2000;275(43):33238-43. [Crossref]

30.	 Devaux CA, Rolain JM, Raoult D. ACE2 receptor polymorphism: Susceptibility to 
SARS-CoV-2, hypertension, multi-organ failure, and COVID-19 disease outcome. 
J Microbiol Immunol Infect 2020;53(3):425-35. [Crossref]

31.	 Gemmati D, Bramanti B, Serino ML et al. COVID-19 and Individual Genetic 
Susceptibility/Receptivity: Role of ACE1/ACE2 Genes, Immunity, Inflammation 
and Coagulation. Might the Double X-chromosome in Females Be Protective 
against SARS-CoV-2 Compared to the Single X-Chromosome in Males? Int J Mol 
Sci. 2020;21(10):3474. [Crossref]

32.	 Chaudhary M. COVID-19 susceptibility: potential of ACE2 polymorphisms. Egypt 
J Med Hum Genet 2020;21(1):54. [Crossref]

33.	 Senapati S, Banerjee P, Bhagavatula S et al. Contributions of human ACE2 and 
TMPRSS2 in determining host-pathogen interaction of COVID-19. J Genet 
2021;100(1):12. [Crossref]

34.	 Darbani B. The expression and polymorphism of entry machinery for COVID-19 in 
human: juxtaposing population groups, gender, and different tissues. Int J Environ 
Res Public Health 2020;17(10):3433. [Crossref]

35.	 Wulandari L, Hamidah B, Pakpahan C et al. Initial study on TMPRSS2 p.Val160Met 
genetic variant in COVID-19 patients. Hum Genomics 2021;15(1):29. [Crossref]

36.	 Irham LM, Chou WH, Calkins MJ et al. Genetic variants that influence SARS-
CoV-2 receptor TMPRSS2 expression among population cohorts from multiple 
continents. Biochem Biophys Res Commun 2020;529(2):263-9. [Crossref]

37.	 Anastassopoulou C, Gkizarioti Z, Patrinos GP et al. Human genetic factors 
associated with susceptibility to SARS-CoV-2 infection and COVID-19 disease 
severity. Hum Genomics 2020;14(1):40. [Crossref]

38.	 Kuo CL, Pilling LC, Atkins JL et al. APOE e4 genotype predicts severe COVID-19 in 
the UK Biobank Community cohort. J Gerontol A Biol Sci Med Sci 2020;75(11):2231-
2. [Crossref]

39.	 Nguyen A, David JK, Maden SK et al. human leukocyte antigen susceptibility map for 
severe acute respiratory syndrome Coronavirus 2. J Virol 202016;94(13):e00510-
20. [Crossref]

https://doi.org/10.1007/s11596-021-2395-1
https://doi.org/10.33204/mucosa.706906
https://doi.org/10.1016/j.nmni.2020.100738
https://doi.org/10.1136/postgradmedj-2020-138577
https://doi.org/10.2807/1560-7917.ES.2020.25.5.2000062
https://doi.org/10.1136/bmj.o906
https://doi.org/10.3389/fpubh.2020.589669
https://doi.org/10.1111/1758-5899.12851
https://doi.org/10.3906/sag-2005-287
https://doi.org/10.1007/3-540-26765-4_1
https://doi.org/10.1016/j.meegid.2020.104384
https://doi.org/10.1021/acs.jpcb.0c04317
https://doi.org/10.1038/s41401-020-0485-4
https://doi.org/10.1016/j.molcel.2020.04.022
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1038/s41467-021-21118-2
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1126/science.abd2985
https://doi.org/10.7554/eLife.61390
https://doi.org/10.1016/j.bbrc.2020.09.042
https://doi.org/10.1186/s12929-020-00703-5
https://hdl.handle.net/11499/45732
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://doi.org/10.6026/97320630016398
https://doi.org/10.3899/jrheum.200334
https://doi.org/10.1093/gerona/glaa094
https://doi.org/10.3389/fcell.2021.627914
https://doi.org/10.1186/s40001-021-00516-8
https://doi.org/10.1074/jbc.M002615200
https://doi.org/10.1016/j.jmii.2020.04.015
https://doi.org/10.3390/ijms21103474
https://doi.org/10.1186/s43042-020-00099-9
https://doi.org/10.1007/s12041-021-01262-w
https://doi.org/10.3390/ijerph17103433
https://doi.org/10.1186/s40246-021-00330-7
https://doi.org/10.1016/j.bbrc.2020.05.179
https://doi.org/10.1186/s40246-020-00290-4
https://doi.org/10.1093/gerona/glaa131
https://doi.org/10.1128/JVI.00510-20


46
Turk Med Stud J 2023;10(2):41-6Şahin et al. Role of Polymorphisms on COVID-19 Pathogenesis

40.	 Thevarajan I, Nguyen THO, Koutsakos M et al. Breadth of concomitant immune 
responses prior to patient recovery: a case report of non-severe COVID-19. Nat 
Med 2020;26(4):453-5. [Crossref]

41.	 Zhang Y, Qin L, Zhao Y et al. Interferon-ınduced transmembrane protein 3 genetic 
variant rs12252-c associated with disease severity in Coronavirus disease 2019. J 
Infect Dis 2020;222(1):34-7. [Crossref]

42.	 Kirtipal N, Bharadwaj S. Interleukin 6 polymorphisms as an indicator of COVID-19 
severity in humans. J Biomol Struct Dyn 2021;39(12):4563-5. [Crossref]

43.	 Severe Covid-19 GWAS Group; Ellinghaus D, Degenhardt F et al. Genomewide 
association study of severe Covid-19 with respiratory failure. N Engl J Med 
2020;383(16):1522-34. [Crossref]

44.	 Ponti G, Pastorino L, Manfredini M et al. COVID-19 spreading across world 
correlates with C677T allele of the methylenetetrahydrofolate reductase (MTHFR) 
gene prevalence. J Clin Lab Anal 2021;35(7):e23798. [Crossref]

45.	 Hu J, Li C, Wang S et al. Genetic variants are identified to increase risk of COVID-19 
related mortality from UK Biobank data. Hum Genomics 2021;15(1):10. [Crossref]

46.	 Karcioglu Batur L, Hekim N. The role of DBP gene polymorphisms in the 
prevalence of new coronavirus disease 2019 infection and mortality rate. J Med 
Virol 2021;93(3):1409-13. [Crossref]

47.	 Magusali N, Graham AC, Piers TM et al. A genetic link between risk for 
Alzheimer’s disease and severe COVID-19 outcomes via the oas1 gene. Brain 
2021;144(12):3727-41. [Crossref]

48.	 Valenti L, Jamialahmadi O, Romeo S. Lack of genetic evidence that fatty liver 
disease predisposes to COVID-19. J Hepatol 2020;73(3):709-11. [Crossref]

49.	 Innes H, Buch S, Barnes E et al. The rs738409 G allele in PNPLA3 is associated 
with a reduced risk of COVID-19 mortality and hospitalization. Gastroenterology 
2021;160(7):2599-601. [Crossref]

50.	 Bianco C, Baselli G, Malvestiti F et al. Genetic insight into COVID-19-related liver 
injury. Liver Int 2021;41(1):227-9. [Crossref]

51.	 Pirola CJ, Sookoian S. PNPLA3 and COVID-19 outcomes: Thinking outside the box 
might explain the biology behind pleiotropic effects of rs738409 on the immune 
system. Liver Int 2021;41(11):2801-4. [Crossref]

https://doi.org/10.1038/s41591-020-0819-2
https://doi.org/10.1093/infdis/jiaa224
https://doi.org/10.1080/07391102.2020.1776640
https://doi.org/10.1056/NEJMoa2020283
https://doi.org/10.1002/jcla.23798
https://doi.org/10.1186/s40246-021-00306-7
https://doi.org/10.1002/jmv.26409
https://doi.org/10.1093/brain/awab337
https://doi.org/10.1016/j.jhep.2020.05.015
https://doi.org/10.1053/j.gastro.2021.02.059
https://doi.org/10.1111/liv.14708
https://doi.org/10.1111/liv.15043



