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Abstract. Human genetic diversity is shaped by both demographic and biological factors and 
has fundamental implications for understanding the genetic basis of disease. Understanding 
how some genes influence the manifestation of SARS-CoV-2 viral infection, is a desideratum 
of modern approaches to personalized therapy. With genome-wide prediction of individual 
pharmacological response this information can be used to obtain new pharmacological targets, 
and with them new active substances. All this information reinforces the concept of customized 
medicine, a concept that was utopian for a while, but with technological advances in molecular 
analysis, this concept is starting to become a reality. 
This study is a short review highlighting the main components of the genetic variations in the 
relationship between the virus and the host organism. Individual variations of genes and their 
proteins expressions are also a key component in the process of understanding induced 
immunity after disease as well as after vaccination. Genetics of human cell membranar systems 
used for virus integrations host and genetics of human intracellular signalling are short 
presented. 
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1.   Human genetic variations and medical’s implications 

Genetic variation is the difference in DNA sequences that occurs between individuals in a 
population. Only variation that occurs in germ cells can be inherited from one individual to 
another and thus affects population dynamics and ultimately evolution. As humans multiplied 
and spread across the planet, they encountered thousands of local dietary variations and 
different diseases that generated countless selection pressures [1]. 

Many of the protein-coding genes are polymorphic, and it appears that those with high 
frequency in the population are related to selection induced by environmental factors. The 
selected allelic variants will generate, in populations, enclaves with considerable significance 
in the case of some pathologies. Human genetic variability has many causes, including SNPs 
(single nucleotide polymorphism), INDELs (INDELs small insertions and deletions), CNVs 
(copy number variation – CNV) and other genetic events that can lead to the alteration of the 
functions of some proteins.  

SNPs represent the most common form of DNA polymorphisms (on average 1 in 1000 
bases), but the frequency can be higher in certain regions such as CpG islands (1 in 100) or 
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lower within some genes (1 in 2500 bases). SNPs located in intergenic or synonymous regions 
within genes are not subject to natural selection. 

Technological advances in the area of genomics, proteomics and metabolomics, have led to 
the development of means of identifying these variations [2, 3]. 

There are some important human genetic variations for medical sciences [4] that have been 
more intensively studied: 

 variation in disease resistance, well studied for malaria, tuberculosis, hepatitis 
and leprosy, but not for more than a thousand other human diseases; 

 variation in the ability to metabolize two products of the agricultural 
revolution: alcohol and milk (lactase persistence); 

 variation in drug metabolizing capacity, in particular, mediated by variants in 
the cytochrome P450 and N-acetyl-transferase gene families; 

 HLA genetic variation with implications in the immune response.  
Molecular diagnostic tools are current and very valuable tools for determining individual 

genetic variations that can play an important role in diagnosis, but also in individual 
pharmacological response, being necessary for predicting pharmacological response before 
starting therapy.  

 
2.  The genetic variations in the relationship between the virus and the host 

organism  

2.1. The viral adaptations 
The differences generated by individual genetic variations can contribute to understanding the 
manifestation and severity of the disease identified at the impact of the host organism with the 
virus. The clinical symptoms of patients infected with SARS-CoV-2 vary greatly and are 
usually divided into symptomatic or asymptomatic [5, 6]. 

When SARS-CoV-2 infection occurs there is a constant battle between the viral load and 
the host's immune strength. Disease progression or a negative SARS-CoV-2 nucleic acid test 
would be two completely different outcomes of host-virus interactions. 

Changes in serum molecular expression profile represent a framework of biological events 
induced by COVID-19 and could reflect the damage of cells, tissues and organs by SARS-
CoV-2 [7]. 

Starting from these considerations and to understand the human genetic variability in 
correlation with the clinical manifestation of the COVID 19 disease, research have followed 
the relationship between the virus and the host organism.  

Viral adaptations were very fast, consisting in the creation of opportunities for the virus to 
access the host cells, by remodeling the spike protein (protein S). Multiple mutant variants, 
over 5106 of the spike protein, created by independent amino acid substitutions, were 
identified. The impact of mutations increases transmissibility and affects the recognition by 
the antibodies of the host organism (camouflage), during the convalescence period. 

In addition to protein S, the virus has other proteins that are more or less known, but which 
allow viral invasion, coordination of changes in the host cells (changes at the level of the 
endoplasmic reticulum, changes in ionic homeostasis) and facilitation of viral replication 
(Table 1), [8].  

There are a number of non-structural viral proteins that play a role in replication and 
transcription (nsp 1- nsp16). These protein enzymes necessary for the formation of the viral 
genome are about three times higher than in other viral forms. The important enzyme is RNA 
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polymerase, but this is aided by other nonstructural proteins (nsp) to complete multiplication 
and synchronization of the viral cycle with complex cellular mechanisms of the host [9]. 

Table 1. Viral proteins and their role in the process of viral transmissibility and 
damage to the host cell 

Viral proteins Key role and host interactions 

Structural proteins 

Spike protein 

 

- ensure the attachment of the virus to the receptors on 
the surface of the host cell. 

- facilitates viral entry into the host cell. 
- induces cell fusion between infected and adjacent, 

uninfected cells generating multinucleated entities or 
syncytia, a strategy to allow the direct spread of the 
virus between cells and to undermine the antibodies that 
neutralize the virus. 

Membranare protein - is the most abundant structural protein and defines the 
shape of the viral coat. 

Nucleocapsid 

protein 

- involved mostly in processes related to the viral 
genome. 

- associated with other aspects of the CoV replication 
cycle. 

- associated with the host's cellular response to viral 
infection. 

Envelope protein 

- is abundantly expressed inside the infected cell during 
the replication cycle, but only a small fraction is 
incorporated into the membrane. 

- participates in CoV assembly and budding. 
- controls intracellular traffic, namely ER, Golgi and 

ERGIC (intermediate compartments between ER and 
G), 

- forms/permeabilizes Ca2+ channel at ER level. 
- acts as a viroporin after insertion into host membranes 

to generate a hydrophilic pore that allows ion transport 
altering cellular homeostasis. 

Non-structural proteins (Coronavirus replicase proteins) 

Nsp 1 - mRNA degradation from host cell 

Nsp 4, NSP 6 - organelle formation 

Nsp 10 - the ribosomal regulation 

2.2. Genetics of human cell membranar systems used for virus attachment and entry 
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SARS-CoV-2 entry into the host cell is mediated by the molecular interaction between virus 
and human proteins such as metallocarboxyl peptidase angiotensin receptor (ACE 2). The 
activity of this peptidase is critical for the virion to have access to the host cell [10, 11]. 

From a genetic point of view, 1700 variants of the ACE2 gene, located on the X 
chromosome, are known. Also, 15 unique variants are associated with the quantitative 
regulation of gene expression. At the gene level, 14 SNPs and 1 insertion/deletion (INDEL) 
polymorphisms with higher minor allelic frequencies (MAF) were noted in the Asian 
population than in a European population [11]. 

Other host enzyme systems are involved in the progression or facilitation of viral entry: 
cathepsins, serine protease, transmembrane protease (TMPRSS2), TMPRSS4 or trypsin-like 
protease [12]. 

The activities of these enzymes are conditioned and nuclear coordinated by the genes that 
specifically encode these proteins and differ from one individual to another. Proteolytic 
cleavage is followed by fusion of viral and cell membranes. The more numerous these 
enzymes are because of gene activation, the faster the penetration of the virus. The cell 
membrane protease that contains the disintegration domain ADAM17 (a disintegrin and 
metalloproteinase 17) can cleave the domain of the ACE2 receptor that recognizes the spike 
protein and once released extracellularly will keep the virus bound/blocked at a distance from 
the host cell membrane. Three unique variant SNPs inducing strong differences in allelic 
profiles between European and Asian populations were identified for ADAM17 protein [13]. 
Consequently, the virus that has entered the body can be detected serologically, but it will not 
induce symptoms of the disease because it has not also entered the intracellular level. 

Inhibiting the activity of proteases required to cleave viral spike proteins: for example, 
inhibiting the enzymatic activity of ADAM17 and TMPRSS2 could serve as novel therapeutic 
targets [14]. This could block the viral interaction with the receptor and its entry into cells. 

ACE receptors are expressed in almost all tissues, while ACE2 is expressed by alveolar 
epithelial cells and capillary endothelial cells. ACE2 is highly expressed in the lung and 
kidney, but also in the gut and brain. Genetic polymorphisms of ACE and ACE2 are 
associated with hypertension, cardiovascular disease, stroke, and diabetes [12]. 

2.3. Genetics of human intracellular signaling in SARS-CoV-2 infection 

Effects of molecular activation, at the cellular level, can induce various signaling pathways, 
including serine/threonine kinase, ERK, JNK/MAPK as well as PKC. These considerations 
offer new visions for the development of targeted therapies, because the signaling pathways 
triggered by ACE and ACE2 increase cytokines (IL-6, TNFα), increase oxidative damage by 
ROS and amplify endothelial damage by inhibiting NO synthesis and vasoconstriction. 
Therefore, inhibition of only one of its targets, eg IL-6, may not provide significant 
therapeutic benefit in these patients [15, 16]. 

Individual variations are also a key component in the process of understanding induced 
immunity after disease as well as after vaccination. Further studies on long-term COVID-19 
showed that abnormal patterns of immune cell activation persisted in patients' blood during 
the recovery period and following the onset illness 170 days after discharge [17, 18]. 

The adaptive evolution of the dominant immune cell subpopulations associated with the 
new phenotype imposed by the impact with the virus is an important strategy for the immune 
response [19]. 

Table 2. The human genes with regulatory mechanisms at a distance associated  
with COVID-19 
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Genes 

 

Proteins Phenotip 

 

Molecular 

genetics/Expression 

SLC6A20 
 
 
3p21.31 

membranar 
transporter 

 

Na(+) and Cl(-)-coupled 
transporter proteins 
mediate transit of 
structurally related small 
hydrophilic substances 
across plasma 
membranes. 
Expression in human 
kidney and small 
intestine, with no 
expression detected in 
other tissues. 

Renal glycosuria and 
hyperglycinuria without 
increased excretion of other 
amino acids were the features 
observed of 3 generations of 
1 kindred with probable 
autosomal dominant 
inheritance [27] 

IFNAR2 
 
 
21q22.11 
 
(https://www.gen
ecards.org/cgi-
bin/carddisp.pl?ge
ne=IFNAR2) 

type I membrane 
protein that forms 
one of the two 
chains of a 
receptor for 
interferons alpha 
and beta 

Human IFNAR2 
deficiency causes fatal 
susceptibility to live viral 
vaccines, revealing a vital 
but narrow nonredundant 
role for IFN-α/β in viral 
immunity. 
Type I interferon (IFN-
α/β) is a fundamental 
antiviral defense 
mechanism. 
 

A major susceptibility locus 
for hepatitis B virus [28]. 
 
Patient cells showed no 
IFNAR2 expression and 
were unresponsive to 
IFNA1/IFNB1 signaling with 
increased susceptibility to 
viral infection.  
These cellular defects could 
be rescued by transduction of 
wildtype IFNAR2, including 
reinstating the ability to 
control the replication of 
IFN-sensitive viruses.  
The patient developed fatal 
encephalitis following 
routine immunization with 
measles/mumps/rubella 
(MMR) vaccine. 

CCR9 
 
 
3p21.31  
 
(https://www.ncbi
.nlm.nih.gov/gene
/10803) 
 

chemokine, CC 
motif, receptor 9 

Chemokines also play 
fundamental roles in the 
development, 
homeostasis, and function 
of the immune system, 
and they have effects on 
cells of the central 
nervous system as well as 
on endothelial cells 
involved in angiogenesis 
or angiostasis. 
 

This gene and its exclusive 
ligand, chemokine 25, are 
overexpressed in a variety of 
malignant tumors and are 
closely associated with tumor 
proliferation, apoptosis, 
invasion, migration and drug 
resistance. 
CCR9 transcript that was 
highly expressed in thymus 
and weakly expressed in 
lymph nodes and spleen. 
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Multiple transcript variants 
encoding different isoforms 
have been found for this 
gene. 

TLR3  
 
4q35 
 
(https://www.gen
ecards.org/cgi-
bin/carddisp.pl?ge
ne=TLR3) 
 

transmembrane 
cell-surface 

receptors, which 
have a key role in 

the innate 
immune system 

 

It recognizes dsRNA 
associated with viral 
infection, and induces the 
activation of NF-kappaB 
and the production of 
type I interferons. It thus 
plays a role in host 
defense against multiple 
viruses.  
 

The various TLRs exhibit 
different patterns of 
expression.  
This receptor is most 
abundantly expressed in 
placenta and pancreas, and is 
restricted to the dendritic 
subpopulation of the 
leukocytes 

TYK2 
 
(https://www.gene
cards.org/cgi-
bin/carddisp.pl?ge
ne=TYK2&keyw
ords=TYK2) 

protein associates 
with the 

cytoplasmic 
domain 

Tyrosine kinase of the 
non-receptor type 
involved in numerous 
cytokines and interferons 
signaling, which regulates 
cell growth, development, 
cell migration, innate and 
adaptive immunity .  
 

This gene has 35 transcripts 
(splice variants), 197 
orthologues, 32 paralogues 
and is associated with 4 
phenotypes. 
(http://www.ensembl.org/Ho
mo_sapiens/Gene/Summary?
g=ENSG00000105397;r=19:
10350533-10380608) 
 
A mutation in this gene has 
been associated with 
Immunodeficiency 35. 
Ubiquitous expression in 
spleen (RPKM 21.6), bone 
marrow (RPKM 20.9) and 25 
other tissues [29] 

Numerous studies have demonstrated that SARS-CoV-2 infection can cause a variety of 
potential sequelae, including impairment of lung function or imaging abnormalities, 
cardiovascular injury, neuroinflammation and nerve injury, gastrointestinal injury, and kidney 
injury [20-23].  

Zhang X. et al. (2023) in a complex study used information that includes molecular 
patterns, in patients with COVID 19, of serum abnormalities and their effects on hundreds of 
cells signaling pathways, thousands of functions of different biological systems, cardiac, liver 
and kidney organ toxicity and other biological events on cells, tissues and target organs 
infected with SARS-CoV-2. 

Combining information on the abundance represented by synthesized proteins and protein 
activity correlated with regulatory factors (genes, RNA, transcription factors) and proteins 
important in the cellular responses with complex mechanisms (Table 2), suggests a new 
perspective to find drugs that can counteract COVID-19 at the molecular level throughout the 
course of the disease [24-26]. 

3.   Conclusions 
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Genetic variability is the basis of understanding many processes associated with pathogenesis 
and can provide support for a series of therapeutic approach mechanisms. The COVID-19 
pandemic marked a crucial moment for humanity that laid the foundations for broad 
interdisciplinary approaches and the consolidation of scientific interventions. 

The way the disease manifests, the individual or population differences identified both in 
the severity of the disease and in the response to therapy required a specific approach and 
updated the concept of personalized medicine. 
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