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Abstract: A review of the mechanisms of the generation of antiviral immunity in bacteria, plants, invertebrates, and
vertebrates directly indicates the leading role of innate immunity. Bornovirus infections in mammals have been proven to be
inhibited by the RNA interference mechanism. Authors propose a possible role of innate human immunity in combating viral
infections, including SARS-Cov2. This hypothesis is based on the notion that antiviral response involves a molecular mechanism
of RNA interference stemming from the specific viral patterns incorporated into host cells’ DNA. Innate immunity plays an
important role not only at the first encounter with a viral infection, but also fully participates in the formation of specific immune
memory. RNA-interference along with interferon system is integral parts of human anti-viral defense system. The joint work of
these systems is considered. Caution is warranted in both PCR testing interpretation and in assessing prospective vaccines. False
positive result without any clinical presentation of the disease in some people might mean that PCR test was picking up any
specific SARS-Cov2 sequences that already had incorporated into asymptomatic person’s cellular DNA due to the possible
RNA-interference based anti-viral immunity. Future vaccines aimed at producing specific antibodies can cause the phenomenon
of antibody-dependent enhancement (ADE) of the infection. In ADE virus not only infects susceptible cells through appropriate
receptor, but is able to highjack virus-specific antibodies to easily traffic virus bodies inside the monocytes/macrophages,
granulocytes, platelets, mast and many more host cells through interaction with Fc and/or complement receptors. It is necessary
to draw the attention of medical community, especially practitioners to the role of innate immunity, which is especially important
in the current COVID-19 pandemic.
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modulating innate defense capacities [2-5]. Such strong
alertness of immune system in invertebrates can last lifelong
and further passes vertically and is detectable in offspring up
to the third generation [9].

1. Introduction

1.1. “Memory” of Innate Immunity

The ability of innate immunity to remember and learn has
been observed and intensively researched across various
biological species. While plants and invertebrate animals do
not possess features of adapted immunity, they are capable of
forming systemic acquired resistance (SAR). In the studies
by Chester in 1933 and by Ross in 1961 the primary
infectious agent (IA) was shown to induce the SAR
phenomenon upon exposure to the same or similar infectious
agents [6, 7].

Invertebrates also response to the various IAs by

Finally, Mackaness 1964 has demonstrated an innate
component contribution to the formation of immune memory
in vertebrates [10]. Repeated administration of pathogenic
microorganisms resulted in recruitment of highly sensitive
macrophages, monocytes and NK-cells. Moreover, epigenetic
changes in the effector cells themselves were noted [11, 12].

A complete overview of the innate memory is beyond the
scope of this discussion, but several excellent reviews are
available [1, 8, 12].



25 Muratkhodjaev Javdat and Aripova Tamara:

RNA Interference: Antiviral Defense

Mechanism and Immune Memory

1.2. Antiviral Defense Mechanisms

Reviewing the antiviral defense mechanisms, it is necessary
to single out the kingdom of bacteria that use the effective
CRISPR-Cas system in the fight against viruses [13].

The CRISPR-Cas are adaptive immune systems with
memory of past encounters with foreign DNA that is stored
in unique spacer sequences derived from viral and plasmid
genomes and inserted into CRISPR arrays. Transcripts of the
spacers, along with portions of the surrounding repeats, are
utilized as guide CRISPR (cr) RNAs to recognize the cognate
sequences in foreign genomes and thus direct Cas nucleases
to their unique cleavage sites [14].

A close analogue of such a protective system in eukaryotes
might be a RNA interference [11]. Plants and invertebrates
make extensive use of this mechanism against viruses
[16-19].

Vertebrates, on the other hand, in addition to the antiviral
RNA-i system [20-23] employ an interferon-activated
antiviral system [24, 33, 34]. This protein-based defense
system effectively combats viral infections, but it also blocks
the operation of the anti-virus RNA-I system [24, 25, 35-38].

An analysis of published data allows us to hypothesize
how specific antiviral memory might be generated via
mechanism of RNA-interference

2. Hypothesis of Specific Antiviral
Memory Generation by Innate
Immune System

In our opinion, a key role in the fight against viral invasion
is played by innate immunity, including physical barriers
(tight joints in the skin, surfaces of the epithelium and mucous
membranes, the mucus itself); anatomical barriers; enzymes
of epithelial and phagocytic cells (e.g. lysozyme), phagocytes
(neutrophils, monocytes, macrophages), serum proteins
associated with inflammation (complement, C-reactive
protein, lectins); antimicrobial peptides of surface and
phagocytic granules (for example, defensins, etc.); cells that
release cytokines and inflammatory mediators (i.e.
macrophages, mast cells, NK cells) and cell receptors that
sense the characteristic patterns of microorganisms (TLR,
NLR, RLR, CLR receptors).

Among the latter, there are at least four TLR receptors that
immediately respond to various components of viruses - TLR3
binds double-stranded (dsRNAs), TLR7 and TLRS sense
single-stranded (ssRNA), while TLRY recognizes unmethylated
CpG DNA. Furthermore, RLR receptors are intracellular
proteins capable of perceiving viral dsRNA during virus
replication. Each of these receptors ultimately activates the
production of interferons, which trigger a cascade of defense
reactions culminating in a cell apoptosis [29, 30]. When
neighboring cells receive an interferon signal, they switch to the
“alarm mode”, which triggers an emergency halt in cellular
protein synthesis, including the synthesis of viral proteins thus
protecting a host cell from virus replication [40].

In addition to this interferon-based mechanism, an antiviral
defense based on RNA interference might concurrently be
working in the cell.

Exogenous viral RNAs are cleaved in the cytoplasm by the
Dicer enzyme into short fragments of about 20 bases in length,
called small interfering RNAs (siRNAs) [26].

These interfering RNAs bind with RNA-induced silencing
complex (RISC). Active RISC ensures binding between
interference RNA and a complementary viral sequence and
consequently potentiates cutting a viral RNA by aid of
Argonaute protein, ultimately inhibiting translation and/or
RNA deadenyaltion [31, 32].

This mechanism has been proven to work with bornaviruses.
In this case, the existing bornavirus sequences in the DNA of
the target cells prevented the infection caused by bornavirus
[41-44].

Furthermore, Parrish et al. raise the hypothesis that
retrotransposon-dependent virus-to-host gene flow could
engender RNA-mediated, sequence-specific antiviral immune
memory in metazoans analogous to the CRISPR/Cas system
in prokaryotes [43].

We assume that such interference-based cellular protection
does not need millions of years to develop [42]. Quite an
opposite, it forms rather quickly and locally, in response to
current viral infection.

To do this, viral fragments must be reverse-transcribed and
then inserted into host-cell DNA. The very existence of such
mechanisms has been described in the research of
retrotransposons and pseudogenes [27, 28], where
intracellular reverse transcriptase ORF2 has been
implemented in transforming cytoplasmic RNA and
retroelement transcripts into complementary DNA parts.

Moreover, those retro-elements account to almost half of
human DNA in the cells [29, 30].

It is tempting to assume then that at least some parts of
human DNA are coded DNA fragments of previously
encountered virus genome. This is some sort of “block list” of
nucleotide sequences, prohibited for cell translation.

We propose to look for these sequences in the piRNA
clusters. As shown by Gebert D and Rosenkranz D., there are
many such piRNA clusters on chromosome 6, which in a
particular gene-dense region carries one of the largest and
most strongly expressed piRNA clusters [45, 46]

After transcription of these sequences mRNA is then
cleaved by the Drosha nuclease into micro RNA (miRNAs)
sized by 21-23 length fragments. Micro RNAs has been
frequently observed during infections caused by both DNA
and RNA viruses [20].

These interfering RNAs formed by Drosha (miRNA),
would then bind with the same RISC complex. And, in the
case of a current infection, the prepared RISK complex (when
finding a match with the sequences of interfering RNAs),
begins to rapidly cleave the viral RNA and inhibit the
translation of viral proteins. This is a proposed mechanism of
antiviral immune memory in a nutshell.

When delving into the aspect of viral localization in the
body then at first seemingly contraindicated interferon and
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anti-viral RNA-I systems might work synergistically in
anti-viral protection effort.

When virus enters the cell the mechanism of interferon
release is initiated immediately triggering a myriad of cascade
cellular responses culminating in a cell apoptosis [35, 36].
Neighboring cells also sense an interferon signal and in turn
switch into an “alarm mode”, which is usually block the very
DICE/Drosha-RISC anti-viral protection system [37, 38].

However, as it turns out, this is not a case with actively
proliferating and unipotent cells [39]. First line of cells that
encounter virus entry is usually well differentiated surface
epithelial or endothelial cells. They deal with the small virus
load via interferon induced protection [33-38] and they do not
participate in forming specific infection memory.

True immune memory is formed only in unipotent
precursor cells when either virus enters in them or interference
RNAs through extracellular vesicles [47].

Only de novo formed differentiated surface cells will
possess specific antiviral memory giving them a powerful tool
to effectively eliminate additional loads of virus. Maturation
of the novel endothelial and epithelial cells usually takes
several days which constitutes a required time for forming
specific antiviral memory. It also means that this memory is
local in its nature, and in order to have systemic memory
multipotent cells should be involved.

Respectively, for innate immunity being able to protect
further generations or off-spring, germ line cells should be
impacted as well.

Therefore, in fact there is no any antagonism in the two
antiviral protection systems of innate immunity. It all depends
on the level of cell differentiation and location of these cells.
Both methods of protection co-exist in the cells of the human
body.

When the nucleotide sequences of the viral genes coincide
with the retroelements present in the cell DNA, interference is
triggered using the DICE / Drosha-RISC complex. This
complex destroys the viral genome.

In the absence of a match, an interferon defense system is
launched, which blocks the reproduction of the virus.

As noted above, with an initial high viral load, the infection
is generalized, new retroelements corresponding to this virus
are formed in progenitor cells using reverse transcriptase.
When mature, these cells can use RNA-I in cases of repeated
invasion of the virus.

3. Discussion

The above described mechanism of forming immune
memory, by all means does not down value development of
acquired immunity via specific CD4, CDS8 cells along with
humoral antibody-based antiviral immunity. This function of
acquired immunity is well known, although the main role of
this additional mechanism in vertebrates might lie with the
preservation of the integrity of their own cells, control over
their change during aging and destruction processes [48-50].

From this point, antibodies are produced against all
antigens that a body encounters, including any viral proteins.

However, sometimes such “antiviral” antibodies are rather
more harmful then protective. This is evident with the
phenomenon of antibody-dependent enhancement (ADE) of
the infection [51-54].

In ADE virus not only infects susceptible cells through
appropriate receptor, but is able to highjack virus-specific
antibodies to easily traffic virus bodies inside the
monocytes/macrophages, granulocytes, platelets, mast and
many more host cells through interaction with Fc and/or
complement receptors [55]. There are numerous examples of
ADE, triggered by alpha- and beta-coronaviruses [56, 57, 59].

Primates, vaccinated with modified Ankara vaccine virus
encoding the full-length SARS-CoV glycoprotein, despite of
low viral loads suffered from severe lung injury due to ADE
[58]. ADE phenomenon has been observed on the animal
models of SARS and MERS [52]. It has been shown that
SARS-CoV-1 is capable to enter macrophages via antibody
dependent route and even replicate in those cells [57, 58].

In connection with the foregoing, it is necessary to make
adjustments to the assessment of herd immunity to COVID-19,
which is at the moment traditionally based only on the
measurement of theantibodies titers.

Another tool for this assessment should be DNA tests
confirming the formation of new sequences in human cells
corresponding to SARS-CoV-2 RNA. Future vaccines against
SARS-CoV-2, the prospects of which are still remain elusive
[61, 62], will also have to pass the same evaluation of
effectiveness.

In our humble opinion, based on the proposed hypothesis
above, the most effective anti-viral vaccines must be RNA
vaccines since they would be able to induce RNA-interference
and ultimately generating the strongest possible and hopefully
long lasting immunity against the virus.

It also worth noting that if our hypothesis has any merits,
then some of the observed false-positive results reported
frequently during mass PCR diagnostics of Covid-19 infection
might turn out to be just a laboratory artefact. False positive
result without any clinical presentation of the disease in some
people might mean that PCR test was picking up any specific
SARS-Cov2 sequences that already had incorporated into
asymptomatic person’s cellular DNA due to the possible
RNA-interference based anti-viral immunity. These people are,
in fact, are non-contagious and safe for community.

4. Conclusion

This work forces us to abandon the dogma that has
developed in medical immunology - only acquired immunity
can form long-term memory. Numerous experimental data are
presented that unequivocally indicate the leading role of
innate immunity in the formation of specific memory. The
RNA interference mechanism considered in detail is the main
tool in the fight against viral infections and is responsible for
the formation of long-term memory. This memory is based on
specific cellular DNA patterns corresponding to the viral
genome. It is tempting to assume then that at least some parts
of human DNA are coded DNA fragments of previously
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encountered virus genome. This is some sort of “block list” of
nucleotide sequences, prohibited for cell translation. These
sequences can give false positive results in PCR testing of the
current COVID-19 pandemic. In the case of a viral infection,
acquired immunity, especially antibody production, is not the
main defense. Moreover, specific antibodies can cause the
phenomenon of antibody-dependent enhancement (ADE) of
the infection. In ADE virus not only infects susceptible cells
through appropriate receptor, but is able to highjack
virus-specific antibodies to easily traffic virus bodies inside
the monocytes/macrophages, granulocytes, platelets, mast and
many more host cells through interaction with Fc and/or
complement receptors. The conclusions for the medical
community, especially medical practitioners, in the context of
the COVID-19 pandemic may be as follows. Consider false
positive PCR results and use convalescent serum and / or
immunoglobulins with extreme caution to treat COVID-19.
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