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. Substantial numbers of articles
on COVID-19 have been published, yet
there is controversy among clinicians
and confusion among the general
population in this regard. Furthermore, it is
unreasonable to expect physicians to read
all the available literature on this subject.

. This article reviews high-quality
articles on COVID-19 and effectively
summarizes them for healthcare providers
and the general population.
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Abstract

Nearly every 100 years, humans collectively face a pandemic
crisis. After the Spanish flu, now the world is in the grip of
coronavirus disease 2019 (COVID-19). First detected in 2019
in the Chinese city of Wuhan, COVID-19 causes severe acute
respiratory distress syndrome. Despite the initial evidence
indicating a zoonotic origin, the contagion is now known to
primarily spread from person to person through respiratory
droplets. The precautionary measures recommended by the
scientific community to halt the fast transmission of the disease
failed to prevent this contagious disease from becoming a
pandemic for a whole host of reasons. After an incubation
period of about two days to two weeks, a spectrum of clinical
manifestations can be seen in individuals afflicted by COVID-
19: from an asymptomatic condition that can spread the virus in
the environment, to a mild/moderate disease with cold/flu-like
symptoms, to deteriorated conditions that need hospitalization
and intensive care unit management, and then a fatal respiratory
distress syndrome that becomes refractory to oxygenation.
Several diagnostic modalities have been advocated and
evaluated; however, in some cases, diagnosis is made on the
clinical picture in order not to lose time. A consensus on what
constitutes special treatment for COVID-19 has yet to emerge.
Alongside conservative and supportive care, some potential
drugs have been recommended and a considerable number of
investigations are ongoing in this regard.
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Introduction

A pathogen from a human-animal virus family, the coronavirus
(CoV), which was identified as the main cause of respiratory tract
infections, evolved to a novel and wild kind in Wuhan, a city in
Hubei Province of China, and spread throughout the world, such
that it created a pandemic crisis according to the World Health
Organization (WHQO). CoV is a large family of viruses that were
first discovered in 1960. These viruses cause such diseases as
common colds in humans and animals. Sometimes they attack
the respiratory system, and sometimes their signs appear in the
gastrointestinal tract. There have been different types of human
CoV including CoV-229E, CoV-OC43, CoV-NL63, and CoV-
HKU1, with the latter two having been discovered in 2004 and
2005, respectively. These types of CoV regularly cause respiratory
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infections in children and adults.” There are also
other types of these viruses that are associated
with more severe symptoms. The new CoV,
scientifically known as “SARS-CoV-2”, causes
severe acute respiratory syndrome (SARS).?
A newer type of the virus was discovered in
September 2012 in a 60-year-old man in Saudi
Arabia who died of the disease; the man had
traveled to Dubai a few days earlier. The second
case was a 49-year-old man in Qatar who also
passed away. The discovery was first confirmed
at the Health Protection Agency’s Laboratory in
Colindale, London. The outbreak of this CoV is
known as the Middle East Respiratory Syndrome
(MERS), commonly referred to as “MERS-CoV”.
The virus has infected 2260 people and has
killed 912, most of them in the Middle East.>®
Finally, in December 2019, for the first time in
Wuhan, in Hubei Province of China, a new type
of CoV was identified that caused pneumonia in
humans.® SARS-CoV-2 has affected 5404512
people and killed more than 343514 around the
world according to the WHO situation report-127
(May 26, 2020).> ™'® The WHO has officially
termed the disease “COVID-19”, which refers to
corona, the virus, the disease, the year 2019, and
its etiology (SARS-CoV-2). This type of CoV had
never been seen in humans before. The initial
estimates showed a mortality rate ranging from
between 1% and 3% in most countries to 5% in
the worst-hit areas (Figure 1).° Some Chinese
researchers succeeded in determining how
SARS-CoV-2 affects human cells, which could
help to develop techniques of viral detection
and had antiviral therapy potential. Via a
process termed “cryogenic electron microscopy
(cryo-EM)”, these scientists discovered that

CoV enters human cells utilizing a kind of cell
membrane glycoprotein: angiotensin-converting
enzyme 2 (ACE2). Then, the S protein is splitinto
two sub-units: S1 and S2. S1 keeps a receptor-
binding domain (RBD); accordingly, SARS-
CoV-2 can bind to the peptidase domain of ACE2
directly. It appears that S2 subsequently plays a
role in cellular fusion. Chinese researchers used
the cryo-EM technique to provide ACE2 when
it is linked to an amino acid transporter called
“BOAT1”. They also discovered how to connect
SARS-CoV-2 to ACE2-BOAT1, which is another
complex structure. Given that none of these
molecular structures was previously known, the
researchers hoped that these studies would lead
to the development of an antiviral or vaccine
that would help to prevent CoV. Along the way,
scientists found that ACE2 has to undergo a
molecular process in which it binds to another
molecule to be activated. The resulting molecule
can bind two SARS-CoV-2 protein molecules
simultaneously. The scientists also studied
different SARS-CoV-2 RBD binding methods
compared with other SARS-CoV-RBDs, which
showed how subtle changes in the molecular
binding sequence make the coronal structure of
the virus stronger.

Transmission

While the first mode of the transmission of
COVID-19 to humans is still unknown, a seafood
market where live animals were sold was
identified as a potential source at the beginning of
the outbreak in the epidemiologic investigations
that found some infected patients who had visited
or worked in that place. The other viruses in this
family, namely MERS and SARS, were both

Common Symptoms

Headache and malaise

_Potential Complications

High fever
(above 38°C or 100.4°F)

Runny nose

Cough or sore throat
Trouble breathing

Muscle pain X
Pneumonia

[o=- Spesis or even death

Figure 1: Most cases with SARS-CoV-2 are asymptomatic or have mild clinical pictures such as influenza and colds. This group|
of patients should be detected and isolated in their homes to break the transmission chain of the disease and adhere to the|

precautionary recommendations in order not to infect other people. The screening process will help this group and suppress the
outbreak in the community. Patients with the confirmed disease who are admitted to hospitals can contaminate this environment,

which should be borne in mind by healthcare providers and policymakers.
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confirmed to be zoonotic viruses. Afterward, the
person-to-person spread was established as the
main mode of transmission and the reason for
the progression of the outbreak." Similar to the
influenza virus, SARS-CoV-2 spreads through
the population via respiratory droplets. When
an infected person coughs, sneezes, or talks,
the respiratory secretions, which contain the
virus, enter the environment as droplets. These
droplets can reach the mucous membranes of
individuals directly or indirectly when they touch
an infected surface or any other source; the
virus, thereafter, finds its ways to the eyes, nose,
or mouth as the first incubation places."-" It has
been reported that droplets cannot travel more
than two meters in the air, nor can they remain in
the air owing to their high density. Nonetheless,
given the other hitherto unknown modes of
transmission, routine airborne transmission
precautions should be considered in high-risk
countries and during high-risk procedures such
as manual ventilation with bags and masks,
endotracheal intubation, open endotracheal
suctioning, bronchoscopy, cardiopulmonary
resuscitation, sputum induction, lung surgery,
nebulizer therapy, noninvasive positive pressure
ventilation (eg, bilevel positive airway pressure
[BiPAP] and continuous positive airway pressure
[CPAP]), and lung autopsy. In the early stages
of the disease, the chances of the spread of
the virus to other persons are high because
the viral load in the body may be high despite
the absence of any symptoms (Figure 2).'-3

Mortality

COVID-19 pandemic

The person-to-person transmission rates can
be different depending on the location and the
infection control intervention; still, according
to the latest reports, the secondary COVID-
19 infection rate ranges from 1% to 5%."*-%
Although the RNA of the virus has been detected
in blood and stool, fecal-oral and blood-borne
transmissions are not regarded as significant
modes of transmission yet.'®?¢ There have been
no reports of mother-to-fetus transmission in
pregnant women.?’

Source Investigation

Recently, the appearance of SARS-CoV-2
in society shocked the healthcare system.?-32
Veterinary corona virologists reported that
COVID-19 was isolated from wildlife. Several
studies have shown that bats are receptors
of the CoV new version in 2019 with variants
and changes in the environment featuring
various biological characteristics.®*% The
aforementioned mammals are a major source
of CoV, which causes mild-to-severe respiratory
illness and can even be deadly. In recent years,
the virus has killed several thousands of people
of all ages.®*® The mutated alternative of the
virus can be transmitted to humans and cause
acute respiratory distress.*> 4 One of the main
causes of the spread of the virus is the exotic
and unusual Chinese food in Wuhan: CoV is a
direct result of the Chinese food cycle. The virus
is found in the body of animals such as bats,*
and snake or bat soup is a favorite Chinese
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mmm MERS
mmm SARS
— FLU
PATIENTS:
Tested & diagnosis.
Isolated.

Their Contacts need to
be explored and controlled.

£

<

‘314% Cases with Symptoms

1t

PATIENTS:
Do not need to be tested.

Ability to Detect Emrging Infectious Diseases

in the Absence of Countermeasures.

. Moderate Cases or Asymptomatic

Need to self-quarantine to
prevent spread of the virus.

Figure 2: SARS-CoV-2 mode of transmission and clinical manifestations are illustrated in this figure. The potential source of this|
outbreak was identified to be from animals, similar to MERS and SARS, in epidemiologic studies; nonetheless, person-to-person|
transmission through droplets is currently the important mode. After reaching mucous membranes by direct or indirect close]

contact, the virus replicates in the cells and the immune system attacks the body due to its nature. Afterward, the clinical pictures|
appear, which are much more similar to influenza. However, different patients will have a spectrum of signs and symptoms.
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food. Therefore, this sequence is replicated
continuously. Almost everyone who was infected
for the first time was directly in the local Wuhan
market or had indirectly tried snake or bat soup
in a Chinese restaurant. An investigation stated
that the Malayan pangolin (Manis javanica)
was a possible host for SARS-CoV-2 and
recommended that it be removed from the wet
market to prevent zoonotic transmissions in the
future.* 44

Pathogenesis

The important mechanisms of the severe
pathogenesis of SARS-CoV-2 are not fully
understood. Extensive lung injury in SARS-
CoV-2 has been related to increased virus
titers; monocyte, macrophage, and neutrophil
infiltrations into the lungs; and elevated levels
of pro-inflammatory cytokines and chemokines.
Thus, the clinical exacerbation of SARS-
CoV-2 infection may be in consequence of a
combination of direct virus-induced cytopathic
and immunopathological effects due to
excessive cytokinesis. Changes in the cytokine/
chemokine profile during SARS infection showed
increased levels of circulating cytokines such
as tumor necrosis factor-a (TNF-a), C-X-C
motif chemokine 10 (CXCL10), interleukin (IL)-
6, and IL-8 levels, in conjunction with elevated
levels of serum pro-inflammatory cytokines
such as IL-1, IL-6, IL-12, interferon-gamma (IFN-
y), and transforming growth factor- (TGF-pB).
Nevertheless, constant stimulation by the virus
creates a cytokine storm that has been related to
acute respiratory distress syndrome (ARDS) and
multiple organ dysfunction syndromes (MODS)
in patients with COVID-19, which may ultimately
lead to diminished immunity by lowering the
number of CD4* and CD8* T cells and natural
killer cells (crucial in antiviral immunity) and
decreasing cytokine production and functional
ability (exhaustion). It has been shown that
IL-10, an inhibitory cytokine, is a major player
and a potential target for therapeutic aims.**
51 Severe cases of COVID-19 have respiratory
distress and failure, which has been linked
to the altered metabolism of heme by SARS-
CoV-2. Some virus proteins can dissociate
iron from porphyrins by attacking the 1- chain
of hemoglobin, which decreases the oxygen-
transferring ability of hemoglobin. Research has
also indicated that chloroquine and favipiravir
might inhibit this process.5?

Clinical Manifestations

SARS-CoV-2, which attacks the respiratory
system, has a spectrum of manifestations;
nonetheless, it has three main primary symptoms
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after an incubation period of about two days to
two weeks: fever and its associated symptoms
such as malaise/fatigue/weakness; cough,
which is nonproductive in most of the cases
but can be productive indeed; and shortness of
breath (dyspnea) due to low blood oxygenation.
Although these symptoms appear in the body of
the affected person over two to 14 days, patients
may refer to the clinic with gastrointestinal
symptoms (nausea/vomiting-diarrhea) or
decreased sense of smell and/or taste. More
devastatingly, however, patients may refer to the
emergency room with such coagulopathies as
pulmonary thromboembolism, cerebral venous
thrombosis, and other related manifestations.
The WHO has stated that dry throat and dry
cough are other symptoms detected in the early
stages of the infection.®® 5 The estimations of
the severity of the disease are as follows: mild
(no or mild pneumonia) in 81%, severe (eg, with
dyspnea, hypoxia, or >50% lung involvement
on imaging within 24 to 48 hours) in 14%, and
critical (eg, with respiratory failure, shock, or
multiorgan dysfunction) in 5%. In the early
stages, the overall mortality rate was 2.3% and
no deaths were observed in non-severe patients.
Patients with advanced age or underlying
medical comorbidities have more mortality and
morbidity.®® Although adults of middle age and
older are most commonly affected by SARS-
CoV-2, individuals at any age can be infected.
A few studies have reported symptomatic
infection in children; still, when it occurs, it has
mild symptoms. The vast majority of cases
have the infection with no signs and symptoms
or mild clinical pictures; they are called “the
asymptomatic group”. These patients do not
seek medical care and if they come into close
contact with others, they can spread the virus.
Therefore, quarantine in their home is the best
option for the population to break the transmission
of the virus. It should be considered that some
of these asymptomatic patients have clinical
signs such as chest computed tomography
scan (CT-Scan) infiltrations. Similar to bacterial
pneumonia, lower respiratory signs and
symptoms are the most frequent manifestations
in serious cases of COVID-19, characterized by
fever, cough, dyspnea, and bilateral infiltrates on
chest imaging. In a study describing pneumonia
in Wuhan, the most common clinical signs and
symptoms at the onset of the illness were fever
in 99% (although fever might not be a universal
finding), fatigue in 70%, dry cough in 59%,
anorexia in 40%, myalgia in 35%, dyspnea in
31%, and sputum production in 27%. Headache,
sore throat, and rhinorrhea are less common,
and gastrointestinal symptoms (eg, nausea
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and diarrhea) are relatively rare.” 42 43 45-48, 56, 57
According to our clinical experience in lIran,
anosmia, atypical chest pain, diarrhea, nausea/
vomiting, and hemoptysis are other presenting
symptoms in the clinic. It should be noted that
COVID-19 has some unexplained potential
complications such as secondary bacterial
infections,  myocarditis, central nervous
system injury, cerebral edema, MODS, acute
demyelinating  encephalomyelitis  (ADEM),
kidney injury, liver injury, new-onset seizure,
coagulopathy, and arrhythmias.

Laboratory data: Complete blood counts,
which constitute a routine laboratory test, have
shown different results in terms of the white blood
cell count: from leukopenia and lymphopenia to
leukocytosis, although lymphopenia appears
to be the most common. Fatal cases have
exhibited severe lymphopenia accompanied by
an increased level of D-dimer. Liver function
enzymes can be increased; however, it is not
sufficient to diagnose a disease. The serum
procalcitonin level is a marker of infection,
especially in bacterial diseases. Patients with
COVID-19 who require intensive care unit (ICU)
management may have elevated procalcitonin.
Increased urea and creatinine, creatinine-
phosphokinase, lactate dehydrogenase, and
C-reactive protein are other findings in some
cases.” %%

Imaging studies: Routine chest X-ray (CXR)
is widely deemed the first-step management
to evaluate any respiratory involvement.
Although negative findings in CXR do not rule
out the viral disease, patients without common
findings do not have severe disease and can,
consequently, be managed in the outpatient
setting.%® % Another modality is chest CT-Scan.
It can be ordered in suspected cases with typical
symptoms at the first step, or it can be performed
after the detection of any abnormalities in CXR.
The most common demonstrations in CT-Scan
images are ground-glass opacification, round
opacities, and crazy paving with or without
bilateral consolidative abnormalities (multilobar
involvement) in contrast to most cases of
bacterial pneumonia, which have locally limited
involvement. Pleural thickening, pleural effusion,
and lymphadenopathy are less common.%-¢!
Tree-in-bud, peribronchial distribution, nodules,
and cavity are not in favor of common COVID-
19 findings. Although reverse transcriptase-
polymerase chain reaction (RT-PCR) is used
to confirm the diagnosis, it is a time-consuming
procedure and has high false-negative/false-
positive findings; hence, in the emergency
clinical setting, CT-Scan findings can be a good
approach to make the diagnosis. It is deserving
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of note, however, that false-positive/false-
negative cases were reported by one study to
be high and other differential diagnoses should
be in mind in order not to miss any other cases
such as acute pulmonary edema in patients with
heart disease.

Diagnosis

Suspected cases should be diagnosed
as soon as possible to isolate and control the
infection immediately. COVID-19 should be
considered in any patient with fever and/or
lower respiratory tract symptoms with any of the
following risk factors in the previous 2 weeks:
close contact with confirmed or suspected
cases in any environment, especially at work in
healthcare places without sufficient protective
equipment or long-time standing in those places,
and living in or traveling from well-known places
where the disease is an epidemic.'-%¢ Patients
with severe lower respiratory tract disease
without alternative etiologies and a clear history
of exposure should be considered having COVID-
19 unless confirmed otherwise. According to
the Centers for Disease Control and Prevention
(CDC), sending tests to check SARS-CoV-2
in suspected cases is based on physicians’
clinical judgment. Although there are some
positive cases without clinical manifestations
(ie, fever and/or symptoms of acute respiratory
illness such as cough and dyspnea), infectious
disease and control centers should take action
in society to limit the exposure of such patients
to other healthy individuals. The CDC prioritizes
the use of the specific test for hospitalized
patients, symptomatic patients who are at
risk of fatal conditions (eg, age =65 y, chronic
medical conditions, and immunocompromising
conditions) and those who have exposure risks
(recent travel, contact with patients with COVID-
19, and healthcare workers).6"¢ Although
treatment should be started after the confirmation
of the disease, RT-PCR for highly suspected
cases is a time-consuming test; accordingly, a
considerable number of clinicians favor the use
of a combination of clinical manifestations with
imaging modalities (eg, CT-Scan findings) and
their clinical judgment regarding the probability
of the disease in order not to lose more time.5'-6¢

Treatment of COVID-19

There is no confirmed recommended
treatmentorvaccine for SARS-CoV-2; prevention
is, therefore, better than treatment. Nevertheless,
the high contagiousness of COVID-19, combined
with the fact that some individuals fail to adhere to
precautionary measures or they have significant
risk factors, means that this infectious disease
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is inevitable in some people. Beside supportive
treatments, many types of medications have
been introduced. These medications come
from previous experimental studies on SARS,
MERS, influenza, or human immunodeficiency
virus (HIV); hence, their efficacy needs further
experimental and clinical approval. Patients with
mild symptoms who do not have significant risk
factors should be managed in their home like
a self-made quarantine (in an isolated room);
still, prompt hospital admission is required if
patients exhibit signs of disease deterioration.?>
67. 68 |solation from other family members is
an important prevention tip. Patients should
wear face masks, eat healthy and warm foods
similar to when struggling with influenza or
colds, do the handwashing process, dispose
of the contaminated materials cautiously, and
disinfect suspicious surfaces with standard
disinfectants.®® Patients with severe symptoms
or admission criteria should be hospitalized
with other patients who have the same disease
in an isolated department. When the disease
is progressed, ICU care is mandatory.?5 67 68
SARS-CoV-2 attacks the respiratory system,
diminishing the oxygenation process and forcing
patients with low blood oxygen saturation to
take extra oxygen from different modalities.
Nasal cannulae, face masks with or without
a reservoir, intubation in severe cases, and
then extracorporeal membrane oxygenation in
refractory hypoxia have been used; however,
the safety and efficacy of these measures
should be evaluated. As was mentioned above,
impaired coagulation is one of the major

complications of the disease; consequently,
alongside all recommended supportive care and
drugs, anticoagulants such as heparin should
be administered prophylactically (Table 1).
Although it is said that all the clinical signs and
symptoms of COVID-19 are induced by the
immune system, as other research on influenza
and MERS has revealed, glucocorticoids are not
recommended in COVID-19 pneumonia unless
other indications are present (eg, exacerbation
of chronic obstructive pulmonary disease and
refractory septic shock) due to the high risk of
mortality and delayed viral clearance. Earlier
in the national and international guidelines,
nonsteroidal anti-inflammatory drugs such as
naproxen were recommended on the strength
of their antipyretic and anti-inflammatory
components; however, the guideline has been
revised recently and acetaminophen with or
without codeine is currently the favored drug in
patients with COVID-19.2567.68 According to the
pathogenesis of the disease, whereby cytokine
storm and immune-cell exhaustion can be seen
in severe cases, selective antibodies against
harmful interleukins such as IL-6 and IL-10
or other possible agents can be therapeutic
for fatal complications. Tocilizumab, an IL-6
inhibitor, albeit with limited clinical efficacy, has
been introduced in China’'s National Health
Commission treatment guideline for severe
infection with profound pulmonary involvement
(ie, white lung).”® &

RNA synthesis inhibitors (eg, tenofovir
disoproxil fumarate [TDF] and 2’-deoxy-3'-
thiacytidine [3TC]), neuraminidase inhibitors

Table 1: Summary of possible anti-COVID-19 drugs

Drug Name Mechanism of Action

Regimen References

Hydroxychloroquine sulfate

Antigen-presenting cell lysosomal pH modulator;
toll-like receptor family inhibitor; hemozoin

First day, 400 mg BD 21,7072
and then, 200 mg BD

biocrystalization inhibitor; altering the ACE2
glycosylation, which inhibits S-protein binding and

phagocytosis
Chloroquine phosphate

Lopinavir/Ritonavir
Atazanavir/Ritonavir

Combined protease inhibitor
Combined protease inhibitor

Atazanavir Protease inhibitor
Favipiravir RdRP inhibitor
Remdesivir RdRP inhibitor

Ribavirin RdRP inhibitor
Oseltamivir Neuraminidase inhibitors

Interferon-B-1a Antiviral cytokine

Late endosomal and lysosomal pH enhancer,
zinc ionophore (RARP inhibitor)

First day 500 mg BD 21,70-72
and then, 250 mg BD
400 mg/100 mg BD
300 mg/100 mg once e
daily

400 mg once daily s

Loading dose, 1600 mg  7*7%.80
and then, 600 mg TDS

First day, 200 mg IV
daily and then, 100 mg

67,70,71,73-75 76

67,70, 73-75, 81

1V daily

1200 mg BD 82:84

75 mg BD cales

22 or 44 g 3 times/ 67.70.77,86
week

mg, Milligrams; BD, Every 12 hours; RdRP, RNA-dependent RNA polymerase; TDS, Every 8 hours; IV, Intravenous; IL,

Interleukin; ug, Micrograms
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(NAIs), nucleoside analogs, lopinavir/ritonavir,
atazanavir, remdesivir, favipiravir, INF-B, and
Chinese traditional medicine (eg, Shufeng Jiedu
and Lianhuagingwen capsules) are the major
candidates for COVID-19.25 70. 8. 88-96 Antjyiral
drugs have been investigated for various
diseases, but their efficacy in the treatment of
COVID-19 is under investigation and several
randomized clinical trials are ongoing to release
a consensus result on the treatment of this
infectious disease. Moderate-to-severe SARS-
CoV-2 disease needs drug therapy. Favipiravir, a
previously validated drug for influenza, is a drug
that has shown promising results for COVID-
19 in experimental and clinical studies, but it
is under further evaluation.”® 7® 8 Remdesivir,
which was developed for Ebola, is an antiviral
drug that is under evaluation for moderate-to-
severe COVID-19 owing to its promising results
in in vitro investigations.”® 7375 & Remdesivir was
shown to have reduced the virus titer in infected
mice with MERS-CoV and improved lung tissue
damage with more efficiency compared with a
group treated with lopinavir/ritonavir/INF-3."
0 Another investigation studied the potential
efficacy of INF-B-1 in the early stages of COVID-
19 as a potential antiviral drug.%® Although there
is some hope, an evidence-based consensus
requires further clinical trials.”® 77 A combined
protease inhibitor, lopinavir/ritonavir, is used for
HIV infection and has shown interesting results
for SARS and MERS in in vitro studies.”®"®
The clinical effectiveness of lopinavir/ritonavir
for SARS-CoV-2 was also reported in a case
report.”% 7" 7 76 Atazanavir, another protease
inhibitor, with or without ritonavir is another
possible anti-COVID-19 treatment.”” 7 NAls,
including oseltamivir, zanamivir, and peramivir,
are recommended as antiviral treatment in
influenza.®® Oral oseltamivir was tried for
COVID-19 in China and was first recommended
in the Iranian guideline for COVID-19 treatment;
nevertheless, because of the absence of strong
evidence indicating its efficacy for SARS-
CoV-2, it was eliminated from the subsequent
updates of the guideline.?® RNA-dependent
RNA polymerase inhibitors with anti-hepatitis C
effects such as ribavirin have shown satisfactory
results against SARS-CoV-2 RNA polymerase;
however, they have limited clinical approval.®2-84
The well-known drugs for rheumatoid
arthritis, systemic lupus erythematosus,
and an antimalarial drug, chloroquine’” and
hydroxychloroquine?' are other potential drugs for
moderate-to-severe COVID-19 but with limited
or no clinical appraisal. Hydroxychloroquine has
exhibited better safety and fewer side effects
than chloroquine, which makes it the preferred
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choice.”® Furthermore, the immunomodulatory
effects of hydroxychloroquine can be used
to control the cytokine precipitation in the late
phases of SARS-CoV-2 infections. There
are numerous mechanisms for the antiviral
activity of hydroxychloroquine. A weak base
drug, hydroxychloroquine concentrates on
such intracellular sections as endosomes and
lysosomes, thereby halting viral replication in
the phase of fusion and uncoating. Additionally,
this immunosuppressive and antiparasitic
drug is capable of altering the glycosylation
of ACE2 and inhibiting both S-protein binding
and phagocytosis.”> A recent multicenter
study showed that regarding the risks of
cardiovascular adverse effects and mortality
rates, hydroxychloroquine or chloroquine
with or without a macrolide (eg, azithromycin)
was not beneficial for hospitalized patients,
although further research is needed to end such
controversies.%’

Disease Duration

It is not easy to quarantine the patients
who have fully recovered because there is
evidence that they are highly infectious.®' The
recovery time for confirmed cases based on the
National Health Commission reports of China’s
government was estimated to range between
18 and 22 days.” As indicated by the WHO, the
healing time seems to be around two weeks for
moderate infections and 3 to 6 weeks for the
severe/ serious disease.” Pan Feng and others
studied 21 confirmed cases with COVID-19
pneumonia with about 82 CT-Scan images with
a mean interval of four days. Lung abnormalities
on chest CT showed the highest severity
approximately 10 days after the initial onset of
symptoms. All patients became clear after 11
to 26 days of hospitalization. From day zero to
day 26, four stages of lung CT were defined
as follows: Stage 1 (first 4 days): ground-glass
opacities; Stage 2 (second 4 days): crazy-paving
patterns; Stage 3 (days 9—13): maximum total CT
scores in the consolidations; and Stage 4 (=14
d): steady improvements in the consolidations
with a reduction in the total CT score without any
crazy-paving pattern.”* Nevertheless, there are
also rare cases reported from some studies that
show the recurrence of COVID-19 after negative
preliminary RT-PCR results. For example,
Lan and othersstudied one hospitalized and
three home-quarantined patients with COVID-
19 and evaluated them with RT-PCR tests of
the nucleic acid. All the patients with positive
RT-PCR test results had CT imaging with
ground-glass opacification or mixed ground-
glass opacification and consolidation with
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mild-to-moderate  disease. After antiviral
treatments, all four patients had two consecutive
negative RT-PCR test results within 12 to 32
days. Five to 13 days after hospital discharge or
the discontinuation of the quarantine, RT-PCR
tests were repeated, and all were positive. An
additional RT-PCR test was performed using a
kit from a different manufacturer, and the results
were also positive. Their findings propose that a
minimum percentage of recovered patients may
still be infection carriers.”®

Supplements for COVID-19

Since the appearance of SARS-CoV-2 in
Wuhan, China, there have been reports of the
unreliable and unpredictable use of mysterious
therapies. Some recommendations such as
the use of certain herbs and extracts including
oregano oil, mulberry leaf, garlic, and black
sesame may be safe as long as people do not
utilize their hands for instance.® According
to data released by the CDC, vitamin C (VitC)
supplements can decrease the risk of colds in
people besides preventing CoV from spreading.
The aforementioned organization states that
frequent consumption of VitC supplements can
also decrease the duration of the cold; however, if
used only after the cold has risen, its consumption
does not influence the disease course. VitC also
plays an important role in the body. One of the
main reasons for taking VitC is to strengthen
the immune system because this vitamin plays
a significant part in the immune system. Firstly,
VitC can increase the production of white blood
cells (lymphocytes and phagocytes) in the bone
marrow, which can support and protect the body
against infections. Secondly, VitC helps immune
cells to function better while preserving white
blood cells from damaging molecules such as
free oxidative radicals and ions. Thirdly, VitC is
an essential part of the skin’s immune system.
This vitamin is actively transported to the skin
surface, where it serves as an antioxidant and
helps to strengthen the skin barrier by optimizing
the collagen synthesis process. Patients with
pneumonia have lower levels of VitC and
have been revealed to have a longer recovery
time.®® % In a randomized investigation, 200
mg/d of VitC was applied to older patients and
resulted in improvements in the respiratory
symptoms. Another investigation reported
80% fewer mortalities in a controlled group of
VitC takers.” However, for effective immune
system improvement, VitC should be consumed
alongside adequate doses of several other
supplements. Although VitC plays an important
role in the body, often a balanced diet and the
consumption of fresh fruits and vegetables
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can quickly fill the blanks. While taking high
amounts of VitC is less risky because it is water-
soluble and its waste is eliminated in the urine,
it can induce diarrhea, nausea, and abdominal
spasms at higher concentrations. Too much
VitC may cause calcium-oxalate kidney stones.
People with genetic hemochromatosis, an iron
deficiency disorder, should consult a physician
before taking any VitC supplements as high
levels of VitC can lead to tissue damage. Some
studies have evaluated the different doses of
oral or intravenous VitC for patients admitted to
the hospital for COVID-19. Although they used
different regimens, all of them demonstrated
satisfactory results regarding the resolution
of the compilations of the disease, decreased
mortality, and shortened lengths of stay in the
ICU and/or the hospital.’®® " Immunologists
have also recommended 6 000 units of vitamin
A (VitA) per day for two weeks, more than twice
the recommended limit for VitA, which can create
a poisoning environment over time. According to
the guidance of the National Institutes of Health
(NIH), middle-aged men and women should
take 1 and 2 mg of VitA every day, respectively.
The safe upper limit of this vitamin is 6000 mg
or 5000 units, and overdose can have serious
outcomes such as dizziness, nausea, headache,
coma, and even death. Extreme consumption
of VitA throughout pregnancy can lead to birth
anomalies.

Similar to VitC, vitamin D (VitD) has
antioxidant, anti-inflammatory, and immune-
modulatory effects in our body such as reducing
pro-inflammatory cytokines and inhibiting viral
replication according to experimental studies.®®
The VitD state of our body is checked through
25 (OH) VitD in the serum. VitD deficiency is
pandemic around the world due to multifactorial
reasons. It has been shown that VitD deficient
patients are prone to SARS-CoV-2 and,
accordingly, treating VitD deficiency is not without
benefits. Grant and others recommended 10
000 units per day for two weeks and then 5
000 units per day as the maintenance dose to
keep the level between 40 and 100 ng/mL."%?
VitD toxicity causes gastrointestinal discomfort
(dyspepsia), congestion, hypercalcemia,
confusion, positional disorders, dysrhythmia,
and kidney dysfunction.

James Robb,'®® a researcher who detected
CoV for the first time as a consultant pathologist
with the National Cancer Institute of America,
suggested the influence of zinc consumption.
Oral zinc supplements can be dissolved in
the nback of the throat. Short-term therapy
with oral zinc can decrease the duration
of viral colds in adults. Zinc intake is also
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Table 2: Possible prophylactic regimens against SARS-CoV-2 infection

Agent Mechanism of Action Regimen Reference
VitA Antioxidant, anti-inflammatory, immune- 6 000 IU/d for 2 weeks Sthe)
VitC regulatory agent 1)intravenous 200 mg/kg body 98-100
weight/d, divided into 4 doses for
ICU-care patients
2)oral 6 g/d
3)one 10-20 g IV (max: 1.5 g/kg)
VitD 10 000 1U/d for 2 weeks until the 101
25(0OH)Vit D level reaches 40-60
ng/mL and then 5 000 IU/d
Zinc Antioxidant, anti-inflammatory, immune- Max: 1 mg/d 102-106
regulatory agent, intracellular signal molecule
in immune cells, RARP inhibitor
Hydroxychloroquine  Antigen-presenting cell lysosomal pH 200 mg/d w

sulfate modulator;

toll-like receptor family inhibitor;

hemozoin biocrystalization inhibitor; altering

the ACE2 glycosylation, which inhibits
S-protein binding and phagocytosis

IU, International unit; mg, Milligrams; kg, Kilograms; ICU, Intensive care unit; g, Grams; |V, Intravenous; Vit, Vitamin; ng,

Nanograms; mL, Milliliter

associated with the faster resolution of nasal
congestion, nasal drainage, sore throats, and
coughs. Researchers'® %% have warned that
the consumption of more than 1 mg of zinc a
day can lead to zinc poisoning and have side
effects such as lowered immune function.
Children and old people with zinc insufficiency
in developing nations are extremely vulnerable
to pneumonia and other viral infections. It has
also been determined that zinc has a major
role in the production and activation of T-cell
lymphocytes.%: 107

And finally, for high-risk people or those who
work in high-risk places such as healthcare
providers, hydroxychloroquine has been
mentioned to be effective as a prophylactic
regimen (Table 2). Although different doses have
been investigated so far, Pourdowlat and others
recommended 200 mg daily before exposure,
and for the post-exposure scenario, a loading
dose of 600-800 mg followed by a maintenance
dose of 200 mg daily.™

COVID-19 Kits and Deep Learning

COVID-19 has threatened public health, and
its fast global spread has caught the scientific
community by surprise.”® Hence, developing
a technique capable of swiftly and reliably
detecting the virus in patients is vital to prevent
the spreading of the virus.'°® ""° One of the ways
to diagnose this new virus is through RT-PCR, a
test that has previously demonstrated its efficacy
in detecting such CoV infections as MERS-CoV
and SARS-CoV. Consequently, increasing the
availability of RT-PCR kits is a worldwide concern.
The timing of the RT-PCR test and the type of
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strain collected are of vital importance in the
diagnosis of COVID-19. One of the characteristics
of this new virus is that the serum is negative in
the early stage, while respiratory specimens
are positive. The level of the virus at the early
stage of the illness is also high, even though the
infected individual experiences mild symptoms.'"
For the management of the emerging situation of
COVID-19 in Wuhan, various effective diagnostic
kits were urgently made available to markets.
While a few different diagnostics kits are used
merely for research endeavors, only a single
kit developed by the Beijing Genome Institute
(BGI) called “Real-Time Fluorescent PCR” has
been authenticated for clinical diagnostics.
Fluorescent RT-PCR is reliable and able to offer
fast results probably within a few hours (usually
within two hours). Besides RT-PCR, China
has successfully developed a metagenomic-
sequencing kit based on combinatorial probe-
anchor synthesis that can identify virus-related
bacteria, allowing observation and evaluation
during the transmission of the virus. Furthermore,
the metagenomic-sequencing kit based on
combinatorial probe-anchor synthesis is far faster
than the abovementioned fluorescent RT-PCR kit.
Apart from China, a Singapore-based laboratory,
Veredus, developed a virus detection kit (Vere-
CoV) in late January. It is a portable Lab-On-
Chip used to detect MERS-CoV, SARS-CoV, and
SARS-CoV-2, in a single examination. This kit
works based on the VereChip™ technology, the
lines of code (LOC) program incorporating two
different influential molecular biological functions
(microarray and PCR) precisely. Several studies
have focused on SARS-CoV diagnostic testing.
These papers have presented investigative
approaches to the identification of the virus using
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molecular testing (ie, RT-PCR). Researchers
probed into the use of a nested PCR technique that
contains a pre-amplification step or integrating
the N gene as an extra subtle molecular marker
to improve on the sensitivity.">""5 CT-Scan
is very useful for diagnosing, evaluating, and
screening infections caused by COVID-19. One
recommendation for scanning the disease is to
take a scan every three to five days. According to
researchers, most CT-Scan images from patients
with COVID-19 are bilateral or peripheral ground-
glass opacification, with or without stabilization.
Nowadays, because of a paucity of computerized
quantification tools, only qualitative reports and
sometimes inaccurate analyses of contaminated
areas are drawn upon in radiology reports.
A categorization system based on the deep
learning approach was proposed by a study to
automatically measure infected parts and their
volumetric ratios in the lung. The functionality
of this system was evaluated by making some
comparisons between the infected portions and
the manually-delineated ones on the CT-Scan
images of 300 patients with COVID-19. To
increase the manual drawing of training samples
and the non-interference in the automated results,
researchers adopted a human-based approach in
collaboration with radiologists so as to segment
the infected region. This approach shortens the
time to about four minutes after 3-time updating.
The mean Dice similarity coefficient illustrated
that the automatically detected infected parts
were 91.6% similar to the manually detected ones,
and the average of the percentage estimated
error was 0.3% for the whole lung."® "7

Prevention Considerations

In the healthcare setting, any individual with
the manifestations of COVID-19 (eg, fever, cough,
and dyspnea) should wear a face mask, have a
separate waiting area, and keep the distance of
atleast two meters. Symptomatic patients should
be asked about recent travel or close contact
with a patient in the preceding two weeks to find
other possible infected patients. The CDC and
WHO have announced special precautions for
healthcare providers in the hospital and during
different procedures. Wearing tight-fitting face
masks with special filters and impermeable face
shields is necessary for all of them. 18 65. 66,76,
118124 Other people should pay attention to the
CDC and WHO preventive strategies, which
recommend that individuals not touch their eyes,
mouth, and nose before washing or disinfecting
their hands; wash their hands regularly
according to the standard protocol; use effective
disinfection solutions (ie, containing at least 60%
ethylic alcohol) for contaminated surfaces; cover
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their mouth when coughing and sneezing; avoid
waiting or walking in crowded areas, and observe
isolation protocols in their home. Postponing
elective work and decreasing non-urgent visits
and traveling to areas in the grip of COVID-19
may be useful to lessen the risk of exposure.
If suspected individuals with mild symptoms
are managed in outpatient settings, an isolated
room with minimal exposure to others should be
designed. Patients and their caregivers should
wear tight-fitting face masks.!" 18 5. 66, 76, 118-124
Substantial numbers of individuals with COVID-
19 are asymptomatic with potential exposure;
accordingly, a screening tool should be employed
to evaluate these cases. In addition to passport
checks, corona checks have been incorporated
into the protocols in airports and other crowded
places. The use of a remote thermometer to
measure body temperature leads to an increase
in the number of false-negative cases. ltis, thus,
essential that everyone pay sufficient heed to
the WHO and CDC recommendations in their
daily life. Traveling is not prohibited, but it should
be restricted and passengers from any country
should be monitored.™: 18 65,66, 76, 118-124

Conclusion

SARS-CoV-2 is the new highly contagious CoV,
which was first reported in China. While it had a
zoonotic origin in the beginning, it subsequently
spread throughout the world by human contact.
COVID-19 has a spectrum of manifestations,
which is not lethal most of the time. To diagnose
this condition, physicians can avail themselves
of laboratory and imaging findings besides signs
and symptoms. RT-PCR is the gold standard,
but it lacks sufficient sensitivity and specificity.
Although there are some potential drugs for
COVID-19 and some vitamins or minerals for
prophylaxis, the best preventive strategies are
quarantine (staying at home) and the use of
personal protective equipment and disinfectants.
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