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A B S T R A C T   

Introduction: The world is witnessing the spread of one of the members of Coronaviruses (CoVs) family, called 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the 21st century. Considering the short time 
spent after its prevalence, limited information is known about the effect of the virus mechanism on different 
organs of the body; meanwhile the lack of specific treatment and vaccine for this virus has exposed millions of 
people to a big challenge. 
Areas covered: The review article aims to describe the general and particular characteristics of CoVs, their 
classification, genome structure, host cell infection, cytokine storm, anti-viral treatments, and inhibition of 
COVID-19-related ER-mitochondrial stress. In addition, it refers to drugs such as Chloroquine/Hydroxy-
chloroquine, Lopinavir/Ritonavir, darunavir, ribavirin, remdesivir, and favipiravir, which have undergone 
clinical trials for coronavirus disease 2019 (COVID-19) treatment. This analysis was derived from an extensive 
scientific literature search including Pubmed, ScienceDirect, and Google Scholar performed. 
Expert opinion: The effectiveness rate and complications of these drugs can reveal new insights into the potential 
therapeutic goals for the disease. Moreover, lifestyle change can effectively prevent SARS-CoV-2 infection.   

1. Introduction 

A century after the influenza pandemic in 1918, we have faced a new 
pandemic called severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [1]. The number of the confirmed cases and deaths from 
SARS-CoV-2 worldwide is increasing daily, and this has raised concerns 
of the World Health Organization (WHO) [2,3]. SARS-CoV-2 was first 
found in December 2019 in Wuhan, China, which cause coronavirus 
disease 2019 (COVID-19). Coronaviruses (CoVs) were first discovered in 
the 1960s [4,5]. CoVs have a wide range of clinical symptoms, including 
mild symptoms such as cold to the acute respiratory distress syndrome 
(ARDS) [5–7]. Among the two recent outbreaks of CoV pneumonia, we 
can refer to SARS and MERS [8–10]. In 2002 and 2003, the outbreak of 

SARS began in China, and then, affected the whole world. SARS mor-
tality rate was recorded to be about 11% [8,9,11]. After 10 years, the 
outbreak of MERS began in Saudi Arabia and spread to other countries of 
the world. Its mortality rate was reported to be about 37% [8,9,11]. 
CoVs are the largest RNA viruses that are capable of infecting animals 
and mammals [12]. They have been identified in various hosts such as 
avian, camels, bats, masked palm civets, mice, dogs, and cats [13,14]. 
CoVs transmission from animals to humans has made them a zoonotic 
virus [15,16]. 

2. Coronavirus classification 

CoVs belong to the subfamily Coronavirinae, in the family 
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Coronaviridae, to order Nidovirales, and this subfamily is divided into 4 
groups α, β, γ, and δ (Fig. 1) [17,18]. So far, seven CoVs have been found 
that infect humans and cause respiratory diseases. In fact, four of the 
seven are common human CoVs, causing common upper respiratory 
illness: HCoV-229E, HCoV-OC43, HCoV-NL63, and HKU1 [4,18]. The 
sequence analysis of SARS-CoV-2 revealed that this virus belongs to the 
beta CoVs category, including Bat-SARS-like (SL) -ZC45, Bat- SL ZXC21, 
SARS-CoV, and MERS-CoV. According to the CoV phylogenetic tree, 
SARS-CoV-2 lies close to the Bat-SL-CoV ZC45 and Bat-SL-CoV ZXC21 
and farther is related to SARS-CoV (Fig. 1) [18,19]. In the 1960s, the first 
two cases of human CoVs i.e., HCoV-229E and HCoV-OC43 were iden-
tified. In fact, with the advent of SARS in 2002, new Beta-CoVs received 
attention. Moreover, HCoV-NL63 and HCoV-HKU1 were identified in 
2004 and 2005, respectively [4]. MERS-CoV was discovered in 2012. 
Like SARS-CoV, it was able to infect the lower respiratory system, which 
causes severe respiratory syndrome in human [20]. In fact, SARS-CoV-2 
was identified by separating the human airway epithelial cells in 
January 2020, using next-generation sequencing (NGS) method, and it 
was found that it is a new member of Beta-CoVs [21]. Additionally, 
SARS-CoV-2 is able to infect the lower respiratory system [22]. 

3. Genome structure 

The genome of CoVs is a single-stranded positive-sense RNA 
(+ssRNA) with an approximately a length of 30 kb. Generally, a nested 
set of subgenomic RNAs (sgRNAs) are synthesized by the replication- 
transcription complex (RTC) in a discontinuous transcription way [17, 
23]. According to the observations, the common genome and sub-
genomes of CoV have at least six open reading frames (ORFs). The first 
ORF is ORF1a/b, forming about two third of the whole length of the 
genome. Additionally, it contains 16 non-structural proteins 
(non-structural proteins 1–16). Gamma CoV lacks the non-structural 
protein 1. It is worth mentioning that there is a frameshift between 

ORF1a and ORF1b, leading to the production of two polypeptides pp1a 
and pp1ab [24]. These polypeptides are processed by chymotrypsin-like 
protease (3CLpro) or the main protease (Mpro) [25–27]. However, other 
ORFs form one third of the genome, which is located near the 3′- ter-
minus. It is also able to code four main structural proteins: spike (S), 
envelope (E), membrane (M), and nucleocapsid (N) [28]. It is interesting 
to note that in addition to encoding these four main structural proteins, 
different CoVs encode specific and sub-structural proteins, such as 
hemagglutinin-esterase (HE) protein, 3a/b protein, and 4a/b protein 
(Fig. 2) [18]. According to research studies, all structural and 
sub-structural proteins are transcribed from subgenomic RNAs of CoV 
[29]. The alignment of the CoVs genome sequence shows that 58% of the 
match exists in the non-structural protein encoding region and 43% in 
the structural protein encoding region between different CoVs (Fig. 2) 
[18]. Non-structural proteins are more protected, and structural proteins 
are more diverse with regard to the need for adaptation to new hosts. As 
the mutations rate in RNA viruses’ replication is higher than DNA vi-
ruses, the RNA viruses usually have a length of less than 10 kb, while 
according to the observations, the CoV genome is very large, with a 
length of about 30 kb, and is known as one of the longest RNA viruses 
[30]. According to the reports, most non-structural proteins 1–16 have 
been found to play their specific roles in CoVs replication. In fact, the 
performance of some non-structural proteins has not yet been well un-
derstood [18,31–35]. 

Homotrimers of the S protein make up spikes on the virus surface and 
bind to host receptors [36]. On the other hand, M protein has trans-
membrane domains (TMDs) and is also responsible for the formation of 
viral particle [37]. According to research studies, protein E plays an 
important role in the release of the virus, and in fact leads to the path-
ogenesis of the virus [38]. Additionally, Protein N has two domains; 
both of them are capable of connecting to RNA virus genome through 
different mechanisms. Protein N is also useful for virus replication [39, 
40]. 

4. Host cell infection 

As soon as the host is exposed to the virus, the virus binds to the virus 
receptor expressing cells, which can cause infection this way. SARS can 
bind to the host cell through angiotensin-converting enzyme 2 (ACE2), 
which is one of the main receptors, and thus target it. The other receptor 
is the CD209, which is an alternative very low-dependent receptor [41]. 
In fact, ACE2 regulates the renin system of angiotensin [2,41,42]. SARS 
infection decreases the expression of the ACE2 receptors in both lung 
tissue and target cells. Therefore, it disrupts the function of the renin 
system of angiotensin, and causes an increase in inflammation on the 
other hand [2,43]. In the respiratory tract, ACE2 is widely expressed on 
alveolar epithelial cells (AEC), trachea, bronchi, bronchial serous 
glands, and monocytes and alveolar macrophages [44,45]. Moreover, as 
a surface molecule, it is focused on the endothelial cells of blood vessels 
and veins, intestinal mucosal cells, epithelial tubular cells of the kidneys, 
epithelial cells of renal tubules, cerebral nerve cells, and immune cells of 
the body [46,47]. The virus enters these target cells and then replicates. 
The viruses are then released from primary cells, and finally, infect the 
new target cells [48]. Considering the similarity of the SARS-CoV-2 and 
SARS-CoV genetic sequences, the SARS-CoV-2 is believed to use the 
same ACE2 receptor to infect target cells [11,49,50]. Dipeptidyl pepti-
dase 4 (DPP4), also known as CD26, is the causative agent of MERS-CoV 
infection in humans [51]. The receptor is widely expressed on epithelial 
cells in the kidneys, alveolus, small intestine, liver, prostate, and leu-
kocytes [52]. 

However, research studies have shown that MERS-CoV can infect 
several human cell lines, including respiratory, kidney, intestine, and 
liver cells, as well as histiocytes. In the following, it was observed that 
the in vitro tissue’s tendency domain of this virus is broader than any 
other CoV [53–55]. Additionally, acute MERS-CoV can cause highly 
fatal pneumonia and renal dysfunction with a variety of clinical Fig. 1. The phylogenetic tree of coronaviruses.  
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symptoms, including fever, cough, sore throat, muscle aches, chest pain, 
diarrhea, vomiting, and abdominal pain [53–55]. Lung infection in the 
MERS animal model showed the infiltration of neutrophils and macro-
phages and alveolar edema [56]. It is important to note that the DPP4 
receptor for MERS-CoV is also highly expressed in the kidney. Thus it 
causes renal disorders with hypoxia or direct infection of the epithelium, 
and it is worth mentioning that MERS-CoV has the ability to infect 
human dendritic cells and macrophages in vitro, thus helps the virus 
disrupt the immune system [57–59]. Due to their high CD26 levels, T 
cells can also be alternative targets for MERS-CoV [60]. The virus may 
deregulate T-cell antiviral responses of T cell as a result of the simulation 
of T-cell apoptosis [60–65]. 

The above mentioned receptors bind to the virus spike protein, and 
the virus enters the host cells this way [11]. In fact, spike protein is a 
protein fusion that undergoes a structural rearrangement to fuse the 
virus cell membrane with the host cell membrane [66]. The structure of 
spike protein is shown in (Fig. 3) [66]. This structure consists of two 

sub-units s1 and s2, where N-terminal domain (NTD) and receptor 
binding domain (RBD) are placed in unit s1. Below the S2 unit, there are 
FP section, S2′ protease cleavage, HR1 and HR2 [2,66–68]. The infection 
process is actually begun as the RBD binds to the ACE2 receptor of the 
host cell. This binding leads to the SARS-CoV-2 endocytosis. Then they 
are exposed to endosomal proteases, and finally, the viral pack is 
released within the host cytoplasm [2,69]. Research studies have shown 
that the sequences of the RBDs in SARS-CoV and SARS-CoV-2 are similar 
by more than 70%. On the other hand, the transmission and increase 
rate of SARS-CoV-2 infection was higher than SARS-CoV, which may 
indicate the difference in the RBDs down conformation positions in their 
respective S structures. Therefore, the tendency of SARS-CoV-2 RBD to 
bind to ACE2 receptor will be about 10–20-fold higher than SARS-CoV 
[2,66]. 

Following the entry of SARS-CoV-2 into the lung cells, a severe im-
mune response is generated, which leads to a phenotype, called cytokine 
storm syndrome. Cytokine storm syndrome causes ARDS and severe 

Fig. 2. The genome structure of four genera of coronaviruses. Pp1a and pp1b represent the two long polypeptides that are processed into 16 nonstructural proteins. 
S, E, M, and N indicate the four structural proteins spike, envelope, membrane,and nucleocapsid. 2019-nCoV, 2019 novel coronavirus; CoVs, coronavirus; HE, 
hemagglutinin-esterase. Viral names: HKU, coronaviruses identified by Hong Kong University; HCoV, human coronavirus; IBV, infectious bronchitis virus; MHV, 
murine hepatitis virus; TGEV, transmissible gastroenteritis virus. 

Fig. 3. Spike protein structure in SARS-CoV-2. SS, signal sequence; S2′, protease cleavage site; FP, fusion peptide; HR1, heptad repeat 1; CH, central helix; CD, 
connector domain; HR2, heptad repeat 2; TM, transmembrane domain; CT, cytoplasmic tail. 
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failures in various organs such as lung tissue [70,71]. According to the 
pathology of COVID-19, two important factors ARDS and dysfunctional 
immune responses account for the highest death rates (above 97%), with 
ARDS having the main role [72–74]. It is also now clear that patients 
with COVID-19-related ARDS in the intensive care unit (ICU) have lower 
numbers of T cells (CD4+ and CD8+), B cells, and natural killer cells 
(NKs) than patients who are not admitted to the ICU [75–77]. 

The immune responses to COVID-19-related ARDS will be extensive 
and out of balance, which would then lead to over-release, especially IL- 
6, resulting in lymphocyte death [76]. ACE2 receptor is not present on T 
cells, whereas the decrease in the number of these cells is quite evident 
[76]. Thus, it can be assumed that T cells are indirectly attacked by 
SARS-CoV-2 [76]. Elevated serum levels of cytokines including IL-6, 
IL-10, and TNF-α in elderly COVID-19 patients (over 60 years), as well 
as age-related diseases with one or more co-morbidities, have been 
widely reported [76]. 

More important than the decrease of T cell numbers is the exhaustion 
of these cells, which has been associated with the disease severity and 
the prolongation of the ICU term [76]. Excessively increased cytokines 
mentioned above are inversely related to the number of T cells, which 
may indicate its effect on T cell exhaustion [76]. Today, numerous 
markers of T cell exhaustion have been identified. These markers in-
crease during the course of infectious diseases and even cancers [78]. 

Recently, a number of studies have been devoted to measuring the 
levels of T cell exhaustion markers in COVID-19 patients and comparing 
them to other chronic infections. As a result, patients with COVID-19 
admitted to the ICU were associated with increased levels of lymphocyte 
activation gene-3 (LAG-3), T cell immunoglobulin domain and mucin 
domain 3 (TIM-3), and programmed death-1 (PD-1) markers [75,79,80]. 
In summary, irregular secretion of cytokines causes an up-regulation of 
exhaustion markers, which leads to apoptosis or necrosis and the decline 
of T cells [75]. 

Therefore, ARDS reduces the immune system function, and then, the 
body will become vulnerable to secondary infections and respiratory 
disorders [11,81–85]. 

5. Cytokine storm 

The innate immune system detects viral infections using different 
pattern recognition receptors (PRR) to detect pathogen-associated mo-
lecular patterns (PAMPs) [2,86]. Therefore, SARS-CoV, MERS-CoV, and 
SARS-CoV-2 infections produce localized inflammatory responses, 
including the increased uncontrolled secretion of cytokines (e.g., IFN-α, 
IFN-γ, IL-1β, IL-6, IL-12, IL-18, IL-33, TNF-α, TGFβ, etc.) and chemokines 
(e.g., CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc.) [2,87,88]. 
Following the formation of this cytokine storm, the immune system 
launches a broad attack against the infected organs, and subsequently 
leads to the organs failure and ARDS [87]. First of all, the aim of 
releasing these cytokines is to generate a defensive and 
anti-inflammatory response, but the increased uncontrolled secretion of 
these cytokines leads to the disruption of the immune response and 
makes the disease worse [89]. Secretory cytokines such as IL-2, IL-7, 
IL-10, GCSF, IP10, MCP1, MIP1, and TNF-α were observed in the serum 
of COVID-19 patients. [2,89]. Additionally, the higher amounts of in-
flammatory monocytes CD14+ and CD16+ were quite evident in these 
patients, causing in fact the secretion of cytokines MCP1, IP10, and 
MIP1-α, which play a significant role in the cytokine storm [2]. Studies 
have shown that SARS-CoV, MERS-CoV, and SARS-CoV-2 infections are 
able to infect human respiratory epithelial cells, macrophages, T cells, 
and dendritic cells, affecting the ability to produce and induce 
pre-inflammatory cytokines and chemokines [2,90]. In another study, 
patients with low IFN-α level died, but in contrast, patients with high 
IFN-α level survived [75]. Given the issues raised above, one of the 
research methods could be to focus on reducing immune damage in 
patients with COVID-19 to prevent further damage to lung tissue. 

6. Anti-viral treatments 

Fig. 4 shows the life cycle stages for SARS-CoV-2 virus, which can 
specifically be considered as the therapeutic objectives [91]. In this 
section, some of the results of drugs used to treat COVID-19 are 
investigated. 

6.1. Chloroquine(CQ)/hydroxychloroquine (HCQ) 

Chloroquine (CQ) and hydroxychloroquine (HCQ) are in fact among 
the 70-year-old drugs used to prevent and treat malaria. Additionally, 
these drugs are used as an anti-inflammatory substance to treat rheu-
matoid arthritis and lupus arrhythmia [92–97]. According to in vitro 
studies, HCQ has anti-SARS activity. That is why HCQ can also be 
investigated as a potential drug to treat COVID-19 [94–96]. 

Among the functional mechanisms of these drugs, can refer to the 
increased endosomal pH, interference with cellular receptor glycosyla-
tion, inhibition of virus replication, decreased cytokine secretion, 
autophagy inhibition, lysosomal activity, and immunomodulatory ef-
fects [92,93,95,96,98–100]. 

The results from 100 patients with COVID-19 in China showed that 
CQ phosphate could effectively control and inhibit pneumonia [93]. The 
study conducted on 36 COVID-19 patients showed that the addition of 
azithromycin to HCQ provides better viral clearance compared to HCQ 
alone [92,101]. The dose of HCQ used to treat COVID-19 is 500 mg 
orally once or twice a day [102]. Of course, this dose can vary depending 
on the clinical experience, available protocols, as well as with a physi-
cian’s opinion [102]. On the other hand, the complications of these 
drugs should also be considered [91,95,103]. 

6.2. Lopinavir/ritonavir 

Lopinavir/ritonavir is used to treat the human immunodeficiency 
virus (HIV). According to research studies, Lopinavir has been able to 
inhibit the protease activity of SARS and MERS. In fact, proteinases are 
among the key and important enzymes in CoVs’ polyproteins processing 
[104–106]. The prescribed doses of lopinavir/ritonavir to treat 
COVID-19 are 100 mg-/-400 mg twice daily for 14 days, respectively 
[107]. In order to confirm the effects of lopinavir/ritonavir in treating 
COVID-19, we need to wait for valid clinical evidence. Among compli-
cations of this drug are nausea, diarrhea, increased bilirubin, triglycer-
ide, and liver enzyme levels [106–109]. 

6.3. Darunavir 

Darunavir is used as the second generation of HIV-1 protease in-
hibitors. The research studies conducted in China showed that darunavir 
can inhibit SARS-CoV-2 infection in laboratory conditions [108]. A 
recent study on 30 COVID-19 patients showed that the addition of 
cobicistat to darunavir (combination therapy) had no significant effect 
on the treatment of the patients [93,110]. 

6.4. Ribavirin 

In fact, ribavirin inhibits viral RNA-dependent RNA polymerase. 
Research studies indicate this compound has been able to inhibit SARS 
replication in vitro conditions. Due to its antiviral activity, this drug can 
also be investigated as a treatment for COVID-19 [111]. Clinical trials of 
ribavirin to treat SARS showed that the drug can cause complications 
such as liver and hematological toxicity [111,112]. There is currently 
very little information about the therapeutic potential of ribavirin to 
treat COVID-19. On the other hand, the experiments indicate the high 
toxicity of this compound. Therefore, to use this compound, all the 
existing aspects should be well investigated and the appropriate com-
bined therapies should be used to increase its clinical effectiveness and 
decrease its complications if possible. This drug was first used to treat 
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Ebola [113]. 

6.5. Remdesivir 

Remdesivir drug is a nucleoside analogue used to treat a wide range 
of viruses. The effects of this drug on lung tissue of mice infected with 
MERS-CoV showed that it can reduce the viral load in lung tissue [100, 
108,114]. The drug was examined by Holshue et al. to treat patients 
with COVID-19 and the experiment revealed promising results [108]. Its 
dose is in the form of a single dose of 200 mg, and then, the daily 

injection of 100 mg is used. 

6.6. Favipiravir 

Favipiravir is a new type of viral RNA-dependent RNA polymerase 
inhibitors. The drug is able to inhibit the proliferation of a wide range of 
RNA viruses. In addition, favipiravir drug has recently received atten-
tion in the COVID-19 treatment protocol in some countries. A clinical 
trial with favipiravir was conducted in Shenzhen hospital on 80 patients 
to treat COVID-19. The obtained results showed that the drug has a 

Fig. 4. The effect of the mechanism of some drugs on different stages of the SARS-CoV-2 life cycle.  
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stronger antiviral effect than lopinavir and ritonavir. However, no sig-
nificant complication was observed on 80 patients participated in this 
clinical trial with favipiravir [108,115–117]. 

7. Inhibition of endoplasmic reticulum-mitochondrial stress as a 
novel strategy to combat COVID-19 

There are several studies that have identified a range of interactions 
between SARS-CoV-2 spike proteins and host cell receptors. In general, 
the high ability of SARS-CoV-2 spike protein to identify and bind to 
several host cell receptors including, ACE2, membrane serine proteinase 
(TMPRSS2), glucose-78 regulated protein (GRP78), DPP4, basigin or 
CD147, protein tyrosine kinase (AXL) receptor, and neuropilin-1 (Nrp-1) 
is well-established [118–121]. 

It is possible that genetic diversity and different isoforms of receptors 
mentioned in individuals affected the susceptibility to COVID-19. It can 
be speculated that one of the reasons that compared with other re-
ceptors, ACE2 is targeted more by the SARS-CoV-2 is its prominent role 
in regulating mitochondrial function [119]. It now appears that, during 
evolution, many respiratory viruses have evolved strategies to escape 
immune system responses by targeting two vital organelles of the host 
cells, including endoplasmic reticulum (ER) and mitochondria [118, 
122]. 

ER and mitochondria are closely related to each other, and their 
main tasks are Ca++ homeostasis, autophagy, and apoptosis, in addition 
to the regulation of innate and adaptive immune responses during viral 
infections [119,123–125]. Studies have identified several SARS-CoV 
proteins with an ability to manipulate ER and mitochondria proteins, 
and thus enabling the virus to escape from host cell defense and continue 
to replicate [119,122]. 

For instance, SARS-CoV orf9b localizes inside mitochondria, leading 
to degradation of dynamin-like protein 1, which subsequently causes the 
suppression of mitochondria antiviral signaling protein [118,119]. The 
role of SARS-CoV orf3a in the control of mitophagy function by targeting 
a mitochondria ubiquitin specific peptidase 30 (USP30) has been 
documented. It is possible that SARS-CoV-2 could diminish or suppress 
host immune responses by altering ubiquitination [119]. SARS-CoV E 
protein, apart from can disorder intracellular Ca++, it also appears that 
induce mitogen activated protein (MAP) kinase, which eventually acti-
vates of Inflammasome [118]. 

On the other hand, SARS-CoV NSP3/4/6 complexes are localized 
into the ER and mitochondria membranes. They subsequently partici-
pate in forming double-membrane vesicles (DMV) derived from both 
organelles, leading to the escape from the immune system responses and 
continue to replicate safely [73,119,122]. These events can be explained 
by the encoding of similar proteins in SARS-CoV-2. Recent evidence 
suggests the interaction of SARS-CoV-2 with a mitochondrial import 
receptor Tomm70, which exerting a possible role in the down-regulate 
of antiviral cellular defense pathways [119]. 

After the organelles are infected with SARS-CoV, it causes stress in 
both of them. Endoplasmic reticulum-mitochondrial stress increases 
reactive oxygen species (ROS) and produces proinflammatory cytokines. 
Interestingly, proinflammatory cytokines in turn, further increase ROS. 
For instance, proinflammatory cytokines such as TNF-α, IL-6, IL-10, and 
CXCL-8 hinder oxidative phosphorylation and lead to cell death 
(apoptosis) by increasing ROS production [126]. There is some evidence 
that patients with COVID-19-related ARDS who suffer from low oxygen 
levels are associated with mitochondrial dysfunction in oxidative 
phosphorylation and electron transport chain [73,119]. 

Also, ER-mitochondrial stress promotes ARDS by disrupting the 
function of regulatory T cells (Tregs) [127]. Besides, reduced oxidative 
phosphorylation would lead to T cell exhaustion [118]. Furthermore, by 
affecting Ca++ homeostasis, ROS causes Ca++ to leakage from the ER 
into the mitochondria, which ultimately leads to the destruction of the 
inner mitochondrial membrane [120,123,126]. Based on the pathology 
evidence of COVID-19 patients, viral particles in ER and mitochondria 

were observed to be dilated and swollen, respectively [120]. 
As the viral infection progresses, the ER-mitochondrial stress grad-

ually increases, causing mitochondrial DNAs (mtDNAs) to be secreted 
into the cytoplasm. Immune cells detect mtDNAs, resulting in extensive 
local and systematic inflammatory responses [119,128]. It is possible 
that mtDNA secretion may be involved in the formation of cytokine 
storms in COVID-19 patients [73]. Meanwhile, ER-mitochondrial stress 
is associated with diabetes, cancer, viral infections, neurological dis-
eases, and gastrointestinal disorders [120,123,126]. 

New and compelling evidence suggests that ICU-related high mor-
tality in elderly COVID-19 patients with co-morbidities can be attributed 
to ER-mitochondrial stress. In the next section, we will discuss some of 
the compounds that may be effective in reducing ER-mitochondrial 
stress in COVID-19 patients. 

7.1. Anti-psychotic drug 

SARS-CoV-2 NSP6, infects both organelles by binding to the sigma 
receptor in the ER membrane [129,130]. Haloperidol, which has been 
used to treat people with psychosis, has recently gained attention due to 
its anti-inflammatory role in the treatment of COVID-19. In fact, it 
blocks the binding of NSP6 to the Sigma receptor. Another drug that was 
thought to have a similar mechanism was sigma-1 benzomorphan 
agonist, dextromethorphan. 

It is prescribed to reduce cough in adults with viral infections of the 
upper respiratory tract. However, the conflicting results and biphasic 
activity led to the drug being further investigated. Pandey et al. deter-
mined the molecular mechanism of both drugs haloperidol and dextro-
methorphan using computational bioinformatics methods that only 
proved the inhibitory effects of haloperidol SARS-CoV-2 [129]. 

7.2. Melatonin 

Decreased melatonin levels, often more common in elderly patients 
with viral infections, can put the ER and mitochondrial more stressed. 
With its unique properties, such as anti-inflammatory and antioxidant 
and, most importantly, rearrangement of ER and mitochondrial func-
tions, melatonin can be considered an attractive option in treating 
COVID-19 by strengthening and modulating immune responses [125]. 

The protective effects of melatonin in many viral infections have 
already been well documented [131–133]. It is possible that melatonin 
relieves ER-mitochondrial stress and thus modulates signaling pathways 
associated with apoptosis and autophagy [125]. It is also suggested that 
it can manage the cytokine storm in COVID-19 patients by suppressing 
the inflammatory pathway of CD147 and reducing macrophage 
inflammation [118,125]. 

7.3. Selenium and selenoprotein 

As a rare organic and mineral element, the deficiency of selenium 
can contribute to the pathogenicity of infectious and non-infectious 
diseases [134]. Studies have shown that COVID-19 patients are sele-
nium deficient. Interestingly, in the human genome, 25 genes encode 
selenoproteins, some of which play a significant role in regulating in-
flammatory cytokines [134,135]. 

It is possible that CoVs could cause ER-mitochondrial stress by 
manipulating host selenoproteins and subsequently increase ROS. 
Following an increase in ROS, the NFKB pathway is activated, and 
eventually, inflammation develops. Its deficiency has been reported to 
cause macrophages to penetrate the lungs and promote cytokine storms 
[134–136]. 

Preclinical and clinical studies on COVID-19 patients have shown 
that taking selenium supplements at a dose of 400 µg-/-500 µg daily 
increases the number of CD4+ cells. Consumption of higher doses may 
cause toxicity and even help to aggravate the disease [134,135]. It is 
interesting to note that its consumption can be associated with reduced 
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ER-mitochondrial stress, ROS, IL-6, and immune responses in elderly 
COVID-19 patients [135,136]. 

7.4. Chaperone therapy 

It has now been shown that chaperone therapy can be considered in 
the treatment of COVID-19. For instance, tauroursodeoxycholic acid 
(TUDCA) and 4-phenyl butyric acid (PBA) are used to treat ER- 
mitochondria stress-related illnesses. Previous studies have shown that 
these compounds have anti-inflammatory effects in viral respiratory 
infections [120]. 

7.5. Probiotic 

Another exciting treatment strategy in COVID-19 treatment is related 
to probiotics. SARS-CoV-2 penetrates the gastrointestinal tract through 
the ACE2 receptor and changes the microbial population by inducing 
ER-mitochondrial stress. These changes lead to the release of toxic gases, 
which in turn increase ER-mitochondrial stress. This data does suggest 
that abnormal immune responses induced by ER-mitochondrial stress 
lead to microbiota dysbiosis. It is concluded that probiotics modulate 
intestinal homeostasis by inhibiting ER-mitochondrial stress and pre-
venting the exacerbation of COVID-19. It is expected that probiotics can 
relieve gastrointestinal symptoms such as diarrhea in COVID-19 patients 
by relevant stress reduction [126]. 

8. Expert opinion 

Over recent years, COVs have spread periodically and every few 
years. Considering their high prevalence rate, they are spreading rapidly 
all around the world, causing very serious infectious diseases. Therefore, 
it is not unexpected that we will encounter a new epidemic of other 
members of the COVs family in the future years. Phylogenetic studies 
have shown that COVs have transmitted from natural hosts to humans. 

The rate of SARS-CoV-2 transmission from human to human is very 
high, and it is mainly transmitted through small respiratory droplets. 
Thus it is of significant importance that human activities such as modern 
farming methods, urbanization, event cancellations, social distancing, 
wearing a face mask, and frequent hand-washing should be reconsidered 
in all around the world. 

COVID-19 develops a variety of clinical symptoms and signs. Older 
adults and those who have one or more than one underlying medical 
conditions are at higher risk for developing this illness. 

There is currently no specific approved vaccine or medicine for 
treatment of COVID-19 disease. Most of the available information has 
been obtained through the studies on other members of this family 
called SARS and MERS. Many researchers are currently working on 
developing various types of specific drugs to treat this disease all around 
the world. Extensive research is being conducted all around the world to 
produce medicines and vaccines to treat COVID-19, which is generally 
very time consuming. A large number of studies are being conducted to 
investigate the effectiveness of medicines such as Lopinavir/Ritonavir, 
Darunavir, Ribavirin, Remdesivir, and Favipiravir as potential thera-
peutic methods for COVID-19. The investigation of this effectiveness and 
the complications of antiviral medicines in clinical studies will be a great 
help in the production of medicines in the near future for treatment of 
COVID-19. Moreover, information such as the structure of SARS-CoV-2 
genome, how the host immune system responds to the virus, and how to 
control cytokine storm are of considerable importance in the vaccines’ 
design and production. 
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