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ABSTRACT: Novel coronavirus or severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes severe
respiratory infectious disease, known as coronavirus disease-19 (COVID-19). Over the past few months, a considerable
rise in the incidence rate and prevalence of COVID-19 infection have been witnessed. Considering the high disease
burden and rapid spread of the COVID-19 and no effective treatment is currently existing, stem cells, engineered
nanobiomaterials, natural killer cells based therapy, RNA metabolites and extracellular vesicles are promising
alternatives to tackle devastating epidemic. This review spotlights the applications and potential of above-mentioned
methods in the treatment of COVID-19.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a viral infection with acute respiratory syndrome, which
originated in Wuhan (China) and has been spread to almost every country in the World [1]. The virus is
transmitted through close contact with infected people, as well as the contaminated objects of an infected
person [2]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the third major pathogenic
coronavirus after severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS)
in the past two decades, has been able to infect humans by crossing animal species. In general, alpha and beta-
coronaviruses mainly infect mammals and cause human and animal diseases. In contrast, gamma
coronaviruses and delta coronaviruses mainly infect birds; however, some can also infect mammals. Alpha
coronaviruses include various bat coronaviruses, rodent coronaviruses such as mice, and the epidemic of
swine epidemic diarrhea. Beta coronaviruses include various rat coronaviruses and multiple bat
coronaviruses. The virus appears to be caused by domestic animals, especially birds, including bats [3].

At-risk individuals include elderly people, people living with the patient, and health care personnel
who are responsible for the care and treatment of these patients [4]. The incubation period of the disease is
between 4-8 days and sometimes up to 14 days. The disease begins and develops with symptoms of the
common cold, a fever of 38 degrees, muscle aches, and a dry cough. Pulmonary imaging in some patients
shows symptoms of unilateral or bilateral pneumonia. Laboratory symptoms can include lymphopenia,
decreased oxygen in the blood, and increased creatine phosphokinase (CPK) and lactate dehydrogenase
(LDH). Identifying the virus genome verified that it is a new type of coronavirus family [5]. New molecular
methods of virus detection have been made possible in clinical specimens using reverse transcription-
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polymerase chain reaction (RT-PCR) within a few hours. Due to the different course of the disease in 5% of
people with respiratory problemes, it is necessary to use mechanical ventilation. Treatment with steroids and
broad-spectrum antibiotics and antiviral drugs such as remdesevir are recommended in acute cases. It is
recommended not to travel to high-risk areas to prevent the spread of the disease [6].

Regular control of body temperature for 10 days is recommended and in case of fever, more than 38 °C
should be referred to healthcare centers. Due to the high number of infections in the health care staff who have
been in contact with patients, the awareness and serious attention of physicians and health care staff to the
care and prevention points are necessary [7]. Table 1 represents different clinical manifestations of COVID-19.

Table 1. COVID-19 disease severity criteria.

Mild Clinical symptoms (high fever of 38 °C, with or without cough, lack
of shortness of breath, shortness of breath, and absence of chronic
diseases), healthy lungs in imaging.

Medium Fever, shortness of breath, and pneumonia in imaging

Critical If any of the following are observed:

1. Respiratory failure, need for mechanical ventilation or artificial
respiration

2. Septic shock

3. Extrapulmonary organ failure, transfer to the intensive care unit

It can be argued that the new virus-induced pandemic has gradually overtaken the first to fourth phases
of globalization in 2002, the fifth phase of which began in China in late December 2019 with extensive human
transmission and has rapidly improved to the sixth phase [8]. In 1918, the re-emergence of the influenza virus
HIN1 (A) caused catastrophic globalization. The virus entered humans and pigs simultaneously through
birds, and there is even evidence that it was transmitted from humans to pig at that time [9]. The spell it out
(OIV-S) virus has three genes common to the seasonal influenza virus HIN1 (A) and three genes common to
the seasonal flu virus H3N2 (A) [10]. The history of the influenza virus HIN1 (A) has been recorded by
multiple human-to-human transmission of the virus. Although sporadic cases of human-to-human
transmission of the virus from pigs have been sufficiently pathogenic to cause clear clinical disease, very rarely
have such cases been transmitted from humans who have contracted the disease from pigs to those around
them [11]. In other words, although human-to-human transmission and the spread of the new virus required
primary infection with pigs, the infection did not mean subsequent release and secondary attack in humans,
and as long as the animal virus undergoes the necessary genetic changes [12]. It has not been seriously studied
in humans, and only one exceptionally well-proven case has been proven in the military, even in which the
ability to transmit from human to human is very limited.

Influenza virus HIN1 (A), which caused catastrophic globalization in the years 1918-19, has been living
directly and indirectly in the human body and pigs, and by transmitting its genes to new viruses, it causes
pandemics. One of the two unrelated strains of the swine virus is those who were exposed to pneumonia in
1918. Over the years, they have experienced several pandemics and epidemics. According to evidence, in 1918
a new virus probably originated in birds, which contained a total of eight new influenza genes and, after the
globalization of human disease, was transmitted from human to pig and thus led to its longevity. It continues
in nature and the virus that causes the new pandemic is one of its genetically shifted products. To better
understand the mechanism of survival of this virus over the past century, it can be assumed that influenza A
viruses, which have caused globalization and epidemics during this period, were not completely new viruses
but each of them as one of eight genetic versions. The virus was introduced in 1918, and at any given time,
one of them appear in the form of a new virus. It is worth noting that the mechanisms by which the bird flu
virus crosses the barrier and causes infection in humans and other mammals, thus acting as a host for infected
species or by transmitting human-to-human virus-causing viruses, continue to be vital.

Besides, properties such as infection, transmission, and viral virulence have been implicated by several
genes that are not yet clearly identified, and it has been shown that an influenza virus has a gene for one of
the hemagglutinins, the surface protein of the virus, and another gene encoding for one of the nine surface
proteins. These proteins, which in turn facilitate the binding and release of the virus, play a key role not only
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in infecting host cells but also in triggering immune responses and reducing virus replication. It should be
noted that although the combination of 16 hemagglutinin and 9 neuraminidase from bird flu viruses may
produce 144 types of viruses with relatively different characteristics, such events have not yet occurred and
only three combinations of H3N2, H2N2 or H2N2, H1 [13]. It could indicate that all genes need to be matched
for the new virus to be completely successful. The antigenic shift in the HIN1 virus in 1918 led to the re-
emergence of the H2N2 virus in 1957.

2. RECEPTOR OF CORONAVIRUS

Genomic analysis showed that SARS-CoV-2 is approximately 80% similar to the SARS-CoV, the
etiological agent of SARS. Angiotensin-converting enzyme 2 (ACE 2), the receptor for both SARS-CoV and
SARS-CoV-2, was expressed in human airway epithelia and lung parenchyma as well as many other organs
[14]. ACE 2, a zinc metalloprotease, is a protein sequence consists of 805 amino acids with two domains; the
N-terminal is a carboxypeptidase homologous to ACE and the C-terminal is homologous to collectrin and
responsible for the trafficking of the neutral amino acid transporter B(0)AT1 to the plasma membrane of gut
epithelial cells [15]. ACE 2 and its homologous ACE are two main components of the renin-angiotensin system,
which is responsible for cardiovascular homeostasis, regulation of blood pressure, fluid, and electrolyte
balance. After production of angiotensinogen in the liver, it is cleaved by renin to decapeptide angiotensin I,
which is then converted into octapeptide angiotensin II by ACE [16]. Angiotensin II is a key peptide of the
renin-angiotensin system and binds to angiotensin type 1 receptor, thus mediates vasoconstriction, the release
of vasopressin and aldosterone, renal sodium reabsorption, as well as inflammation and angiogenesis. On the
other hand, ACE 2 acts as a negative regulator of the renin-angiotensin system by hydrolyzing angiotensin II
to angiotensin 1-7, which acts via the MAS receptor to promote vasodilation and hypotension [17]. ACE 2 is
found protective in acute lung injury and acute respiratory distress syndrome because of participating in
inflammatory and fibrotic responses in diseases and assisting the absorption of essential amino acids in the
intestine as a partner of amino acid transporters [15]. However, the ACE 2 receptor has a crucial role in
facilitating the cellular entry of SARS-CoV-2 and SARS-CoV. As shown in Figure 1, SARS-CoV-2 consists of
four structural proteins known as the S (spike), E (envelope), M (membrane), and N (nucleocapsid) proteins.
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Figure 1. Four main structural proteins of COVID-19.

The S protein mediates coronavirus entry into host cells. It first binds to a receptor on the host cell
surface through its S1 subunit and then fuses viral and host membranes through its S2 subunit [18]. Several
studies revealed that SARS-CoV-2 uses ACE-2 as a cellular entry receptor. Zhou et al. showed that SARS-CoV-
2 could use ACE-2 from humans, Chinese horseshoe bats, civet cats, and pigs to gain entry into ACE-2-
expressing Hela cells [19]. Hoffmann et al. showed that treating of monkey kidney cell line which is known
to permit SARS-CoV replication, with an Anti-ACE-2 antibody blocked entry of vesicular stomatitis virus
(VSV) pseudotypes expressing the SARS-CoV-2 S protein (Figure 2) [20].
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Figure 2. Angiotensin-converting enzyme 2 (ACE 2) as a cellular entry receptor for mediating infection by
SARS-CoV-2. Reproduced with permission [20]. Copyright 2020, BMJ Publishing Group Ltd.

Furthermore, the higher affinity of the receptor-binding domain in S1 subunit of S protein of SARS-
CoV-2 to the ACE 2 receptor than SARS-CoV, providing some explanation of the higher infectivity and
transmissibility of SARS-CoV-2 compared to SARS-CoV [21].

3. COMMONLY USED THERAPEUTICS AGAINST CORONAVIRUS INFECTION

There are no specific antiviral drugs or vaccines against COVID-19 infection for potential therapy of
humans till now [22]. Countries are having their own experiences to combat this epidemic. The best measure
against the spreading of COVID-19 is to maintain social distance between persons. The treatment is
symptomatic, and oxygen therapy represents the major treatment intervention for patients with severe
infection. Mechanical ventilation may be necessary in cases of respiratory failure of patients. The commonly
applied option is using existing drugs. Drugs used for COVID-19 treatment was summarized in Table 2.

Table 2. Drugs used for COVID-19 treatment according to clinical.gov.tr (Access date: 30.04.2020).

Group

Antivirals Antimalarial

775

Drugs Details

Remdesivir Safety and antiviral
activity

Favipiravir Favipiravir +

standart of care
versus standart of
care
Hydroxychloroquine Hydroxychloroquine
Hydroxychloroquine
+ intravenous
famotidine versus
hydroxycloroquine +
placebo
Hydroxychloroquine
+

Lopinavir/ritonavir

Hydroxychloroquine

versus azithromycin

Hydroxychloroquine
+

lopinavir/ritonavir
+ interferon-f 1a vs
interferon-f3 1b
Hydroxychloroquine
+ ivermectin versus
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Group

Angiotensin II receptor blockers

Interleukin-6 inhibitors

IL-inhibitor

Blood products

Anticoagulants
Ion channel blockers

Antimicrobial

Corticosteroids

776

Drugs

Chloroquine
Nitazoxanide

Losartan

Telmisartan

Clazakizumab
Sarilumab

Tocilizumab
Tocilizumab
Siltuximab
Anakinra

Convalescent plasma

Hyperimmune plasma

Journal of Research in Pharmacy
Review Article

Details

hydroxychloroquine
+ placebo
Hydroxychloroquine
versus bromhexine
Prevention
Not detailed

Angiotensin receptor
blocker
Angiotensin receptor
blocker

Interleukin-6
antagonist

Tocilizumab versus
Tocilizumab +
anakinra versus
siltuximab versus
siltuximab +
anakinra versus
anakinra

Convalescent
plasma from
recovered COVID-19
patients contains
antibodies against
COVID-19

Hyperimmune
plasma from
patients recovered
from the disease

Mesenchymal Stromal cells Anti-inflammatory
and
immunoregulatory
functions
Enoxaparin Anticoagulant

Amiodarone versus verapamil | Potassium channel

blocker versus Ca
channel blocker

Azithromycin Prevention
Azithromycin + atovaquone Anti-malarial/anti-
infective
combination
Methylprednisolone Prevention to

cytokine storm
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Group Drugs Details
Dexamethasone Acute respiratory
distress syndrom
Immunomodulators Colchicine Immunomodulation
Baricitinib Reduction in
cytokine release
Sargramostim A pleiotropic
cytokine
Sirolimus Immunosuppressive
agent
Isotretinoin Destructive effect of
interleukin-6
Miscellaneous Dapagliflozin Respiratory,

cardiovascular and
kidney protection
Methylene blue Methylene blue,
vitamin C, N-
acetylcysteine
Sildenafil Not detailed
Deferoxamine Standard treatment
regimens +
intravenous
deferoxamine
VPACI receptors Aviptadil binds to VPAC1
receptors on the
pulmonary Alveolar
Type II (ATII) cell
Monoclonal antibody therapy Bamlanivimab-Etesevimab LY-CoV555 and LY-
CoV016(combination
of anti-spike
monoclonal
antibodies)
REGEN-COV (anti-
Casirivimab-Imdevimab spike monoclonal
Sotrovimab antibodies)

Due to time-consuming studies to discover new drugs against any type of disease, retargeting of
available drugs stands applicable and logical to find an efficient drug in a short time. With this attempt,
antimalarial drugs including hydroxychloroquine were used against COVID-19 and obtained positive results
against this disease [23]. Existing antiviral drugs like nucleoside analogs and human immunodeficiency virus
(HIV)-protease inhibitors that could attenuate virus infection until the specific antiviral becomes available [22].
During this COVID-19 outbreak, available antiviral drugs were used in 75 patients. The course of treatment
included twice a day oral administration of 75 mg oseltamivir, 500 mg lopinavir, 500 mg ritonavir, and the
intravenous administration of ganciclovir for 3-14 days [23]. Results were satisfactory to combat COVID-19
infection to some extent. Another report showed that the broad-spectrum antiviral remdesivir and chloroquine
are highly effective in the control of COVID-19 infection in vitro. These types of clinical experiences in different
countries will add new information to the treatment protocols or change them. Favipiravir (FPV), a novel
ribonucleic acid (RNA)-dependent RNA polymerase (RdRp) inhibitor, which is effective in the treatment of
influenza and Ebola virus was applied to COVID-19 patients [24]. Interferon-alfa (IFN-alfa) by aerosol
inhalation was added to that protocol. According to the results of that application, favipiravir showed better
therapeutic outcomes on disease progression and viral clearance. Additional treatment protocols can
be focused on the neutrophil attack during infections. Neutrophil accumulation in the lung during COVID-19
infections was reported. Neutrophils come to be infected areas to kill pathogens (bacteria, fungi, and viruses)
by reactive oxygen species production and phagocytosis. It was proposed that neutrophils had another much
less recognized properties to kill pathogens: the formation of neutrophil extracellular traps (NETs) [25]. This
structure entraps pathogens. This formation produces mucous in the lungs which deteriorate the gas exchange
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in the alveolar space. Therapeutic applications with a different mechanism of action which focuses on this area
will be available after necessary clinical trials and clinical experiences such as gasdermin D inhibitors,
colchicine, recombinant DNase I, anakinra, canakinumab, and rilonacept. Mesenchymal stem cells (MSCs)
therapy is another application to treat respiratory diseases. It has immunomodulatory and anti-inflammatory
properties. There are 17 completed clinical studies about the use of MSCs in respiratory diseases, and also
more than 70 trials are registered in this area. Bone marrow, umbilical cord, umbilical cord blood, Wharton’s
jelly, menstrual blood, dental pulp, and commercial MSCs are the important MSC sources [26]. MSCs used to
treat COVID-19 have a great attention for clinicians. MSCs alone or in combination with another treatment
may be useful to treat COVID-19 patients. Since no treatment is approved yet, new alternative treatment
methods continue to be explored rapidly. One of these methods is a treatment approach with convalescent
plasma which is collected from the liquid part of the blood of patients collected from individuals who have
recovered from COVID-19. Some findings are indicating that antibodies in the recovering patient blood
against the virus might help in combating the disease. Therefore, FDA has issued guidance on the
administration and study of investigational convalescent plasma [27]. Although the safety and efficacy data
are not yet sufficient, [28,29] according to preliminary data showed that the administration of convalescent
plasma transfusion to five COVID-19 positive patients with SARS resulted in improved clinical condition [30].

Antibiotic treatments are also suggested to be effective in patients with viral pneumonia who developed
a secondary bacterial infection, although this complication is reported to be uncommon early on in the course
of COVID-19 pneumonia. In a clinical trial in France, azithromycin was reported to be more efficient for virus
elimination when added to hydroxychloroquine, larger sample sizes are needed to confirm the drug
combination is effective [23]. According to other clinical study results, high-dosage chloroquine alone and/or
combination with azithromycin and oseltamivir is not recommended for critically ill patients with COVID-19
due to potential safety hazards [31]. Millan-Ofiate et al. reported a successful recovery in a patient with
confirmed COVID-19 pneumonia after treatment with chloroquine and clarithromycin [32]. There are also
claims that antibiotic therapy especially in the lack of bacterial infection could lead to antibiotic-induced
inflammatory storm and septic shock in COVID-19 disease, although the exact pathophysiology of septic
shock in these patients is still unclear [33].

Relief Therapeutics and American company Neuro RX have discovered a new drug for COVID-19
disease that has been very successful in clinical trials. This drug is called "RLF-100" or "Aveptadil" and it can
treat acute cases of COVID-19 virus in three days. Previously, Food and Drug Administration (FDA) in June
approved drug administration in emergencies to treat acute respiratory conditions in subjects with
coronavirus.

The coagulation cascade is also affected during COVID-19 disease. Undiagnosed pulmonary
embolism and microthrombi were reported in the pathophysiology of these patients. Several pro-coagulant
factors including factor VIII and fibrinogen can be associated with reported thromboembolic cases. In light of
these findings, treatment protocols of COVID-19 patients are being updated to include anticoagulant therapy
[34].

Another approach is in silico method to estimate the drug candidate molecules that can be used in
treatment by computer methods [35]. According to a repurposing method, an approved anti-cancer drug
carfilzomib, and a synthetic halogenated tetracycline antibiotic elbasvir were identified to have the best
inhibitory activities against SARS-CoV-2 main protease respectively.

4. STEM CELLS AS COVID-19 NEW THERAPEUTIC PROTOCOL

Studies revealed that stem cell administrations in patients under 85 progress COVID-19 subjects
recovery time two-fold and have high efficiency approximately in all subjects [36].

Stem cells have an antimicrobial activity that accelerates tissue regeneration, lung repair, and other
organs. Stem cells repair respiratory system damaged tissues due to their outstanding ability to regenerate
and repair damaged tissues. Indeed, this therapeutic protocol approach upregulates immune response and
reverses COVID-19 dangerous complications. Acute respiratory distress syndrome is developed in COVID-19
subjects [37]. In a study approved by Miami University, some subjects were involved in stem cell therapy twice
daily and some were involved in a placebo study. The recovery rate of patients in the control group (who
received stem cells) was 91% and in patients in the placebo group was 42%. The only person who died despite
receiving treatment was over 85 years old. Researchers also discovered that patients who received stem cell
therapy have recovery. More than half of them who received required doses within two weeks left the hospital.
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Also, one month after receiving treatment, 80% of the control group did not show any symptoms of the disease.
According to Ricordi, 100 million stem cells were injected into each patient in 3 days. In total, each person in
the control group received 200 million stem cells. Also, no side effects from receiving treatment were observed

in patients (Figure 3) [38].
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Figure 3. Stem cells isolated from the human placenta amnion include hAECs and hAMSCs. HAMSCs and
hAECs have immunoregulatory, anti-inflammatory, and regenerative properties [38].

5. NATURAL KILLER CELLS (NK CELLS) ADMINISTRATION

Natural killer cells (NK cells ) have also been studied as a therapeutic agent in some viral infections.
Therefore, studies focused on cell therapy new protocols for immunodeficiency subjects. These patients, as
well as stem cell transplant recipients, are at greater risk for complications from viral, fungal, or bacterial
pathogens. Studies revealed that NK cells have high potencies to knock out target cells directly by cytotoxic
molecules and apoptosis mediators. Similarly, these cells can upregulate the immune system by secreting

various chemokines (Figure 4) [39].
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Figure 4. MSCs potential mechanism in treatment of severe COVID-19. Reproduced with permission [39].
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Several studies have shown that genetic mutations, such as mutations affecting IL2RG, JAK3, and ADA
genes, may lead to a decrease in NK cell count or NK cell dysfunction, leading to immunodeficiency
syndromes. More interestingly, evidence suggests that different mechanisms stimulate NK cells during
influenza infection. Following infection with the influenza virus, NK functional cells act as an intrinsic immune
response. Animals and human clinical studies revealed that NK cells are key factors in antimicrobial
immunotherapy [40]. Consequently, about COVID-19 subjects, numerous studies follow NK cells in COVID-
19 treatment. Phase II-A clinical study is currently underway at the MD Anderson Cancer Center to discover
cord blood mesenchymal stem cells' safety and efficacy for patients with acute respiratory distress syndrome
due to coronavirus infection. The benefits of cord blood-derived mesenchymal stem cells have been described
in many previous articles and numerous research studies. In particular, umbilical cord blood mesenchymal
stem cells from allogeneic donors are assumed to suppress inflammation and these cells affect tissue repair
[41].

6. NANO VACCINE IN COVID-19 TREATMENT

Cytokine storm's main cause is the simultaneous inflammation and oxidative stress, occurrence which
exacerbate each other. There is currently no effective drug to suppress this phenomenon, but nanoparticles
can be considered effective therapeutic agents. Mineral nanoparticle administration has been broadly but it is
required to study in which can beloved-19 subjects. Inorganic nanoparticles consist of a nanoscale mineral
nucleus attached to an antigen that is applicable in COVID-19 vaccines. The major role of these mineral
nanoparticles mainly associated with controllability and inflexible structure. For example, zirconium
phosphate nano-drug co-therapy, which elevates COVID-19 drug’s efficacy [42]. Zirconium phosphate will be
a major factor in COVID-19 nano vaccines efficacy, and silver phosphate may be considered as antivirus
because of antibiotic properties. Zirconium phosphate is not toxic, so it's safe for administration. Zirconium
and silver nanoparticles inhibit virus ligands reactions with bronchial cells. Caracciolo M et al. reported that
adenosine as natural anti-inflammatory nanoparticles drug delivery encapsulate with scallen, and is enriched
with alpha-tocopherol. This method has been successfully confirmed in mice, and researchers indicate that
this method can be considered in cytokine storm suppression. Adenosine is a potent anti-inflammatory
metabolite that can be injected directly, that has severe side effects. Therefore, the use of nanoparticles
administration to adenosine delivery which cytokine storm, can be more effective [43].

7. COVID-19 RNA METABOLITES BASED THERAPY

One of the biologically based therapies suggested for COVID-19 treatment is miRNAs, which regulate
protein synthesis during translation. An analytical study identifying microRNAs complementary with
COVID-19 viral genome, in UTR-3 and UTR-5, regions [44]. Studies indicate poor microRNAs completely
complementary to viral genes. So siRNA based molecules application including siRNAs can be promising.
Several studies have shown that miR-155 and miR-128 modulate innate immune responses against respiratory
viruses. When these miRNAs are removed, the host is susceptible to these viruses. Silicon analysis of miRNAs
in interaction with COVID-19 mRNA s revealed that there is a rearrangement of miR-214, miR-574-5p, and
miR-17 which preclude virus replication. Another nucleic acid-based biological alternative that could
potentially be administrated COVID-19 is RNA or DNA-based aptamers, which, comparable to antibodies
have high target molecule affinity [45]. Recently, DNA-based aptamers efficacy with coronavirus capsid
binding ability has been considered in order, and it has been proposed to COVID-19 diagnosis.

8. EXTRACELLULAR VESICLES IN COVID-19 INFECTION TREATMENT

Extracellular vesicles (EVs) are a heterogeneous group of membrane particles released from almost any
cells that have a significant role in intercellular communication. Recently, mesenchymal stem cell-derived
extracellular vesicles (MSC-EVs) have been shown to exert therapeutic aspects against COVID-19 infection
[46].

EVs are released from a variety of cells and participate in intercellular communication by transporting
biomolecules such as nucleic acids, proteins, and lipids to cells. Exosomes are EVs of 30 to 120 nanometers that
are involved in a variety of pathological processes. COVID-19 infected cells release exosomes that interfere
with infection through virus components such as miRNA and virus-derived proteins. Exosomes also contain
receptors which susceptible to trap viruses [47].
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Since December 2019, SARS-CoV-2 infection has become an emerging public health concern worldwide.
Therefore, finding a safe and effective treatment method for severe COVID-19 infection is critical. Extracellular
vesicles also may be involved in virus propagation because they carry receptors such as CD9 and ACE2, which
make cells susceptible to the virus. COVID-19 virus components may be inserted into exosomes. Exosome-
based strategies for treating COVID-19 infection may include exosome synthesis suppression and
reabsorption, exosome therapy, exosome-based drug delivery systems, and exosome-based vaccines.
Mesenchymal stem cells derived exosomes can suppress inflammation and repair lung cells, including
endothelial and alveolar cells infected by COVID-19 infection. Molecular mechanisms discovery Evs
associated with COVID-19 infection may provide virus integration into cells, proliferation to overcome its side
effects. EVs transport RNAs and proteins to target cells which are both safe and have high efficiency. MSC-
EVs may be a new alternative to stem cell-based therapies. Vesicles have high potential in damaged tissue
improvement as well as modulating immune responses have made these vesicles considered effective
therapeutic agents in COVID-19 infections. Mesenchymal stem cells delivered exosomes can suppress
inflammation and lung cells, improvement including endothelial and alveolar cells infected by COVID-19
virus [48].

9. CONCLUSION AND FUTURE PROSPECTIVE

Unfortunately, regardless of advances in medical science and global research effort to ascertain effective
therapeutic agents against COVID-19, there is no approved therapeutic or vaccine for battling this viral
pneumonia yet.

However, recently strong efforts have been applied to discover effective and promising approaches to
face COVID-19 by many pharmaceutical companies and industries. Moreover, computational design and
molecular docking simulation could be considered as very promising tools to discover new therapeutic agents
with anti-COVID-19 properties.

Nanotechnology is a very broad and extensive field in which its application spread in almost all
branches of science. With the aid of nanotechnology, devices or matters could be fabricated with novel
chemical, physical, and biological properties. A considerable amount of literature has been published on
nanotechnology-based medications for the treatment of viral infections. It is worth noting that COVID-19 as
an invisible enemy can be initially treated with some already fabricated nano-based materials, which have
been employed against previous SARS-CoV or similar viruses. Consequently, we believe that nanomedicine
could play a profound role in not only advancing COVID-19 treatment but also in detection, prevention and
vaccine development. In the absence of an effective vaccine or drastic and successfully applied recipe in
battling COVID-19, the only immediate option to face this viral pneumonia is exploring the applicable anti-
virus agents from the off-label therapeutics such as blood component, antimalarials, antimicrobials, antivirals,
corticosteroids, immunomodulatory agents.

The above-mentioned therapeutic approaches have been failed to address the successful elimination,
eradication, treatment, and even controlling this viral pneumonia since the incidence, mortality, and morbidity
associated with COVID-19 is increasing day by day and the situation is getting worse and uncontrollable.
Understanding the involved receptors associated with COVID-19 and their mechanism and roles in
transmission, as well as current evidence in using these therapeutics, could guide researchers to identify the
most appropriate regimen to cure infected patients.
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