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Abstract—The review presents an analysis of the scientific data on the characteristics of COVID-19 from the
perspective of potential interactions between the virus and the host genome retroelements. According to
global statistical data, severe COVID-19 with immune-system hyperactivity is observed mainly in elderly
people. At the same time, aging is characterized by a decrease in immune responses. This paradox may be
resolved by the assumption that DNA regions that can move along the genome with the “copy and paste”
mechanism (retroelements) may play a role in COVID-19 development; these elements are characterized by
abnormal expression patterns in aging. Their interaction with SARS-CoV-2 may occur at the level of RNA
interference or RNA recombination, or the virus can use retroelement proteins to integrate into the host
genome. There is supporting evidence of this interaction: data indicating the efficiency of antiretroviral drugs
at the early stage of COVID-19, the isolation of SARS-CoV-2 for a long time after recovery, the persistence
of coronavirus infections, and changes in the L1 retrotransposon expression patterns in the lung tissues of
COVID-19 patients. In additional, retroelements affect the functioning of the immune system and affect the
receptors interacting with SARS-CoV-2. Recombination with retroelements and viral insertions into host
genomes have been demonstrated in the case of other infections caused by nonretroviral, RNA-containing
viruses. The presumable interaction between SARS-CoV-2 and retroelements may explain the differences in
the severity and lethality of COVID-19 in different countries as a result of specific insertional patterns in the
genomes of individuals belonging to different human populations. The possible insertion of SARS-CoV-2
cDNA into the genome should be kept in mind in the design of anti-COVID-19 vaccines. Peptide prepara-
tions are the most promising in this regard.
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INTRODUCTION
As early as 1962–1967, seroepidemiological studies

demonstrated that coronaviruses (CoVs) may be the
causative agents of up to 50% of all cases of seasonal,
cold-related diseases [46]. Most of these diseases were
characterized as light and moderate acute respiratory
infections. However, in 2002, SARS-CoV caused an
outbreak of a more severe disease named Severe Acute
Respiratory Syndrome (SARS). The epidemic
resulted in 8000 cases with A case fatality rate of 9.6%
[54]. From 2012 to 2019, the MERS-CoV coronavirus
was the causative agent of a far more severe respiratory
syndrome, Middle East Respiratory Syndrome
(MERS), with a case fatality rate of 34%. There have
been 2458 recorded MERS cases worldwide [4]. In
mid-December 2019, a new coronavirus disease char-
acterized by rapid spreading was first recorded in
Wuhan, China. WHO experts announced the deci-
phering of the pathogenic genome on January 12,
2020, as a result of a study of the virus isolated from the
nasopharyngeal cavity of a single patient. It was tenta-

tively designated 2019-nCoV. On February 11, 2020, a
research group in the International Committee on
Taxonomy of Viruses named the new virus SARS-CoV
and called the disease it caused Coronavirus Disease-
2019 (COVID-19) [58].

Coronaviruses are single-stranded, positive-sense,
RNA viruses with a genome length that varies within
the range of 27–32 kb and a virus-particle size of 100–
160 nm. The Coronaviridae family comprises four
genera, Alphacoronavirus, Betacoronavirus, Gamma-
coronavirus, and Deltacoronavirus. SARS-CoV-2,
SARS-CoV, and MERS-CoV belong to the Betacoro-
navirus genus. The infectious process may involve the
respiratory system, as well as the digestive tract. Four
COVID-19 clinical course types can be described
according to disease severity (Fig. 1) [68]. Bats, e.g.,
Rhinolophus affinis, are the natural reservoir of SARS-
CoV-2. Analysis of the codon-usage patterns of
SARS-CoV and that of 102367 mammalian species
did not confirm the hypothesis that snakes are an
intermediate host of this virus [70]. Children develop
83
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Fig. 1. Classification of COVID-19 clinical types. SpO2—peripheral oxygen saturation; ARDS—acute respiratory distress syn-
drome.
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COVID-19 less frequently than adults, with 50.9% of
children in China having proved to be virus carriers,
38.8% demonstrating a mild disease course, and only
5.9% showing a severe disease course [22]. In adults,
the percentage of asymptomatic COVID-19 forms
may vary from 1% in China [8] to 30.8% and more in
other countries [52]. As of May 17, 2020, 4771215
COVID-19 cases have been recorded globally, with the
case severity varying significantly from country to
country. As a result, the disease lethality also varies
considerably based on the official data (coronavirus-
monitor.ru). For example, the COVID-19 case fatality
rate in Russia is 0.94%, 2.78% in Turkey, 9.96% in
Spain, 15.39% in France, and 16.38% in Belgium.
What is more, people over the age of 60 years were
observed to be more susceptible to SARS-CoV-2 and
to develop more serious illness [33] with hyperactive
immune responses [20, 26, 68] despite the decrease in
these responses observed with aging [18, 40]. The goal
of the present work is to determine the possible causes
of these specific COVID-19, features, which may lay
the grounds for the prediction of safe and promising
means of disease prevention.

SARS-CoV-2 CHARACTERISTICS

SARS-CoV-2 is 96.2% identical to the bat corona-
virus BCoV and 80.26% identical to SARS-CoV [11].
The life cycle of all CoVs within the host organism
includes five stages: attachment, entry, biosynthesis,
maturation, and release. Structurally, SARS-CoV-2
virus particles (Fig. 2) contain the following proteins:
AD
spike (S), nucleocapsid (N), envelope (E), and mem-
brane (M). The spikes determine the CoV diversity
and host tropism. They consist of a transmembrane
glycoprotein, which protrudes from the virus surface.
The S protein consists of two subunits: S1, which is
responsible for virus binding with the host cell recep-
tor, and S2, which enables virus fusion with cyto-
lemma. The functional receptor for both SARS-CoV
and SARS-CoV-2 is the angiotensin-converting
enzyme (ACE2) receptor. This determines the CoV
pathogenesis, since high levels of ACE2 expression is
characteristic of the lungs, heart, large intestine, kid-
ney, and bladder [68]. However, SARS-CoV-2 binds
more weakly with ACE2 [67]. The coronavirus S2 sub-
unit contains heptad repeat regions HR1 and HR2,
which form a structure that is necessary for membrane
fusion. The E protein plays a pivotal role in virus
assembly, budding, and intracellular virus transport.
The M protein is involved in morphogenesis and inter-
action with other virus components. The S, E, and M
proteins are transported across the rough endoplasmic
reticulum membrane into the Golgi apparatus, where
they interact with N proteins and form viral particles
[51]. The SARS-CoV-2 genome is 29900 nt long; two
thirds of it at the 5' end is encompassed by the orf1ab
open reading frame. The orf1 polyprotein, which
results from the translation of this open reading frame,
is cleaved into ten separate nonstructural proteins.
The second part of the SARS-CoV-2 genome at the 3'-
end is represented by the genes encoding the S, N, E,
and M structural proteins and the additional ORF3a,
ORF6, ORF7a, ORF7b, and ORF8 protein products
VANCES IN GERONTOLOGY  Vol. 11  No. 1  2021
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Fig. 2. SARS-CoV-2 virus particle structure.
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(Fig 3) [37]. Unlike SARS-CoV, the SARS-CoV-2
virus also encodes orf8 and orf3b (inhibits interferon
beta (IFNβ) proteins [67]. It was demonstrated that
the SARS-CoV-2 S gene contains four unique inser-
tions that showed a clear similarity to nucleotide
sequences in the HIV-1 genome. Three of these inser-
tions were also found in the rat RaTG13 coronavirus.
Modeling of the S-protein 3D structure revealed that
these insertions are located outside the receptor-bind-
ing domains of the spike [70]. In additional, compari-
son of SARS-CoV-2 nucleotide sequences with the
GenBank database revealed many regions that
appeared to be identical to some regions in the human
genome and the genomes of various animals, as well as
HIV-1 [66]. This indicates that there may be recombi-
nation between CoVs and cellular RNAs (which is typ-
ical of other nonretroviral, RNA-containing viruses
(NRRCVs) [3, 24, 25]) and CoVs insertions into host
genomes, which was demonstrated for NRRCVs [25,
41, 60] with the preservation of this insertion in evolu-
tion [5, 36].

CoVs effectively evade innate immune system
responses, which is manifested by a low IL-1 expres-
sion in coronavirus infections. CoV-encoded endonu-
cleases (ENs) plays an important role in this process,
preventing the activation of double-stranded RNA
sensors, such as OligoAdenylate Synthetase (OAS)
ADVANCES IN GERONTOLOGY  Vol. 11  No. 1  202
and pattern-recognition receptors, including Mela-
noma Differentiation-Associated protein 5 (MDA5)
and Protein Kinase RNA-activated (PKR). Infection
with EN-deficient coronaviruses leads to immediate
IFN-1 activation in the cell and significant attenua-
tion of CoV replication [39]. At the same time, the
OAS–RNase L system is employed to regulate the
activity of retroelements (REs), such as L1 [69], while
RE transcripts affect PKR and other pattern-recogni-
tion receptors, including NOD-like (NLRP3 inflam-
masome), Toll-like (TLRs), and RIG-1-like receptors
(RLRs) [50] that interact with SARS-CoV-2 [20].

CHARACTERISTICS OF THE ANTIVIRAL 
IMMUNE RESPONSE IN COVID-19

In the human organism, SARS-CoV-2 enters type-
II pneumocytes via the ACE2 receptor [26]. The key
components of the innate immune system in the respi-
ratory tract are epitheliocytes, alveolar macrophages
(localized in the apical part of the epithelium), and
dendritic cells (localized under the epithelium). Virus-
infected cells are phagocytosed by macrophages and
dendritic cells, which present the antigen to T-lym-
phocytes. CD4+ T-helpers cause B-lymphocyte acti-
vation in order to produce virus-specific antibodies.
CD8+ T-killers destroy the infected cells [68]. The
1
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Fig. 3. SARS-CoV-2 genome structure (nt—nucleotide number).
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interaction between SARS-CoV-2 and NLRP3, RLR,
and TLR stimulate NF-κB (nuclear factor kappa-B)
and interferon regulatory factors 7 and 3 (IRF7 and
IRF3). This activates the production of IFN and
proinflammatory cytokines and also results in activa-
tion of the JAK-STAT signaling cascade, which
induces IFN-stimulated genes [20]. An accelerated
disease progression in COVID-19 patients is associ-
ated with pathological processes in the immune sys-
tem when inflammatory markers, including interleuk-
ins IL-2, IL-7, IL-10, GSCF (granulocyte colony-
stimulating factor), IP10 (interferon-γ-inducible pro-
tein 10), MCP1 (monocyte chemoattractant protein-1),
MIP1 (macrophage inflammatory protein), and
TNF-α (tumor necrosis factor α), are released; their
levels are considerably higher than those in patients
with mild disease severity [26]. Abnormal hyperpro-
duction of interferons, IL-1, IL-6, and IL-8 is typi-
cally observed [20]. An hyperactivated immune
response in the case of severe COVID-19 is also char-
acterized by the presence of pathogenic Th1 cells (T-
helpers) and inflammatory monocytes [26].

TLR2 is directly induced by the coronavirus S pro-
tein. The E protein has a stimulatory effect on the
NLRP3 inflammasome, which leads to increased IL-
1β production [20]. In addition to EN [39], the virus-
encoded N protein is also involved in SARS-CoV-2
evasion of the immune system [67]. In severe COVID-
19 patients, lymphopenia, in particular, T-cell lymph-
AD
openia, is observed with the characteristic activation
of not only T-helpers but also T-killers (enhanced
expression of CD69, CD38, and CD44). In addition,
lung infiltration by high amounts of inflammatory
cells, including neutrophils, is observed in the case of
severe COVID-19; like a double-edged sword, this
induces damage to lungs themselves. This process is
also facilitated by the pathological, cytotoxic T-cells
derived from T-helpers. The systemic inflammatory
process is enhanced by the CD14+CD16+ mono-
cytes, which are activated by GM-CSF and are char-
acterized by increased IL-6 expression. Since SARS-
CoV-2 binds with ACE2, type-2 and -3 innate lym-
phoid cells, which also express this receptor, play a
certain role in the hyperactive immune response. The
thromboses observed in severe COVID-19 cases may
also be associated with the presence of ACE2 on endo-
theliocytes. This massive proinflammatory response,
the so-called cytokine storm, may result in the devel-
opment of acute respiratory distress syndrome and
multiple organ dysfunction [68].

RELATIONSHIP OF RETROELEMENTS
AND RNA INTERFERENCE

WITH CORONAVIRUS INFECTION
The immune responses that protect against viral

infections decrease with age [40]. Clear differences in
the T- and B-lymphocyte populations and their func-
tions arise with age; they altogether result in humoral
VANCES IN GERONTOLOGY  Vol. 11  No. 1  2021



COVID-19, RETROELEMENTS, AND AGING 87
and cellular immunity suppression [18]. This does not
agree with the predominance of severe COVID-19
forms associated with a hyperactive immune response
[26, 68] in elderly patients [8, 33]. One possible expla-
nation for this may be the effects of REs, an imbalance
in which is observed in aging [23] and cardiovascular
diseases and diabetes mellitus [10]. A severe COVID-
19 course is also observed in the case of the latter two
conditions. As supporting evidence, the study of clini-
cal samples and postmortem lung tissue samples
obtained from SARS patients revealed autoantibodies
against the EN enzyme of L1 elements in 40.9% of
cases, while an increased expression of L1 EN was
detected in lung tissues [28]. The role of enhanced L1
expression in the pathogenesis of autoimmune dis-
eases, such as systemic lupus erythematosus and
Sjogren’s syndrome, was also demonstrated; the effect
is mediated via interferon stimulation [45]. In addi-
tion, the antiretroviral drugs Lopinavir and Ritonavir
have been shown to be efficient in the treatment of
SARS [14] and COVID-19 (combined with Oseltami-
vir [16] or in the early disease stages [34]).

SARS-CoV-2 can interact with REs at the level of
RNA interference (RNAi), since transposons are an
important source of noncoding RNAs [1]. This is
manifested by changes in the expression of various
microRNAs, including those associated with inflam-
mation in aging [65]. In order to counteract RNAi sys-
tem, SARS-CoV and SARS-CoV-2 N and 7a proteins
suppress RNAi. It was demonstrated in experiments
with the 293T cell culture that SARS-CoV-2 N protein
interacts with the host double-stranded RNAs and
exhibits nonspecific, RNA-binding activity that inhib-
its IFN production. SARS-CoV-2 viruses induce
immune responses of varying intensity as a result of
their effects on RNAi [50]. This may affect the activity
of specific REs associated with immune-system func-
tioning. Hence, organisms’ responses may differ
depending on the expression pattern of certain REs,
especially one takes into account the already estab-
lished immune imbalance caused by changes in RE
activity. For example, L1 in aging cells facilitates
inflammatory processes by stimulating IFN-1. At the
same time, reverse transcriptase (RT) inhibitors may
suppress IFN-1 activation and inflammation in tissues
[19]. the role of endogenous retroviruses (ERVs) as
IFN-induced enhancers, which are involved in the
regulation of key immune functions, including AIM2
inflammasome activation, has been developed. ERV-
derived regulatory sequences are used by host genomes
as a dynamic reservoir of IFN-induced enhancers,
which stimulate genetic changes in the mammalian
immune system [15].

A study using bronchioalveolar stem cells revealed
that coronavirus N and S proteins may suppress miR-
223 and miR-98 expression, thereby controlling the
activation of inflammatory chemokines [44]. Experi-
ments using SARS-CoV-2-infected mice demon-
strated that viral nucleotide sequences can form com-
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plementary, palindromic, small RNAs (cpsRNA)
19 nt in length, which cause cell apoptosis [43], as well
as small, viral RNAs 18–22 nt in length, which stimu-
late inflammation in lung tissue [49]. Since there is a
strong resemblance between SARS-CoV-2 and SARS-
CoV [11], similar mechanisms may be involved in
COVID-19 pathogenesis.

It was demonstrated that REs regulate immune sys-
tem functions. RE transcripts exert effects on TLR,
RLR, NLRP3, and protein kinase R (PKR), which
recognize viral RNAs during infection [50]. Pattern-
recognition receptors TLR, RLR, and NLRP3 inter-
act with the RNA products and proteins of human
endogenous retroviruses (HERVs), which are similar
to virus-encoded proteins. As a result, the signaling
cascade associated with the activation of proinflam-
matory effector genes is activated. Therefore, an RE
imbalance can lead to autoimmune reactions and
malignant tumors [27]. REs are essential components
of immune homeostasis maintenance. Vaccination
induces the activation of RE-containing transcripts
that silence the IFN promoter in the absence of
immune stimuli [29]. The effects of REs on the devel-
opment of the immune response are mediated not
only by the products of their own transcription and
translation but also by the specific insertions of these
elements into the regions containing genes encoding
key immune system factors, thereby regulating their
activity. For example, the insertion of HERV-K
(HML10) into intron 9 of the C4A gene of the class-III
main histocompatibility complex has been preserved
in evolution [27].

The supporting evidence for the important role
played by REs in immune-system responses to viral
infections suggests that specific COVID-19 features
and the variation in disease lethality indices in differ-
ent countries may be related to the population-spe-
cific insertional characteristics of REs in the human
genome, which was demonstrated in several studies
[55, 56, 61]. Comparative analysis of the HERV-K
distribution in human genomes found 12 insertions
that were found to be polymorphic in human popula-
tions [61]. The study of polymorphic transposon
insertions in 16192 loci in 2504 individuals from 26
populations revealed differences in the insertions that
depended on the population’s geographical localiza-
tion [55]. The population-specific distribution of
mobile elements in the human genome was been
demonstrated when 14384 insertions were examined
in 1511 individuals belonging to 15 populations [56].
The same kind of analysis of the genomes of COVID-
19 patients with different levels of disease severity may
provide information on the role specific REs may play
in disease severity.

Specific proteins exert effects on the interaction
between SARS-CoV-2 and the RNAi system. They
may also affect COVID-19 pathogenesis. For exam-
ple, in the case of SARS-CoV, interaction between
1
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Fig. 4. Schematic outline of the potential involvement of retroelements (REs) in COVID-19 pathogenesis (NS—nucleotide
sequences, RE—retroelement).
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ezrin and the viral S protein was described, which
made it possible to develop a technique to inhibit ezrin
expression [48]. The use of target therapy based on
small interfering RNAs is suggested due to the inhibi-
tory effects of the SARS-CoV-2 N and 7a proteins on
the RNAi system [50]. This approach was also devel-
oped with the goal of treating MERS [62] and SARS-
CoV [9]. For the targeted therapy of SARS-CoV-2, it
is predicted that miR-1307-3p and miR-3613-5p
miRNAs can prevent viral replication by targeting the
3'-UTR of the virus genome [12]. This approach is
highly specific. In particular, studies performed in
India identified nine different human miRNAs target-
ing SARS-CoV-2 genes that lacking targets in the
genomes of SARS-CoV and MERS-CoV, with hsa-
let-7a, hsa-miR101, -125a-5p, -126, -222, -23b, -378,
-380-5, and -98 among them. What is more, miR-27b
proved to be uniquely targeted to mutant SARS-CoV-2
sequences typical of COVID-19 in India. Interest-
ingly, hsa-let-7a, hsa-miR126, hsa-miR378, and hsa-
miR98 appeared to be also associated with virus hepa-
titis C; their target in the human organism is IFNβ
gene. MicroRNA hsa-miR101 is associated with her-
pes simplex virus type-1 infection, while hsa-miR23b
is associated with enterovirus-71 [57]. Figure 4 pres-
ents the schematic outline of the possible involvement
of REs in COVID-19 pathogenesis.
AD
RELATIONSHIP BETWEEN RETROELEMENTS 
AND OTHER RNA-CONTAINING VIRUSES

Studies of other coronaviruses similar to SARS-
CoV-2 may elucidate the yet unknown COVID-19
pathogenesis pathways leading to severe after-effects
of infection. For example, the study of clinical blood
samples of SARS patients revealed autoantibodies
against the EN enzyme of L1 elements in 40.9% of
cases, while an increased expression of L1 EN was
detected in postmortem lung tissue samples [28]. EN
is a RE-encoded enzyme that is required for the inte-
gration of the element into the genome [23]. It was
shown that this protein can be employed by NRRCVs
for their insertion [25, 41, 53, 64]. These processes
have taken place along the entire course of eukaryotic
evolution [5, 30, 36, 63] and may be related to antiviral
defense [31, 36, 64]. A similar relationship between
SARS-CoV-2 and REs may take place in COVID-19
pathogenesis. The virus may integrate into the human
genome with RT and EN, as demonstrated for other
positive-strand viruses [5]. This may account for the
long-term, post-infection immunity [42] after
COVID-19 recovery and the more severe disease
forms observed in elderly patients and patients with
comorbidities, for whom pathological RE activation is
described [10, 23]. Recombination between the virus
and cellular RNAs, such as described in the case of
NRRCVs [3, 23, 25], is also possible, and it may shed
light on the mechanisms of SARS-CoV-2 origination
VANCES IN GERONTOLOGY  Vol. 11  No. 1  2021
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from other coronaviruses and explain the presence of
sequences shared with the human genome [66].

As early as in 1997, Klenerman et al. demonstrated
reverse transcription of NRRCVs with the use of the
retroelement-encoded RT upon mouse infection with
lymphocytic choriomeningitis virus as an example
[41]. In 2009, Geuking et al. showed not only the abil-
ity of NRRCVs to integrate into the mouse genome
but also the illegitimate recombination between the
virus and REs with the same virus as an example [25].
The same process was also described for positive-
strand NRRCVs, e.g., the cattle diarrhea virus [3, 24].
The 293T human cell culture was used to demonstrate
the reverse transcription of vesicular stomatitis
NRRCVa with L1 [60]. Integration may lead to per-
sistent viral infection and the expression of viral pep-
tides, which is taken advantage of by the host for the
long-term preservation of immune memory after
recovery [31]. This may explain the long-term preser-
vation of genome-integrated NRRCV sequences in
evolution due to their adaptive significance for the
immune system. The presence of NRRCV insertions
in the genomes of various animal species was reported
in several independent studies [5, 17, 30, 36, 63].
Genome integration was demonstrated for positive-
strand RNA viruses, the replication of which takes
place in the cytoplasm as it does with CoVs [5, 36].

Viral isolation from patients as late as 14 days after
recovery may indicate the importance of interactions
between SARS-CoV-2 and RE [42]. Moreover, CoVs
infections may result in viral persistence in the host
organism [6], which is characteristic of viral integra-
tion in the host genome [53]. It was demonstrated for
other NRRCVs that viral isolation after recovery was a
consequence of viral integration into the genome [31,
53, 64]. This fact should be taken into account when it
comes to vaccine development, since the insertion of
SARS-CoV-2 sequences into the genome may have yet
unpredictable consequences. In this view, peptide vac-
cines may be considered to be the most safe and the
most promising.

PROSPECTS OF DEVELOPING
AN ANTI-SARS-CoV-2 VACCINE

Polypeptide vaccines effectively activate human T-
lymphocytes but show poor biological stability. They
are characterized by quick inactivation after injection
into the organism, which limits their therapeutic
activity in vivo. To overcome these limitations, syn-
thetic biology generates highly stable antigenic mimics
with artificial subunits. A platform based on D-amino
acid combinatorial chemistry was utilized to develop
CD8+ T-lymphocyte agonists. It mirrored the immu-
nogenicity profile of a native epitope produced by
influenza virus. These artificial peptides were highly
stable in human serum and gastric acid and resistant to
physical and enzymatic degradation. Subcutaneous
and peroral administration of this vaccine to human-
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ized mice in vivo conferred protection from subse-
quent infection with a lethal influenza virus [47].

A vaccine against influenza virus A H1N1 was
developed with liposome nanoparticles less than 200 nm
in diameter, which encapsulated 10 B- and T-cell epi-
tope peptides. This vaccine proved to be efficient in
experiments on pigs [21]. A chimeric vaccine based on
the influenza virus A/H1N1 protein, which f lanks an
immunogenic peptide from the MERS-CoV spike
protein (amino acids 736–761), was constructed [59].
Vaccines based on specific SARS-CoV-2 proteins
were developed [13]. There were reports on the design
of peptide vaccines against SARS-CoV-2 using immu-
nogenic epitopes of the spike glycoprotein [7], 3CL
hydrolase [32], and N, M, and S proteins [35]. In the
development of preparations of this kind, the possibil-
ity of specific interaction between the peptides and
DNA double helix, which may affect the responses of
human organism, should not be overlooked [2, 38].

It has been also proposed to study peptides (antimi-
crobial peptides, AMPs) with the prospect of the
development of new approaches to the antiviral ther-
apy of coronavirus infection, since many peptide
inhibitors have demonstrated nonspecific activity
towards viruses. For example, the RVFV-6 peptide
obtained from the Rift Valley fever virus (RVFV) gly-
coprotein proved to be efficient against EBOV and
VSV as well. AMPs are the eukaryotic immune
system’s first line of defense; they show selective tox-
icity towards bacteria, fungi, and viruses. These short,
positively charged peptides selectively act on the neg-
atively charged pathogen’s membrane bilayer, which is
rich in lipopolysaccharides and lipoteichoic acid.
AMPs may affect coronaviruses by inhibiting fusion
(the targets are HR1 and HR2 of the S2 protein),
entry, replication, or assembly and release [51].

CONCLUSIONS

Analysis of the available scientific data made it pos-
sible to define some points that indicate that REs may
play a role in COVID-19 pathogenesis.

Severe illness with immune-system hyperactivity
[20, 26, 68] is mainly experienced by elderly patients
[33], despite the decrease in antiviral immunity
observed with age [18, 40]. This may result from the
pathological activation of REs with age [10, 23]. The
role of retroelements in the development of inflamma-
tory responses via IFN-1 activation was also demon-
strated [15, 19]. These responses may be blocked by
reverse transcriptase inhibitors [19]. These prepara-
tions may be suggested for COVID-19 therapy. The
efficiency of antiretroviral drugs for the treatment of
SARS [14], as well as the early stages of COVID-19
[16, 34], has been demonstrated in the clinic.

TLR, MDA5, and PKR [20, 39] play an important
role in IFN induction in coronavirus infection. The
1
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REs participating in the cellular antiviral response
interact with the same receptors [15, 50].

The relationship between SARS-CoV-2 [50] and
SARS-CoV [43, 44, 49] and RNA interference has
been uncovered; REs play a significant role in the
functioning of the latter system [1].

It was demonstrated that other NRRCVs are able to
integrate into the host genome with reverse transcrip-
tase and RE integrase. Positive-strand NRRCV inser-
tions into germ cell genomes may be preserved for a
long time in evolution [25, 41, 60], which may indicate
their potential role in the antiviral protective response
[31, 36, 64]. Similar processes may take place in the
case of SARS-CoV-2, since viral RNAs in COVID-19
may be detected as late as 14 days after recovery [42],
while persistent infections have been described for other
CoVs [6], which is characteristic of viral integration into
the host genome [31, 53]. This may also account for the
presence of the regions identical to certain human DNA
regions in SARS-CoV-2 RNA [66].

The evidence of the recombination of NRRCV and
RE sequences and cellular RNAs [3, 24, 25] suggest
that similar processes are possible for coronaviruses.
These processes may have formed the basis for the ori-
gin of SARS-CoV-2.

The marked differences in COVID-19 severity and
lethality rates in different countries may be caused by
differences in the insertional patterns of REs in the
genomes of human individuals of different popula-
tions [55, 56, 61]. Hence, comparative analysis of the
RE distribution in the genomes of asymptomatic virus
carriers and patients with severe COVID-19 may be
used to define the mechanisms of resistance to this
infection.

Autoantibodies against the EN of L1 elements were
detected in about half of SARS patients, and L1 acti-
vation was shown in the lungs of patients who died
from SARS [28]. In light of the similarity between
SARS-CoV and SARS-CoV-2, it may be suggested
that similar processes take place in COVID-19 as well.

Noncoding RNAs regulate REs, which are them-
selves the sources of most of them [1]. This fact should
be taken into consideration in the design of target anti-
COVID-19 therapy based on the use of specific
microRNAs [50, 57]. Moreover, it was demonstrated
that vaccination causes the activation of RE-contain-
ing transcripts that suppress IFN activation in the
absence of immune stimuli [29]. When it comes to the
development of an anti-SARS-CoV-2 vaccine, the
possible integration of viral nucleotide sequences into
the genome with the participation of REs should be
taken into account. For this reason, peptide vaccines
are considered to be the most promising and safe. It is
important to take advantage of the experience of the
use of peptide preparations for the introduction of vac-
cines of this kind into clinical practice [38].
AD
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