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ARTICLE INFO ABSTRACT

Keywords: An alarming disease caused by the new severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) named
SARS-CoV-2 COVID-19 has emerged as an unprecedented public health problem and ignited a world health crisis. As opposed
POIYm_OIPhism to what was believed at the beginning of the pandemic, the virus has not only spread but persevere causing
;{;);(me storm secondary waves and challenging the concept of herd immunity against viral infections. While the majority of

SARS-CoV-2-infected individuals may remain asymptomatic, a fraction of individuals may develop low to high-
grade severity signs and symptoms of COVID-19. The disease is multifactorial and can progress quickly, leading
to severe complications and even death in a few days. Therefore, understanding the pre-existing factors for
disease development has never been so pressing. In this scenario, the insights on the mechanisms underlying
disease allied to the immune response developed during the viral invasion could shed light on novel predictive
factors and prognostic tools for COVID-19 management and interventions. A recent genome-wide association
study (GWAS) revealed several molecules that significantly impacted critically ill COVID-19 patients, leading to
the core mechanisms of COVID-19 pathogenesis. Considering these findings and the fact that ACE-2 poly-
morphisms alone cannot explain disease progress and severity, this review aims at summarizing the most
important and recent findings of the research and expert consensus of possible cytokine-related polymorphisms
existing in the differential expression of paramount immune molecules that could be crucial for providing
guidelines for decision-making and appropriate clinical management of COVID-19.

1. Background

SARS-CoV-2 gained notoriety when it spread in the city of Wuhan,
China, in December of 2019 [20] and its continued dissemination led
WHO to nominate it as a pandemic on 11 March 2020 [38-A). So far, it is
estimated that around 134 million people were infected worldwide and
about 2,9 million deaths occurred [16] in less than two years from its
acknowledged viral circulation. SARS-CoV-2 pandemic was exceedingly
uncontrolled and rapid progressive in contrast with other critical pan-
demics such as HIV, which is comprised of 38 million infected people
worldwide accumulated over the last 40 years.

The majority of people infected with SARS-CoV-2 may remain
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asymptomatic and still contribute to viral spread and transmission,
which renders the control of viral dissemination complicated. However,
a fraction of SARS-CoV-2-infected patients develop COVID-19, which is
characterized in mild cases by fever, myalgia or fatigue, cough, short-
ness of breath, headaches, and diarrhea ([19]. Statistically, the risk
group is made up of people over 60, with diabetes, high blood pressure,
and cardiovascular disease [4]. These people are more likely to develop
the most severe form of the disease, characterized by complications such
as pneumonia followed by severe respiratory distress syndrome (SARS),
acute cardiac injury, and elevated levels of some cytokines [15,11].
Although the increase in inflammatory cytokines and chemokines is
expected during infection for the coordinated fight by the immune
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system, their increase can cause a mismatch leading to a condition
described as a cytokine storm. The cytokine storm is characterized by a
picture of illness in multiple organs and hyper inflammation. In the
context of COVID-19, this would manifest itself mainly, but not exclu-
sively, in the lungs, arising as a result of the excessive release of cyto-
kines and chemokines coming from an uncontrolled immune activation
[14,39].

In this scenario, key polymorphisms in cytokine and chemokine
genes have been described as associated with different pathogenic
conditions, with a strong association between the severity of such re-
sponses and the level of their expression as illustrated in Fig. 1.

An Entangled Truesome: Genetic Polymorphisms, Cytokine
Storm And SARS

Understanding the role of genetic variants in the course of respira-
tory infections might help in the recognition of possible candidates for
further analysis in patients affected by SARS-CoV-2, however, data
related to polymorphism of cytokine genes in SARS-CoV-2 infection is
very limited. Thus, this current review brings about important thoughts
on how polymorphisms in cytokine genes could be essential for disease
outcomes in COVID-19. For that, we discuss crucial findings and
mechanistic aspects of polymorphism and cytokine gene expression and
pinpoint some possible associations amongst cytokine gene poly-
morphisms, cytokine storm, and the risk of Severe Acute Respiratory
Syndrome (Fig. 1).

2. Polymorphism of cytokine genes around the world

Although the genes encoding cytokines, as well as, their receptors are
relatively conserved in their exons, non-silent mutations in the coding
regions can result in loss, functional change, or overexpression of these
proteins. Polymorphism can interfere with their expression through
post-transcriptional modifications, at the transcriptional level and

An Entangled Truesome: Genetic Polymorphisms, Cytokine Storm And SARS
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Fig. 1. The genetic polymorphisms in the cytokine encoding genes described
and related to the cytokine storm are highlighted in red in the figure. In pa-
rentheses are the numbers for each Single Nucleotide polymorphism (SNP) for
each polymorphic site. In blue are cytokines whose polymorphisms could
explain the development of the cytokine storm in response to SARS-CoV-2. The
positive sign (+) indicates the possible interference of the described cytokine
polymorphism and the question mark (?) Indicates candidate polymorphism to
be associated with the development of the cytokine storm.
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altering mRNA stability. For example, polymorphism in regulatory re-
gions 5" and 3’ can affect the entire gene transcription and since they can
also alter the binding sites of transcription factors, it can therefore
inhibit or over-stimulate gene expression [2].

The complex remodeling of the immune system resulting from
infection by SARS-CoV-2, possibly related to polymorphisms in the
cytokine and chemokine genes, may explain the pro-inflammatory status
recognized by cell exhaustion and the cytokine storm characteristic of
dysfunctional immunity and acute inflammation of respiratory syn-
drome. The progressive increase of cytokines and chemokines in pro-
inflammatory status and its association with these polymorphisms
needs to be clarified to gain a deeper understanding of disease pro-
gression in different parts of the world.

In order to map cytokine-related polymorphisms and see any asso-
ciation with the higher number of cases in the Americans, well-
stablished polymorphisms on alleles coding for crucial cytokines such
as IFNAR2, TNF, INF-a/b, IL-4 and IL-1RN were plotted in a globe map
according to their frequency in European, Asian, African and American
regions (Fig. 2).

Mapping the
Polymorphisms

Fig. 2 illustrates an interesting scenario in which the key poly-
morphisms selected are present in areas co-existing with SARS-CoV-2
infection. For example, polymorphisms in IFNAR2 (rs2236757 - A/G
single-nucleotide variation in the IFNAR2 gene on chromosome 21)
seem to be very frequent in Latin American and Europe, which presented
elevated cases of SARS-CoV-2. Conversely, polymorphisms in IFNf
(rs2071430 - G/T single-nucleotide variation in the MX1 gene on
chromosome 21) seem to be more frequent in Africa and Asia as opposed
to European and American regions. A similar trend is observed for IL1-
RN (rs315952 — T/C single-nucleotide variation in the ILIRN gene on
chromosome 2) and for IL-4 (rs2070874 — C/T single-nucleotide varia-
tion in the IL4 gene on chromosome 5). These findings may indicate a
relationship of polymorphisms of key cytokine genes in the course of
COVID-19 as well as the SARS-CoV-2 resilience and predominance in
specific areas of the globe. Therefore, genetic factors could contribute,
along other social and economic factors, to the persistence of SARS-CoV-
2 infection in the Americas, and regard should be taken on their fre-
quency and distribution around the globe.

Frequency of Cytokine-related Genetic

2.1. Genetic polymorphisms in cytokines involved in coronavirus-
associated SARS

In acute respiratory infections caused by SARS-CoV-1 and SARS-CoV-
2, the first consideration is to assume that polymorphisms associated to
the ACE-2, the receptor that binds the viral spike protein are crucial
during the course of disease. Nonetheless, SNPs on ACE-2 may vary
significantly according to factors such as age, gender and origin/
ethnicity. Therefore, data on ACE-2 SNPs may produce controversial
findings amongst divergent populations. In addition, pre-existing non-
infectious disorders as well as lifestyle and medications may have pro-
found impact on ACE-2 gene expression, which may contribute to dis-
ease outcome. The intricacies and details on this matter are thoroughly
discussed elsewhere [5].

Particularly, the genes encoding the cytokines IL-6, IL-1p, and CXCL8
(IL-8) show markedly high expression upon coronavirus infection, as has
been described during the MERS-CoV outbreak [21]. In regard to the
cytokine polymorphisms and their association to SARS-CoV-1 and
SARS-CoV-2 infections, a study conducted by Lau and colleagues in
2009 confirmed the association between the IFN-y polymorphism with
the disease. In a recent study pioneered by Pairo-Castineira et al. based
on Genome-Wide Association (GWAS) and conducted by the GenOMICC
(Genetics of Mortality in Critical Care) initiative covered the entire
genome of patients infected with SARS-CoV-2 in severe state, allowing
for the discovery of completely novel pathophysiological mechanisms.
In this investigation, a number of 2244 critically ill patients with
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Fig. 2. Frequencies of polymorphisms in minor
allelic genes encoding the cytokines according
to the areas in the map with colored circles
identifying: IFN-y (rs2430561 — T/A single-
nucleotide variation in the IFNG gene on chro-
mosome 12) in dark blue, IFNp (rs2071430 - G/
T single-nucleotide variation in the MX1 gene
on chromosome 21) in orange, TNF-a
(rs1800629 - G/A single-nucleotide variation in
the TNF gene on chromosome 6) in green, IL-4
(rs2070874 - C/T single-nucleotide variation in
the IL4 gene on chromosome 5) in purple, IL1-
RN (rs315952 — T/C single-nucleotide varia-
tion in the IL1RN gene on chromosome 2) in red
and IFNAR2 (rs2236757 - A/G single-
nucleotide variation in the IFNAR2 gene on
chromosome 21) in yellow. The data presented
are deposited in the NCBI [26] according to the
SNP of each gene.

@ European T=0,1109 Asia T=0,33 African T=0,2077 Latin American T=0,08

@ European A=0,16237 Asia A=0,05 African A=0,1174 Latin American A=0,11

@ European T=0,14291 Asia T=0,762 African T=0,3968 Latin American T=0,3960
@ European C=0.285313 Asia C=0,575 African C=0.4258 Latin American C=0.575
O European G= 0.70780 Asia G=0.46 African G=0.7838 Latin American G=0.79

COVID-19 admitted to the UK in therapy care (ICUs) were under scru-
tiny. Confirming the previous hypothesis, analysis of polymorphisms in
genes related to antiviral responses pointed out and replicated the
importance of interferon receptor IFNAR2 (chr21q22.1; rs2236757) and
the 2'—5'-Oligoadenylate Synthetase (OAS) genes in COVID-19. The
Mendelian randomization indicated that the presence of polymorphisms
associated with an augmented expression of IFNAR2 decreased the
chances of the development of severe life-threatening COVID-19 (Pair-
o-Castineira et al., 2020).

Additionally, the study showed evidence that supports a causal link
between the evolution of severe COVID-19 cases with high expression of
TYK2, a Janus kinase (Jak) family member important for IFN-y and IL-12
pro-inflammatory cytokine production [18]. Thus, it is possible to affirm
that increased signaling through IFNAR2 interferon receptor subunit and
reduced signaling by pro-inflammatory TYK2-related pathway reduced
the chances of severe COVID-19, which represents evidence of a pro-
tective role for IFNARZ2 in COVID-19 (Pairo-Castineira et al., 2020). This
study points out to significant and putative genetic markers associated
with severe COVID-19. In agreement with these findings, the analysis of
single-nucleotide polymorphisms (SNPs) for the IFN-y + 874A/T, A/C
genes in Chinese patients, suggests a genetic risk factor for the devel-
opment of SARS. The role of IFN-y in the antiviral response to
SARS-CoV-1 has also been supported by studies showing that IFN-y can
inhibit its replication in combination with IFN-p in vitro [8]. However,
the excessive production of this cytokine may bring about dispropor-
tionate pro-inflammatory responses that may lead to tissue damage. The
relationship between the polymorphism on the IL-10, TNF-a, and IL-12
cytokine genes and SARS is yet to be described. More studies need to be
performed to clearly tackle the association of these specific poly-
morphisms in the selected cytokine genes with SARS, once other SNPs in
these genes may also be involved in gene expression regulation.

Mx gene encodes for GTPases, which present dynamin-like structures
and play a crucial antiviral role by modulating the type I and type III
interferon (IFN) systems. Mx1 is able to inhibit several different viruses
by impeding the primary stages of the viral invasion and replication
cycle [3]. Ching and colleagues in 2010 demonstrated that SNPs found
on the minor alleles of Mx1 promoter, the —88 G/T and —123C/A, are
associated with increased promoter activity and altered response to
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IFN-a and IFN-B treatment. The study demonstrated that the —123A
minor allele provided a stronger binding affinity to nuclear proteins than
the wild-type allele, whereas the —88T allele showed preferential nu-
clear protein binding after IFN-f stimulation. As it is widely known,
endogenous IFN-« and IFN-f induction can be suppressed in coronavirus
infection. A large case-control study confirmed that the —123A
minor-allele carriers were significantly associated with a lower risk of
infection, whereas the —88T minor-allele carriers were insignificant
after adjustment for confounding effects [7].

Although Interferons usually take the central attention during viral
infections, TNF-« is a crucial pro-inflammatory cytokine triggered by
several respiratory viruses, such as Influenza virus, respiratory syncytial
virus, and SARS-CoV-2 [25, 31,27,15]. The association between genetic
polymorphisms of the TNF-a gene and susceptibility to SARS was con-
ducted by Wang and colleagues [37] in a hospital-based case-control
study, which included 75 SARS patients, 41 health care workers and 92
healthy controls. In this study, the TNF-1031T/C and TNF-863A/C ge-
notypes may be risk factors of femoral head necrosis in discharged SARS
patients even though SNPs on the promoter region of the TNF-a gene
were not found to be associated with SARS-CoV-1 infection.

Interestingly, Azevedo and colleagues [1], showed a pattern of pro-
tection conferred by the TNF-308 G/A genotype against sepsis mortality
and SARS in a pediatric population. On the other hand, an increased risk
for the SARS outcome conferred by the TNF-863C/A genotype was
detected. Although conflicting, these associations are potentially
important, given the present scarcity of biomarkers with predictive
value for the clinical evolution in pediatric sepsis, and the severity of the
COVID-19 outcomes, which are closely associated with sepsis. The in-
fluences attributed to the TNF-308 G/A and TNF-863 G/A SNPs, that
seem to work in opposite directions, could in fact reflect a different
impact of these SNPs depending on age. As seen in the infant subgroup
analysis, the protective effect of the TNF-308 G/A genotype against
SARS is present, whereas the same was not observed for the risk effect of
the TNF-863C/A genotype. The association between TNF-308 SNP and
susceptibility to SARS has been addressed in a previous study, limited to
the adult population, which reported a protective effect of the TNF-308A
allele against SARS [10]. The different results regarding the risk effect of
TNF-863C/A in infants and the full analysis could be related to a
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different effect of the SNP depending on the development and matura-
tion of the immune system. Findings of Wilson and colleagues [36]
indicate that TNF-308 G/A can be associated with higher levels of
TNF-o, leading to speculation that the protection conferred by this
polymorphism in SARS pediatric patients may be correlated not only to
the canonical pro-inflammatory role of TNF-a, but also to its protective
role both at the cellular and at lung tissue milieu by induction of
apoptosis of viral-infected cells [34].

On the other hand, Skoog and colleagues [32] have shown an asso-
ciation between the TNF-863C/A polymorphism and reduced levels of
TNF-a. In comparison with adults, healthy children produce lower levels
of cytokines such as IFN-a, which could synergize with lower levels of
TNF-a and represent an impaired ability to deal with respiratory in-
fections. This age-related immune impairment in antiviral and
pro-inflammatory cytokine production in children support the increased
risk of SARS in pediatric patients with this profile (Lilic et al., 1997). In
particular, the lower levels of TNF-a and other pro-inflammatory cyto-
kines in children could be associated with protection from SARS during
severe COVID-19, which are less common in the pediatric population. It
is important to state that elevated plasma levels of TNF-a for COVID-19
patients have been associated with disease severity in adults, and
assessment of the local immunological profile in the airway of COVID-19
patients in an age-dependent manner is crucial for the establishment of
the polymorphisms here described and possible disease outcome [15].
Genetic effects on viral-stimulated cytokine storms in the lung are
further discussed elsewhere (Forbester & Humphreys, 2020).

Regarding the modulatory cytokines, a study conducted by Patarcic¢
and collaborators [28], performed meta-analyses of studies on tuber-
culosis, influenza, respiratory syncytial virus, SARS-CoV-1, and pneu-
monia. One single-nucleotide polymorphism from the IL4 +1059 C/T
gene was significant for pooled respiratory infections (rs2070874). IL4
has previously been described to have a pivotal role in shaping the na-
ture of the immune response, by promoting and stimulating both T-cell
and B-cell differentiation and modulation. It provides a balance between
Th1 and Th2 response, biased to the latter, and therefore alteration of its
function may substantially affect immune response. Most commonly
reported such alteration is associated with an increased risk of atopy and
allergies [28].

In 2013, Meyer and colleagues [24] analyzed a total of 12 SNPs in
genes encoding cytokines, which were associated with SARS. The
rs315952 in the IL1IRN gene encoding IL-1 receptor antagonist (ILLRA)
replicated its association with reduced risk of SARS in the early stages.
Plasma IL1RA level was associated with rs31595 in a subset of critically
ill subjects. The effect of rs315952 was independent of the tandem
repeat variant in IL1RN. The ILIRN SNP rs315952C is associated with
decreased risk of SARS in three populations with heterogeneous risk
factors, and with increased plasma IL1RA response. IL1IRA can thus
mitigate the risk of SARS.

The study about the GG genotype of the interleukin IL-10 promoter
polymorphism in position —1082 G/G has been associated with
increased IL-10 production [9]. The authors hypothesized that the
—1082 G/G genotype is associated with the development of SARS out-
comes. The —1082 G/G genotype was associated with decreased severity
of illness on admission, lower daily organ dysfunction scores, and lower
60-day mortality. In conclusion, the high IL-10 producing —1082 G/G
genotype may be associated with variable odds for SARS development in
an age-dependent fashion. Among those with severe acute respiratory
distress syndrome, the —1082 G/G genotype is associated with lower
mortality and organ failure. More recently, Mahallawi and colleagues
(2018) have also reported elevated levels of IL-10 in patients infected
with MERS-CoV and SARS-CoV-1 [23]. These results show the impor-
tance of the study of polymorphisms in the context of COVID-19, which
may be divergent from other SARS-associated viral or non-viral
infections.
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2.2. Future analyzes of possible genetic cytokine polymorphisms and their
consequences in the SARS-CoV-2 response

Other interleukins have increased dramatically in coronavirus-
related SARS. An immune signature profiling on coronavirus-related
SARS showed that the cytokine storm served a critical role in the
infection process [14,39,21]. As the cytokine polymorphisms genes
possibly related to the differential response to SARS-CoV-2 and
mentioned earlier, other possible polymorphisms are involved in the
differential expression of these cytokines. It still remains unknown the
role of these polymorphisms in the different levels and biases of the
immune response, even those involved in the exhaustion of the immune
system and the cytokine storm associated with the severe forms of
SARS-CoV-2. An example is interleukin IL-6, which appears to be one of
the most important cytokines of this storm, characterizing severity, and
hyper inflammation [14,39]. Other markers associated with this syn-
drome may be IL-2RA (RA - receptor antagonist, also called CD25)
(associated with severity), IFN-y (gamma interferon, elevated when
compared to healthy controls), IL-1f (variable elevation according to
severity), CXCL9 (C-X-C motif ligand 9, induced by IFN-y; useful in
monitoring), CXCL8, IL-10, C-reactive protein (produced by hepatic
tissue and it is released in response to IL-6; associated with severity),
TNF-a (tumor necrosis factor o) [14,29].

Comprehensive studies from the Human Functional Genomics Proj-
ect have shown that distinct immune mediators such as cytokines may
have different levels of genetic influence [6]. This is a crucial concept for
the host defense and cytokine-associated disease pathogenesis, as these
molecules are fundamental in orchestrating immunological and immu-
nopathological events during diseases such as COVID-19 (Chaim, 2020).
Recently, it was proposed that the IL-1f/IL-6 axis would need the finest
tuning and regulation triggered by genetic factors [22]. In agreement
with this hypothesis, a preliminary study using RNAseq approach
compared the expression levels of these cytokines, as well as other im-
mune modulators, in Caucasian Americans and African Americans. The
authors have demonstrated that IL-1p and IL-18 receptor 1 (IL18R1),
IL12Rp1, TLR7, and TLR9 were significantly higher in African and
Americans, suggesting perhaps a tendency in the later to develop higher
inflammatory cytokine responses [33]. Therefore, expression of cyto-
kine receptor genes may be a crucial pathway by which cytokines and
their functional effect is modulated.

In regard to the expression of cytokine receptors, in silico recent
analysis using dbSNP database, which is available on the National
Biotechnology Information Center website (HTTP: //www.ncbi.nlm.nih
.gov/SNPS) [26], 16 SNPs for genes coding for both cytokines and 21
SNPs for the respective cytokine receptor genes were found to be
elevated in patients with COVID-19. This analysis demonstrated that
3’-UTR polymorphism in genes encoding for cytokines or their receptors
was found in higher levels in patients with COVID-19. Among these,
rs1126579 (in CXCR2), rs1061624 (in TNFRSF1B), and rs8178562 (in
IL10RB) polymorphisms are particularly noteworthy. These SNPs would
result in a break on the miRNA-mRNA binding sites specific for
miR-516a-3p, miR-720, and miR-328, which are important for regu-
lating CXCR2, TNFR and IL10RB, respectively. It has been suggested that
the main cause of lung tissue grievance during the response against
SARS-CoV-2 is an increase in these chemokine and cytokine receptors
[17]. Although IL-10 is a regulatory cytokine, its receptor subunit is also
utilized in the assembly of the receptor for IFN-A, which could exert an
antiviral as well as pro-inflammatory activity during severe and unbal-
anced COVID-19 immune response.

Ramos-Lopez and colleagues [30] conducted a comprehensive sur-
vey to explore the possible genetic polymorphisms associated with
clinical results during SARS-CoV-2 infection in humans. From this re-
view, 27 polymorphisms in genes encoding for cytokines were identified
as associated with susceptibility/resistance to SARS-CoV-2 infection,
disease severity and possible clinical outcomes in the Asian population.
Thus, some genes implicated in important pathophysiological processes
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have been described, such as the mechanisms related to the entry of the
virus in the cell and the antiviral immune/inflammatory responses.
Among the polymorphisms described, for example, SNP G/T stands out
at position —88 in the promoter region of the MxA, which was associated
with a high risk of worsening the disease in the Chinese population [12],
while the SNP —123 C/A in the promoter region of the same gene seems
to protect against development of SARS in the same population. As
described before, Mx proteins are known by their ability to inhibit RNA
viruses and exerting modulatory effects on the INF gene family ([3];
Ching et al., 2020).

Specifically for SARS-CoV-2, increased levels of IL-10 in the serum of
COVID-19 patients have been reported in association with IL-6, placing
these two cytokines as possible biomarkers regarding disease severity
[13]. In this context, and in view of the remarkable role of IL-6 in trig-
gering the associated pathology, several therapeutic proposals have
been evaluated in order to block the pathways of induction of this
cytokine. Preliminary studies indicate that Tocilizumab (a recombinant
humanized monoclonal antibody) would be able to immediately
improve the clinical outcome in critically ill patients with COVID-19,
due to the blockage of the febrile and inflammatory response triggered
by IL-6, being an effective treatment for reducing mortality [39]. Toci-
lizumab, an IL-6 inhibitor, was used in the study of Xu and colleagues in
the treatment of 21 patients with COVID-19 in a critical condition. All
patients presented a high rate of IL-6 before the intervention. Most of
them showed clinical improvement of symptoms such as hypoxia and
changes in computed tomography (CT) opacity immediately after
treatment, suggesting that this approach focused on IL-6 could be an
efficient therapy strategy for the treatment of COVID-19.

3. Final remarks: the eye of the storm

The impact of polymorphisms on the differential expression of cy-
tokines, chemokines, and immune molecules in the different clinical
manifestations of COVID-19 is currently unknown. It also remains to be
understood if the already known SNP polymorphisms to immune mol-
ecules could be associated with the exhaustion of the immune system
associated with the overexpression or suppression of cytokines discussed
here. It is considered that, in the case of SARS-CoV-2, the infection
triggers an important imbalance in the eye of the storm, which is
composed of immune cells. Innate and adaptive programmed cell sub-
sets are the main sources of cytokines and immune molecules. Mono-
cytes, macrophages, dendritic cells, and T cells are protagonists of the
immune system, with close attention to the CD4" T-lymphocytes that
could produce Interferon and TNF abundantly.

In parallel, T, NK, cytotoxic and regulatory lymphocytes also appear
to be either reduced in severe cases or may be related to the exhaustion
of the immune system. In either asymptomatic and severe cases, SARS-
CoV-2-specific memory CD8" and CD4" T-cell subsets were also found
[29, 39,40,35]. The decrease in subpopulations of regulatory T cells may
be one of the factors favorable to the cytokine storm or aggravate the
effects of the infection itself [29]. Thus, differential expression of cyto-
kines caused by point mutations in their coding genes - genetic poly-
morphisms, can interfere in the evolution of the immune response and in
the different clinical variables crucial in the context of COVID-19 and
could direct the use of therapies and the development of vaccines to
combat COVID-19.
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