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Abstract

Human populations are faced to the COVID-19
pandemic due to the emerging SARS-CoV-2 coronavirus
originating from Wuhan (China) and with dramatic Public
Health consequences. Despite periods of panic, the scientific
community demonstrated an incredible innovation potential
and energy ending up in one year with new vaccines to be
used in population. Researchers are interrogating on how
individual genetic differences contribute to the diversity of
clinical manifestations or ethnic and geographic disparities
of COVID-19. While efforts were spent to understand
mechanistically the infectious potential of the virus, recent
progresses in molecular genetics and bioinformatics allowed
the characterization of viral sequence and construction of
phylogeographical maps of viral dispersion worldwide.
These data will help understanding epidemiological
disparities among continents and ethnic populations. Much
effort was also spent in analyzing host genetics by studying
individual genes involved in innate and immune responses
or explaining pathogenesis of comorbidities that complicate
the fate of elderly patients. Several international consortia
launched already Genome wide Association Studies (GWAS)
and whole genome sequencing strategies to identify genetic
markers with immediate application in patients at risk of
respiratory failure. These new genetic data are important not
only for understanding susceptibility factors for COVID-19
but they also contain an important message of hope for
mankind warranting our survival and health.

Keywords: COVID-19, SARS-CoV2, single
nucleotide variation (SNV), genome wide association study
(GWAS).

INTRODUCTION

In 2020, humanity experienced a dramatic
COVID-19 pandemic due to SARS-CoV-2
coronavirus with serious consequences in Public
Health as well as significant socio-economical and

political consequences (https://www.who.int/). By
November 2020, there were 19,362,465 reported cases
of COVID-19, among which 106,142 were serious
or critical cases. The outbreak continues to spread
today, while 1,551,760 deaths are recorded around the
world, including both developed and low- and middle-
income (LMI) countries (https://www.worldometers.
info/coronavirus/). This pandemic is the largest viral
outbreak in the last 100 years since Influenza HIN1
pandemic in 1918, which killed more than 50 million
people (1, 2). The actual COVID-19 is due to an
emerging coronavirus occurred in Wuhan (China),
which rapidly spread widely in all countries with some
unusual manifestations. Although coronaviruses were
known by virologists, this family of viruses - unlike
Influenza — was not in the main focus of geneticists
because the zoonosis they produced accounted for
common colds in children and were geographically
limited. In the last two decades, attention was however
drawn by SARS (severe acute respiratory syndrome) due
to SARS-CoV-1 and MERS (Middle East Respiratory
Syndrome) due to MERS-CoV, responsible for 8000
and 3000 deaths, respectively (3). The striking feature
of COVID-19 pandemic - differently from Influenza
that affects young people - is that the great majority
of infected people have none or only minor symptoms.
Indeed, only 20% of the population of older age shows
a disproportionate severity of pulmonary failure
leading to acute respiratory distress syndrome (ARDS)
or death in the absence of an appropriate care. Elderly
patients at high risk are those with co-morbidities
such as diabetes mellitus, high blood pressure
(HBP), cardiovascular (CV) diseases and obesity,
all components of the metabolic syndrome (MetS).
In a short time-period, the high number of severely
affected patients overcrowded intensive care units and
almost all governments were constrained to impose
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strong sanitary measures culminating with lockdowns.
COVID-19 pandemic mobilized the entire medical
community from practitioners to researchers with
an incredible enthusiasm of scientific collaboration.
In one year, the viral genome was sequenced and
analyzed for different strains and numerous vaccines
were developed (4). By December 8" 2020 the UK
already started vaccination of the population. All these
events translate an unbelievable innovation potential of
research despite periods of fear and even panic among
people. Never, in our history the scientific approach
was so well placed and so rapidly translated into
medical progresses. Altogether these events represent
a deep message of hope for mankind.

During the XXIII® Symposium of the
Romanian Psychoneouroendocrine Society, held
in Bucharest on 5-7 November 2020 - during the
lockdown period - internists and endocrinologists
raised the question of how geneticists could explain
clinical features of COVID-19, susceptibility to
severe complications and disparities among ethnic and
geographically dispersed populations. The influential
role of genetic factors in infectious diseases is not
new. For Influenza pandemic, there are compelling
evidences suggesting that individual genetic differences
contribute to the severity of the disease. Thus, studies
during Influenza outbreaks (e.g. “swine flue” pandemic
in 2009) revealed several genetic markers as SNV
(single nucleotide variations) in the genome, associated
with pneumonia and located in genes such as interferon
response factor 7, Fc fragment of immunoglobulin G or
complement components (1, 5).

In the context of enormous progress in
molecular genetics and bioinformatics, geneticists
intended to explain variability among populations and
how they contribute to the understanding of COVID-19
susceptibility. Indeed, research laboratories are now
able to better evaluate genetic components using
Genome wide Association Studies (GAS), whole
genome sequencing or phylogenetic analysis. Moreover,
together with anthropologists, they are even able using
ancient (a)DNA to go thousands of years back in our
history to trace susceptibility markers. In this paper we
will focus on two major aspects: one related to virus
genetics and another on global strategies using whole
genome analysis.

Genetics of SARS-CoV-2 virus

A first source of variation in COVID-19
pandemic is coming directly from genetics of the virus.
The International Committee on Taxonomy of Viruses

(ICTV) named the emerging coronavirus 2019-nCoV
as SARS-CoV-2. Coronaviruses are classified as
o (HCoV-NL63 and HCoV-229) and B (HCoV-OC43
and HCoV-HKU1) coronaviruses. SARS-CoV2 is a
single stranded RNA virus, which compared to HIV,
hepatitis C or Influenza possesses a large genome
(> 30 kb). Variations occur due to the high rate of
recombination, which represents the common source
for cross-species transmission. The virus also displays
a high rate of mutation (10'°) but lower than other
viruses because it possesses a proofreading mechanism,
thus keeping the virus to accumulate mutations (7). The
viral genome was sequenced in the beginning of year
2020 (6). Based on sequences, the virus likely originated
from bats (Rhinolophus affinis), which represent
the natural reservoir. By spontaneous mutations/
recombination the virus acquired the pathogenicity
and jumped in humans, spreading then from human-to-
human (8). The transmission vector remains unknown
but several live-animals sold on Huanan market in
Wuhan (e.g. Pangolin) were suspected. The role of
Pangolins (Manis javanica) was excluded since the
virus is harmful for these animals. Moreover, SARS-
CoV-2 has 96% homology with bat version (RaTG13)
but much less with Pangolin virus. Two thirds of the
viral genome contains ORF1la and ORF1b regions and
another terminal domain encodes for spike (S) protein,
envelope (E), membrane (M), nucleocapsid and other
helper proteins. The spike protein drew much attention
because through this molecule the virus expresses its
cellular tropism by binding to ACE2 (angiotensin-
converting enzyme 2 receptor) on the cell surface. The
S protein is composed of a N-glycosylated ectodomain,
a transmembrane domain and a cytoplasmic tail and is
further divided in S1 and S2 subunits. C-terminal of
the S1 domain contains the specific receptor binding
domain (RBS) for ACE2 (9). During viral infection, a
crucial step is the cleavage of S protein (called priming)
at specific cleavage sites by cellular proteases such as
furin, trypsin, TMPRSS (serine protease transmembrane
protease serine 2) and cathepsin L (10). Digestion by
furin involves a specific motif (R-X-X-R) and occurs
in the Golgi compartment while other proteases operate
on the cell surface.

Sequence analysis and biochemical studies
indicated that compared to the bat progenitor (RaTG13),
several mutations occurred with particular functions.
Following mutations, two main features were gained
by SARS-CoV-2. Firstly, 5 mutations occurred in RBD
of the S protein increasing the ability to bind with high
affinity to ACE2 receptor. Secondly, another feature
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was dictated by occurrence of a polybasic cleavage
site between S1 and S2 subdomains, thus allowing
the cleavage by furin (11). This last modification
is supposed to increase infectivity. Close related to
cleavage site at S1-S2 junction, the addition of a
proline residue resulted in the ability to bind O-linked
glycans, which flanks the cleavage site. The function
of these O-linked glycans remains poorly understood,
but they are supposed to create a mucin-like domain,
used by viruses in immunoevasion. It is not clearly
established whether these mutations occurred in bat
and then jumped in humans or they appeared during a
still undetected human-to-human transmission (11).
Numerous sequences of the viral genome were
compiled by the Global Initiative on Sharing Avian
Influenza Data (GISAID) website and are publicly
available (https://www.gisaid.org/). Updates are also
kept by China National Center of Bioinformatics
((https://bigd.big.ac.cn/ncov/tool/annotation?lang=en)
and NEXTSRAIN portal (https://nextstrain.org).
Accumulation of such mutational data allowed the
phylogenetic network analysis, methods previously
used by researchers to reconstruct prehistoric
population movements of Homo sapiens or language
prehistory (12). These procedures are powerful and
able to identify the virus origin and how it spread in
timeline. The first report by Forster et al. 2020 contained
analysis of 160 viral genome sequences and revealed
A, B and C subclades. The clade A is the ancestral
type. Type A and C spread in Europe and America
while the B form in East Asia. Moreover, this analysis
was able to trace infection sources at individual level.
For instance, the Mexican strain was detected in an
individual traveler from Italy, clearly explaining how
the virus was spread. In another recent report, Gémez-
Carballa et al. (13) by studying more than 4700 SARS-
CoV-2 genomes of high quality, reconstructed virus
variations by phylogeographic large-scale analysis
and was able to investigate dynamics worldwide. By
analyzing numerous mutations and considering the
timing of samples, several macro-haplogroups were
detected (A and B) both of Asian origin as well as more
than 160 sub-branches. The haplo group A originated
from Asia and had the highest frequency in Europe and
Africa (97 and 93%) but remaining at a prevalence of
77% in Asia and only 53% in America. The sub-clade
A2 originating in Europe from an Asian ancestor is
by far the most frequent worldwide. Multiple founder
episodes were identified. For instance, the first A2
genome was detected in a Bavarian (German) patient
and another sub-clade A3 was the most common in
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Asia. Another subclade A2a2a was detected in North
America, but which was probably of European origin
(France); the clade A2a4 was found with the highest
frequency in Switzerland. The second major haplogroup
B was very frequent in North America (47%), South-
America (32%) and Asia (23%). Finally, the clade B3a
emerged in Europe (high prevalence in Spain) and from
where went to South America (71% of all B genomes).
These data are compatible with the idea that the virus
occurred in Asia and infected one person (index case)
in Hubei (China) in a silent mode up to November
2019 when the outbreak was declared. Analysis also
suggested that some mutations occurred in interval of
days, compatible with super-spreaders and founder
effect in geographical areas, as for instance, the case of
haplotype H4 in the haplogroup A. Conversely, there are
data indicating that some strains were at high frequency
in several restricted geographical areas such as the
haplogroup A3 in Japan, or haplotype H8 (haplogroup
A2a5a) in Iceland. Phylogeography analysis may also
help the understanding the potential effects of other
newly discovered mutations. For instance, Korber et
al. detected a new mutation D614G, which is supposed
to enhance the infectivity of the virus (14). These data
are still debated, but from phylogeographic analysis it
appears that D614G mutation is located on haplogroup
A2, containing by itself another A23403T mutation
that better correlates to high impact of COVID-19 in
Europe and particularly in Spain. At present, there are
no correlations found between these subclades and
clinical variability of COVID-19, either with age or sex.
However, these studies are crucial in understanding the
variability of infectivity among continents and between
ethnic populations.

Another aspect that drew the attention of
geneticists was the ethnic variability of COVID-19
and geographical disparities. Variability among ethnic
groups is very complex involving multiple factors. A
recent report reviews these aspects and indicates that
34% of COVID-19 affected individuals in the UK
are racial minority groups (15). Similarly in the USA,
racial minorities groups are disproportionately harmed
by the pandemic. In several states, African-Americans
registered 52% of deaths although they represent only
30% of the population (15). There is no doubt that these
disparities may be also explained by socio-economic or
environmental factors. Inequalities in the place of work
and high risk of exposure, crowded houses and health-
care disparities, all could explain the ethnic variation.
Although males are more affected than females in all
populations, a recent report of the Office for National
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Statistics of COVID-19 in the UK indicated that the
African man and women are 4.2 and 4.3 more likely
to have a COVID-19 death than White population
(16). Many other chronic conditions are more
prevalent in minorities groups in Europe and further
explained by inequalities, adherence to medication
and socioeconomic disadvantages. However, it is not
excluded that genetic factors of susceptibility also
contribute to these disparities. In Africa, the first
confirmed case was reported in Egypt in February
2020 (17). In the whole continent there are 1.3 million
confirmed cases with 30,370 deaths, relatively lower
than in Europe. This may be explained by numerous
factors (18). Africans are characterized by high genetic
diversity that might influence resistance to infections.
Such situations are documented for HIV, malaria or
trypanosomiasis. Moreover, the African continent
experiences numerous infection diseases and outbreaks
in front of which governments take drastic measures at
an early stage. The mean age of the population (19.7
years) and a small proportion of old individuals (>
60 years) would be another factor. It is not excluded
that previous coronaviruses infections prepared
(immunologically) the population. All these factors
should be balanced to genetic factors from the virus
itself or from the host population.

Host genetics

Another major source of variation in clinical
and epidemiological aspects of COVID-19 is the
genetics of the host. This domain implies many
aspects, including immunologic features of innate
or adaptive response as well as physiopathological
mechanisms (19). Clinically, the COVID-19 disease is
characterized by occurrence of mild symptoms such as
fever, fatigue, cough, myalgia, headache or diarrhea.
In high proportion the virus infection remains without
symptoms but some patients present pulmonary
complication, with typical CT scans followed by
respiratory failure necessitating mechanical ventilation
and oxygen supply. The respiratory failure could lead
to the distress syndrome (ARDS) or death. The critical
observation was the occurrence of serious cases in
elderly patients with co-morbidities (20). Patients with
respiratory failure display for 1/3 diabetes mellitus
or CV-diseases and almost half have HBP or obesity
(21). This clinical picture complicates the work
of geneticists since case-control studies cannot be
performed in asymptomatic patients and because many
of these features are rather explained by immunological
alterations or physiopathological mechanisms (22,

23). However, novel strategies developed in genetics,
were able, even under these circumstances, to detect
genetic components. One classical model used by
geneticists is the twin study. Indeed, a recent report
from the UK investigated the clinical manifestations of
COVID-19 in 2633 twin volunteers using the “Covid
Symptoms Tracker” application (https://doi.org/10.
1101/2020.04.02.20051334). Investigators predicted
the heritability of COVID-19 by 50% (29-70%),
including 41% heritability for fever, 47% for anosmia
and 49% for delirium (24). Another good example of
genetic approach was offered by the study of obesity.
Obesity is a common component of COVID-19.
CDC in the USA estimated the prevalence of 28-30%
(21). The role of obesity was explained by multiple
factors such as co-existence of hypoventilation,
obstructive sleep apnea, cellular stress and chronic
state of systemic inflammation with tissue hypoxia. All
these lead to a pre-inflammatory state with increased
C-reactive protein and high levels of IL-1, IL-6 and
TNFa. Of particular importance is the presence of
visceral adiposity with high expression of ACE2
(24). An interesting study was performed in 489,769
individuals (with 28% obesity) registered in the UK
Biobank, among whom 641 patients displayed severe
COVID-19 forms (25). Central obesity was associated
with significantly higher risk of COVID-19. Moreover,
a Polygenic Risk Score (PRS) using genome wide data
from the GIANT consortium (Genetic investigation
of Anthropometric Traits) showed an association with
higher risk of outcomes (P < 0.004 and Z-score of
1.14). These data indicated that central obesity and the
genetic predisposition to obesity represent a higher risk
of developing severe forms of COVID-19.

In the hypothesis of a genetic susceptibility for
COVID-19 disease, geneticists are faced to complex
situations because the risk of exposure in the general
population is pending on many factors such as transport
of people from one geographical region to another. For
instance, Iceland is a quite particular country where
genetic studies performed by DECODE genetics
indicated a homogeneous population and ideal genetic
studies. A recent report from this country indicated that
the first case of COVID-19 was a person coming from
Italy (26). And, there are 7 million of travellers per year
through the unique airport of Iceland. In this population
it was observed a lower incidence of COVID-19 in
children and females compared to adults and males.
While Iceland may represent an excellent model to
understand genetics of COVID-19, the Mediterranean
populations are by contrast more complicated since
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Mediterranean borders were places of admixed
populations for millennia, including the admixture with
North African populations (27-29). It is worth saying
that analysis of genetic data triggering the MetS and its
components from the MEDIGENE program ((https://
cordis.europa.eu/result/rcn/195753_fr.html) in  the
Mediterranean area would be of crucial importance.

A recent study in bioinformatics reviewed
candidate genes that would be involved in COVID-19
pathogenicity (30). Many of these genes were known
from Herpex simplex encephalitis, ARDS due to
Influenza virus, infections by Varicella Zoster viruses
and some other immunodeficient syndromes. A number
of 40 genes were proposed as candidates and involved
in Toll like Receptor (TLR), lectin and inflammasome
pathways. We scrutinized these 40 genes among the
1511 genes for insulin resistance or 175 genes for
MetS in the HuGE navigator (https://phgkb.cdc.gov/
PHGKB/hNHome.action) and found only 6 genes in
common with insulin resistance - HLA-B of major
histocompatibility complex, CCL5 (Chrl7ql2),
ABO (Chr9q34.2), MBL2 (Chr10g21.1) and TRAF3
(Chr14g32.32) and only one CCL2 (Chr 17q12) with
MetS. Since many of these genes encode for cytokines,
one might speculate on their potential role in severe
forms of COVID-19, although more detailed studies
would be necessary to reveal culprit genes.

The host genetics is a large field of research
and concerns besides immunological aspects individual
genes involved in the viral infection or various steps
of metabolism. The most studied genes are ACE2
and TMPRSS2 (31). ACE2 is located on Chr Xp22.2
and encodes for angiotensin-converting enzyme 2
receptor catalyzing the conversion of angiotensin II to
angiotensin 1-7. The interest in this gene was dictated
by the fact that ACE2 protein is the binding receptor
for the spike protein and because renin angiotensin
system is involved in regulation of the blood pressure.
Its dysfunction generates CV and kidney disorders.
ACE2 is widely expressed in tissues, including the
lung. Tissue distribution of ACE2 might explain
manifestations at the level of the gastro-intestinal tract.
TMPRSS?2 is a serine protease involved in the priming
of spike protein. The gene is located on Chr21q22.3
and its expression is high in ciliated cells and alveolar
epithelial cells of the lung. Moreover, an androgen-
responsive enhancer upstream of TMPRSS2 suggests
a potential explanation of male to female disparities
in the severity of COVID-19. These aspects of host
genetics were largely reviewed in the literature (19,
22,23, 32, 33). Here we would like to focus on global
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genetic approaches using GWAS or whole genome
sequencing. Of note, at the international level, efforts
were spent to understand host genetics. Thus, several
consortia were created: COVID-19 Host Genetics
Initiative, COVID Human Genetic Effort and Genetics
of Mortality in Critical Care (GenOMICC). For the
reader we indicate that a curated hub (LitCOVID) from
the National Library of Medicine tracks all publications
on COVID-19 and corresponding genes involved (34).
A recent study was offered by COVID-19
Host Genetics Consortium and published in New
Engl. J. Med (35), which performed a case-control
association study in two populations from epicenters
of COVID-19 (Italy and Spain). A number of 1980
participants were included presenting positive PCR
tests and pulmonary failure requiring oxygen only or
additional mechanical ventilation. The patients were
compared to 2381 controls from both countries. The
GWAS revealed two genomic regions: one at the locus
Chr3p21.31 and another one on Chr9q34.2. The region
on Chr3 (centered by rs11385942) indicated potential
implications of six genes: SLC6A20, LZTFLI,
CCR9, FYCO1, CXCR6 and XCR1. The association
of the leader SNV was significant with P < 1.15x10-
10, OR 1.77. The precise gene is not identified yet.
However, genes in this candidate region are either
largely expressed in the lung (LZTFL1) or functionally
related to ACE2 such as SLC6A20, which encodes
the sodium—aminoacid (proline) transporter 1 (SIT1).
The marker on Chr 9 (rs657152) corresponds to ABO
blood groups, confirming some other previous results.
Indeed, the distribution of ABO blood groups among
1775 infected in Wuhan (China) and 23,386 people
from Shenzhen City indicated that blood group A had
a significant higher risk for making the disease while
the group O would be protective (36). More recently,
a Mendelian Randomization (MR) study identified
IFNAR2 gene involved in susceptibility or prognosis
of COVID-19 (37). Gene Ontology (GO) enrichment
analysis indicated multiple genes and tagged by the
top 5 probes, including IFNAR2, TRIMS5, NLRCS,
MCTP1, PTPNI1, FCERIG, ATF4 and PON2.
Further, the deep sequencing and GWAS performed in
Chinese individuals detected two other potential genes
(TMEM189 and UBE2V1) on Chr20q13.13 in severe
and mild forms of COVID-19. The candidate region
was centered by rs6020298. The UBE2V1 gene encode
for ubiquitin-conjugating enzyme E2 variant 1, which
together with TMEM189 and TRIMS is involved in
interleukin-1 (IL-1) signaling and immune response.
Genetic anthropologists with the goal to trace
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genetic markers in the human history then studied data
from GWAS on COVID patients. A recent study from
the group of S. Pdibo in Germany scrutinized the SNV
the marker on Chr3 and previously found by GWAS
in the Neanderthal genome. The SNV in this region
of Chr 3 are in high linkage disequilibrium (LD) and
restricted to a “core haplotype” of around 49 kb. This
core haplotype extends to a weaker LD along a much
longer haplotype (around 333 kb), which could enter by
introgression from Neanderthals. The study indicated
the leader SNV was homozygous in several samples of
Neanderthal but none from Denisovans. By studying
the clade of Neanderthal genome in the present day
populations (1k genome project) it was observed that
the core haplotype occurs at high frequency in South
Asia (30%), much less in Europe (8%) or admixed
Americans (4%) and virtually absent in Africans. The
highest frequency was detected in Bangladesh.

In conclusion, these genetic studies are crucial
in the understanding of the variability of the virus
infection and manifestations of the COVID-19 in
ethnic populations. One can speculate from these whole
genome data that identification of more robust genetic
markers for COVID-19 susceptibility may be helpful
in order to prioritize individuals for vaccination, for
instance. Genetics laboratories have shown in the last
year an incredible capacity of innovation and intensive
work should be now oriented towards identification
of genetic factors of susceptibility for COVID-19. In
these efforts both developed and LMI countries should
be involved bearing in mind that understanding genetic
diversity represents a virtue of mankind and a source
of evolutionary resilience warranting our survival and
health.
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