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ARTICLE INFO ABSTRACT

Keywords: Extracellular vesicles like exosomes are important therapeutic tactics for treating COVID -19. By utilizing
Exosomes convalescent plasma derived exosomes (CP®*®) from COVID-19 recovered persistence could accelerate the
Convales;em plasma treatment strategies in the current state of affairs. Adequate literature has shown that administering the exosome
Lng:q/;l;oltgerapy to the in vivo system could be beneficial and could target the pathogens in an effective and precise manner. In

D : this hypothesis we highlight the GPE*° instead of convalescent plasma (CP), perhaps to dispense of exosomes are

rug delivery .

miRNAs gratified and it’s more effectively acquired immune response conferral through antibodies. COVID-19 conva-

Diagnosis lescent plasma has billions of exosomes and it has aptitudes to carry molecular constituents like proteins, lipids,
RNA and DNA, etc. Moreover, exosomes are capable of recognizing antigens with adequate sensitivity and
specificity. Many of these derivatives could trigger an immune modulation into the cells and act as an epigenetic
inheritor response to target pathogens through RNAs. COIVID-19 resistance activated plasma-derived exosomes
are either responsible for the effects of plasma beyond the contained immune antibodies or could be inhibitory.
The proposed hypothesis suggests that preselecting the plasma-derived antibodies and RNAs merged exosomes
would be an optimized therapeutic tactic for COVID-19 patients. We suggest that, the CPF*® has a multi-potential
effect for treatment efficacy by acting as immunotherapeutic, drug carrier, and diagnostic target with noncoding
genetic materials as a biomarker.

1. Introduction over the previous decades of global history which is a serious respiratory
inflammation by the SARS-CoV-2 virus [1,2]. As of September 2020,
COVID -19, is identified as a major pandemic disease in the last 10 more than 2.6 million confirmed cases of COVID-19 infections were
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recorded, which included 876,616 mortalities [3]. Several economists
stated that this pandemic severely influenced the socioeconomic status
of several countries and individuals as well. Plenty of choices are being
explored as alternative medicines which included both traditional, al-
lopathic medicines, and vaccines [4]. However, further improvements
for controlling these infections are not identified yet. This hypothesis
edged to improve COVID - 19 treatments with immunotherapeutic
tactics. The history of proposed immunotherapy has been initiated
before an era back; to the best of our knowledge in the year 1774, a
Parisian physician tested and observed deterioration as the infection
worsened by injecting pus into the leg of a patient with advanced breast
cancer [5]. The major benefits of immunotherapy include the extended
and long term survival rate, precise and target-oriented, more specific,
wide adaptability, fewer side effects, and ability to replenish and reju-
venate the body’s immune function. While the major afflictions include
the negative regulation of immune checkpoint inhibitors, autoimmune
diseases that lead to fatality, and hyper progressive disease which often
leads to decreased survival rate in patients [6]. Further, immunotherapy
combined with convalescent plasma has an efficient way to accelerate
modern treatment especially this current pandemic disease also treated,
and some of the cases were recovered as well. The mechanisms behind
this convalescent plasma immunotherapy were identified as
antibody-induced cellular cytotoxicity, phagocytosis activation,
neutralizing viral load, and finally enhanced recovery rate [7,8a-b].
According to Cantor et al. [9a], the primary study revealed convalescent
plasma therapeutic patients have effectively reduced organ failure than
hydroxychloroquine and tocilizumab treatment and survival rate was
significantly improved in the convalescent plasma treated patients. (see
Tables 1 and 2).

Nonetheless, COVID-19 treatment using convalescent plasma thera-
peutic mechanisms is still uncertain [9]. Hence, we outlined hypotheses
for the actual mechanism behind the convalescent plasma therapeutic
tactics. An Exosomes provide synergistic effect in drug delivery systems
and or the spike protein (S protein) of SARS-CoV plays a pivotal role in
viral infection and pathogenesis [10a-b]. Mechanism of action behind
this treatment to target monoclonal antibody to bind with spike protein
and internalization of antibody mediated exosomes into endosome then
membrane fusion to rely genetic materials for inhibits the viral trans-
formation. It aids the extracellular signaling through non-coding RNAs
and has played an integral role in the mechanism of antibody-mediated
exosomes perhaps; it contains proteins derived after maternal cells.

Furthermore, it has provided abundant functions such as membrane
transport and fusion protein associated with multivesicular bodies
(MVB) and heat shock proteins (HSP) intricate antigen staging [11a-b].
We proposed a convalescent plasma-derived exosomes (CP®*°) immu-
notherapeutic approach that could better deal with COVID-19 treatment

Table 1
Typical methods available for COVID-19 detection.
Methods Advantages Disadvantages Time for
analysis
RT-PCR Highly sensitive, Expensive 2h
RNA based instrument, false
detection negative results
Loop-mediated High specificity and ~ False-positive results ~ 30min
isothermal rapid
amplification
(LAMP)
Immunoassays Antibody-based Expensive antibody 2h
methods (e.g., detection method and instability of
ELISA) and high sensitivity.  antibody
Computed Rapid test Nonspecific Rapid
tomography (CT)
Next-generation Gene-based Require technical 1-2
sequencing (NGS) detection, able to expertise and time- weeks

understand the
genome.

consuming
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(Fig. 1). This has been the best idea for improving the efficacy of tar-
geted antibody binding and surface trans-membrane fusion in targeted
cells.

Expected biomaterial for drug delivery in the biological system is
based on the transfer membrane activity and translocation potential
during treatment. Based on these characteristics, we recommended the
appropriate biomaterial with size is about less than 100 nm like extra-
cellular vesicles or exosomes. Plasma derived exosomal dimensions are
between 60 and 100 nm and it has multi-potent features like optimistic
size will be used for drug translocation, and inbound carrier of genetic
materials would be best therapeutic biomarkers.

2. Convalescent plasma derived exosomes As A Covid-19
diagnostic tool

Various molecular techniques are under development or already
accessible for the diagnosis and management of COVID-19 patients.
Diagnostic testing of COVID-19 is crucial to guide the treatment, disease
surveillance, contact tracing, and reopening of the economy. There are
advantages and disadvantages for the currently available techniques
used for the diagnosis. Presently, Real Time Polymerase Chain Reaction
(RT-PCR) tests are considered the gold standard for identifying the
presence of SARS-CoV2, as it directly tests to the presence of the virus
RNA. Fig. 2 shows the number of techniques/methods available and
their advantages and disadvantages [12] (see Fig. 3) (see Fig. 3).

SARS-CoV-2 infection can be grouped into three stages: stage 1- an
asymptomatic period with or without detectable virus; stage 2-non-se-
vere symptomatic period with the presence of virus; stage 3- severe
symptomatic stage with high viral load. For about 50% of COVID-19
infected people only by day 7, the seroconversion takes place and for
the rest of the patients by day 13-14 [13-16]. It is reported that the
several recovered SARS-CoV2 infected patients exhibited a positive viral
RNA load as long as 10-27 days [15,17] and in some cases, it was
observed for 37 days after discharge [18a]. Early screening and accurate
diagnosis are undoubtedly an issue for patients with severe COVID-19 in
reducing mortality and increasing the recovery rate. Even though there
are several methods accessible for the detection of the virus, but these
available diagnostic methods have their own limitations. For example,
false-negative results occur in the RT-PCR test due to a low level of viral
RNA. Currently available PCR-based methods cannot differentiate be-
tween the infected virus and the non-infectious nucleic acid of the same
virus. Therefore, there is an immediate surge in the development of
methods and platforms to diagnose the COVID-19. Recently, the scien-
tific interest with regard to exosomes is immensely elevated for their
feasible implications in clinical applications. The origin, number and
delivery of circulating exosomes vary under physiological state, advo-
cating their possible as a biomarker of disease. However, the role of
exosomes as a diagnostic tool for COVID-19 patients are still scare [18b].

It is known that many viruses enter the extracellular double-
membrane vesicle (EDMV) or exosome path during synthesis and
intra-host spreading [19]. Exosomes are lipid-bilayer vesicles that are
30-120 nm in size and cooperate in the various pathological state [20].
Virus-infected cells deliver exosomes, which include viral-derived
miRNAs and proteins and also receptors for viruses that allow recip-
ient cells to virus entry [21]. It is reported that the viral particles can be
seen within the double-membrane vesicles, where SARS-CoV is cultured
in the AT2 cells [14,22]. Studies introduced the probability for the use of
the exosomal pathway for transport of the COVID-19 virus [23-25]. The
difference in composition of exosomes in healthy and infected patients
and exosome stability, easy storage, easy isolation, make exosomes an
exceptional biomarker for diagnosis [20]. Analysis of specific exosomal
miRNA cargo content could serve as a biomarker to detect the virus from
least or non-invasive biological samples of infected patients. The study
of the exosomal cargo might give us pivotal data in respect of differential
secretion of cargo in SARS-CoV infected cells as compared to uninfected
cells. Particular proteins recognized within exosomes separated from
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Table 2
Examples of some repurposing antiviral.
S. No Drug Structure Target Mode of Action Experimental Clinical trials Reference
Model
1 Lopinavir- Protease enzyme Prevent viral In-silico Phase 2 clinical trial [45-49]
ritonavir protein entry modeling, In- NCT04372628
vitro and Phase 2 clinical trial
humans NCT04276688
Phase 2 clinical trial-
NCT04330690
2 Darunavir Protease enzyme Prevent viral In-silico Phase 3 clinical trial [50-52]
protein entry modeling, In- NCT04252274
vitro and Phase 3 clinical trial
¢ humans NCT04303299
Phase 3 clinical trial
NCT04425382
3 Prulifloxacin Proteases enzyme Blocks active In-silico nonscientific trial [53]
sites/Disturb modeling
viral protein
dimer formation
of viral protein
4 Tegobuvir Proteases enzyme Blocks active In-silico nonscientific trial [53-55]
sites/Disturb modeling
viral protein
dimer formation
of viral protein
5 Nelfinavir Proteases enzyme Blocks active In-silico nonscientific trial [53,56,
sites/Disturb modeling 57]
viral protein
dimer formation
of viral protein
6 Bictegravir Proteases enzyme Blocks active In-silico nonscientific trial [50,53]
sites/Disturb modeling
viral protein
dimer formation
of viral protein
7 Azithromycin Not conclusive Inhibits viral In-vitro (host NCT04381962- Phase 3 clinical [58-60]
(Change in replication and cells), humans trial
endosomal pH), IL-6 production NCT04332107- Phase 3 clinical
cytokines trial
NCT04334382- Phase 3 clinical
trial
8 Doxycycline Cytokines Inhibits viral Humans NCT04371952- Phase 3 clinical ~ [58]
replication and trial
IL-6 production NCT04433078- Phase 2 clinical
trial
IRCT20200418047121N1-
Phase 3 clinical trial
9 Tocilizumab IL-6 receptor Inhibits IL-6 Humans NCT04356937- Phase 3 clinical [52,61]
protein release trial
NCT04445272- Phase 2 clinical
trial NCT04403685- Phase 2
clinical trial
10 Auranofin PN Viral RNA inhibits viral In-vitro nonscientific trial [62]
J RNA and
Cytokines
A
NG
,,J\n,iWL,J\
1
11 Ruxolitinib Janus-kinase 1/2 Inhibits cytokine In silico NCT04414098- Phase 2 clinical ~ [62-64]
storm modeling, trial
humans NCT04338958- Phase 2 clinical
trial
NCT04362137- Phase 3 clinical
trial

(continued on next page)
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Table 2 (continued)
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S. No Drug Structure Target Mode of Action Experimental Clinical trials Reference
Model
aricitinil N anus-kinase nhibits cytokine n silico, - Phase 2 clinica ,63,
12 Baricitinib i Ji ki 1/2 Inhibits cytoki In sili NCT04414098- Phase 2 clinical [62,63
in storm modeling trial 65]
[ / humans NCT04338958- Phase 2 clinical
N L trial
N // y NCT04362137- Phase 3 clinical
N—N .
trial
/ \
N
o
N‘ \/
/
Y
i
13 Dexamethasone Inflammatory Inhibits release of  In silico NCT04325061- Phase 4 clinical [66-68]
cells Inhibits cytokines modeling, trial
humans NCT04395105- Phase 3 clinical
trial
NCT04347980- Phase 3 clinical
trial

COVID-19 -infected cells may serve as a crucial biomarker for the
disease.

3. Exosomes in Covid-19 immunotherapy: hypothesis

The global catastrophe COVID -19 pandemic and the urgent need for
effective treatment instigated to develop the COVID-19-convalescent
plasma therapy (CCP) into viable therapy for patients under the crit-
ical stage of infection [26]. However, its clinical efficacy and safety are
not fully evidenced but it could be projected to be a potentially effective
option for existing prophylaxis of the disease. To date, no studies have
focused on evaluating the role and planned participation of the exo-
somes in the treatment of COVID-19. Indeed, prior viral infections have
been encountered using the convalescent plasma as a therapeutic
approach [27]. Therefore, studies based on adopting convalescent
plasma treatment for infectious diseases should be fortified and the
significance of convalescent plasma-derived exosomal (CP**°) immu-
notherapy for COVID-19 should be investigated under ethical and
controlled conditions.

‘ ' EXOSO]!IES Isolations

Conv: alescem
Plasma (CP)

COVID-19
Recovered Patient Plasma
derived Exosomes

Unravel biomarkers to
target exosomes

De novo

Proteins and RNAs

3.1. Evaluation of the hypothesis

3.1.1. Immune cells derived exosomes in immunotherapy

Exosomes, a component of extracellular vesicles are reported as
potential mediators in liquid biopsy and are involved in many
augmentative cellular biochemical events including immunomodula-
tion. Immune cells can communicate through extracellular vesicle (EV)
secretion and uptake [28]. In the past 10 years, immuno-exosomes have
been studied in correlation to surface oncology, metabolic reprogram-
ming, autoimmune syndromes, and infectious disease. The immune
system of the body is a natural defense mechanism to fight against
invasive microbial infections. Recent literature suggested that the exo-
somal surface proteins are a much-desired target since they play a
crucial role in cell-to-cell communications and are involved in immune
modulations and cell signalling processes. The exosomes mediate
various processes during infections with different types of microorgan-
isms to promote immune responses. Further, the role of

exosomal-immune activation has also been explored in the context of
auto-immune disorders [29]. Immuno-exosomes are produced by the
inward budding of sub-cellular endosomal membranes from immune
effector cells [30]. They are delivered extracellularly from a wide range
of cell types like dendritic cells (DCs), T and B cells, mast cells, platelets,
epithelial cells [31].

NK cells, The extracellular vesicles from

Spike \

Protein Neutralizing
antibody response
and Antiviral
efficacy

SARS-CoV2

Antibodies. Proteins.
RNAs Cargo with
Immune Functions

— +—»?\

O
Immune-Functional
Convalescent
Plasma derived
Exosomes (IFCPE)

)3

Convalescent
Plasma derived
Exosomes (CPE)

Fig. 1. Convalescent plasma-derived exosomes (CP**°) from COVID-19 recovered patients could provide immunotherapy for COVID-19.
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Fig. 2. Schematic representation showing the potential role of Convalescent plasma derived exosomes (CPExo) from COVID-19 recovered patients could provide

novel biomarkers for COVID-19.

antigen-presenting cells (APCs) carry major histocompatibility complex,
co-stimulatory  molecules like CD54, CD80, and CD86
antigen-presenting cell and they have enriched in exosomal surface
proteins tetraspanin like CD63 and CD81 [32,33]. The role of exosome
biomarkers in vivo is not known, but it has been shown that exosomes,
depending on donor cell origin, can function as a transport vesicle for
the movable of wanted biomolecules, activate T cells, and transport
antigen between APCs, and can be of importance in tolerance induction
and in inhibiting antitumor responses by receptor-binding domain-spe-
cific Abs. Exosomes have also been investigated as cell derived tools in
immunodominant for cancer-linked infections and transplantation [34].
Thus, we envisage that developing a potential exosomal therapy may
exhibit broad-spectrum antiviral activity mediated through the modu-
lation of the host immune responses.

3.1.2. COVID-19 convalescent plasma (CCP) therapy

Plasma is the colourless part of blood that does not contain red blood
cells [35]. COVID-19 convalescent plasma (CCP) refers to
solvent/detergent-treated plasma or cryo-supernatent antibodies (Abs)
rich plasma collected from donors who have recovered from COVID-19
and have likely produced neutralizing antibodies (nAbs) to SARS-CoV-2
infection [36]. It is hypothesised that infusing plasma that has
virus-specific antibodies will provide immediate transfer of passive im-
munity to the recipient and may improve their clinical course and out-
comes by accelerating viral clearance and antibody-dependent killing of
infected cells. Passive transfer of re-emergence immune protection with
convalescent plasma (CP) implicates transfusing the sub-cellular portion
of blood from individuals who have recovered from covid-infection to
persons who are infected or at risk of infection and decreased viral loads.
Immune-plasma donors are presumed to have developed an effective
antibody response to the offending pathogen receptor-binding domain
(RBD). The use of convalescent plasma (CP) as passive immunisation to
treat viral contaminations is not novel [37]. Convalescent Plasma
Therapy (CPT) decreased the mortality rate in severe influenza and
related SARS-CoV as well. Moreover, it was a proven successful treat-
ment model in the Middle East respiratory syndrome (MERS)-CoV [38]
and ebola virus infection [39]. The disadvantage of this
treatment-conferred immunity is the short term and mistarget
receptor-binding domain (RBD).

4. Exosome As A repurposing antiviral drug delivery carrier

Exosomes have obtained a significant interest as a potential
biomarker for drug delivery because it is less likely to be cytotoxic or
immunogenic and it contains endogenous cellular components enabling
them to overcome biological barriers. Also, the exosome lipid-bilayer
may protect the drug from rapid blood clearance and may decrease
the cytotoxicity related to off-target drug effects [40,41]. Exosomes are
nanosized (30-120 nm) membrane vesicles secreted by all cell types and
recognized for their cell-to-cell interactions [42]. Exosome’s carry
several biologically active molecules such as proteins and miRNA.
Exosomes lipid-bilayer composition, high stability, and biocompatibility
make them a perfect candidate for drug delivery carrier [41].

The interesting facts about exosomes have attained interest in ana-
lysing their potential role as therapeutic interventions in SARS-CoV
virus infection. The therapeutic proteins or miRNA present in exo-
somes could support the depletion of cellular repair, inflammation,
alveolar fluid clearance, and other damage triggered to the lung during
virus infection [43]. A study by Sengupta et al. [44], reported that
mesenchymal stem cell (MSCs) or - or medicinal signaling cells derived
exosomes treatment in twenty-four COVID-19 patients resulted in sig-
nificant improvement by enhancing immunity, down-regulating cyto-
kine storm, and restoring oxygen storage capacity. Possibly, the use of
plasma-derived exosomes from COVID-19 recovered patients as a drug
carrier for antiviral drugs could prevent the cytokines storm elicited by
the immune system. Plasma-derived exosomes could be one of the ideal
and competitive nanocarriers for the clinical approved antiviral drugs
including Lopinavir-ritonavir and Darunavir Prulifloxacin even with or
without being modified.

5. Consequences of the hypothesis and discussion

From our point of view, considering the effects of the exosomes in the
convalescent plasma needs to be done sooner rather than later. Recently,
phase 2 novel therapeutic that is derived from the soluble and exosomes
fraction of human amniotic fluid bionanoparticles as a safe and poten-
tially efficacious therapeutic treatment for respiratory failure induced
by COVID-19 infection. The past use of human amniotic products (i.e.,
membrane and fluid) has previously been FDA-approved as human cells,
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Fig. 3. Schematic representation showing the potential role of Convalescent plasma-derived exosomes (CPExo) in combating COVID-19 Infection. Synergistic effect
of the drug and exosomes may be utilized as an effective approach against the virus and cytokine storm.

tissues, and cellular and tissue-based products for tissue injury; and has
been used to reduce inflammation and fibrosis in patients with a variety
of ailments. Given this, the investigators hypothesize that intravenously
administered processed sterile filtered amniotic fluid will reduce
inflammation in COVID-19 patients, and improve secondary clinical
outcomes [69]. There is no phase 3 clinical trial Food and Drug
Administration (FDA) approved and effective medicine for acute respi-
ratory distress syndrome. Looking over prior knowledge of exosomes
and especially their role in immune regulation, it seems that plasma
during COVID-19 infection, and especially useful in those with the
cytokine storm and acute respiratory distress syndrome may be
augmentative as likely derived from the overblow over blow innate
immune cell response of the macrophage family per Mac 1-type subsets
stimulated by TNF-a of the immoderate innate immune response and
consequently during still active infection by the viral Ag activated T

helper cells 1 and T helper cells 17 derived cytokines like
interferon-gamma (INF-g).

With disease evolution towards resolution and beyond, the biosyn-
thesis of the extracellular vesicle response likely converts to reflect the
healing positive aspect also in convalescent responses with more cohort
from the curative and trophic M2-type macrophages making interleukin-
4, interleukin —10, and transforming growth factor-beta (TGF-b), and
perhaps later regulatory T helper 2 cells also making interleukin-10 and
TGF-b, with interleukin —4, interleukin —13, and interleukin-25.
Furthermore, the plasma-derived exosomes will promise the source of
unraveling biomarkers. A more relevant example is that exosomes used
as vaccines infused with the spike protein of the coronavirus pathogen of
SARS pneumonia induce high levels of neutralizing antibodies (nAbs)
[70a-b].

Thus, convalescent plasma exosomes (CP®*®) should be clinical
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pivotal cell therapy in Covid-19 induced acute respiratory distress syn-
drome (ARDS) patients. Therefore, it is postulated that activated exo-
somes from immune stimulated regulatory and suppressor T cells and
M2-type macrophages may make a very significant administration to
the helpful side-effects of convalescent plasma therapy (CPT). This
would be beside and beyond the effects of remaining immunoglobulin M
antibodies of the primary immune response and the later developed
crucial higher affinity immunoglobulin G anti-COVID 19 antibodies of
the acquired T cell-mediated secondary B cell response. In fact, there
may be an effective antigen-specific antibody actually on the surface of
the immune cells derived exosomes from blood plasma.

The use of COVID-19 convalescent plasma (CCP) for its content of
acquired immune antibodies that must consider the role in this therapy
of billions of unraveling exosomes in the plasma. Many of these derive
from activated immune-modulating cells and likely transfer exosomal
cellular RNAs like tRNA, rRNA, mRNA, miRNA, snRNAs, functional
ncRNA), and IncRNA that acting epigenetically to also influence the
recipient response to the virus. These immune activated plasma exo-
somes may either be responsible for positive effects of the plasma
beyond the contained immune antibodies or could be inhibitory. Pre-
selection of plasma with the best neutralizing antibodies (nAbs) and
the immune (cell) derived exosomes mimetics would produce the most
optimum therapy for very severely affected COVID-19 patients also we
would say that exosomal RNA therapeutics will take their place as a
viable future COVID-19 drug discovery platform. Exosomes are used to
translocate miRNA into viruses and inhibit mRNA gene expressions. It
has provided direct detection of viral transformation and controls their
transcription. Moreover, miRNAs are acting as regulating factors for
posttranscriptional processes by regulating mRNA splicing. By utilizing
the exosomal derived snRNAs to target the promoter region of mRNA
genes which is responsible for viral transformation. Exosomes are the
best biomaterials for theragnostics strategy, which could provide
remarkable efficacy for drug delivery, especially critical infectious dis-
eases like COVID-19. In nature, exosomes are carriers of congenital
cargos like RNAs, would be the best tool for extracellular signaling and
will be great advantages for disease biomarkers identification. As an
innate substance of exosome, may tolerate primary immune response
such as phagocytosis.
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