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Abstract
A series of cases of pneumonia occurred in China in late 2019. For this type of coronavirus,
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the World Health Organization (WHO) formally identified the condition as a coronavirus
disease 2019 (COVID-19). They announced that this disease is the recent main concern of
health problems in the world. Transfer of this novel coronavirus (nCoV) from human to human
exists predominantly among family members, who have close contact with each other. This

Kceg:/ogslg review article is provided based on the recent findings of COVID-19, which were retrieved by

Diagnosis searching PubMed, Google Scholar, Scopus, and Web of Science until December 2020. Here,

-Immune Responses we highlighted the coronaviruses types, COVID-19 symptoms, epidemiology of the disease,

-Pathogenesis transmission ways, and nCoV related pneumonia pathogenesis and continue with characteristic

~Treatment features and treatment methods. While no approved treatments are available for this type
of infection therapy but several drugs may have potential benefits. It seems that identifying
the detailed characteristics of the novel coronavirus disease offers the foundation for further
research into the production of effective anti-COVID-19 drugs and vaccines.

Introduction

A series of pneumonia cases, a recently described
coronavirus disease 2019 (COVID-19), occurred in
China in late 2019." The fast spread of this disease led
the World Health Organization (WHO) to announce a
global emergency in late January 2020. Following the
public concerns, the researchers separated the SARS-
CoV-2 from the infected samples, which led to the
genome sequence of novel coronavirus (nCoV).? This
virus is a B-coronavirus (subfamily Orthocoronavirinae)
that belongs to nonsegmented and positive-sense RNA
(subgenus sarbecovirus).> Coronaviruses are classified
into four genera (alpha (a), beta (), gamma (y), and delta
(y) coronaviruses).*> Mammals may infect with a- and
B-CoV.** It was found that nCoV’s genome sequence is
96% similar to a RaT'G13 bat Coronaviruses, although it
shares SARS-CoV’s identity at 79.5 percent. Based on the
findings of virus genome sequencing and evolutionary
research, the bat founded to be a typical host with virus
sources, yet nCOV may spread from bats to humans
contaminated by unknown intermediate hosts. It is now
clear that angiotensin-converting enzyme 2 (ACE2) is
the same receptor for SARS and nCoV (SARS-CoV-2),

which was used for attacking the human body.® At the first
of spread outs times, the reservoirs and dissemination
of the outbreak of acute respiratory tract infection likely
were related to a seafood market in Wuhan, China, in late
2019. Bat CoV RaTG13 was analyzed in the COVID-19
virus genome sequence. Also, the genome sequence
identity was found to be around 96%.7, suggesting that
new coronavirus in bats and humans have the same source,
even though bats are not eligible for selling in this market
as seafood.” Besides, the similarity of protein sequences
and phylogenetic research has shown that similar receptor
residues have been found in many species, rendering
alternative intermediate hosts, such as snacks, tortoises,
and pangolins.®

Transferring of nCov from human to human exists
predominantly among family members, who have closely
interacted with patients. It confirmed that ~ 30% of
recent patients traveled to Wuhan and around 72% of
non-resident Wuhan patients contacted Wuhan patients.®
Transmission between health care staff occurred in ~ 4%
of nCoV positive patients, released on 14 February 2020 by
Chinas National Health Commission. Conversely, SARS
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and MERS-Coronavirus transmission are known to occur
mainly via nosocomial transmission routes. Healthcare
workers’ infections between 33 to 42% of SARS cases
and patient dissemination (between 62 to 79%), the most
common infection pathway in MERS-Coronavirus cases.
The primary transmission pathway of SARS-CoV-2 was
accused of having a close connection with intermediate
host animals or ingestion of them. But the source(s) of
nCoV and the transmission routine(s) remain elusive.’
Altogether, the outbreak of COVID-19 is considered a
serious threat to public health. Despite the diversity of
therapeutic strategies, there is no desired treatment to
prevent potential death. Here, we are just beginning to
uncover the clinical characteristics, receptors involved
in virus entry and invasion, and the possible treatment
approaches. Understanding the precise mechanisms that
participate in this disease will lead to efficient therapies to
eliminate the virus.

Epidemiology

Geographic spread of COVID-19

Upwards of 229,329,042 of verified COVID-19 cases have
been identified worldwide (WHO, September 2021).
Nearly 100,000 COVID-19 cases have been recorded in
China after the first reports of Wuhan incidents, a city in
Hubei Province of China, in late 2019, most of them come
from Hubei and neighboring provinces. A joint WHO
and China fact-finding team predicted that the outbreak
of China would peak at the end of January and the
beginning of 2020.° Nevertheless, cases were recorded in
all continents, except Antarctica, and in several countries
that have been slowly growing, such as the USA, several
Western European countries (including the United
Kingdom), and Iran."

Distribution route

There is a lack of understanding of the risk of transmission.
Around the onset of the epidemic, an epidemiological
study in Wuhan established an initial link with a market for
seafood that purchased animals, but most people operated
or worked, and it was ultimately closed for disinfection.’
Nevertheless, as the disease progressed, the primary mode
of dissemination was distributed from person to person.
Man-to-man transmission of nCoV is primarily believed to
exist by respiratory droplets that mimic the transmission of
influenza. The virus is entered into the respiratory system
through the cough, sneeze, and speak by a person whether
he/she is in close contact with mucous membranes. If a
person comes in touch with a polluted surface and then
reveals his/her eyes, nose, or mouth, contamination can
also occur. Besides, we should mention the importance
of aerosol transmission. Usually, the aerosol could not
move more than 4 meters and could not stay in the air. It
is estimated that the maximum transmission distance of
this virus might be 4 meters from the COVID-19 patient."
The result of one study shows that nCoV remained viable
for about 3 hours in experimentally produced aerosols, the

importance of this event for the COVID-19 epidemiology
and its clinical effects have not been identified yet."> In
some cases, despite the existing confusion surrounding
transmission mechanisms, airborne precautions are
recommended. The blood and bowel specimens observed
nCoV RNA."" In some cases, the live virus was cultured
from the stool." Nevertheless, according to the WHO
report, transmission between fecal and oral subjects did
not seem to be a pivotal factor in the spread of infection.™
In general, speaking long-time and spreading viral
aerosols in the air can significantly increase the chances of
transmitting the disease.

Period of infection

The amount of time that a person with COVID-19 is
infectious is unknown. Most of the evidence that raises this
issue comes from respiratory and other specimen analysis
studies that have been applied in the identification of viral
RNA. However, the viral RNA identification does not
indicate the existence of the viruses. Viral RNA rates tend to
be higher in early on the onset of symptoms in comparison
to the later stage of the disease;”” It may render transfer
more likely at an early step of infection, but more tests are
required to test this assumption. The duration of the viral
shedding is often variable, and a large number of variation
appears to arise, which depends on the disease extent. In one
sample of twenty-one patients with moderate illness, 90%
had repeated negative RNA tests on nasopharyngeal swaps
ten days following the onset of symptoms. Instead, RT-PCR
was positive in all patients with severe symptoms, on or
after the tenth day. The results in patients with more severe
illness remained positive for long periods. Conversely, all
critically ill patients still became positive beyond the tenth-
day post-onset.'® Generally, these results are similar to data
from SARS-Cov disease in the years 2002-3, which can be
a valuable indicator for assessing the disease severity.' The
mean length of viral RNA discharge from oropharyngeal
samples was twenty days in other 137 patients who
endured COVID-19." The reported transmission rates for
patients with symptomatic infection vary in location and
experience with infection control measures. According to a
new WHO-China study, secondary COVID-SARS-CoV-2
prevalence was ranged from 1 to 5% of patients with near
contacts to registered patients.'® On a cruise ship, 2% of
crew members acquired a reported infection.”” In the
United States, among 445 near contacts of 10 reported
patients, the symptomatic secondary attack incidence was
0.45%.° The SARS-CoV-2 transmission from person to
person during the incubation period is unclear. Large-scale
serological screening can provide a clearer understanding
of the prevalence of asymptomatic infections and provide
advice on epidemiological analysis; multiple serological
experiments are underway for SARS-CoV-2.

Coronavirus Classification
The name of coronavirus derives from its characteristic
crown-like appearance in electron micrographs.” These
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types of viruses classified into four genera, the largest
recognized RNA viruses: a (alpha)-CoVs, B (Beta)-CoVs,
y (gamma)-CoVs, and § (delta)-CoVs, of which a- and
B-CoVs may contaminate mammals, while the other two
types may affect birds and mammals.** The genome size of
CoVs ranges from 26 to 32 kilobases. The genome includes
a 5' cap structure with a 3’ poly-A tail that enables it to
serve as an mRNA for polyprotein replicase translation.
Compared to the structural and accessory proteins that
make up just about ten kilobases, the replication gene
encoding the non-structural proteins comprises almost
2/3 of the genome and are 20 kilobases. Another end of
the genome (5’ end) is a leader sequence and untranslated
area comprising several stem-loop structures used to
duplicate and transcribe the RNA. The 3'UTR also contains
the RNA structures and are needed for viral replication
of the RNA and then for synthesis. The coronavirus
genome composition is 5'-leader-UTR-replicase, spike,
envelope, membrane, nucleocapsid, and 3'UTR poly-A
tail with an accessory gene interspersed at the 3’ end of
the genome among the structural genes** (Figure 1). In
the next subsections, we describe in detail the different
characteristics of three types of coronaviruses. Table 1
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In November 2002, after an epidemic in Guangdong
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2003, the virus spread exponentially to other countries
in Southeast Asia and Canada. As the primary route of
transmission, this disease has proven highly contagious
with respiratory droplets. In some cases of cluster
outbreaks, infected feces have played a significant part.**
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RNA can be observed in SARS patient’s plasma, as it is a
respiratory illness. The first study was released on 10 April
2003.%

It is reported that unusually low amounts of viral RNA
were in the plasma of the SARS cases in the acute phase
of the disease. Nine days following the announcement of
symptoms, the viral plasma content was low. The scientists
were only able to identify SARS-CoV RNA using an
internally produced nested PCR assay, with a viral load of
190 copies/mL after 2.0 mL of plasma ultracentrifugation.
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Figure 1. The organization of the genome and schematic structure of severe acute respiratory syndrome coronavirus 2.

Table 1. Summary of some comparisons between SARS-CoV, MERS-CoV, and SARS-CoV-2.

SARS-CoV-2

SARS-CoV MERS-CoV

Genus Clade 1, lineage B

29.9 kilobases

7 December 2019, Wuhan, China
January 2020

Pandemic ongoing

Above 220 million

Length of nucleotides
First emergence
Virus identification
Recent status

Number of infected cases

Clade |, lineage B Clade 1, lineage C
29.75 kilobases 30.11 kilobases
16 November 2002, Foshan, China 4 April 2012, Zarga, Jordan

March 2003 June 2012
Completely control Sporadic continuous
8096 2553
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They were unable to detect viral RNA in plasma from two
similar cases, although the sputum of one was positive
for 3 of 4 various PCR assays, the viral load in sputum
was as large as 6,33104 copies/mL.” WHO and food and
drug administration (FDA) rely on this report. The other
detailed guidelines on the safety of blood outlined for
SARS virus transmission by blood transfusion. They also
proposed several precautionary guidelines for individuals
deferring blood donations from areas of recent local
transmission. Two recent articles have centered on new
approaches for the identification of SARS-CoV RNA by
PCR. The sensitivity of plasma to diagnosis was equal to
that of nasopharyngeal specimens within the first three
days after the fever initiation. Some other studies revealed
that the lymphocytes had a slightly higher level of SARS-
CoV RNA amount than plasma, whether measured in
acute or convalescent periods.” While plasma viral RNA
was extracted from only five acute and five convalescent
patients.” These results have shown that lymphocytes may
be one of the targets for SARS-CoV and indicate the risk
of transmission through high levels of donor lymphocytes
in blood products. Whereas these results provided some
evidence that SARS-CoV did indeed occur in plasma or
lymphocyte patients with SARS. American Association
of Blood Banks (AABB) suggested screening donors for
SARS-CoV RNA or associated antibodies based on these
factors:

1) SARS cases are not contagious during the incubation
process, and the incubation period is fairly small. Virtually
all SARS-CoV-infected patients have been identified.

2) The load of the virus from SARS plasma patients***

3) No cases of transfusion have been announced so far,?
and the blood donation tests for SARS-CoV RNA did not
detect any beneficial effects in 2003.*!

In 2004, however, an opposing opinion had been articulated
by Hong Kongian researchers.”” Plasma tests from 3
out of 400 normal blood donors and 1 out of 131 non-
pneumonic pediatric patients screened through the SARS
epidemic proved positive for SARS-CoV IgG antibody.
These findings verify in two western blotting analyses.
Antibody presence does not imply infectious behavior.
However, as Hong Kong was among the worst affected
regions of the world through the previous SARS epidemic,
it assumed that subclinical or non-pneumonic SARS-CoV
infections occurred in Hong Kong, indicating a possible
risk of transmission of SARS within blood products.
Two Western blot analyses confirmed the results. The
operation of the antibody does not indicate an infectious
material. Shortly afterward, four various groups posed
questions and challenges to the Hong Kong study centered
on the precision of the experiments and the community
representativeness.”” The theoretical possibility of SARS-
CoV transmission via blood transfusion is calculated
to provide further details. The 2003 report estimated an
average risk of 14.11 per million and a median risk of 23.57
per million as of 2 April 2003.*

MERS-CoV

The MERS virus was first detected in 2012 in an elderly
man (nearly 60 y.0.) who had renal failure and acute
pneumonia in Saudi Arabia with a fatal outcome.** The
sixth known human coronavirus was MERS-CoV at the
time. MERS is an exceptionally lethal infectious condition
with a fatality rate worse than SARS.? Major nosocomial
outbreaks occurred in Saudi Arabia in 2014 and Korea
in 2015.” In a viral load study of various specimens of
37 MERS cases, researchers noticed that about half of the
serum samples examined had a viral RNA signal through
the first week of diagnosis and that the viral load ranged
from about 2,1102 to 2,51105 copies/mL, respectively.
Nevertheless, they could not isolate the virus from the
sera. It is therefore not clear whether or not the live MERS
virus was present in the serum.*® While virtually all MERS
subjects show extreme clinical symptoms, atypical cases
were identified through the 2015 South Korean epidemic.
Although the presentation of the blood virus was limited,
the FDA suggested other SARS-like requirements.

SARS-CoV2

A variety of health care providers have reported
clusters of unknown causes of pneumonia in patients
epidemiologically linked to the Wuhan seafood industry,
Hubei Province, in late Dec 2019. China.”” CoVs cause
disease in humans and in various animals, where f-CoVs
mainly infect bats and humans® (Table 2). The pathogen,
coronavirus, or SARS-CoV2, local hospitals have been
detected using the pneumonia of unknown etiology
surveillance system developed in the aftermath of the 2003
SARS outbreak to facilitate the timely detection of novel
pathogens.” The WHO announced on Jan 2020 that SARS-
CoV2isaworld emergency of public health.* The scientists
sequenced and described a new B-coronavirus, the genome
of which has 86.9 percent similarity to the coronavirus
genome of the previously reported bee SARS, which is
different from human SARS-coronavirus.’ Patients with
COVID-19 typically have respiratory symptoms, and the
median incubation period is less than two weeks. Relevant
tests revealed that patients with COVID-19 were able to
identify viral RNA in plasma or serum. Viremia was seen
in 15 percent of patients in the first 41 patients in Wuhan
Area. The mean threshold value of the PCR cycle was 95%,
suggesting a fairly low concentration of RNA.*"*

Now, AABB and FDA do not require any involvement
in the processing and care of blood because no data is
suggesting the risk of SARS-CoV-2 transfusion.” While
the virus appears to need immediate treatment in China
and is being tracked quite closely worldwide, the following
issues may be important in the patient’s management:
1) Serum or Plasma viral RNA could be identified in
COVID-19 patients the first two to three days following
the start of symptoms; 2) Most patients, particularly
younger adults, had milder symptoms than older adults; 3)
The asymptomatic carriers may donate blood; 4) The exact
risk of infection of patients is unknown, and there is no

$53 | Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67



COVID-19 Characteristics and Treatment

Table 2. International Committee of Taxonomy of Viruses (ICTV) classification of B-coronaviruses species and their reservoir hosts.

Coronavirus species

Abbreviations

Reservoir hosts

China Rattus coronavirus HKU24 RtCoV-HKU24 Rat
Human coronavirus HKU1 HCoV-HKU1 Human
Murine coronavirus (Murine hepatitis coronavirus) MHV Mouse
Bat Hp-betacoronavirus Zhejiang2013 BtHpCoV-Z2J13 Bat
Hedgehog coronavirus 1 EriCoV-1 Hedgehog
Middle East respiratory syndrome-related coronavirus MERSr-CoV Human Bat
Pipistrellus bat coronavirus HKU5 BtPiCoV-HKU5S Bat
Tylonycteris bat coronavirus HKU4 BtTyCoV-HKU4 Bat
Rousettus bat coronavirus GCCDC1 BtEoCoV-GCCDC1 Bat
Rousettus bat coronavirus HKU9 BtRoCoV-HKU9 Bat
Severe acute respiratory syndrome-related coronavirus SARSr-CoV Human Bat
Betacoronavirus 1 (Human coronavirus OC43) HCoV-0C43 Human

plasma, serum, or lymphocyte viral load evidence between
individuals during the incubation era.

Therefore, further investigation should be pursued as soon
as possible if the risk of SARS-transfusion transmission is
higher than other viruses. Some precautions about donor
deferral, SARS-CoV-2 RNA monitoring, virus-related
antibodies, or the usage of pathogen-inactivation blood
products should be closely investigated.

Pathogenesis of COVID-19

COVID-19s extreme symptoms are correlated with
growing numbers and death rates, especially in China’s
epidemic area.*® The National Health Commission of
China announced the reports of the first 17 deaths on 22
Jan 2020, and the deaths on 25 Jan 2020 increased up to 56
deaths. The number of mortality among 2684 confirmed
cases of COVID-19 as of January 25, 2020, was roughly
2.84%, and the estimated age of death was 75 years."
Patients diagnosed with COVID-19 displayed elevated
amounts of leukocytes, irregular breathing results, and
decreased rates of pro-inflammatory cytokines in plasma.
One of the COVID-19 case studies indicated a patient
with a cough, severe breathing noise in both lungs,
and body temperature at 39° C at five days of fever. The
sputum of the patient displayed positive results in the
real-time PCR of the confirmed COVID-19 infection.
Laboratory experiments revealed 2.91x10° cells/liter with
leucopenia with leukocyte concentrations, 70% of which
were neutrophils. In comparison, a blood C-reactive
protein value of 16.16 mg/L has been found that is outside
the standard range (0-10 mg/Litre). Strong levels of
sedimentation with erythrocytes and D-dimer have also
been observed.”” The major pathogenesis of COVID-19
infection as a respiratory system that attacks the virus was
extreme pneumonia and severe cardiac injury. In patients
with COVID-19 infection relatively elevated blood levels
of cytokines and chemokines were reported. Any of the
extreme cases admitted to the ICU displayed elevation
of pro-inflammatory cytokines like GCSE, IL7, IL2, IL10,

IP10, MCP1, MIP1a, and TNFa, which were reasoned to
encourage seriousness of the disease.’

Among those who have been contaminated, antibodies
against the virus are produced. Preliminary data imply that
some of these antibodies are reactive, although this remains
unmistakably understood. It is uncertain if all affected
patients are developing a protective immune reaction and
how long this protecting impact will continue. The results
of COVID-19 on defense immunity were evolving but still
in rather initial steps. Case series analyzing convalescent
plasma for COVID-19 therapy detected neutralizing
behavior in recovered plasma patients that tended to
be passed on to recipients after a plasma infusion.”> The
immune response is important for the prevention and
regulation of CoV diseases, but it may also contribute to
immune pathogenesis, and is synonymous with an out-
of-control immune response. Coronavirus S proteins
bind ACE2 to the host cells and bind to the membrane,
releasing viral RNA. Pattern recognition receptors (PRRs)
identify viral RNAs as pathogen-associated molecular
trends (PAMPs). Toll-like receptor (TLR)-3, -7, -8, and -9
usually detect endosomal viral RNA and DNA." Relevant
induction adapters such as TIR-domain-containing
adaptor proteins such as IFN-B (TRIF), antiviral signaling
mitochondrial proteins (MAVS),” and protein interferon
gene stimulator (STING)* to trigger molecules of
downstream cascades, Form I Interferons (IFN-a/f) and a
sequence of inflammatory cytokines, including the adaptor
molecule MyD88, culminating in the activation of some
inflammatory transcription factors.*

Virus cell interactions thus establish various immune
responses against the intrusive virus.”' Innate immunity
is necessary for the removal of the virus and prevents
immunopathology. Many plasma cytokines and
chemokines were found in COVID-19 patients.**** Of
importance is the COVID-19 pneumonia body anatomy
test,” suggested that COVID-19 triggered inflammatory
reactions in the lower airways ducts and suffered lung
damage. Collectively, the virus particles first penetrate the
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respiratory mucosa and invade other cells, triggering a
cascade of immune reactions and the creation of a cytokine
storm within the body that may be associated with the
critical state of COVID-19 patients.

Clinical Features of COVID-19

As an evolving acute respiratory infection, COVID-19
moves mainly through the airways at a low infectious
dosage.*”” Otherwise, in Feb 2020, it is reported the isolation
of nCoV from fecal (stool) swabs of a patient who has severe
pneumonia.” In fecal and semen swabs, nCoV has been
identified. ACE2 protein is unusually founded in epithelial
lung alveolar cells and small intestinal enterocytes in
abundance,” That can help to explain the routes of causes
of infection and illness. The incubation time is 1 o 14 days,
usually 3 to 7 days, depending on existing epidemiologic
investigations. And the COVID-19is contagiousatlatency.™
Since nCoV has been authorized, there have undoubtedly
been related symptoms in COVID-19 patients, such as
weakness, malaise, and cough.®® Most people or children
with moderate flu-like symptoms of nCoV infection and
in some cases are in serious condition, rapid progression of
ARDS, cardiac and organ failure, and death.*

Criteria for diagnosis

Scientists attempted to identify SARS-CoV-2 utilizing
Koch’s classical postulates and established its morphological
characteristics. To date, COVID-19’s Golden Therapeutic
Diagnosis System is a real-time PCR identification of
nucleic acid in nasal or other respiratory tract samples
accompanied by next-generation sequencing.*

Clinical symptoms

New screening analysis of about a thousand laboratory-
confirmed cases showed that typical clinical symptoms
involved fever (~89%), exhaustion (~39%), cough (~68%),
sputum development (~34%), shortness of breath (~19%),
sore throat (~14%), and headache (~14%), Loss of smell
(15-30%), muscle pain or aches(~25%).® In comparison,
several patients had gastrointestinal = symptoms,
including diarrhea (~4%) and vomiting (5%). Clinical
manifestations were consistent with previous studies of
41, 99, and 138 patients in Hubei Province.>*® The major
symptoms of fever and cough were upper respiratory and
gastrointestinal symptoms, indicating an improvement in
viral tropism compared to SARS-CoV,”” MERS-CoV,*® and
influenza.”® Elderly persons and others with neurological
conditions rapidly evolved into ARDS, septic shock, hard
to fix metabolic acidosis, and coagulation deficiency,
contributing even to death.* Many other patients have
normal or decreased WBC counts and lymphocytopenia
in laboratory results.” Nonetheless, in acute situations,
neutrophil, D-dimer, blood wurea, and creatinine
concentrations were slightly higher, and lymphocyte
production continued to decline. Besides, inflammatory
factors (IL-6, IL-10, TNF-a) have increased signaling. The
studies showed that patients with ICU had higher plasma

levels of various cytokines.® In comparison, computed
tomography imaging has revealed that CT scan in the chest
is ground glass variation (~57%) and longitudinal patchy
shadowing (~52%),® often with rounded anatomy and
peripheral lung distribution, examined from patients at Sun
Yat-Sen University’s Fifth Affiliated Hospital.®' Clinicians
became aware that the usual CT picture presentations
tended to include a portion of the patients reported. Due
to the low sensitivity of radiological diagnostic methods,
clinical tests are needed for infection diagnosis.

Diagnosis of COVID-19

Serologic test

Patients with nCov infection exhibit acute serological
responses.® Thus, the detection reagents rapidly developed
in combination with immunochromatography, colloidal
gold, and other technologies.

Genetic test

The two commonly used techniques for nucleic acid
determination bynCoV are qRT-PCR and high-throughput
sequencing (HTS). The main screening method for nCoV is
the blood collection and the high-performance sequencing
of the entire genome.®* However, due to their equipment
and costs, the use of HTC technologies in clinical diagnosis
is limited. Thus, QRT-PCR is the most general, efficient, and
easy method to identify pathogenic viruses in respiratory
and blood secretions.®

CRISPR/Cas13 System

For samples at concentrations as low as one copy/ml, the
Casl3-based specific high-sensitivity enzyme reporter
unlocking (SHERLOCK) approach was widely used for
Zika virus and Dengue Virus diagnosis.®* Zhang et al.®®
recently published a SHERLOCK technique, focused on
CRISPR / Casl3, to diagnose nCoV. The usefulness of this
CRISPR/Cas13 method needs to confirmed in COVID-19
patients.

Radiography technology

Radiograph Imaging Engineering Monitoring or CT scan
is an important tool in clinical practice for the detection
of COVID-19. Some COVID-19 instances have specific
features of CT images, including the reciprocal distribution
of patchy shadows and the illumination of ground glass.*
The tremendous advantages of the deep learning method,
was introduced to evaluate the characteristics of the
radiological graphics for the diagnosis of COVID-19.
Artificial intelligence can correctly detect CT images of the
most current suspected cases in the 20s, and the precision
of the study results reached 96%, significantly improving
diagnostic performance, and this approach is currently
being used.”

Therapies and Management of COVID-19
The growing incidence of SARS-CoV?2 infection worldwide
has resulted in an immediate need for vaccine or clinical
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action to avoid or cure COVID-19 disease. Applicants for
drugs or vaccinations. However, due to the minimal extent
of the SARS and MERS epidemics, few vaccine-generating
or therapeutic studies have been conducted for other
closely related coronaviruses that could potentially have
COVID-19 infections. Clinical trials testing COVID-19
treatments are underway, although the results of large
randomized studies remain uncertain at this point. Thus,
the above sections are not to be taken as evidence-based
health recommendations but reflect the professional
experience with medical treatment, the extrapolation with
observations from similar conditions (Figure 2).

Hydroxychloroquine (HCQ)

The medical usage of chloroquine stretches back several
decades. Phosphate and sulfate derivatives are classified as
antimalarial,and hydroxychloroquine (HCQ) is widely used
as an immune-modulatory mechanism in systemic lupus
erythematosus. By contrast, chloroquine has an antiviral
function against the infection Chikungunya, pneumonia,
seasonal CoV infection, and SARS-CoV virus.®*% In the
case of these viruses, the entry, and reproduction of nCoV
cells rely on endocytosis-dependent pH internalization and
lysosomal fusion. Being a poor foundation, HCQ meets

the cellular pH gradient and accumulates endolysosomes
and other acid cell organelles in the acidic environment,
thus alkalizing the endosome. Altogether, HCQ interferes
with terminal ACE2 glycosylation, which interferes with a
virus attachment.®**° The antiviral behavior of chloroquine
derivatives against nCoV has been observed early in vitro.”
Based on this, the product was soon placed into clinical
use, and early tests showed improved virus clearance
and health effects in COVID-19 patients receiving 10-
day HCQ therapy.” Other experiments disputed findings
and found little gain either in the outcome of the disease
or in viral clearance.”” It is disappointing that the largest
study to date, HCQ alone or HCQ/azithromycin, found
no benefit and increased risk of mortality among patients
receiving HCQ.” Another analysis of chloroquine
diphosphate has been forced to end in early steps due to
questions about decreased mortality in the high-doses.”
The immunomodulatory properties of HCQ are well
established and can increase its therapeutic effectiveness.”
Endosome alkalization reduces receptors functions and
interferes with the treatment of epitopes shown by APCs.”
This combination contributes to a decline in the synthesis
of cytokines. Also, HCQ often impairs cell autophagia,
a crucial phase of intestinal and adaptive immune
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Hydroxy chloroquine
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Remdesivir and

Virus entry
into cell .%,‘ ii *

Virus repllcatlon

nucleoside analogs

Pangolin

SARS-CoV2

Famotidine and
Bromhexine

Vitamin C, Vitamin D
and zinc supplements

Lopinavir and
ritonavir (LPV/r)

virus nucleosu:|e
analogs

Immunomodulatory
agents

CortlcosterOIds

Anticoagulant agents

Figure 2. Potential therapeutic intervention in COVID-19 treatment. While no approved efficient therapies are available for this novel
coronavirus therapy, but several drugs may have potential benefits. Hydroxy chloroquine in combination with azithromycin can change
the pH of endosomes and reduce virus entry and replication. Antiviral treatment with protease inhibitors such as Lopinavir and ritonavir
(LPV/r) can limit virus replication. Also, Remdesivir and nucleoside analogs have antiviral potential in this infection. Besides, recombinant
ACE2 may bind SARS-CoV2 and/or mediate anti-inflammatory effects to prevent COVID-19 infection. Also, other agents including immu-
nomodulatory and anticoagulant agents, Corticosteroids, Bromhexine and Famotidine, and Vitamin C, Vitamin D, and Zinc supplements
may have therapeutic benefits.
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activation.” Eventually, HCQ has anti-thrombotic effects,
which may be useful in COVID-19, where inflammatory
activation and endothelial proliferation induce coagulation
and promote the formation of micro-thromboses.”®” Side
effects include conduction dysfunction, heart failure,
retinopathy, and hypoglycemia and the therapeutic scope
of chloroquine is restricted.®*#

Azithromycin

The synergistic activities of azithromycin and HCQ against
nCoV have been reported in vitro, which tend to be
translated into clinical usage.*”®* Ironically, azithromycin
is often a low base with alkali reactions at least equal to
HCQ. Azithromycin antagonizes macrophages cells to the
anti-inflammatory M-2 phenotype and restricts the STAT1
and NFxB cascades.®** In the form of anti-inflammatory
activity, it is of particular importance for azithromycin to
be used in ICU patients.¥”* Due to the adverse cardiac
side effects,” the evaluation of patient risk profile, ECG,
fluid, and electrolyte status, and polypharmacy control is
important in infected cases.”

Treatment with antivirals

Remdesivir and nucleoside analogs

Nucleoside analogs are known to be therapeutic alternatives
for COVID-19. Applicants include galidesivir, favipiravir,
remdesivir, and ribavirin, the latter having received the
most coverage.”” Remdesivir is an adenosine drug and
has antiviral efficacy in the MERS and SARS in vitro.”**
Viral RNA-dependent RNA polymerase (RdRp) inhibited
by remdesivir. In this case, substituting and vying with
each other for adenosine in RNA synthesizing.** Human
mitochondrial RdRp has a slightly lower remdesivir
sensitivity compared to its viral equivalents and mitigates
adverse effects for the host cell.”” The existence of unique,
re-reading exonucleases SARS-CoV2 capable of extracting
phosphorylated remdesivir from the RNA chain may give
rise to resistance growth. In the mouse model, remdesivir
therapy for murine hepatitis virus showed that, while
conferring immunity.** The timing of the administration
of the EBOLA virus and MERS in animal models was
critical to remodeling its efficacy, with the most benefit
gained from early administration.®® This is consistent with
the above-mentioned cycles of disease with the maximum
degree of viral replication at an early stage of the epidemic,
and host-mediated immune response damage at later
steps. However, the recent case report also highlights the
continued benefits of delayed administration.”® However,
there are already trials in Europe and North America.
With an effective reduction in pulmonary viral load
in animal studies, an appropriate protection profile in
Ebola subjects, and a limited community of COVID-19
subjects, remdesivir may provide an important and feasible
alternative to treatment.

Remdesivir binds to RNA polymerase, which is dependent
on viral RNA, inhibiting viral replication by premature
termination of RNA transcription. Its activity against

extreme acute coronavirus 2 respiratory syndrome has
been demonstrated in in vitro studies.”” Treatment with
remdesivir was started shortly after inoculation in an
animal model; remdesivir-treated animals had lower lung
virus levels and less lung damage than control groups.” In
hospitalized adult and pediatric patients (aged about 12
years and weighing about 40 kg), Remdesivir is approved
by the FDA for COVID-19. It is also available via the FDA-
EUA in hospitalized pediatric patients weighing 3.5 kg to
<40 kg or <12 years of age and weighing >3.5 kg for the
treatment of COVID-19 (2020-07-27).1 As a nucleoside
analog, remdesivir’s active metabolite interferes with the
action of viral RNA-dependent RNA polymerase and
prevents viral exo-ribonuclease (ExoN) proofreading,
causing the production of viral RNA to decrease.'”
For RNA-dependent RNA polymerases of MERS-CoV,
SARS-CoV-1, and SARS-CoV-2, after three additional
nucleotides have been integrated, RNA synthesis arrest
occurs. Remdesivir is therefore known as a direct-acting
antiviral agent that acts as a delayed terminator of the
chain.*

Late administration Lopinavir and ritonavir combination
(LPV/r) as protease inhibitors

A mixture of lopinavir and ritonavir (LPV/r), better known
by trade names Kaletra © and Aluvia °, is a common anti-
retroviral therapy for the human immune deficiency
virus (HIV). The usage of these Two protease inhibitors
inhibits the otherwise common activation of CYP3A4
and drug metabolism, resulting in a much-enhanced
bioavailability of Lopinavir.'” Proteases are important for
the reproduction of the majority of viruses. These virus
particles attach structural and functional proteins to viral
polypeptide precursors. Requires the virus to evolve into
a contagious virus. LPV/r is metabolized primarily in the
liver and therefore a relative contraindication is considered
to be pre-existing hepatic impairment.'®

In the context of previous in vitro studies and limited
clinical data available for Lopinavir and ritonavir in
critically nCoV patients, a randomized open-label
trial was conducted in China.'”® Almost two hundred
COVID-19 patients were recruited, randomized to either
standard therapy or two weeks of addition to Lopinavir
and ritonavir. Although verifying the efficacy of LPV / r
usage in COVID-19, there were no substantial variations
in survival or recovery period between groups; thus,
the investigators debated whether the combination of
Lopinavir and ritonavir and the analog nucleoside, such as
ribavirin, might lead to better therapeutic benefits.

Anti-hepatitis C virus nucleoside analogs

Anti-hepatitis C virus nucleoside analogs, including
ribavirin, sofosbuvir, and daclatasvir, are being tested for
COVID-19 treatment. Ribavirin is a purine nucleoside
analog with broad-spectrum antiviral activity. It can be
use for hepatitis C virus infection treatment.'* This drug in
combination with interferon was an suggested treatment
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regimen for the management of the patients with Middle
East coronavirus pneumonia.'” In addition to ribavirin,
sofosbuvir and daclatasvir are direct-acting antiviral
drugs against the hepatitis C virus. Some findings suggest
these agents may also be effective in COVID-19 therapy.
Eslami et al.' evaluated the effectiveness of sofosbuvir in
combination with daclatasvir and confirms these agents
are effective in decreasing the mortality in COVID-19.'%
In another study, Abbaspour Kasgari and colleagues
investigated the efficacy of sofosbuvir/daclatasvir/ribavirin
for hospitalized COVID-19 patients and reveled that
trends in favor of these approach for recovery and lower
mortality.'” But, other studies should be conducted to
investigate the therapeutic benefits of these agents further.

Recombinant angiotensin-converting enzyme 2 (ACE2)
Since ACE2 was known as the key molecule for cell
invasion, its treatment blockade for disease control and
virus clearance assistance has been suggested.'® However,
the non-selective ACE blockade with currently active
agents may be questionable because it may alter Ang-1
through-7, which has anti-inflammatory and anti-fibrotic
effects. In some studies, ACE2 protects against acute
respiratory distress syndrome.'®""® Although ACE2 leads
to pulmonary pathologies, such as fibrosis and oedema.'"
Consequently, in the absence of ACE2, angiotensin 2
build-ups can worsen disease and organ failure. As a result,
the induction of ACE2 to COVID-19 therapy has recently
been recommended.!*'" Even then, the effects of ACE-
2 will differ from tissue to the environment. Intestinal
epithelial cells produce slightly higher levels of ACE2 than
bronchial epithelial cells, which is notable since not many
subjects have gastrointestinal issues and signs are mild
when present, while some patients stay optimistic in stool
samples long though the respiratory specimen has been
negative.**»!'%11” Based on the above discussion, it may be
suggested that high levels of ACE2 as seen in the intestine
and as compared to the respiratory tract. Specific variables,
such as immunological conditions or regionally variable
microbiomes, greatly influence the absorption, replication,
and evacuation of the virion. The specific purpose of
angiotensin-converting enzyme 2 in nCoV remains to be
revealed and may be complicated. The role of ACE2 in the
sense of nCoV remains to be uncovered. The use of human
rec-ACE2 to neutralize the virus before its connection to
host cells is also being investigated.

Donation of plasma from improved patients

The use of convalescent plasma (CP) collected from
previously infected patients for passive transfer of
antibodies dates back almost a hundred years, with some
evidence of benefit against influenza or Ebola disease, etc.
Tends to result from the prospective study during MERS
and SARS infections, recorded safety, and faster viral
clearance after CP therapy, especially when taken early in
the course of the disease.”* Most patients recovering from
infection with COVID-19 develop a circulating antibody

response to distinct nCoV proteins two or three weeks
after infection. These showed in at least two samples of
nCoV-infected rhesus macaques that developed antibody
reactions and could not be reinfected with the virus weeks
or months later. Most of the existing and ongoing researches
documented the benefits of CP usage. It can use to manage
critically ill COVID-19 patients with no significant adverse
effects. Many patients improve clinically and eliminate the
virus, but the role of CP threat in these patients is unclear
as all patients get other therapies, including antivirals,
antibiotics, and corticosteroid antifungals.'”® There are no
approved specific antiviral agents for novel coronavirus
disease 2019 (COVID-19 Also, in a separate randomized
clinical study reported to date, patients with severe but
not intubated disease who received CP showed significant
improvement. However, the trials ended early due to a lack
of eligible patients at countrywide (Chinese) pandemic
sites. The donors would have identified nCoV infection,
would have been symptom-free for at least two weeks, and
would have met the standard criteria for eligibility of blood
donors. New plasma collection centers are established
almost daily, and information is rapidly evolving.'®
CP therapy would be at risk of a) Allergic reactions, b)
Lung disruption and breathing difficulty, ¢) Infection
transmissions, such as HIV and HBV, and HCV."** Anyway,
the risk of these infections is very low, as donated blood
must meet certain requirements of the FDA. The blood
donated must be tested for safety before it can be used.
Then it undergoes a process of separating blood cells so
that all that remains is antibody plasma.

Immunomodulatory agents

After the outbreak of COVID-19, numerous studies
reported the clinical characteristics and cytokine profile
of nCoV infected patients and suggested that increased
expression of cytokines (Cytokine storm) could be
associated with the severity of the disease.*>'*! Considering
the pivotal role of the inflaimmatory responses in the
pathogenesis of COVID-19, many anti-inflammatory
agents such as TNF-a, IL-1, and IL-6 blocker agents
decreased systemic inflammation, suggesting a potential
target for controlling COVID-19 complications, and
these agents have considered for therapy. Among them,
IL-6 inhibitors such as tocilizumab have attracted great
interest.'”” To date, many studies reviewed the role of
inflammation in COVID-19 and the probable effect
of immunomodulatory agents on SARS-COV 2.2
Therefore, based on these findings of the anti-inflammatory
agent’s effect on the COVID-19, researchers hope these
drugs will make efficient and promising treatments to
improve systemic inflaimmation (especially lung tissue
inflammation) in COVID-19 patients.

Corticosteroids

Steroid therapy as a global suppression strategy to combat
inflammatory diseases.'” During the SARS and MERS
outbreaks, it was reported that these agents did not improve
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the outcomes of the patients but increased the secondary
infections rate.'**'?® Recently, Zha et al.'"® found evidence
against the clinical benefits of corticosteroids for COVID-19
patients without acute respiratory distress syndrome.'”
Due to the controversial findings concerning the clinical
benefits of steroid therapy, the WHO recommends against
treating COVID-19 patients with corticosteroids, and more
observational and randomized controlled trials are needed
to confirm the effectiveness of corticosteroids appliances in
the management of COVID-19.

Anticoagulant therapy

Accumulated evidence has strongly indicated the beneficial
effects of anticoagulant agents in COVID-19 patients.
It is well known that viral infections are linked to the
increased risk of thrombosis. The incidence of pulmonary
thrombosis in COVID-19 patients has been reported
to be higher than in non-COVID-19 patients."”*"" The
anticoagulation therapy is currently less identified and is
not commonly used to COVID-19 patients due to fears of
hemorrhage as a side effect. Therefore, validation of the
safety and effectiveness of anticoagulant-based treatments
for SARS-CoV-2 infected patients is urgently needed.

Bamlanivimab

The neutralizing monoclonal antibody bamlanivimab
(LY-CoV555) is intended for mild to moderate levels of
Covid-19 treatment. Eli Lilly and Company developed this
monoclonal antibody and received the FDA Emergency
Use Authorisation (EUA) in Nov 2020 (2020-11-20). The
medicine is available for Covid-19 test-positive adults and
pediatric patients 12 years of age and older. They are at high
risk of progression to serious Covid-19 and hospitalization.
Bamlanivimab should be administered immediately to
patients after a positive COVID-19 examination and ten
days after the onset of symptoms.'*

Bamlanivimab mechanism of action

Bamlanivimab is a type of recombinant human IgGI,
monoclonal neutralizing antibody that binds to the
SARS-CoV-2 spike protein receptor-binding domain and
prevents ACE2 receptor attachment to the viral S protein.
In the fragment crystallizable (Fc) area, the Covid-19
treatment is unmodified.'”

Brombhexine and Famotidine

Bromhexine is a form of expectorant used specifically
in the treatment of emphysema, bronchiectasis, chronic
bronchitis, and chronic obstructive pulmonary disease.
Some studies have claimed that Bromhexine is useful in
COVID-19 therapy in adults and infants, but no results
from a randomized clinical trial have been available.
Other findings indicated that Bromhexine is a key protease
inhibitor (TMPRSS2) for infection and transmission
of novel coronavirus nCoV and has the benefit of low
price and improved protection.”** Bromhexine and its
metabolites can also be competitively bound to ACE2."*®

This strongly inhibits the primary M proteases of nCov,
promotes the release of endogenous active substances
in the lungs, retains alveolar activity, and promotes the
excretion of sputum.'*

Famotidine is used as a suspension and a pill to be
swallowed by mouth. Over-the-counter famotidine comes
with a pill, a chewable tablet, and a capsule to be swallowed
by mouth. In some studies, the beneficial effects of this
medication have been identified in COVID-19 patients.'”
In comparison, the use of proton pump inhibitors has not
been associated with a decreased risk for these outcomes.
Previous anecdotal observations are thought to have
suggested that famotidine could be partly protective of
COVID-19."%¥ In general, this improved survival trend is
due to off-target, non-histamine-mediated famotidine-
mediated properties that are not shared with cimetidine.
Famotidine is presently being studied under the IND
waiver for COVID-19 therapy in other studies at
elevated intravenous doses in conjunction with either
hydroxychloroquine or remdesivir.

Vitamin D, Vitamin C, and zinc supplements

Vitamin D's immuno-modulatory functions in COVID-19
Vitamin D is a fat-soluble steroid hormone precursor
arising from exposure to UVB (ultraviolet B) radiation
in the skin epidermis of 7-DHC (7-dehydrocholesterol)
that has been converted into a circulating precursor of
cholecalciferol. Cholecalciferol hydroxylates in the liver to
form 25-hydroxyvitamin D and converts in the kidneys into
the active hormone 1,25(OH),D (1,25-hydroxyvitamin D).
In a large variety of body systems, vitamin D has functions,
including in both innate and adaptive immune responses.
Innate cellular immunity is enhanced by Vitamin D
through stimulation of expression of antimicrobial
peptides like defensins and cathelicidin. Defensins retain
strong and gap junctions, promote and adhere to the
expression of anti-oxidative genes. It is understood that
viruses such as influenza greatly weaken the integrity
of epithelial tight junctions, raising the risk of infection
and pulmonary edema. The integrity of these junctions
is maintained by vitamin D." Low vitamin D receptor
expression levels contribute to claudin-2 expression
increasing and inflammation. Also, Vitamin D facilitates
the division of monocytes into macrophages, thus the
production of superoxide, phagocytosis, and destruction of
bacteria increased. Besides, by suppressing the role of Th1l
cells and decreasing the production of pro-inflammatory
cytokines like INF-y and IL-2, vitamin D can modulate the
adaptive immune response. Th2-cell anti-inflammatory
cytokines are also activated by vitamin D and indirectly
suppress Thl cells by diverting pro-inflammatory cells to
anti-inflammatory phenotypes and activating suppressive
regulatory T cells.!*® It has been proposed that vitamin D
deficiency increases the rate of infection with COVID-19.
COVID-19 patients have been shown to have lower
vitamin D levels repeatedly, with mean plasma levels half
that of the controls.""!
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Vitamin C's immuno-modulatory functions in COVID-19
Vitamin C has a significant role in improving innate
immunity function and improving cellular and humoral
immune response. Evidence has shown that insufficient
micronutrient intake, including vitamin C, reduces
infection resistance and increases disease complications.*?
Vitamin C strengthens the stability of the epithelial barrier,
the first line of defense against external pathogens.'** High
oral dose administration of vitamin C (60 mg/kg) increases
the natural killer cell's function, which plays a pivotal role
in innate immunity against viral infection."** Vitamin C
accumulates in neutrophils, which indicates that vitamin
C plays a role in preserving the normal function of
leukocytes.'* Also, both the amount of leukocyte vitamin
C and neutrophil activity tend to decrease with age.'*® As
vitamin C enhances the integrity of the epithelial barrier,
natural killer cell activity, neutrophil chemotaxis, and
phagocytosis, daily vitamin C supplementation could
strengthen the innate immune response to infection with
SARS-CoV-2. IV vitamin C therapy for the treatment
of COVID-19 has shown promising results in China.
High-dose IV vitamin C administration decreased the
risk of cytokine storm production during the late stage
of COVID-19 infection."” The combination of vitamin
C with glycyrrhizic acid and curcumin stimulated innate
immunological antiviral response and prevented excessive
inflammatory response, decreasing the risk of tissue
damage caused by inflammation.'*®

Role of Zinc in COVID-19

Numerous studies indicated the crucial function of the
zinc trace element in the immune system function."® Zinc
deficiency has changed the number and malfunction of
all immune cells. The subjects with suboptimal zinc status
have an increased risk of some diseases.”**"*! This deficiency
contributes to 16% of all deep respiratory infections
worldwide,'?* offers an initial clear indication that zinc
deficiency is associated with the risk of infection and
severe development of COVID-19. Other studies show that
fusion with the host membrane is prevented by zinc and
reduces the work of viruses with polymerase, impairs the
translation and processing of proteins, prevents the release
of viral particles, and destabilizes the viral envelope.'>*'**
Low-dose zinc supplementation in conjunction with low
concentrations of zinc ionophore pyrithione or hinokitol
reduced SARS-CoV RNA synthesis by directly inhibiting
RNA-dependent virus RNA polymerase.'>>!%¢

Conclusion

Since the outbreak of COVID-19 in Wuhan and its
dissemination in many countries across the world, scientists
in different fields of biological science, including virology,
epidemiology, immunology, have looked at the signs and
complications of this disease. In this report, we briefly
investigated the sources and forms of coronavirus and its
prevalence. Throughout the sections, we addressed the
differences between SARS, MERS, and SARS-CoV2 viruses

and described their pathogenesis. Emerging pneumonia,
COVID-19, triggered by SARS-CoV-2 (nCoV), has high
infectivity but lower morbidity and mortality virulence
relative to SARS and MERS infections. Originating from
bat reservoirs and various intermediate species, the
coronavirus binds to ACE2 with a strong affinity as a virus
receptor to infect humans. In this disease, the vulnerable
community comprises older persons, and persons with
certain serious medical conditions require more care
and support. However, concerns remain unanswered,
and further experiments are needed to investigate the
mode of transmission and pathogenicity of coronavirus
development. Besides, we discussed the potential strategies
to treat the disease. Additionally, the complexity of the
viral entry and replication was highlighted, which offers
the foundation for further work into the production of
effective antiviral drugs and vaccines. Many of the infected
people and medical staff face severe stress and health
problems, including lack of protection, as well as overwork,
frustration, and exhaustion.

Author Contributions

SE and NA: Participated in the design of the study and
contribution in writing the manuscript, ME: Assistance
in writing, KH: Preparing the figures, BB and AM:
Supervising and revising the manuscript critically for
important intellectual content before submission; editing
the manuscript. All authors have read and agreed to the
published version of the manuscript.

Conflict of Interest
The authors declare that there is no competing interest.

References

1. Pormohammad A, Ghorbani S, Khatami A, Farzi
R, Baradaran B, Turner DL, et al. Comparison
of confirmed COVID-19 with SARS and MERS
cases - Clinical characteristics, laboratory findings,
radiographic signs and outcomes: A systematic review
and meta-analysis. Rev Med Virol. 2020;30(4):e2112.
doi:10.1002/rmv.2112

2. LuR, WuX,Wan Z, LiY, Zuo L, Qin J, Jin X, et al.
Development of a novel reverse transcription loop-
mediated isothermal amplification method for rapid
detection of SARS-CoV-2. Virol Sin. 2020;35(3):344-
7.d0i:10.1007/s12250-020-00218-1

3. Zhu N, Zhang D, Wang W, Li X, Yang B, Song ], et al.
A Novel Coronavirus from Patients with Pneumonia
in China, 2019. N Engl ] Med. 2020;382(8):727-33.
doi:10.1056/NEJMo0a2001017

4. Yin Y, Wunderink RG. MERS, SARS and other
coronaviruses as causes of pneumonia. Respirology.
2018;23(2):130-7. doi:10.1111/resp.13196

5. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y,
et al. Epidemiological and clinical characteristics
of 99 cases of 2019 novel coronavirus pneumonia
in Wuhan, China: a descriptive study. Lancet.
2020;395(10223):507-13. doi:10.1016/S0140-

Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67 | S60


https://doi.org/10.1002/rmv.2112
https://doi.org/10.1007/s12250-020-00218-1
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1111/resp.13196
https://doi.org/10.1016/S0140-6736(20)30211-7

Eslamkhah et al.

10.

11.

12.

13.

14.

15.

16.

17.

6736(20)30211-7

Lotfinejad P, Asadzadeh Z, Najjary S, Somi MH,
Hajiasgharzadeh K, Mokhtarzadeh A, et al
COVID-19 infection: Concise review based on the
immunological perspective. Immunol Invest. 2020.
doi:10.1080/08820139.2020.1825480

Wu D, Yang XO. TH17 responses in cytokine
storm of COVID-19: An emerging target of JAK2
inhibitor Fedratinib. ] Microbiol Immunol Infect.
2020;53(3):368-70. doi:10.1016/j.jmii.2020.03.005
Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX,
et al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl ] Med. 2020;382(18):1708-20.
doi:10.1056/NEJMo0a2002032

Paraskevis D, Kostaki EG, Magiorkinis G,
Panayiotakopoulos G, Sourvinos G, Tsiodras S.
Full-genome evolutionary analysis of the novel
corona virus (2019-nCoV) rejects the hypothesis of
emergence as a result of a recent recombination event.
Infect Genet Evol. 2020;79:104212. doi:10.1016/j.
meegid.2020.104212

Dryhurst S, Schneider CR, Kerr ], Freeman AL,
Recchia G, Van Der Bles AM, et al. Risk perceptions of
COVID-19 around the world. J Risk Res. 2020;23(7-
8):994-1006. doi: 10.1080/13669877.2020.1758193
Guo ZD, Wang ZY, Zhang SE Li X, Li L, Li C, et al.
Aerosol and surface distribution of severe acute
respiratory syndrome coronavirus 2 in hospital
wards, Wuhan, China, 2020. Emerg Infect Dis.
2020;26(7):1583-91. d0i:10.3201/eid2607.200885

Van Doremalen N, Bushmaker T, Morris DH, Holbrook
MG, Gamble A, Williamson BN, et al. Aerosol and
surface stability of SARS-CoV-2 as compared with
SARS-CoV-1. N Engl ] Med. 2020;382(16):1564-7.
doi:10.1056/NEJMc2004973

Cho HJ, Koo JW, Roh SK, Kim YK, Suh JS, Moon JH, et
al. COVID-19 transmission and blood transfusion: A
case report. J Infect Public Health. 2020;13(11):1678-
9. d0i:10.1016/j.jiph.2020.05.001

Tang AN, Tong ZD, Wang HL, Dai YX, Li KE Liu
JN. Detection of novel coronavirus by RT-PCR in
stool specimen from asymptomatic child, China.
Emerg Infect Dis. 2020;26(6):1337-9. d0i:10.3201/
€1d2606.200301

Zou L, Ruan E Huang M, Liang L, Huang H, Hong Z,
et al. SARS-CoV-2 Viral Load in Upper Respiratory
Specimens of Infected Patients. N Engl ] Med.
2020;382(12):1177-9. d0i:10.1056/NEJMc2001737
Liu Y, Yan LM, Wan L, Xiang TX, Le A, Liu JM, et al.
Viral dynamics in mild and severe cases of COVID-19.
Lancet Infect Dis. 2020;20(6):656-7. doi:10.1016/
S1473-3099(20)30232-2

Zhou E Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical
course and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet. 2020;395(10229):1054-62.
doi:10.1016/50140-6736(20)30566-3

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Organization World Health. WHO Director-
General’s opening remarks at the media briefing
on COVID-19-11 March 2020. https://www.who.
int/director-general/speeches/detail/who-director-
general-s-opening-remarks-at-the-media-briefing-
on-covid-19---11-march-2020

Kakimoto K, Kamiya H, Yamagishi T, Matsui T, Suzuki
M, Wakita T. Initial investigation of transmission of
COVID-19 among crew members during quarantine
of a cruise ship—Yokohama, Japan. MMWR Morb
Mortal Wkly Rep. 2020;69(11):312-3. do0i:10.15585/
mmwr.mm6911e2

Burke Rachel M. Active Monitoring of Persons
Exposed to Patients with Confirmed COVID-19 -
United States, January-February 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(9):245-6. doi:10.15585/
mmwr.mm6909el

Almeida JD, Berry DM, Cunningham CH, Hamre
D, Hofstad M S, Mallucci L, et al. Coronaviruses
1968;220(5168):650. doi:10.1038/220650b0

Zhao L, Jha BK, Wu A, Elliott R, Ziebuhr J, Gorbalenya
AE, et al. Antagonism of the interferon-induced OAS-
RNase L pathway by murine coronavirus ns2 protein
is required for virus replication and liver pathology.
2012;11(6):607-16. d0i:10.1016/j.chom.2012.04.011
Zhang YZ, Holmes EC. A Genomic perspective on
the origin and emergence of SARS-CoV-2. Cell.
2020;181(2):223-7. doi:10.1016/j.cell.2020.03.035
Peiris JS, Guan Y, Yuen KY. Severe Acute Respiratory
Syndrome. Infect Dis Clin North Am. 2019;33(4):869-
89. d0i:10.1016/j.1dc.2019.07.001

Drosten C, Seilmaier M, Corman VM, Hartmann
W, Scheible G, Sack S, et al. Clinical features
and virological analysis of a case of Middle East
respiratory syndrome coronavirus infection. Lancet
Infect Dis. 2013;13(9):745-51. doi:10.1016/S1473-
3099(13)70154-3

Organization World Health. WHO recommendations
on SARS and blood safety. www.who Int/Csr/Sars/
Guidelines/Bloodsafety/En 2003

Wang H, Mao Y, Ju L, Zhang ], Liu Z, Zhou X, et al.
Detection and Monitoring of SARS Coronavirus in
the Plasma and Peripheral Blood Lymphocytes of
Patients with Severe Acute Respiratory Syndrome.
Clin Chem. 2004;50(7):1237-40.  doi:10.1373/
clinchem.2004.031237

Law HK, Cheung CY, Ng HY, Sia SE, Chan YO, Luk W,
et al. Chemokine up-regulation in SARS-coronavirus-
infected, monocyte-derived human  dendritic
cells. Blood. 2005;106(7):2366-74. doi:10.1182/
blood-2004-10-4166

Cheng PK, Wong DA, Tong LK, Ip SM, Lo AC, Lau CS,
etal. Viral shedding patterns of coronavirus in patients
with probable severe acute respiratory syndrome.
Lancet. 2004;363(9422):1699-700. doi:10.1016/S0140-
6736(04)16255-7

Cheung CY, Poon LL, Ng IH, Luk W, Sia SE, Wu MH,

$61 | Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67


https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1080/08820139.2020.1825480
https://doi.org/10.1016/j.jmii.2020.03.005
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/j.meegid.2020.104212
https://doi.org/10.1016/j.meegid.2020.104212
https://doi.org/10.1080/13669877.2020.1758193
https://doi.org/10.3201/eid2607.200885
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1016/j.jiph.2020.05.001
https://doi.org/10.3201/eid2606.200301
https://doi.org/10.3201/eid2606.200301
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1016/S1473-3099(20)30232-2
https://doi.org/10.1016/S1473-3099(20)30232-2
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.15585%2Fmmwr.mm6911e2
https://doi.org/10.15585%2Fmmwr.mm6911e2
https://doi.org/10.15585/mmwr.mm6909e1
https://doi.org/10.15585/mmwr.mm6909e1
https://dx.doi.org/10.1038%2F220650b0
https://doi.org/10.1016/j.chom.2012.04.011
https://doi.org/10.1016/j.cell.2020.03.035
https://doi.org/10.1016/j.idc.2019.07.001
https://doi.org/10.1016/S1473-3099(13)70154-3
https://doi.org/10.1016/S1473-3099(13)70154-3
https://doi.org/10.1373/clinchem.2004.031237
https://doi.org/10.1373/clinchem.2004.031237
https://doi.org/10.1182/blood-2004-10-4166
https://doi.org/10.1182/blood-2004-10-4166
https://doi.org/10.1016/S0140-6736(04)16255-7
https://doi.org/10.1016/S0140-6736(04)16255-7

COVID-19 Characteristics and Treatment

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

et al. Cytokine responses in severe acute respiratory
syndrome coronavirus-infected macrophages in
vitro: possible relevance to pathogenesis. J Virol.
2005;79(12):7819-26. doi:10.1128/JV1.79.12.7819-
7826.2005

Schmidt M, Brixner V, Ruster B, Hourfar MK, Drosten
C, Preiser W, et al. NAT screening of blood donors
for severe acute respiratory syndrome coronavirus
can potentially prevent transfusion associated
transmissions. Transfusion. 2004;44(4):470-5.
do0i:10.1111/§.1537-2995.2004.03269.x

Woo PC, Lau SK, Tsoi HW, Chan KH, Wong BH,
Che XY, et al. Relative rates of non-pneumonic
SARS coronavirus infection and SARS coronavirus
pneumonia. Lancet. 2004;363(9412):841-5.
doi:10.1016/S0140-6736(04)15729-2

Yi-Hua Z. Prevalence of non-pneumonic
infections with SARS-correlated virus. Lancet.
2004;363(9423):1825-6. doi:10.1016/S0140-6736(04)
16313-7

Zaki AM, Van Boheemen S, Bestebroer TM, Osterhaus
AD, Fouchier RA. Isolation of a novel coronavirus from
a man with pneumonia in Saudi Arabia. N Engl ] Med.
2012;367(19):1814-20. doi:10.1056/NEJMoal211721
Chafekar A, Fielding BC. MERS-CoV: Understanding
the Latest Human Coronavirus Threat. Viruses.
2018;10(2):93. doi:10.3390/v10020093

Corman VM, Albarrak AM, Omrani AS, Albarrak
MM, Farah ME, Almasri M, et al. Viral shedding and
antibody response in 37 patients with middle east
respiratory syndrome coronavirus infection. Clin
Infect Dis. 2015;62(4):477-83. d0i:10.1093/cid/civ951
Wu D, Wu T, Liu Q Yang Z. The SARS-CoV-2
outbreak: What we know. Int J Infect Dis. 2020;94:44-
8. d0i:10.1016/}.ijid.2020.03.004

Wong AC, Li X, Lau SK, Woo PC. Global Epidemiology
of Bat Coronaviruses. Viruses. 2019;11(2):174.
doi:10.3390/v11020174

Bai Y, Yao L, Wei T, Tian F Jin DY, Chen L, et al.
Presumed Asymptomatic Carrier Transmission of
COVID-19. JAMA. 2020;323(14):1406. doi:10.1001/
jama.2020.2565

Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl
G, Wallrauch C, et al. Transmission of 2019-nCoV
infection from an asymptomatic contact in Germany.
N Engl ] Med. 2020;382(10):970-1. doi:10.1056/
NEJMc2001468

Chang L, Yan Y, Wang L. Coronavirus disease 2019:
coronaviruses and blood safety. Transfus Med Rev.
2020; 34(2):75-80. d0i:10.1016/j.tmrv.2020.02.003
Chan JE Yuan S, Kok KH, To KK, Chu H, Yang J, et
al. A familial cluster of pneumonia associated with
the 2019 novel coronavirus indicating person-to-
person transmission: a study of a family cluster.
Lancet. 2020;395(10223):514-23. doi:10.1016/S0140-
6736(20)30154-9

Ren YR, Golding A, Sorbello A, Ji P, Chen J, Saluja

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

B, et al. A Comprehensive Updated Review on
SARS-CoV-2 and COVID-19. J Clin Pharmacol.
2020;60(8):954-75. doi:10.1002/jcph.1673

Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al.
Detection of SARS-CoV-2 in different types of clinical
specimens. JAMA. 2020;323(18):1843-4. doi:10.1001/
jama.2020.3786

Lei ], Li ], Li X, Qi X. CT Imaging of the 2019 Novel
Coronavirus (2019-nCoV) Pneumonia. Radiology.
2020;295(1):18. doi:10.1148/radiol.2020200236
Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al.
Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497-506.  doi:10.1016/S0140-6736
(20)30183-5

Wu ], Chen ZJ. Innate Immune Sensing and
Signaling of Cytosolic Nucleic Acids. Annu Rev
Immunol. 2014;32(1):461-88. doi:10.1146/annurev-
immunol-032713-120156

Seth RB, Sun L, Ea CK, Chen ZJ. Identification and
Characterization of MAVS, a Mitochondrial Antiviral
Signaling Protein that Activates NF-kB and IRF3. Cell
2005;122(5):669-82. d0i:10.1016/j.cell.2005.08.012
Ishikawa H, Barber GN. STING is an endoplasmic
reticulum adaptor that facilitates innate immune
signalling. Nature. 2008;455(7213):674-8.d0i:10.1038/
nature07317

Kawai T, Akira S. The role of pattern-recognition
receptors in innate immunity: update on Toll-
like receptors. Nat Immunol. 2010;11(5):373-84.
do0i:10.1038/ni.1863

Takeuchi O, Akira S. Innate immunity to virus
infection.  Immunol Rev.  2009;227(1):75-86.
doi:10.1111/j.1600-065X.2008.00737.x

Novel Coronavirus (2019-nCoV) Infections Trigger
an Exaggerated Cytokine Response Aggravating Lung
Injury, http://www.chinaxiv.org/abs/202002.00018
Hamming I, Timens W, Bulthuis MLC, Lely AT, Navis
GJ, van Goor H. Tissue distribution of ACE2 protein,
the functional receptor for SARS coronavirus. A first
step in understanding SARS pathogenesis. ] Pathol.
2004;203(2):631-7. doi:10.1002/path.1570

Jin YH, Cai L, Cheng ZS, Cheng H, Deng T, Fan YP,
et al. A rapid advice guideline for the diagnosis and
treatment of 2019 novel coronavirus (2019-nCoV)
infected pneumonia (standard version). Mil Med Res.
2020;7(1):4. doi:10.1186/s40779-020-0233-6
Poutanen SM, Low DE, Henry B, Finkelstein S, Rose
D, Green K, et al. Identification of Severe Acute
Respiratory Syndrome in Canada. N Engl ] Med.
2003;348(20):1995-2005. doi:10.1056/NEJMo0a030634
Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, et al
Genomic characterisation and epidemiology of 2019
novel coronavirus: implications for virus origins and
receptor binding. Lancet. 2020;395(10224):565-74.
doi:10.1016/S0140-6736(20)30251-8

Lee N, Hui D, Wu A, Chan P, Cameron P, Joynt

Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67 | $62


https://doi.org/10.1128/JVI.79.12.7819-7826.2005
https://doi.org/10.1128/JVI.79.12.7819-7826.2005
https://doi.org/10.1111/j.1537-2995.2004.03269.x
https://doi.org/10.1016/S0140-6736(04)15729-2
https://doi.org/10.1016/S0140-6736(04)16313-7
https://doi.org/10.1016/S0140-6736(04)16313-7
https://doi.org/10.1056/NEJMoa1211721
https://doi.org/10.3390/v10020093
https://doi.org/10.1093/cid/civ951
https://doi.org/10.1016/j.ijid.2020.03.004
https://doi.org/10.3390/v11020174
https://doi.org/10.1001/jama.2020.2565
https://doi.org/10.1001/jama.2020.2565
https://doi.org/10.1056/NEJMc2001468
https://doi.org/10.1056/NEJMc2001468
https://doi.org/10.1016/j.tmrv.2020.02.003
https://doi.org/10.1016/S0140-6736(20)30154-9
https://doi.org/10.1016/S0140-6736(20)30154-9
https://doi.org/10.1002/jcph.1673
https://doi.org/10.1001/jama.2020.3786
https://doi.org/10.1001/jama.2020.3786
https://doi.org/10.1148/radiol.2020200236
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1146/annurev-immunol-032713-120156
https://doi.org/10.1146/annurev-immunol-032713-120156
https://doi.org/10.1016/j.cell.2005.08.012
https://doi.org/10.1038/nature07317
https://doi.org/10.1038/nature07317
https://doi.org/10.1038/ni.1863
https://doi.org/10.1111/j.1600-065X.2008.00737.x
https://doi.org/10.1111/10.1002/path.1570
https://doi.org/10.1186/s40779-020-0233-6
https://doi.org/10.1056/NEJMoa030634
https://doi.org/10.1016/S0140-6736(20)30251-8

Eslamkhah et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

GM, et al. A Major outbreak of severe acute
respiratory syndrome in Hong Kong. N Engl ] Med.
2003;348(20):1986-94. d0i:10.1056/NEJM0a030685
Assiri A, Al-Tawfiq JA, Al-Rabeeah AA, Al-Rabiah
FA, Al-Hajjar S, Al-Barrak A, et al. Epidemiological,
demographic, and clinical characteristics of 47 cases
of Middle East respiratory syndrome coronavirus
disease from Saudi Arabia: a descriptive study. Lancet
Infect Dis. 2013;13(9):752-61. doi:10.1016/S1473-
3099(13)70204-4

Wang H, Xiao X, LuJ, Chen Z, Li K, Liu H, et al. Factors
associated with clinical outcome in 25 patients with
avian influenza A (H7N9) infection in Guangzhou,
China. BMC Infect Dis. 2016;16(1):534. doi:10.1186/
s12879-016-1840-4

Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP,
et al. Clinical characteristics of novel coronavirus
cases in tertiary hospitals in Hubei Province. Chin
Med ] (Engl). 2020;133(9):1025-31. doi:10.1097/
CM9.0000000000000744

Chung M, Bernheim A, Mei X, Zhang N, Huang
M, Zeng X, et al. CT imaging features of 2019
novel  coronavirus  (2019-nCoV).  Radiology.
2020;295(1):202-7. doi:10.1148/radiol.2020200230
Peng Z, Xing-Lou Y, Xian-Guang W, Ben H, Lei Z,
Wei Z, et al. A pneumonia outbreak associated with
a new coronavirus of probable bat origin. Nature.
2020;579(7798):270-3. doi:10.1038/s41586-020-2012-
7

Corman VM, Landt O, Kaiser M, Molenkamp R,
Meijer A, Chu DK, et al. Detection of 2019 novel
coronavirus (2019-nCoV) by real-time RT-PCR. Euro
surveill. 2020;25(3):2000045. doi:10.2807/1560-7917.
ES.2020.25.3.2000045

Myhrvold C, Freije CA, Gootenberg JS, Abudayyeh
0O, Metsky HC, Durbin AF, et al. Field-deployable
viral diagnostics using CRISPR-Casl3. Science.
2018;360(6387):444-8. doi:10.1126/science.aas8836
Zhang W, DuRH, Li B, Zheng XS, Yang XL, Hu B, et al.
Molecular and serological investigation of 2019-nCoV
infected patients: implication of multiple shedding
routes. Emerg Microbes Infect. 2020;9(1):386-9. doi:
10.1080/22221751.2020.1729071

Kanne JP. Chest CT Findings in 2019 Novel
Coronavirus (2019-nCoV) Infections from Wuhan,
China: Key Points for the Radiologist. Radiology.
2020;295(1):16-7. doi:10.1148/radiol.2020200241
Wang S, Kang B, Ma ], Zeng X, Xiao M, Guo J, et al. A
deep learning algorithm using CT images to screen for
Corona Virus Disease (COVID-19). medRxiv. 2020.
doi:10.1101/2020.02.14.20023028

Vincent M]J, Bergeron E, Benjannet S, Erickson BR,
Rollin PE, Ksiazek TG, et al. Chloroquine is a potent
inhibitor of SARS coronavirus infection and spread.
Virol J. 2005;2:69. doi:10.1186/1743-422X-2-69
Savarino A, Boelaert JR, Cassone A, Majori G, Cauda
R. Effects of chloroquine on viral infections: an old

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

drug against today’s diseases. Lancet Infect Dis.
2003;3(11):722-7. doi:10.1016/S1473-3099(03)00806-
5

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al.
Remdesivir and chloroquine effectively inhibit the
recently emerged novel coronavirus (2019-nCoV)
in vitro. Cell Res. 2020;30(3):269-71. doi:10.1038/
$41422-020-0282-0

Gao J, Tian Z, Yang X. Breakthrough: Chloroquine
phosphate has shown apparent efficacy in treatment
of COVID-19 associated pneumonia in clinical
studies. Biosci Trends. 2020;14(1):72-3. doi:10.5582/
bst.2020.01047

Molina JM, Delaugerre C, Le Goff ], Mela-Lima
B, Ponscarme D, Goldwirt L, et al. No evidence of
rapid antiviral clearance or clinical benefit with the
combination of hydroxychloroquine and azithromycin
in patients with severe COVID-19 infection.
Médecine Mal Infect. 2020;50(4):384. doi:10.1016/].
medmal.2020.03.006

Magagnoli J, Narendran S, Pereira F, Cummings
TH, Hardin JW, Sutton SS, et al. Outcomes
of hydroxychloroquine wusage in united states
veterans hospitalized with COVID-19. Med (N Y).
2020;1(1):114-27. doi:10.1016/j.medj.2020.06.001
Borba M, de Almeida Val F, Sampaio VS, Alexandre
MA, Melo GC, Brito M, et al. Chloroquine
diphosphate in two different dosages as adjunctive
therapy of hospitalized patients with severe
respiratory syndrome in the context of coronavirus
(SARS-CoV-2) infection: Preliminary safety results of
a randomized, double-blinded, phase IIb clinical trial
(CloroCovid-19 Study). medRxiv. 2020. doi:10.1001/
jamanetworkopen.2020.8857

Zhou D, Dai SM, Tong Q. COVID-19: a recommen-
dation to examine the effect of hydroxychloroquine
in preventing infection and progression. ] Antimicrob
Chemother. 2020;75(7):1667-70.  doi:10.1093/jac/
dkaall4

Ziegler HK, Unanue ER. Decrease in macrophage
antigen catabolism caused by ammonia and
chloroquine is associated with inhibition of
antigen presentation to T cells. Proc Natl Acad Sci.
1982;79(1):175-8. d0i:10.1073/pnas.79.1.175

Ben-Zvi I, Kivity S, Langevitz P, Shoenfeld Y.
Hydroxychloroquine: From Malaria to Autoimmunity.
Clin Rev Allergy Immunol. 2012;42(2):145-53.
do0i:10.1007/s12016-010-8243-x

Nosal R, Janc¢inovd V, Petrikovda M. Chloroquine
inhibits stimulated platelets at the arachidonic
acid pathway. Thromb Res. 1995;77(6):531-42.
doi:10.1016/0049-3848(95)00028-3

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z.
Anticoagulant treatment is associated with decreased
mortality in severe coronavirus disease 2019
patients with coagulopathy. ] Thromb Haemost.
2020;18(5):1094-9. doi:10.1111/jth.14817

$63 | Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67


https://doi.org/10.1056/NEJMoa030685
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.1016/S1473-3099(13)70204-4
https://doi.org/10.1186/s12879-016-1840-4
https://doi.org/10.1186/s12879-016-1840-4
https://doi.org/10.1097/CM9.0000000000000744
https://doi.org/10.1097/CM9.0000000000000744
https://doi.org/10.1148/radiol.2020200230
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.1126/science.aas8836
https://doi.org/10.1080/22221751.2020.1729071
https://doi.org/10.1148/radiol.2020200241
https://doi.org/10.1101/2020.02.14.20023028
https://dx.doi.org/10.1186%2F1743-422X-2-69
https://doi.org/10.1016/S1473-3099(03)00806-5
https://doi.org/10.1016/S1473-3099(03)00806-5
https://doi.org/10.1038/s41422-020-0282-0
https://doi.org/10.1038/s41422-020-0282-0
https://doi.org/10.5582/bst.2020.01047
https://doi.org/10.5582/bst.2020.01047
https://doi.org/10.1016/j.medmal.2020.03.006
https://doi.org/10.1016/j.medmal.2020.03.006
https://doi.org/10.1016/j.medj.2020.06.001
https://doi.org/10.1001/jamanetworkopen.2020.8857
https://doi.org/10.1001/jamanetworkopen.2020.8857
https://doi.org/10.1093/jac/dkaa114
https://doi.org/10.1093/jac/dkaa114
https://doi.org/10.1073/pnas.79.1.175
https://doi.org/10.1007/s12016-010-8243-x
https://doi.org/10.1016/0049-3848(95)00028-3
https://doi.org/10.1111/jth.14817

COVID-19 Characteristics and Treatment

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Chatre C, Roubille F, Vernhet H, Jorgensen C, Pers YM.
Cardiac Complications Attributed to Chloroquine
and Hydroxychloroquine: A Systematic Review of the
Literature. Drug Saf 2018;41(10):919-31. d0i:10.1007/
$40264-018-0689-4

Costedoat-Chalumeau N, Dunogué B, Leroux G,
Morel N, Jallouli M, Le Guern V, et al. A Critical
Review of the effects of hydroxychloroquine and
chloroquine on the eye. Clin Rev Allergy Immunol.
2015;49(3):317-26. d0i:10.1007/s12016-015-8469-8
Gautret P, Lagier JC, Parola P, Meddeb L, Mailhe
M, Doudier B, et al. Hydroxychloroquine and
azithromycin as a treatment of COVID-19: results
of an open-label non-randomized clinical trial. Int
J Antimicrob Agents. 2020;105949. doi:10.1016/j.
ijjantimicag.2020.105949

Gautret P, Lagier JC, Parola P, Meddeb L, Sevestre
J, Mailhe M, et al. Clinical and microbiological
effect of a combination of hydroxychloroquine and
azithromycin in 80 COVID-19 patients with at least
a six-day follow up: A pilot observational study.
Travel Med Infect Dis. 2020;34:101663. doi:10.1016/j.
tmaid.2020.101663

Andreania JL, Duflota I, Jardota P, Rollanda C,
Boxberger M, Bou Khalila JY, et al. In vitro testing
of hydroxychloroquine and azithromycin on SARS-
CoV-2 shows 1 synergistic effect. Microb Pathog.
2020;145:104228.

Haydar D, Cory TJ, Birket SE, Murphy BS, Pennypacker
KR, Sinai AP, et al. Azithromycin polarizes
macrophages to an m2 phenotype via inhibition of
the STAT1 and NF-kB signaling pathways. ] Immunol
.2019;203(4):1021-30. doi:10.4049/jimmunol. 1801228
Gensel JC, Kopper TJ, Zhang B, Orr MB, Bailey WM.
Predictive screening of M1 and M2 macrophages
reveals the immunomodulatory effectiveness of post
spinal cord injury azithromycin treatment. Sci Rep.
2017;7(1):40144. doi:10.1038/srep40144

Walkey AJ, Wiener RS. Macrolide antibiotics and
survival in patients with acute lung injury. Chest.
2012;141(5):1153-9. d0i:10.1378/chest.11-1908
KawamuraK, Ichikado K, Suga M, Yoshioka M. Efficacy
of azithromycin for treatment of acute exacerbation of
chronic fibrosing interstitial pneumonia: a prospective,
open-label study with historical controls. Respiration.
2014;87(6):478-84. d0i:10.1159/000358443
Kawamura K, Ichikado K, Takaki M, Eguchi Y, Anan
K, Suga M. Adjunctive therapy with azithromycin
for moderate and severe acute respiratory distress
syndrome: a retrospective, propensity score-matching
analysis of prospectively collected data at a single
center. Int ] Antimicrob Agents. 2018;51(6):918-24.
doi: 10.1016/j.ijjantimicag.2018.02.009
Garcia-Cremades M, Solans BP, Hughes E, Ernest
JP, Wallender E, Aweeka FE et al. Optimizing
hydroxychloroquine dosing for patients with covid-19:
an integrative modeling approach for effective drug

91.

92.

93.

94.

95.

96.

97.

98.

99.

repurposing. Clin Pharmacol Ther. 2020;108(2):253-
63. doi:10.1002/cpt.1856

Sapp JL, Algarawi W, MacIntyre CJ, Tadros R,
Steinberg C, Roberts JD, et al. Guidance on minimizing
risk of drug-induced ventricular arrhythmia during
treatment of covid-19: a statement from the Canadian
heart rhythm society. Can ] Cardiol. 2020;36(6):948-
51. d0i:10.1016/j.cjca.2020.04.003

Thalha AM, Lee YY, Besari A, Omar SE. Have we found
the panacea to COVID-19 with remdesivir, an old
but newly packaged drug? ] R Coll Physicians Edinb.
2020;50(2):159-61. doi:10.4997/JRCPE.2020.217
Yokoyama Y, Briasoulis A, Takagi H, Kuno T. Effect
of remdesivir on patients with COVID-19: A network
meta-analysis of randomized control trials. Virus Res.
2020;288:198137. doi:10.1016/j.virusres.2020.198137
Agostini Maria L., Andres Erica L., Sims Amy C,,
Graham Rachel L., Sheahan Timothy P, Lu Xiaotao,
et al. Coronavirus susceptibility to the antiviral
remdesivir (GS-5734) is mediated by the viral
polymerase and the proofreading exoribonuclease.
mBio. 2018;9(2):e00221-18. doi:10.1128/mBi0.00221-
18

Sheahan TP, Sims AC, Leist SR, Schifer A, Won J,
Brown AJ, et al. Comparative therapeutic efficacy of
remdesivir and combination lopinavir, ritonavir, and
interferon beta against MERS-CoV. Nat Commun.
2020;11(1):222. doi:10.1038/s41467-019-13940-6
Gordon CJ, Tchesnokov EP, Feng JY, Porter DP, Gotte
M. The antiviral compound remdesivir potently
inhibits RNA-dependent RNA polymerase from
Middle East respiratory syndrome coronavirus. ]
Biol Chem. 2020;295(15):4773-9. doi:10.1074/jbc.
AC120.013056

Tchesnokov EP, Feng JY, Porter DP, Gotte M.
Mechanism of inhibition of Ebola virus RNA-
dependent RNA polymerase by remdesivir. Viruses.
2019;11(4):326. doi:10.3390/v11040326

Hillaker E, Belfer JJ, Bondici A, Murad H, Dumkow
LE. Delayed Initiation of Remdesivir in a COVID-19-
Positive Patient. Pharmacother ] Hum Pharmacol
Drug Ther. 2020;40(6):592-8. doi:10.1002/phar.2403
Burwick RM, Yawetz S, Stephenson KE, Collier AR,
Sen P, Blackburn BG, et al. Compassionate use of
remdesivir in pregnant women with severe coronavirus
disease 2019. Clin Infect Dis. 2020. doi:10.1093/cid/
ciaal466

100. Williamson BN, Feldmann F, Schwarz B, Meade-

White K, Porter DP, Schulz J, et al. Clinical benefit of
remdesivir in rhesus macaques infected with SARS-
CoV-2. bioRxiv. 2020. doi:10.1101/2020.04.15.043166

101.Cho A, Saunders OL, Butler T, Zhang L, Xu ],

Vela JE, et al. Synthesis and antiviral activity of a
series of 1'-substituted 4-aza-7,9-dideazaadenosine
C-nucleosides. ~ Bioorg Med  Chem  Lett.
2012;22(8):2705-7. doi:10.1016/j.bmcl.2012.02.105

102. Chandwani A, Shuter J. Lopinavir/ritonavir in the

Pharmaceutical Sciences, 2021, 27(Suppl 1), $50-S67 | S64


https://doi.org/10.1007/s40264-018-0689-4
https://doi.org/10.1007/s40264-018-0689-4
https://doi.org/10.1007/s12016-015-8469-8
https://doi.org/10.1016/j.ijantimicag.2020.105949
https://doi.org/10.1016/j.ijantimicag.2020.105949
https://doi.org/10.1016/j.tmaid.2020.101663
https://doi.org/10.1016/j.tmaid.2020.101663
https://doi.org/10.4049/jimmunol.1801228
https://doi.org/10.1038/srep40144
https://doi.org/10.1378/chest.11-1908
https://doi.org/10.1159/000358443
https://doi.org/10.1016/j.ijantimicag.2018.02.009
https://doi.org/10.1016/10.1002/cpt.1856
https://doi.org/10.1016/j.cjca.2020.04.003
https://doi.org/10.4997/JRCPE.2020.217
https://doi.org/10.1016/j.virusres.2020.198137
https://doi.org/10.1128/mBio.00221-18
https://doi.org/10.1128/mBio.00221-18
https://doi.org/10.1038/s41467-019-13940-6
https://doi.org/10.1074/jbc.AC120.013056
https://doi.org/10.1074/jbc.AC120.013056
https://doi.org/10.3390/v11040326
https://doi.org/10.1002/phar.2403
https://doi.org/10.1093/cid/ciaa1466
https://doi.org/10.1093/cid/ciaa1466
https://doi.org/10.1101/2020.04.15.043166
https://doi.org/10.1016/j.bmcl.2012.02.105

Eslamkhah et al.

treatment of HIV-1 infection: a review. Ther Clin Risk
Manag. 2008;4(5):1023-33. doi:10.2147/TCRM.S3285

103.Cao B, Wang Y, Wen D, Liu W, Wang ], Fan G, et al. A
Trial of lopinavir-ritonavir in adults hospitalized with
severe covid-19. N Engl ] Med. 2020;382(19):1787-99.
doi:10.1056/NEJMo0a2001282

104.Shan W, Hong D, Zhu ], Zhao Q. Assessment of
the potential adverse events related to ribavirin-
interferon combination for novel coronavirus therapy.
Comput Math Methods Med. 2020;2020:1391583.
doi:10.1155/2020/1391583

105.Omrani AS, Saad MM, Baig K, Bahloul A, Abdul-
Matin M, Alaidaroos AY, et al. Ribavirin and interferon
alfa-2a for severe Middle East respiratory syndrome
coronavirus infection: a retrospective cohort study.
Lancet Infect Dis. 2014;14(11):1090-5. doi:10.1016/
S1473-3099(14)70920-X

106.Eslami G, Mousaviasl S, Radmanesh E, Jelvay
S, Bitaraf S, Simmons B, et al. The impact of
sofosbuvir/daclatasvir or ribavirin in patients
with severe COVID-19. J Antimicrob Chemother.
2020;75(11):3366-72. d0i:10.1093/jac/dkaa331

107. Abbaspour Kasgari H, Moradi S, Shabani AM,
Babamahmoodi F, Davoudi Badabi AR, Davoudi
L, et al. Evaluation of the efficacy of sofosbuvir
plus daclatasvir in combination with ribavirin for
hospitalized COVID-19 patients with moderate
disease compared with standard care: a single-centre,
randomized controlled trial. ] Antimicrob Chemother.
2020;75(11):3373-8. d0i:10.1093/jac/dkaa332

108. Abassi ZA, Skorecki K, Heyman SN, Kinaneh §,
Armaly Z. Covid-19 infection and mortality: a
physiologist’s perspective enlightening clinical features
and plausible interventional strategies. Am ] Physiol
Cell Mol Physiol. 2020;318(5):L1020-2. doi:10.1152/
ajplung.00097.2020

109.Ye R, Liu Z. ACE2 exhibits protective effects against
LPS-induced acute lung injuryin mice by inhibiting the
LPS-TLR4 pathway. Exp Mol Pathol. 2020;113:104350.
d0i:10.1016/j.yexmp.2019.104350

110.Imai Y, Kuba K, Rao S, Huan Y, Guo E Guan B, et
al. Angiotensin-converting enzyme 2 protects from
severe acute lung failure. Nature. 2005;436(7047):112-
6. d0i:10.1038/nature0371

111. Marshall RP, Gohlke P, Chambers RC, Howell DC,
Bottoms SE, Unger T, et al. Angiotensin II and the
fibroproliferative response to acute lung injury. Am
J Physiol Cell Mol Physiol. 2004;286(1):L156-64.
doi:10.1152/ajplung.00313.2002

112. Yuntao W. Compensation of ACE2 function for
possible clinical management of 2019-nCoV-induced
acute lung injury. Virol Sin. 2020;35(3):256-58.
doi:10.1007/s12250-020-00205-6.

113.Batlle D, Wysocki ], Satchell K. Soluble angiotensin-
converting enzyme 2: a potential approach
for coronavirus infection therapy? Clin Sci.
2020;134(5):543-5. d0i:10.1042/CS20200163

114.Jakovac H. COVID-19: is the ACE2 just a foe? Am
J Physiol Cell Mol Physiol. 2020;318(5):L1025-6.
doi:10.1152/ajplung.00119.2020

115.Lazear Helen M., Schoggins John W., Diamond
Michael S. Shared and Distinct Functions of Type I
and Type III Interferons. Immunity. 2019;50(4):907-
23. doi: 10.1016/j.immuni.2019.03.025

116.Lazear HM, Schoggins JW, Diamond MS. Quantitative
mRNA expressionprofilingof ACE2,anovelhomologue
of angiotensin converting enzyme. FEBS Lett.
2002;532(1-2):107-10.  doi:10.1016/S0014-5793(02)
03640-2

117.Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence
for Gastrointestinal infection of SARS-CoV-2.
Gastroenterology. 2020;158(6):1831-3. doi:10.1053/j.
gastro.2020.02.055

118.Li L, Zhang W, Hu Y, Tong X, Zheng S, Yang J, et
al. Effect of convalescent plasma therapy on time to
clinical improvement in patients with severe and life-
threatening COVID-19. JAMA. 2020;324(5):460-70.
do0i:10.1001/jama.2020.10044

119.Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al.
Effectiveness of convalescent plasma therapy in
severe COVID-19 patients. Proc Natl Acad Sci.
2020;117(17):9490-6. d0i:10.1073/pnas.2004168117

120.Chen L, Xiong J, Bao L, Shi Y. Convalescent plasma
as a potential therapy for COVID-19. Lancet
Infect Dis. 2020;20(4):398-400. doi:10.1016/S1473-
3099(20)30141-9

121.Ming Z. Cytokine storm and immunomodulatory
therapy in COVID-19: Role of chloroquine and
anti-IL-6 monoclonal antibodies. Int J Antimicrob
Agents. 2020;55(6):105982. doi:10.1016/j.jjantimicag.
2020.105982

122.Samaee H, Mohsenzadegan M, Ala S, Maroufi SS,
Moradimajd P. Tocilizumab for treatment patients
with COVID-19: Recommended medication for novel
disease. Int Immunopharmacol. 2020;89:107018.
do0i:10.1016/j.intimp.2020.107018

123. Pamukgu B. Inflammation and thrombosis in patients
with COVID-19: a prothrombotic and inflammatory
disease caused by SARS Coronavirus-2. Anatol
J Cardiol. 2020. doi:10.14744/AnatolJCardiol.
2020.56727

124. Lingeswaran M, Goyal T, Ghosh R, Suri§, Mitra P, Misra
S, etal. Inflammation, immunity and immunogenetics
in COVID-19: A narrative review. Indian J Clin
Biochem. 2020;35(3):260-73.d0i:10.1007/s12291-020-
00897-3

125.Sibila O, Agusti C, Torres A. Corticosteroids in
severe pneumonia. Eur Respir J. 2008;32(2):259-64.
doi:10.1183/09031936.00154107

126. Arabi YM, Mandourah Y, Al-Hameed E Sindi AA,
Almekhlafi GA, Hussein MA, et al. Corticosteroid
therapy for critically Ill patients with middle east
respiratory syndrome. Am ] Respir Crit Care Med.
2018;197(6):757-67.  d0i:10.1164/rccm.201706-1172

$65 | Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67


https://doi.org/10.2147/TCRM.S3285
https://doi.org/10.1056/NEJMoa2001282
https://doi.org/10.1155/2020/1391583
https://doi.org/10.1016/S1473-3099(14)70920-X
https://doi.org/10.1016/S1473-3099(14)70920-X
https://doi.org/10.1093/jac/dkaa331
https://doi.org/10.1093/jac/dkaa332
https://doi.org/10.1152/ajplung.00097.2020
https://doi.org/10.1152/ajplung.00097.2020
https://doi.org/10.1016/j.yexmp.2019.104350
https://doi.org/10.1038/nature0371
https://doi.org/10.1152/ajplung.00313.2002
https://doi.org/10.1007/s12250-020-00205-6
https://doi.org/10.1042/CS20200163
https://doi.org/10.1152/ajplung.00119.2020
https://doi.org/10.1016/j.immuni.2019.03.025
https://doi.org/10.1016/S0014-5793(02)03640-2
https://doi.org/10.1016/S0014-5793(02)03640-2
https://doi.org/10.1053/j.gastro.2020.02.055
https://doi.org/10.1053/j.gastro.2020.02.055
https://doi.org/10.1001/jama.2020.10044
https://doi.org/10.1073/pnas.2004168117
https://doi.org/10.1016/S1473-3099(20)30141-9
https://doi.org/10.1016/S1473-3099(20)30141-9
https://doi.org/10.1016/j.ijantimicag.2020.105982
https://doi.org/10.1016/j.ijantimicag.2020.105982
https://doi.org/10.1016/j.intimp.2020.107018
https://doi.org/10.14744/AnatolJCardiol.2020.56727
https://doi.org/10.14744/AnatolJCardiol.2020.56727
https://doi.org/10.1007/s12291-020-00897-3
https://doi.org/10.1007/s12291-020-00897-3
https://doi.org/10.1183/09031936.00154107
https://doi.org/10.1164/rccm.201706-1172OC

COVID-19 Characteristics and Treatment

oC

127.Hui DS. Systemic corticosteroid therapy may delay
viral clearance in patients with Middle East respiratory
syndrome coronavirus infection. Am ] Respir Crit Care
Med. 2018;197(6):700-1. doi:10.1164/rccm.201712-
2371ED

128. Auyeung T, Lee J, Lai W, Choi C, Lee H, Lee ], et al.
The use of corticosteroid as treatment in SARS was
associated with adverse outcomes: a retrospective
cohort study. ] Infect 2005;51(2):98-102. doi:10.1016/j.
jinf.2004.09.008

129.Zha L, Li S, Pan L, Tefsen B, Li Y, French N, et
al. Corticosteroid treatment of patients with
coronavirus disease 2019 (COVID-19). Med ] Aust.
2020;212(9):416-20. d0i:10.5694/mja2.50577

130.Schmaier AA, Schmaier AH. Vascular disease
patient information page: COVID-19-related
thrombosis. Vasc Med. 2020;25(6):604-7.
doi:10.1177/1358863X20963804

131.Klok FA, Kruip M]J, Van der Meer NJ, Arbous
MS, Gommers DA, Kant KM, et al. Incidence of
thrombotic complications in critically ill ICU patients
with COVID-19. Thromb Res. 2020;191:145-7.
doi:10.1016/j.thromres.2020.04.013

132.Mahase E. Covid-19: FDA authorises neutralising
antibody bamlanivimab for non-admitted patients. Br
Med J. 2020:m4362. doi:10.1136/bmj.m4362

133.Dyer O. Covid-19: Eli Lilly pauses antibody trial for
safety reasons. Br Med J. 2020:m3985. doi:10.1136/
bmj.m3985

134. Stopsack KH, Mucci LA, Antonarakis ES, Nelson PS,
Kantoft PW. TMPRSS2 and COVID-19: Serendipity
or Opportunity for Intervention? Cancer Discov.
2020;10(6):779-82.  doi:10.1158/2159-8290.CD-20-
0451

135. Weatherbee BA, Glover DM, Zernicka-Goetz M.
Expression of SARS-CoV-2 receptor ACE2 and the
protease TMPRSS2 suggests susceptibility of the
human embryo in the first trimester. Open Biol.
2020;10(8):200162. doi:10.1098/rs0b.200162

136. Hamilton WE Palmer KN, Gent M. Expectorant
action of bromhexine in chronic obstructive
bronchitis. Br Med J. 1970;3(5717):260-1. doi:10.1136/
bmj.3.5717.260

137.Freedberg DE, Conigliaro ], Wang TC, Tracey K],
Callahan MV, Abrams JA, et al. Famotidine use
is associated with improved clinical outcomes in
hospitalized covid-19 patients: a propensity score
matched retrospective cohort study. Gastroenterology.
2020;159(3):1129-31.  doi:10.1053/j.gastro.2020.05.
053

138. Borrell B. New York clinical trial quietly tests heartburn
remedy against coronavirus. Science. 26th April, 2020.
doi:10.1126/science.abc4739. Available from: https://
www.sciencemag.org/news/2020/04/new-york-
clinical-trial-quietly-testsheartburn-remedy-against-
coronavirus.

139.Gorman S, Buckley AG, Ling KM, Berry LJ, Fear
VS, Stick SM, et al. Vitamin D supplementation of
initially vitamin D-deficient mice diminishes lung
inflammation with limited effects on pulmonary
epithelial integrity. Physiol Rep. 2017;5(15):e13371.
doi:10.14814/phy2.13371

140. Jeftery LE, Burke F, Mura M, Zheng Y, Qureshi OS,
Hewison M, et al. 1,25-Dihydroxyvitamin D3 and IL-2
Combine to Inhibit T Cell Production of Inflammatory
Cytokines and Promote Development of Regulatory
T Cells Expressing CTLA-4 and FoxP3. ] Immunol
2009;183(9):5458-67. doi:10.4049/jimmunol.0803217

141.D’Avolio A, Avataneo V, Manca A, Cusato J, De
Nicolo A, Lucchini R, et al. 25-hydroxyvitamin D
concentrations are lower in patients with positive
PCR for SARS-CoV-2. Nutrients. 2020;12(5):1359.
d0i:10.3390/1u12051359

142. Calder PC, Carr AC, Gombart AE, Eggersdorfer M.
Optimal nutritional status for a well-functioning
immune system is an important factor to protect
against viral infections. Nutrients. 2020;12(4):1181.
doi:10.3390/nu12041181

143. Carr AC, Maggini S. Vitamin C and Immune Function.
Nutrients 2017;9(11):1211. d0i:10.3390/nu9111211

144. Heuser G, Vojdani A. Enhancement of natural killer cell
activity and T and B Cell function by buffered Vitamin
¢ in patients exposed to toxic chemicals: The role of
protein kinase-C. Immunopharmacol Immunotoxicol.
1997;19(3):291-312. d0i:10.3109/08923979709046977

145.Liugan M, Carr AC. Vitamin C and neutrophil
function: findings from randomized controlled trials.
Nutrients 2019;11(9):2102. d0i:10.3390/nu11092102

146.Kennes B, Dumont I, Brohee D, Hubert C, Neve P.
Effect of Vitamin C Supplements on Cell-Mediated
Immunity in Old People. Gerontology. 1983;29(5):305-
10. doi:10.1159/000213131

147.Boretti A, Banik BK. Intravenous vitamin C for
reduction of cytokines storm in acute respiratory
distress syndrome. PharmaNutrition. 2020;12:100190.
d0i:10.1016/j.phanu.2020.100190

148.Chen L, Hu C, Hood M, Zhang X, Zhang L, Kan ], Du J,
et al. A novel combination of vitamin ¢, curcumin and
glycyrrhizic acid potentially regulates immune and
inflammatory response associated with coronavirus
infections: A perspective from system biology analysis.
Nutrients. 2020;12(4):1193. doi:10.3390/nu12041193

149. Wessels I, Maywald M, Rink L. Zinc as a gatekeeper
of immune function. Nutrients. 2017;9(12):1286.
do0i:10.3390/1u9121286

150.Roohani N, Hurrell R, Kelishadi R, Schulin R. Zinc
and its importance for human health: An integrative
review. ] Res Med Sci. 2013;18(2):144-57.

151.Haase H, Schomburg L. Youd Better Zinc—Trace
Element Homeostasis in Infection and Inflammation.
Nutrients. 2019;11(9):2078. doi:10.3390/nu11092078

152. Organization World Health. The world health report
2002: reducing risks, promoting healthy life. World

Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67 | S66


https://doi.org/10.1164/rccm.201706-1172OC
https://doi.org/10.1164/rccm.201712-2371ED
https://doi.org/10.1164/rccm.201712-2371ED
https://doi.org/10.1016/j.jinf.2004.09.008
https://doi.org/10.1016/j.jinf.2004.09.008
https://doi.org/10.5694/mja2.50577
https://doi.org/10.1177/1358863X20963804
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1136/bmj.m4362
https://doi.org/10.1136/bmj.m3985
https://doi.org/10.1136/bmj.m3985
https://doi.org/10.1158/2159-8290.CD-20-0451
https://doi.org/10.1158/2159-8290.CD-20-0451
https://doi.org/10.1098/rsob.200162
https://doi.org/10.1136/bmj.3.5717.260
https://doi.org/10.1136/bmj.3.5717.260
https://doi.org/10.1053/j.gastro.2020.05.053
https://doi.org/10.1053/j.gastro.2020.05.053
https://doi.org/10.1126/science.abc4739
https://doi.org/10.14814/phy2.13371
https://doi.org/10.4049/jimmunol.0803217
https://doi.org/10.3390/nu12051359
https://doi.org/10.3390/nu12041181
https://doi.org/10.3390/nu9111211
https://doi.org/10.3109/08923979709046977
https://doi.org/10.3390/nu11092102
https://doi.org/10.1159/000213131
https://doi.org/10.1016/j.phanu.2020.100190
https://doi.org/10.3390/nu12041193
https://doi.org/10.3390/nu9121286
https://doi.org/10.3390/nu11092078

Eslamkhah et al.

Health Organization; 2002. zinc ionophores pyrithione and hinokitiol against
153.Read SA, Obeid S, Ahlenstiel C, Ahlenstiel G. picornavirus infections. J Virol. 2009;83(1):58-64. doi:

The role of zinc in antiviral immunity. Adv Nutr. 10.1128/JV1.01543-08

2019;10(4):696-710. doi:10.1093/advances/nmz013 156. Te Velthuis AJ, van den Worm SH, Sims AC, Baric RS,
154.Suara RO, Crowe Jr JE. Effect of zinc salts on Snijder EJ, van Hemert MJ. Zn?** inhibits coronavirus

respiratory syncytial virus replication. Antimicrob and arterivirus RNA polymerase activity in vitro and

Agents Chemother. 2004;48(3):783-90. doi:10.1128/ zinc ionophores block the replication of these viruses

AAC.48.3.783-790.2004 in cell culture. PLoS Pathog. 2010;6(11):e1001176.
155.Krenn BM, Gaudernak E, Holzer B, Lanke K, Van doi:10.1371/journal.ppat.1001176

Kuppeveld FJ, Seipelt J. Antiviral activity of the

$67 | Pharmaceutical Sciences, 2021, 27(Suppl 1), S50-S67


https://doi.org/10.1093/advances/nmz013

https://doi.org/10.1128/AAC.48.3.783-790.2004
https://doi.org/10.1128/AAC.48.3.783-790.2004
https://doi.org/10.1128/JVI.01543-08
https://doi.org/10.1371/journal.ppat.1001176

