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ABSTRACT

The Coronavirus outbreak described as COVID-19 is an insidious and enormous biohazard which
began to be noticed in November 2019. When the virus was determined to cause serious upper
respiratory tract infections resulting in death, pandemics were declared in the world. As of today,
the number of cases exceeded 221 thousand people in Turkey, the number of patients who died
had reached 5526. In more than 200 countries around the world, 15.1 million people fight the
disease, while the number of people recovered is over 9.134 million, and the number of deaths
has exceeded 620 thousand. The top 5 countries in the world are USA, Brazil, Russia, India and
Spain. The countries with the highest number of cases after America (approximately 4 million 28
thousand) are Brazil (approximately 2 million 166 thousand), India (about 1 million 195 thou-
sand), Russia (approximately 789 thousand), South Africa (approximately 382 thousand). In add-
ition, the number of deaths and cases caused by Covid 19 continues to increase day by day. In
this review, it was aimed to discuss that Covidien-19 against antiviral drugs used in the struggle
across the globe and plasma treatment options about the current state of knowledge and
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Introduction

Coronaviruses (CoV) are a large family of viruses which
can cause serious infection manifestations, such as the

Middle East Respiratory Syndrome (Middle East
Respiratory Syndrome, MERS) and Severe Acute
Respiratory Syndrome (Severe Acute Respiratory

Syndrome, SARS), from mild infections which appear to
be overcome by community members in everyday life
without observing any major signs (Lee 2015; Lippi and
Plebani 2020).

The Coronaviridae family includes four genera,
Alpha-coronavirus (alphaCoV), Beta-coronavirus
(betaCoV), Delta-coronavirus (deltaCoV) and Gamma-
coronavirus (gammaCoV). Coronaviruses belong to the
Coronaviridae family (order Nidovirales). It contains
viruses with a single chain size of approximately 26-32
kilobases, a positive RNA genome (Weiss and Navas-
Martin 2005).

It has been determined that COVID-19 virus has sub-
types such as HCoV-229E, HCoV-0C43, HCoV-NL63 and
HKU1-CoV, and all of them have been found to be
highly contagious among humans. Since viruses have a

genetic structure which is prone to mutation, their
lethal activity further increases the risk of existing
COVID-19. It has been proved that SARS-CoV and MERS-
CoV are transmitted from person to person and even
from some animals to some people (Lippi and
Plebani 2020).

SARS-CoV emerged in 2003 and sadly caused hun-
dreds of people to die worldwide. About 10years later,
MERS-CoV, which was determined to belong to the
Coronavirus family, was first identified at a hospital in
Zarqa, Jordan, and later in Saudi Arabia. On December
31, 2019, the World Health Organization (WHQO) China
Country Office reported pneumonia cases of unknown
etiology in Wuhan, China’s Hubei province. On January
7, 2020, the causative agent was identified as a new
coronavirus (2019-nCoV) which has not previously been
detected in humans and was found to belong to the
Coronaviridae family. When sequence analysis of the
coronovirus was performed, it was found to show 89%
nucleotide similarity with bat SARS-like CoVZXC21 and
82% with human SARS-CoV (Chan et al. 2020). Later,
the name of the 2019-nCoV disease was accepted as
COVID-19, and the virus was named as SARS-CoV-2
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because of its close resemblance to SARS CoV. This has
led to controversy as to whether COVID 19 is a virus
which has been produced in the laboratory and has
spreat to the world.

The source of AlphaCoV and betaCoV are thought to
be bats and rodents. In some studies, there are studies
related to disease symptoms caused by infectious bron-
chitis virus [IBV) caused by deltacoronavirus in some
poultry, such as pigs and turkeys (Ma et al. 2015;
Cavanagh 2005). It has been determined that the iden-
tified human coronavirus species (HCoV-OC43; beta
CoV) comes from the same major ancestor as the
bovine coronavirus, dog respiratory coronavirus, camel
coronavirus and demonstrates significant host flexibility
(Lu et al. 2017; Kin et al. 2016).

In some studies, it is stated that SARS-CoV-2 is very
likely to be transmitted from animal to human, consid-
ering that it is transmitted from the animal market in
China. In addition, it has been reported that the virus
can cause human to human transmission by direct or
indirect contact of airborne droplets and splashes
caused by disease symptoms such as coughing and
sneezing (Li et al. 2020).

It has been determined that 2019-nCoV is sensitive
to ultraviolet light, heat, disinfectants containing 70%
alcohol and chlorine, hydrogen peroxide (H,0,), similar
to other CoV types, and preventing the spread of cor-
onavirus, disinfection and removal of the virtus (Abd El-
Aziz and Stockand 2020).

As of now, there is no drug developed for 2019-
nCoV treatment that has been proven to be 100%
effective. However, since the symptoms of the COVID-
19 virus started to appear in China, the first treatments
proceeded by using the treatment experiences applied
by China. However, different treatments were used in
the antiviral drugs used due to the differences in the
genetic and immunological structures in the countries,
and different treatments were followed by the change
in the usage stages. Oxygen therapy is the most basic
treatment in the treatment of patients with Covid-19
positive severe infection.

One of the drug targeting applied in the treatment of
coronaviruses is the targeting of viral proteases. Mpro or
3CLpro has been named as the main protease of SARS-
CoV-2 virus. Inhibiting the activity of the protease
enzyme will stop the replication of the virus and provide
treatment for the disease. Since a protease enzyme activ-
ity with similar activity in the human metabolic structure
and functions is unknown, the inhibitors to be used can-
not be toxic (Anand et al. 2003; Hilgenfeld 2014).

Favipiravir is an antiviral drug approved for common
flu treatment in Japan and now approved to treat

COVID-19 symptoms in China. Zhang Xinmin, head of
the China National Biotechnology Development Center,
said that in clinical trials, Favipiravir was able to reduce
recovery time from 11days to 4days for mild cases.
Clinical trials in China have demonstrated that a drug
called ‘Favipiravir' is effective in the fight against the
new type of coronavirus Covid-19). In addition, chloro-
quine and hydroxychloroquine, used in the treatment
of malaria and arthritis, have been proposed by the
People’s Republic of China National Health Commission
for the treatment of COVID-19.

In order to develop vaccines, vaccination centers all
over the world are working rapidly, but it is thought
that clinical studies will be initiated by the end of 2020.
Currently, the virus is isolated in almost every country
and an attempt is being made to develop a vaccine
against COVID-19.

In this review, COVID-19 summarizes the current
state of knowledge around the world and COVID-19 for
Turkey in the worldwide fight against the pandemic
algorithm implemented in Turkey in terms of compar-
ing the applied therapeutics aimed to discuss treatment
options.

Antiviral drug treatment

In general, the use of antiviral drugs against viral dis-
eases (MERS, SARS, Ebola etx.) And against SARS-CoV-2
and their mechanism of action are listed below.

Favipiravir

Favipiravir (T-705; 6-fluoro-3-hydroxy-2-pyrazinecarbox-
amide) is a new type of RNA-bound RNA polymerase
(RdRp) inhibitor (Figure 1). Favipiravir drug was used in
treatment when SARS-CoV-2 symptoms started to
appear in China and clinical trials are continuing all
over the world. It is defended that the mechanism of
action of Favipiravir's drug is associated with the select-
ive inhibition of the RNA polymerase enzyme that is
bound to viral RNA in the body without inhibiting the
RNA or DNA synthesis present in mammalian cells.
Some studies have suggested that favipiravir drug indu-
ces deadly RNA transversion mutations by producing a
non-lethal viral phenotype. Favipiravir drug is taken
into the body either orally or intravenously and
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Figure 1. Chemical structure of Favipiravir drug.



metabolized to favipiravir-ribofuranozil-5il-triphosphate
(favipiravir-RTP). Is Favipirav; it transforms into an active
form by phosphorylation in cells and binds as the sub-
strate of the viral RNA polymerase enzyme and inhibits
the RNA Polymerase enzyme. It has been used against
SARS disease before and it has been found to have a
strong effect. For this reason, it is thought that
Favipiravir drug will have a strong effect against SARS-
CoV-2. Favipiravir showed synergistic effect when used
alone or in combination with other viral drugs, showing
that it has a stronger antiviral effect against SARS-CoV-
2. Another most important feature is that there is no
significant adverse reaction in the SARS-CoV-2 positive
patient group treated with Favipiravir. In addition, it
has been determined that it has significantly less side
effects than the antiviral drug group (such as lopina-
vir 4 ritonavir combination) (Kiso et al. 2010; Baranovich
et al. 2013; Watanabe et al. 2013).

There are very few studies on the use of Favipiravir in
the clinic against coronavirus infection. In a study con-
ducted in China during the SARS-CoV-2 pandemic; The
effects of favipiravir and lopinavir/ritonavir drugs used in
the treatment of COVID 19 treatment in 80 patients were
compared. One of the findings obtained from the study is
that Favipiravir drug is more effective. However, in another
study conducted in Japan, it was reported that favipiravir
drug was tried on 70-80 patients and did not provide
benefit (Westover et al. 2016; Japanese flu drug 2020).
These two results must be repeated with a new study.

Hydroxychloroquine and chloroquine

Chloroquine (CQ) was first used for malaria treatment and
prophylactic purposes. Hydroxychloroquine (HCQ) is the
metabolite of Chloroquine (Figure 2) and because it is less
toxic, it causes less side effects in treatment (Sahraei et al.
2020). CQ and HCQ drugs have been used in HIV treat-
ment and have been found to limit the viris (Chauhan
and Tikoo 2015). In the light of the findings, it was
thought that it could be used in the treatment of the dis-
ease caused by the 2019-CoV virus and positive results
were obtained in some studies (Sahraei et al. 2020).
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A number of action mechanisms have been
proposed for the action of CQ and HCQ drugs
against SARS-CoV-2

The virus is thought to enter the cell by binding to
Angiotensin-converting enzyme 2 or ACE2, which is an
enzyme attached to the outer surface (cell membrane) of
the cells in the lungs, arteries, heart, kidneys and intes-
tines. ACE2 accelerates the hydrolysis of angiotensin Il
hormone, which is a vasoconstrictor, and reduces blood
pressure. It is predicted that the SARS-CoV-2 virus enters
the cells by binding to ACE2 located on the cell surface
with the same mechanism and regulates the activation
of ACE2 due to the infection of the virlis (Mauthe et al.
2018; Wang et al. 2020) CQ and HCQ are thought to pre-
vent the entry of the SARS-CoV-2 virus into the cell by
preventing the formation of glycoprotein in the structure
of the ACE2 enzyme. Savarino et al. (2003) argued that
CQ may inhibit the production of pro-inflammatory cyto-
kines such as interleukin-6, thereby preventing the sub-
sequent acute respiratory syndrome. In another
hypothesis is that viruses enter the host cells through
endocytosis when the virus combines with the acidic
intracellular lysosome and this effect causes the release
of viral content as a result of the rupture of the endo-
some. To prevent this situation, CQ drug has been deter-
mined to accumulate and it is believed that CQ/HCQ
increases the pH level and interferes with the entry and
exit of the virus into the cell (Vincent et al. 2005). These
drugs have been included in COVID-19 treatment guide-
lines worldwide, when they reported that they thought
that CQ or HCQ medications were first associated with a
decrease in SARS-CoV-2 virus and a reduction in symp-
toms duration (Yazdany and Kim 2020).

Some side effects related to the occurrence of
gastrointestinal  disturbances, cardiomyopathy and
heart rhythm disorders have been reported in relation
to the use of both CQ and HCQ. It is recommended that
these drugs should be metabolized in the liver after
being taken into the body and carefully prescribed in
people with liver and kidney failure due to their renal
excretion (Costedoat-Chalumeau et al. 2007; Rismanbaf
and Zarei 2020). The FDA is worried about the use of

Figure 2. Chemical structure of Hydroxychloroquine (A) and Chloroquine (B) drugs.



534 H. NADAROGLU

Figure 3. Chemical structure of lvermectin drug.

HCQ and CQ medicines that are not treated in a hos-
pital setting or are not recommended for the treatment
of coronavirus patients (COVID-19) to prevent COVID-19
disease. Patients who use hydroxychloroquine or
chloroquine as FDA-approved in the treatment of mal-
aria and autoimmune diseases continue to use as rec-
ommended under physician advice and control. The
benefits outweigh the risks if these drugs are taken at
the recommended dosage. In the process that contin-
ues with the use of hydroxychloroquine or chloroquine,
it is emphasized that medical support should be used
in case of dizziness, fainting or any irregularities in the
heart rhythm (U.S. Food and Drug Administration 2020).

Research is ongoing in different clinics to support
the theoretically expressed effectiveness of HCQ and
CQ drugs against COVID-19 infection. Chloroquine and
hydroxychloroquine were explored by the U.S. Food
and Drug Administration (FDA) for the treatment of
COVID-19. Based on accumulated scientific data on
June 15, 2020, FDA revoked it's emergency use author-
ization (EUA) to use hydroxychloroquine and chloro-
quine to treat COVID-19 in certain hospitalized patients,
except in defined clinical trials. The determination was
based on results from a large, randomized clinical trials
in hospitalized patients that found these medicines dis-
played little or no benefit in decreasing the likelihood
of death or speeding recovery. These results were con-
sistent with data in the literature, including those show-
ing the suggested dosing for these medicines are
unlikely to kill or inhibit the virus that causes COVID-19.

Ivermectin

Ivermectin causes an increase in the permeability of the
cell membrane to chloride ions by hyperpolarization of
the nerve or muscle cell, after binding with high affinity
to the glutamate-gated chloride channels in the nerve
and muscle cells of invertebrates (Figure 3). In some

studies; for lvermectin, a depolarizing agent is proposed
instead of a hyperpolarizing role in the glutamate-gated
chloride channel. In both cases, however, the result
results in deactivation of the channel by manipulating
chloride levels (Lv et al. 2018; Caly et al. 2020).

In a cell culture study, when the vero/hSLAM cells
treated with COVID-19 virus were applied to ivermectin
at a concentration of 5mM, they detected a decrease in
the RNA of 5000 snow virus compared to the control
experiment. In the light of the findings obtained, the
mechanism by which the ivermectin drug acts by inhib-
iting the a/P receptor of the import (IMP) in the virus
(which acts in the protein mechanism of the virus to
transport the protein to the cell nucleus) has been pro-
posed. In addition, it has been proposed to consider
ivermectine as an antiviral drug (Caly et al. 2020).

In cell culture studies performed in in vitro studies per-
formed in ivermectin, it was found to be highly effective
against SARS-CoV-2 and to stop the virus in the replica-
tion stage. However, more randomized clinical trials are
needed. In the light of the findings, it is hoped that
patients with COVID 19 symptoms will be given oral doses
and results will be obtained in less than 48 hours. Thus,
the safe use of an important treatment agent will be sup-
ported by clinical studies. The treatment of COVID-19
patients was evaluated and ivermectin was reported to be
safe in a single daily dose in dengue patients in Thailand,
but without any clinical benefit. According to the data
obtained from the results of the study; it has been noted
that a dosing regimen of COVID-19 drug of ivermectin
drug can be developed (Caly et al. 2020).

Lopinavir/ritonavir (LPV/r)

Lopinavir is a protease inhibitor and was first used to
treat HIV infection. In some in vitro studies; Lopinavir
has been reported to inhibit SARS-CoV and the ICsq
(ICsp: 0.64-0.77 ng/mL) value of the drug is acceptable .
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Figure 4. Chemical structure of Lopinavir (A) ve Ritonavir (B) drugs.

Chemical structure of Lapinavir was given in Figure 4.
The protease enzyme is an important enzyme that
allows the coronavirus to show its activity, and when
lopinavir and/or ritonavir drugs are administered
in vitro, they show anti-coronavirus activity by inhibiting
the mechanism of action of the virus by inhibiting the
protease (Taura et al. 2013). Another viral mechanism of
action is Lopinavir/Ritonavir; it has been argued that it
causes oxidative stress in cells, changes mitochondrial
morphology and causes apoptotic cell death. Another
hypothesis is; Lopinavir/Ritonavir drugs were found to
show antiviral activity in the presence or absence of
caspase-3 and —9 inhibitors. Especially; it has been
demonstrated that SARS patients treated with
Lopinavir/Ritonavir are significantly effective in their
early use. In addition; it has been determined that the
use of Lopinavir/Ritonavir is more effective than using
Ribavirin alone and significantly reduces the risk of
death (Gratton et al. 2018).

Nitazoxanide

Nitazoxanide (2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]-
phenyl acetate) is a prototype member of thiazolites, a
class of drugs that are chemically synthetic nitrothia-
zolyl-salicylamide derivatives (Figure 5). Nitazoxanide
protozoal is a broad spectrum antiparasidic and anti-
viral drug used to treat helminthic and viral infections.
Nitazoxanide has also been used to treat influenza
(White 2004; Rossignol 2014). In in vitro studies using
Nitazoxanide and its metabolite tisoxanide, Vero E6
cells were found to be effective against SARS CoV-2
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Figure 5. Chemical structure of Nitazoxanide drug.

and MERS CoV. In addition, the drug has been found to
have highly effective broad spectrum antiviral activity
against parainfluenza, influenza, rotavirus, respiratory
syncytial virus and norovirus (Rossignol 2016).

The mechanism of action of the drug Nitazoxanide is
believed to be due to the interaction with the pyruvate:
ferredoxin oxidoreductase (PFOR) enzyme-dependent
electron transfer reaction, which is necessary for anaer-
obic energy metabolism. The most accepted hypothesis
in the mechanism of action of the drug Nitazoxanide is
that pyruvate: ferredoxin/flavodoxin oxidoreductase
(PFOR) disrupts the energy metabolism in the cycle and
inactivates anaerobic microorganisms (Broekhuysen
et al. 2000). Nitazoxanide drug is active in vitro against
both facultatively anaerobic gram positive and gram
negative bacteria. It is also active against
Mycobacterium tuberculosis replica and non-replicated
strains (Dubreuil et al. 1996). It has been suggested to
act on parasitic-protozoa and anaerobic bacteria by
inducing lesions in Nitazoxanide cell membranes and
by storing the mitochondrial membrane while inhibit-
ing the enzymes of quinone oxidoreductase (NQO1),
nitroreductase-1 and protein disulfide isomerase
enzymes (Dubreuil et al. 1996). Nitazoxanide stops viral
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Figure 6. Chemical structure of Remdesivir drug.

replication by activating the eukaryotic translation initi-
ation factor 2a by inhibiting it in the first phase of the
viral transcription factor. In addition, its effectiveness
has been determined on tumor cells (Shakya
et al. 2018).

It is believed that this broad spectrum antiviral activ-
ity mechanism of Nitazoxanide interacts with host-regu-
lated pathways involved in viral replication rather than
virus-specific pathways. Nitazoxanide greatly enhances
cytoplasmic RNA detection and type | IFN pathways,
regulating natural antiviral mechanisms. Due to its
broad spectrum antiviral activity, Nitazoxanide is being
investigated in clinical trials, including randomized con-
trolled ones for the management of influenza and other
acute respiratory infections, although the results are
not yet encouraging or available. Although the in vitro
activity of nitazoxanide against SARS-CoV-2 has positive
results, more datum is needed to determine its role in
the treatment of COVID-19. It is available in countries
currently using this drug in the treatment of COVID-19.

A total of 8 studies on clinical applications of
Nitazoxanide drug in patients infected with COVID 19
have been reported. Four of these studies were carried
out in Egypt. From the general results obtained, it was
determined that when the drug nitazoxanide was
administered to patients at a dose of 600 mg twice daily
for 5days, it reduced symptoms in mild patients. It was
also determined that it reduces the risk of mechanical
ventilation in clinical applications in patients
with COVID.

Remdesivir

Remdesivir (2-ethylbutyl (25)-2-{[(S)-{[(2R,3S,4R,5R)-5-
{4-aminopyrrolo[2,1-f][1,2,4]triazin-7-yl }-5-cyano-3,4-

dihydroxyoxolan-2-  yllmethoxy } (phenoxy)phosphoryl]
amino }propanoate) is a new antiviral drug of the class
of nucleotide analogs, which can be mechanically
metabolized to the ATP analogue that inhibits the RNA
polymerase enzyme of the virus (Figure 6). Remdesivir

drug was originally developed by Gilead Sciences for
the treatment of Ebola virus disease and Marburg virus
infection. Later, Remdesivir was found to have a broad
spectrum activity, which acts against many viruses,
including Lassa fever virus, Hendra virus, Nipal virus,
Junin virus, respiratory syncytial virus, including corona-
viruses (including MERS and SARS viruses) (Warren et al.
2016; Lo et al. 2017).

With Covid-19 positive disease, which is a SARS-CoV-
2 infection, patients who were treated with different
doses of remdesivir were followed up during the treat-
ment process, while inhaling patients with ambient air
or receiving oxygen supplements. From the findings, an
improvement of 68% was observed in patients with
Covid 19. Remdesivir drug COVID was administered to
randomly applied to 1063 patients in 19 infected
patients and a shortening of the recovery time was
determined. The median recovery time of patients
receiving remdesivir was determined to be 11 days. This
is also tired as it contributes to the treatment period.
However, there are also opinions that Remdesivir is not
very effective in the subsequent treatments (Amirian
and Levy 2020; Beigel et al. 2020).

Effect mechanism of Remdesivir drug; as a nucleo-
side analogue, it is in the form of the metabolite com-
peting with the adenosine triphosphate (ATP) to join
the newly produced RNA strip after the remdesivir is
metabolized and converted into NTP. By including this
formed NTP in the new RNA strip, RNA synthesis is
inhibited and RNA synthesis is stopped (Holshue
et al. 2020).

Although SARS-CoV derivatives can detect other
nucleotide analogues by destroying them and becom-
ing resistant, remdesivir prevents the formation of viral
resistance by providing the opposite effect and pro-
vides antiviral effect (Morse et al. 2020). In a study;
Agostini et al reported that remdesivir is highly effect-
ive against hepatitis virus (MHV) (Agostini et al. 2018).
Also, some findings have shown that remdesivir can be
effective against different viruses and if viruses mutate
(Sheahan et al. 2017; Agostini et al. 2018).

Plasma therapy

There is no specific drug or vaccine therapy for SARS-
CoV-2 epidemic disease worldwide which has been pro-
ven to be safe and effective. Drug and vaccination stud-
ies for the treatment of SARS-CoV-2 disease are still
continuing all over the World (Eickmann et al. 2018).
The plasma as well as immune therapy was introduced
in Turkey. Immune plasma therapy has been used in
epidemics in the past, such as SARS, MERS, Ebola, Swine



Flu (HIN1), Avian Influenza (H5N1) (Cao et al. 2007;
Mora-Rillo et al. 2015; Arabi et al. 2016). The basis of
immune plasma therapy; Transfusion/transplantation of
the antibody-containing plasma obtained after the
removal of the blood of the patients who have suffered
SARS-CoV-2 disease and healing from the plasma and
separation (transfusion/transplant) is based on the prin-
ciple of ;passive immune transplant.’ It is obtained from
patients who have had plasma disease and the result of
COVID 19 test is negative and can be stored for 5years
under appropriate conditions after ingestion (Shen
et al. 2020). It is considered that the administration of
immunoglobulins (antibodies) to COVID 19 patients by
transfusion is generally safe and has a very low risk. It
has been reported that approximately 1% fever, itching,
rash and other allergic reactions are seen. Viral hepa-
titis, HIV (AIDS) incidence ranges from one to ten thou-
sand to five hundred thousand.

Turkey algorithm

During the control and treatment of Covid-19 disease,
Turkey has successfully completed the analysis of the
obtained data and create its own algorithm. In this pro-
cess, Turkey has stocked the essential drugs in the
treatment before the virus spread to 19 countries bor-
ders. During the whole pandemic process, thanks to
the treatment algorithms applied to patients infected
with covid 19, Turkey has been more successful than
most other countries in a pandemic period. In addition,
the mortality rate in Turkey is also very low.

2019-NCover implemented in Turkey Turkey algo-
rithm was created by the Ministry of Health in the fight
against the virus and treatment process can be sum-
marized as follows:

In Turkey, Covidien 19 will be applied for the treat-
ment algorithm; with the combination of drugs used in
the treatment of AIDS, some drugs used in the treat-
ment of malaria were started to be used.

The algorithm prepared for adults already includes a
specific antiviral therapy for Covid-19, which has been
proven to be safe and effective. However, there are
studies using various antiviral treatments from different
countries, especially China, according to the disease
table and the severity of the disease. It was determined
that the antivirals used in these studies were effective
and contributed positively to the regression of the clin-
ical findings and the healing processes of the patients.
This treatment of lopinavir/ritonavir (drugs used in HIV
and AIDS) and hydroxychloroquine quinine combina-
tions (drug used to treat malaria) drugs are licensed in
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Turkey. Positive effects were seen in the use of these
drugs in cases.

In 2019-nCoV positive patients, lopinavir/ritonavir
and hydroxychloroquine treatment are given to people
aged 60 and over. However, lopinavir/ritonavir and
hydroxychloroquine treatment is applied if the patient
determined to be 2019-nCoV positive is under the age
of 60 and if there is no comorbid disease and the sever-
ity of the disease is severe pneumonia (pneumonia).

Turkey has verified that immune plasma treatment is
particularly applicable to Covidien 19 patients under
intensive care and quite promising findings of the
obtained first (Duan et al. 2020). Immunoglobulins
(antibodies) obtained from blood plasma have been
started to be administered to patients in intensive care
units who have breathing difficulties connected to the
respiratory device and have been described as having
therapeutic properties.

It is stated by the authorities that success is achieved
and the epidemic is kept under control in the ongoing
treatment algorithm. In this case, it is stated that previ-
ously required 2019-nCoV as the virus by taking lessons
from the experience of struggling countries in 2019-nCoV
Turkey as Turkey reached success created by algorithms
based on the positive results of treatment patients.

Of course, it is stated that the struggle and the strict
implementation of the measures should be continued
without sacrificing the measures without compromise.
Only in this way, the signal is given will gradually return
to normal life within an additional period of one month
in Turkey.

Conclusion

In these days when the world is fighting against 2019-
nCoV, it has been found that viral drugs that have previ-
ously been acting against viral infections by RNA synthe-
sis inhibitor, anti-inflammatory, some enzyme inhibition
mechanisms are effective in vitro and in vivo. It has been
determined that antiviral drugs listed above are effective
in the treatment of new respiratory infectious diseases.
However, the findings obtained by further clinical studies
need to be confirmed. Overall, there are no drugs or vac-
cines developed against 2019-nCoV yet. All drug trials
come from the experience of treating SARS, MERS or
some other new influenza viruses that have been previ-
ously identified and originated in 2019-nCoV.

Disclosure statement

No potential conflict of interest was

the author(s).

reported by



538 H. NADAROGLU

References

Abd El-Aziz TM, Stockand JD. 2020. Recent progress and
challenges in drug development against COVID-19 corona-
virus (SARS-CoV-2) — an update on the status. Infect Genet
Evol. 83:104327.

Agostini ML, Andres EL, Sims AC, Graham RL, Sheahan TP, Lu
X, Smith EC, Case JB, Feng JY, Jordan R, et al. 2018.
Coronavirus susceptibility to the antiviral remdesivir (GS-
5734) is mediated by the viral polymerase and the proof-
reading exoribonuclease. Subbarao K, editor. MBio. 9(2):18.

Amirian ES, Levy JK. 2020. Current knowledge about the anti-
virals remdesivir (GS-5734) and GS-441524 as therapeutic
options for coronaviruses. One Health. 9:100128.

Anand K, Ziebuhr J, Wadhwani P, Mesters JR, Hilgenfeld R.
2003. Coronavirus main proteinase (3CLP™) structure: basis
for design of anti-SARS drugs. Science. 300(5626):
1763-1767.

Arabi YM, Hajeer AH, Luke T, Raviprakash K, Balkhy H, Johani
S, Al-Dawood A, Al-Qahtani S, Al-Omari A, Al-Hameed F,
et al. 2016. Feasibility of using convalescent plasma
immunotherapy for MERS-CoV infection, Saudi Arabia.
Emerging Infect Dis. 22(9):1554-1561.

Baranovich T, Wong S-S, Armstrong J, Marjuki H, Webby RJ,
Webster RG, Govorkova EA. 2013. T-705 (Favipiravir) indu-
ces lethal mutagenesis in influenza a HIN1 Viruses in vitro.
J Virol. 87(7):3741-3751.

Beigel JH, Tomashek KM, Dodd LE, et al. 2020. Remdesivir for
the treatment of Covid-19—preliminary report. N Engl J
Med. DOI:10.1056/NEJM0a2007764.

Broekhuysen J, Stockis A, Lins RL, Graeve JD, Rossignol JF.
2000. Nitazoxanide: pharmacokinetics and metabolism in
man. Int J Clin Pharmacol Ther. 38(8):387-394.

Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. 2020.
The FDA-approved drug ivermectin inhibits the replication
of SARS-CoV-2 in vitro. Antiviral Res. 178:104787

Cao W-C, Liu W, Zhang P-H, Zhang F, Richardus JH. 2007.
Disappearance  of antibodies to  SARS-associated
Coronavirus after recovery. N Engl J Med. 357(11):
1162-1163.

Cavanagh D. 2005. Coronaviruses in poultry and other birds.
Avian Pathol. 34(6):439-448.

Chan JF-W, Kok K-H, Zhu Z, Chu H, To KK-W, Yuan S, Yuen K-
Y. 2020. Genomic characterization of the 2019 novel
human-pathogenic coronavirus isolated from a patient
with atypical pneumonia after visiting Wuhan. Emerg
Microbes Infect. 9(1):221-236.

Chauhan A, Tikoo A. 2015. The enigma of the clandestine
association between chloroquine and HIV-1 infection. HIV
Med. 16(10):585-590.

Costedoat-Chalumeau N, Hulot J-S, Amoura Z, Leroux G,
Lechat P, Funck-Brentano C, Piette J-C. 2007. Heart con-
duction disorders related to antimalarials toxicity: an ana-
lysis of electrocardiograms in 85 patients treated with
hydroxychloroquine for connective tissue diseases.
Rheumatology. 46(5):808-810.

Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. 2020. The
feasibility of convalescent plasma therapy in severe
COVID-19 patients: a pilot study. medRxiv. DOI:10.1101/
2020.03.16.20036145.

Dubreuil L, Houcke |, Mouton Y, Rossignol JF. 1996. In vitro
evaluation of activities of nitazoxanide and tizoxanide

against anaerobes and aerobic organisms. Antimicrob
Agents Chemother. 40(10):2266-2270.

Eickmann M, Gravemann U, Handke W, Tolksdorf F,
Reichenberg S, Miiller TH, Seltsam A. 2018. Inactivation of
Ebola virus and Middle East respiratory syndrome corona-
virus in platelet concentrates and plasma by ultraviolet C
light and methylene blue plus visible light, respectively.
Transfusion. 58(9):2202-2207.

Gratton R, Tricarico PM, Guimaraes RL, Celsi F, Crovella S.
2018. Lopinavir/ritonavir treatment induces oxidative
stress and caspaseindependent apoptosis in human glio-
blastoma U-87 MG cell line. Curr Hiv Res. 16(2):106-112.

Hilgenfeld R. 2014. From SARS to MERS: crystallographic
studies on Coronaviral proteases enable antiviral drug
design. Febs J. 281(18):4085-4096.

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J,
Bruce H, Spitters C, Ericson K, Wilkerson S, Tural A, et al.
2020. First case of 2019 Novel Coronavirus in the United
States. N Engl J Med. 382(10):929-936.

Japanese flu drug ‘clearly effective’ in treating coronavirus,
says China. 2020 [accessed 2020 Mar 25]. https://www.the-
guardian.com/world/2020/mar/18/japanese-flu-drug-
clearly-effective-in-treating-coronavirus-says.

Kin N, Miszczak F, Diancourt L, Caro V, Moutou F, Vabret A,
Ar Gouilh M. 2016. Comparative molecular epidemiology
of two closely related coronaviruses, bovine coronavirus
(BCoV) and human coronavirus OC43 (HCoV-OC43), reveals
a different evolutionary pattern. Infect Genet Evol. 40:
186-191.

Kiso M, Takahashi K, Sakai-Tagawa Y, Shinya K, Sakabe S, Le
QM, Ozawa M, Furuta Y, Kawaoka Y. 2010. T-705 (favipira-
vir) activity against lethal H5N1 influenza A viruses. Proc
Natl Acad Sci USA. 107(2):882-887.

Lee S. 2015. Costly lessons from the 2015 middle east
respiratory syndrome Coronavirus outbreak in Korea. J
Prev Med Public Health. 48(6):274-276.

Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung
KSM, Lau EHY, Wong JY, et al. 2020. Early transmission
dynamics in Wuhan, China, of Novel Coronavirus-infected
pneumonia. N Engl J Med. 382(13):1199-1207.

Lippi G, Plebani M. 2020. The critical role of laboratory medi-
cine during coronavirus disease 2019 (COVID-19) and
other viral outbreaks. Clin Chem Lab Med. 58(7):
1063-1069.

Lo MK, Jordan R, Arvey A, Sudhamsu J, Shrivastava-Ranjan P,
Hotard AL, Flint M, McMullan LK, Siegel D, Clarke MO,
et al. 2017. GS-5734 and its parent nucleoside analog
inhibit Filo-, Pneumo-, and Paramyxoviruses. Sci Rep. 7(1):
43395

Lu S, Wang Y, Chen Y, Wu B, Qin K, Zhao J, Lou Y, Tan W.
2017. Discovery of a novel canine respiratory coronavirus
support genetic recombination among betacoronavirus1.
Virus Res. 237:7-13.

Lv C, Liu W, Wang B, Dang R, Qiu L, Ren J, Yan C, Yang Z,
Wang X. 2018. Ivermectin inhibits DNA polymerase UL42
of pseudorabies virus entrance into the nucleus and prolif-
eration of the virus in vitro and vivo. Antiviral Res. 159:
55-62.

Ma Y, Zhang Y, Liang X, Lou F, Oglesbee M, Krakowka S, Li J.
2015. Origin, evolution, and virulence of porcine deltacor-
onaviruses in the United States. Parker J, Griffin DE, edi-
tors. MBio. 6(2):e00064-15.


https://doi.org/10.1056/NEJMoa2007764
https://doi.org/10.1101/2020.03.16.20036145
https://doi.org/10.1101/2020.03.16.20036145
https://www.theguardian.com/world/2020/mar/18/japanese-flu-drug-clearly-effective-in-treating-coronavirus-says
https://www.theguardian.com/world/2020/mar/18/japanese-flu-drug-clearly-effective-in-treating-coronavirus-says
https://www.theguardian.com/world/2020/mar/18/japanese-flu-drug-clearly-effective-in-treating-coronavirus-says

Mauthe M, Orhon |, Rocchi C, Zhou X, Luhr M, Hijlkema K-J,
Coppes RP, Engedal N, Mari M, Reggiori F, et al. 2018.
Chloroquine inhibits autophagic flux by decreasing auto-
phagosome-lysosome fusion. Autophagy. 14(8):1435-1455.

Mora-Rillo M, Arsuaga M, Ramirez-Olivencia G, de la Calle F,
Borobia AM, Sanchez-Seco P, Lago M, Figueira JC,
Fernandez-Puntero B, Viejo A, et al. 2015. Acute respira-
tory distress syndrome after convalescent plasma use:
treatment of a patient with Ebola virus disease contracted
in Madrid, Spain. Lancet Respir Med. 3(7):554-562.

Morse JS, Lalonde T, Xu S, Liu WR. 2020. Learning from the
past: possible urgent prevention and treatment options
for severe acute respiratory infections caused by 2019-
nCoV. Chembiochem. 21(5):730-738.

Rismanbaf A, Zarei S. 2020. Liver and kidney injuries in
COVID-19 and their effects on drug therapy; a letter to
editor. Arch Acad ic Emerg Med. 8(1):17.

Rossignol J-F. 2014. Nitazoxanide: a first-in-class broad-spec-
trum antiviral agent. Antiviral Res. 110:94-103.

Rossignol J-F. 2016. Nitazoxanide, a new drug candidate for
the treatment of Middle East respiratory syndrome corona-
virus. J Infect Public Health. 9(3):227-230.

Sahraei Z, Shabani M, Shokouhi S, Saffaei A. 2020.
Aminoquinolines against coronavirus disease 2019 (COVID-
19): chloroquine or hydroxychloroquine. Int J Antimicrob
Agents. 55(4):105945.

Savarino A, Boelaert JR, Cassone A, Majori G, Cauda R. 2003.
Cauda R. effects of chloroquine on viral infections: an old
drug against today’s diseases. Lancet Infect Dis. 3(11):
722-727.

Shakya A, Bhat HR, Ghosh SK. 2018. Update on Nitazoxanide:
a multifunctional chemotherapeutic agent. Curr Drug
Discov Technol. 15(3):201-213.

Sheahan TP, Sims AC, Graham RL, Menachery VD, Gralinski
LE, Case JB, Leist SR, Pyrc K, Feng JY, Trantcheva |, et al.
2017. Broad-spectrum antiviral GS-5734 inhibits both epi-
demic and zoonotic coronaviruses. Sci Transl Med. 9(396):
eaal3653.

Shen C, Wang Z, Zhao F, Yang Y, Li J, Yuan J, Wang F, Li D,
Yang M, Xing L, et al. 2020. Treatment of 5 critically Ill
patients with COVID-19 with Convalescent Plasma. JAMA.
323(16):1582.

Taura M, Kariya R, Kudo E, Goto H, lwawaki T, Amano M,
Suico MA, Kai H, Mitsuya H, Okada S. 2013. Comparative

DRUG METABOLISM REVIEWS @ 539

analysis of ER stress response into HIV protease inhibitors:
lopinavir but not darunavir induces potent ER stress
response via ROS/JNK pathway. Free Radic Biol Med. 65:
778-788.

US. Food and Drug Administration. 2020. Drug Safety
Communication: FDA cautions against use of hydroxy-
chloroquine or chloroquine for COVID-19 outside of the
hospital setting or a clinical trial due to risk of heart
rhythm problems. [accessed 2020 May 12]. https://www.
fda.gov/drugs/drug-safety-and-availability/fda-cautions-
againstuse-hydroxychloroquine-or-chloroquine-covid-19-
outside-hospital-setting-or.

Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE,
Ksiazek TG, Seidah NG, Nichol ST. 2005. Chloroquine is a
potent inhibitor of SARS coronavirus infection and spread.
Virol J. 2:69.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, Shi Z, Hu Z,
Zhong W, Xiao G. 2020. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus
(2019-nCoV) in vitro. Cell Res. 30(3):269-271.

Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL, Soloveva
V, Siegel D, Perron M, Bannister R, Hui HC, et al. 2016.
Therapeutic efficacy of the small molecule GS-5734 against
Ebola virus in rhesus monkeys. Nature. 531(7594):381-385.

Watanabe T, Kiso M, Fukuyama S, Nakajima N, Imai M,
Yamada S, Murakami S, Yamayoshi S, Iwatsuki-Horimoto K,
Sakoda Y, et al. 2013. Characterization of H7N9 influenza
A viruses isolated from humans. Nature. 501(7468):
551-555.

Weiss SR, Navas-Martin S. 2005. Coronavirus Pathogenesis
and the emerging pathogen severe acute respiratory syn-
drome Coronavirus. Microbiol Mol Biol Rev. 69(4):635-664.

Westover JB, Sefing EJ, Bailey KW, Van Wettere AJ, Jung KH,
Dagley A, Wandersee L, Downs B, Smee DF, Furuta Y, Bray
M, et al. 2016. Low-dose ribavirin potentiates the antiviral
activity of favipiravir against hemorrhagic fever viruses.
Antiviral Res. 126:62-68.

White AC. Jr 2004. Nitazoxanide: a new broad spectrum anti-
parasitic agent. Expert Rev anti Infect Ther. 2(1):43-49.

Yazdany J, Kim AHJ. 2020. Use of hydroxychloroquine and
chloroquine during the COVID-19 pandemic: what every
clinician should know. Ann Intern Med. 172(11):754-755.


https://www.fda.gov/drugs/drug-safety-and-availability/fda-cautions-againstuse-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or
https://www.fda.gov/drugs/drug-safety-and-availability/fda-cautions-againstuse-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or
https://www.fda.gov/drugs/drug-safety-and-availability/fda-cautions-againstuse-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or
https://www.fda.gov/drugs/drug-safety-and-availability/fda-cautions-againstuse-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or

	Abstract
	Introduction
	Antiviral drug treatment
	Favipiravir
	Hydroxychloroquine and chloroquine
	A number of action mechanisms have been proposed for the action of CQ and HCQ drugs against SARS-CoV-2
	Ivermectin
	Lopinavir/ritonavir (LPV/r)
	Nitazoxanide
	Remdesivir

	Plasma therapy
	Turkey algorithm

	Conclusion
	Disclosure statement
	References


